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ì"Bkad
Hkkx&1 % tSu n'kZu vkSj foKku esa fo|qr~ vkSj vfXu 1&38

izHkkx&1 % tSu n'kZu esa iqn~xy 1&8
izHkkx&2 % tho vkSj iqn~xy dk laca/k 9&11
izHkkx&3 % foKku esa iqn~xy 11&13
izHkkx&4 % euq";&'kjhj esa bysDVªhd m$tkZ 13&18

µtSo fo|qr~ vFkok izk.k m$tkZ 15
izHkkx&5 % foKku dh n`f"V esa fo|qr~ (Electricity) 18&25

µfo|qr~&pqEcdh;&{ks=k vFkok fo- pq- fQYM 21
(Electro-Magnetic-Field)

µvk;uhÑr ok;q esa fo|qr~ dk fujkos'khdj.k 24
izHkkx&6 % vfXu dk Lo:i 26&62

µtSu n'kZu esa rsmdk; ¼vfXu½ ds tho 26
µfoKku }kjk vfXu dh O;k[;k 30
µrkieku (Temperature) 35
µrkieku o rsmdk; 36
µvuqdwy rkieku 37
µvfXu vkSj m"ek esa vUrj 39
µm"ek&fofdj.k dk mRltZu 39
µ/kkrq esa fo|qr~&izokg 40
µvfXu ls lac) vU; dqN KkrO; ckrsa 41

izHkkx&7 % vkdk'kh; fo|qr~ (Lightning) 43&52
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Hkkx&1

tSu n'kZu vkSj foKku esa
fo|qr~ vkSj vfXu
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tSu n'kZu vkSj foKku esa fo|qr~ vkSj vfXu

^^vkxeL; vfojksèksu m$gua rdZ mP;rsA**1 vkxe ds lkFk fojksèk u gks]
mlh izdkj rÙo dh 'kksèk ds fy, lqfopkj.kk djuk gh rdZ dgykrk gSA bl
vkèkkj ij izLrqr fo"k; dh fu"i{k ehekalk t:jh gSA ewy fo"k; esa tkus ls iwoZ
dqN ewyHkwr@vkèkkjHkwr fcUnqvksa dks Li"Vr% è;ku esa j[kuk gksxkA

1- ^^reso lPpa fuLlada ta ft.ksfga iosb;a**2µ;g gekjs fpUrk dk izeq[k
vkèkkj gksuk pkfg,A blds lkFk&lkFk ;g Hkh le>uk gksxk fd ^^ftus'oj nso
}kjk izosfnr** rF; dks geus lgh :i esa le>k gS ;k ughaA vkxe&opu dh
foo{kk D;k gS] fdl n`f"V ls fdl ckr dks dgk x;k gS] bldh i;kZIr le> ds
fcuk ewy esa gh vkxe&opu ds uke ij ge dksbZ ,slh ckr rks ugha dg jgs gSa] tks
ftus'oj nso }kjk foof{kr u gksA izR;sd opu mlds lgh ifjizs{; esa gh le>uk
u;n`f"V dk eUrO; gSA iwokZij izlax] 'kCnksa ds fofHkUu vFkZ] n`f"Vdks.k ;k vis{kk
ds lE;x~ cksèk ds fcuk vkxe&opu dk rkRi;Z dSls le>saxs\ blfy, fu%'kad vkSj
lR; ckr rd igqapus ds fy, iz;Ru gksuk pkfg,A

2- foKku }kjk tks Hkh lwpuk fey jgh gS] mls Hkh vkxe ,oa vU; izek.kksa
ds vkèkkj ij dl dj Lohdk;Z ekuuk gksxkA u foKku dh ckr dks vka[ksa can dj
Lohdkj djuk] u gh mlds fojksèk esa iwokZxzg j[kukA ;qfDr;qDr ,oa vkxe&vfo#)
rF;ksa dks rVLFkrkiwoZd le>us dh dksf'k'k djukµ;gh mfpr] lehphu ,oa
mikns; yxrk gSA

3- ckr vkxe dh gks ;k foKku dh] igys gekjh le> dks lgh cukuk
t:jh gSA ;fn vkxe ds uke ij ;k foKku ds uke ij ge mls le>s fcuk fdlh
ckr dk iz:i.k dj nsaxs rks U;k; ugha gksxkA

4- fdlh Hkh rÙo&fu.kZ; dk mís'; lqfoèkk&vlqfoèkk] izpkj&izlkj esa mi;ksfxrk]
vkèkqfudrk dk O;keksg vkfn ugha gksuk pkfg,A blh izdkj dsoy ijEijk dk
vkxzg Hkh u gksA rÙo&fu.kZ; ds i'pkr~ D;k djuk] D;k u djukµ;s ckrsa nzO;]

{ks=k] dky] Hkko dh vis{kkvksa ds lkFk tqM+uh pkfg,] u fd uohu&iqjkru vkfn ijA

5- ftu fo"k;ksa esa vkxe u lkèkd gS] u ckèkd] muds lEcUèk esa cqf)] rdZ
vkSj foKku ds ekè;e ls laxr ;FkkFkZ ds fo"k; esa fopkj djus esa dksbZ vkifÙk ugha
gksuh pkfg,A

bu ewyHkwr vkèkkjksa ij fo|qr~ ;kuh bysDVªhlhVh vius vki esa lfpÙk
rsmdk; gS ;k vfpÙk iqn~xyµbl fo"k; dh ppkZ dks izLrqr djuk] bl ys[ku dk
mís'; gSA

vc rd tks fopkj bl fo"k; esa izLrqr gq, gSa] mudh leh{kk djus ls iwoZ
dqNsd ewyHkwr ckrsa tks tSu vkxeksa] tSu xzUFkksa vkSj tSu ijEijk esa miyCèk gSa] mu
ij rFkk oSKkfud voèkkj.kk,a ftUgsa Li"V le>uk t:jh gS] mu ij izdk'k Mkyuk
visf{kr gSA
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1. tSu n'kZu esa iqn~xy

tSu n'kZu esa iqn~xy ¼vFkok iqn~xykfLrdk;½ Ng nzO;ksa esa ,d nzO; gS] tks
vius vki esa vtho gS ¼ftls vfpÙk Hkh dgrs gSa½A iqn~xy dh ifjHkk"kk
gSµLi'kZ&jl&xaèk&o.kZoku~ iqn~xy%A3 Li'kZ] jl] xaèk vkSj o.kZ;qDr nzO; iqn~xy gSA
;s pkjksa iqn~xy ds y{k.k gSaA buesa Li'kZ ds vkB Hksn gSaµfLuXèk&:{k] 'khr&m".k]
xq#&y?kq] ènq&dBksjA buesa ls fLuXèk&:{k rFkk 'khr&m".kµ;s pkj Li'kZ ewy gSa vkSj
'ks"k pkj Li'kZ mÙkj gSaA prq%Li'khZ LdUèkksa esa pkj ewy Li'kZ gksrs gSa] v"VLi'khZ
LdUèkksa esa vkBksa Li'kZ gSaA Lora=k ijek.kq esa fLuXèk vkSj :{k esa ls ,d rFkk 'khr
vkSj m".k esa ls ,dµ,sls nks Li'kZ gh gksrs gSaA

izLrqr fo"k; dh fopkj.kk esa fLuXèk vkSj :{k dk vfèkd egÙo gSA fLuXèk
vkSj :{k dk 'kkfCnd vFkZ ^fpduk* vkSj ^:[kk* gksrk gS] ij ijek.kqvksa ds ijLij
cUèk vkSj LdUèk&fuekZ.k ds lUnHkZ esa bldk vFkZ D;k gksuk pkfg,] bl ij fo}kuksa
us fpUru fd;k gSA lokZFkZflf) esa bldh 'kkfCnd O;k[;k dh xbZ gSA4 izKkiuk
lw=k esa fLuXèkRo&:{kRo dks LdUèk&fuekZ.k dk gsrq ekurs gq, mlds fu;e crk, x,
gSaA5 xksEeVlkj esa Hkh ;gh crk;k x;k gSA6 rÙokFkZ lw=k esa ̂ ^fLuXèk:{kRokn~ cUèk%**
lw=k }kjk blh dks crk;k x;k gSA7 rÙokFkZ lw=k dh Vhdk lokZFkZflf) esa bldh
O;k[;k esa ̂ ^fLuXèk:{kRoxq.kfufeÙkks fo|qr~** vFkkZr~ ¼cknyksa ds chp pedus okyh½
fo|qr~ fLuXèk vkSj :{k xq.kksa ds fufeÙk ls gksrh gS] ,slk crk;k x;k gSA8 orZeku
foKku ds vuqlkj bldk fufeÙk gSµcknyksa esa fo|eku èku fo|qr~&vkos'k vkSsj
_.k fo|qr~&vkos'kA bl vkèkkj ij fLuXèk vkSj :{k dks iksthVho vkSj usxsVho
bysDVªhd pktZ ds :i esa le>k tk ldrk gSA9 tSusUnz fl)kUr dks'k us èkoyk ds
vkèkkj ij fo|qr~dj.k dks "Protons and Electrons" ds :i esa crk;k gSA10

bl foospu ls Li"V gksrk gS fd lHkh iqn~xy&LdUèk ,oa iqn~xy&ijek.kq esa
fLuXèk vFkok :{k uked Li'kZ&xq.k vo'; gksrk gSA ;fn bUgsa gh iksthVho&usxsVho
bysDVªhd pktZ ds :i esa le>k tk, rks lHkh iqn~xyksa esa bysDVªhd pktZ dk
vfLrRo Hkh fl) gks tkrk gSA foKku ds vuqlkj Hkh bysDVªhd pktZ inkFkZ dk
ekSfyd xq.k gS vkSj izR;sd ijek.kq esa bldk vfLrRo Lohdkj fd;k x;k gSA

2. tho vkSj iqn~xy dk lEcUèk

ijek.kq&iqn~xy ls ysdj vuUrkuUr izns'kh LdUèkksa rd ¼ftuesa egkLdUèk
oxZ.kk Hkh gS½ iqn~xy dh vusd oxZ.kk,a gSaA buesa ls 23 oxZ.kkvksa dk o.kZu
miyCèk gSA11 buesa ls dsoy ikap oxZ.kk,a ,slh gSa] ftUgsa lalkjh tho xzg.k dj
ldrs gSa12µ

1- vkgkj&oxZ.kkµblesa vkSnkfjd] oSfØ;] vkgkjd vkSj 'oklksPN~okl oxZ.kk
ds iqn~xy&LdUèk lekfo"V gSaA

2- rStl oxZ.kkµlHkh lalkjh thoksa ds lkFk fujUrj jgus okys lw{e 'kjhj
;kfu rStl 'kjhj dk fuekZ.k buls gksrk gSA13 foKku dh n`f"V ls ^^tSo&fo|qr~**
(Bio-electricity) dk lEcUèk rStl oxZ.kk ds lkFk gSA izk.kh dh ys';k Hkh rStl
oxZ.kk ls lEc) gSA foKku us vkHkke.My (Aura) dk Nk;kadu (Photography)

fdfyZ;u QksVksxzkQh }kjk dj fy;k gS tks izk.kh ds rStl 'kjhj }kjk fufeZr ,d
^^fo|qr~&pqEcdh;&{ks=k** (Electro-magnatic field) ds :i esa gksrk gSA vkHkke.My
ds iqn~xy nzO; ys';k dk izfrfcEc gS tks fofHkUu jaxksa ds :i esa izdV gksrs gSaA
¼oSls vtho inkFkZ ds vkHkke.My dk Hkh Nk;kadu fd;k x;k gSA ltho izk.kh dk
vkHkke.My Hkkoèkkjk ds lkFk cnyrk jgrk gS] tcfd vtho inkFkZ dk vkHkke.My
fLFkr jgrk gS] cnyrk ughaA½

rStl oxZ.kk ds iqn~xy&LdUèk rStl&'kjhj ds :i esa ikpu&fØ;k vkfn
'kkjhfjd fØ;kvksa esa mi;ksx esa vkrs gSa rFkk fof'k"V yfCèkèkkjh O;fDr dks izkIr
rStlyfCèk ¼;k rstksys';k½ esa Hkh bUgha iqn~xy&LdUèkksa dk mi;ksx gksrk gSA

3- Hkk"kk&oxZ.kk

4- euks&oxZ.kk

5- dkeZ.k&oxZ.kk

tho }kjk vkSnkfjd 'kjhj] oSfØ; 'kjhj] vkgkjd 'kjhj] 'oklksPN~okl]
rStl 'kjhj] Hkk"kk] eu vkSj dkeZ.k 'kjhj ds :i esa ifj.kr iqn~xy&LdUèkksa dk tho
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ls i`Fkd~dj.k gksus ij os ^eqDr* iqn~xy gks tkrs gSaA tc rd os tho ds lkFk jgrs
gSa] rc rd mUgsa ^c)* iqn~xy dgk tkrk gSA ;s vkB izdkj ds iqn~xy&LdUèk
vius vki esa vfpÙk gSaA budk Hkh ifj.keu gksrk gS vkSj budk :ikUrj.k Hkh
laHko gSA14

vkgkj oxZ.kk ds vUrxZrµvkSnkfjd 'kjhj oxZ.kk] oSfØ; 'kjhj oxZ.kk]
vkgkjd 'kjhj oxZ.kk rFkk 'oklksPN~okl oxZ.kk ds iqn~xy gSaA ;s iqn~xy vius vki
esa vfpÙk gSa rFkk tc tho bUgsa xzg.k dj ysrk gS rc os tho ds 'kjhj ds :i esa
ifj.kr gks tkrs gSa vkSj budk lfpÙk :i esa ifj.keu gks tkrk gSA tc ;s tho ls
^eqDr* gks tkrs gSa] rks iqu% vfpÙk iqn~xy gks tkrs gSaA

rStl] Hkk"kk] eu vkSj dkeZ.k oxZ.kkvksa ds iqn~xyksa dk Hkh tc rd tho
}kjk xzg.k ugha gksrk] rc rd vius vki esa os vfpÙk gSaA tc tho bUgsa rStl
'kjhj vkfn ds :i esa ifj.kr dj vkRelkr~ dj ysrk gS rc ;s rStl 'kjhj vkfn
ds iqn~xy lfpÙk :i esa ifj.kr gks tkrs gSaA ^^bl dkj.k ls vkgkj ¼vkSnkfjd]
oSfØ;] vkgkjd vkSj 'oklksPN~okl½ rStl] Hkk"kk] eu vkSj dkeZ.k] bu ikap
oxZ.kkvksa dks ^cUèkuh;* dgk x;k gS rFkk os cká oxZ.kk,a dgykrh gSa] D;ksafd
rsbZl oxZ.kkvksa esa ;s ikap 'kjhj i`Fkx~Hkwr gSa] budh cká laKk gSA ikap 'kjhj vfpÙk
oxZ.kkvksa esa rks lfEefyr ugha fd, tk ldrs] D;ksafd lfpÙk dks vfpÙk ekuus ls
fojksèk vkrk gSA mudk lfpÙk oxZ.kkvksa esa Hkh vUrHkkZo ugha gksrk] D;ksafd
foòlk&mip;ksa ds fcuk ikap 'kjhjksa ds ijek.kqvksa dks gh lfpÙk oxZ.kkvksa esa xzg.k
fd;k gSA**15

tho }kjk x`ghr gksus ls iwoZ bu vkBksa oxZ.kkvksa ds iqn~xy vius vki esa
vfpÙk gksrs gSaA budk mip; oSòfld cUèk ds }kjk gksrk gSA tc ;s tho }kjk
x`ghr gksrs gSa] rc fQj budk ifj.keu 'kjhj vkfn ds :i esa gksrk gSA bl vkèkkj
ij ;g Li"V gksrk gS fd rStl oxZ.kk ds iqn~xy vkSj rStl 'kjhj ds :i esa ifj.kr
iqn~xy fHkUu gSaA fo|qr~ ;k bysDVªhlhVh vius vki esa ikSn~xfyd ifj.keu gSA tc
tho }kjk bu iqn~xyksa dk xzg.k gksrk gS rc ;s rsmdkf;d tho ds 'kjhj cu ldrs
gSa] blls iwoZ rks os vfpÙk iqn~xy gh gSaA

thoksa ds LFkwy 'kjhj ¼vkSnkfjd] oSfØ;½ rFkk lw{e 'kjhj ds :i esa ̂ c)* ,oa
^eqDr* iqn~xyksa ds ifj.keu ls O;ogkj&txr~ ds lHkh inkFkks± dk ifj.keu lEcfUèkr
gSA16 fo'o ds ifj.keuksa dks rhu Hkkxksa esa ckaVk x;k gSµ1- oSòfld] 2- izk;ksfxd]
3- feòA17 oSòfld ifj.keu dsoy iqn~xyksa ds o.kZ] xaèk] jl] Li'kZ vkSj laLFkku
¼vkdkj½ ds ifj.keu ds dkj.k gksrs gSa]18 tho ds iz;Ruksa ls gksus okys ifj.keu

^izk;ksfxd* dh dksfV esa gS19 rFkk tho vkSj iqn~xy nksuksa ds la;qDr ;ksx ls gksus
okys ifj.keu feò dgykrs gSaA20 iqn~xy dh i;kZ;ksa esa 'kCn] cUèk] lkS{E;] LFkkSY;]
laLFkku] Hksn] rel~ ¼vaèkdkj½] Nk;k] vkri ¼lw;Z dk izdk'k½] m|ksr ¼pUnz dk
izdk'k½] izHkk ¼ef.k vkfn dk izdk'k½ vkfn dk lekos'k fd;k x;k gSA21 bl
izdkj Li'kZ vkfn xq.kksa ,oa 'kCn vkfn i;kZ; ikSn~xfyd txr~ dh lHkh ?kVukvksa
ds fy, ftEesnkj gSaA

tho dh mRifÙk ¼tUe½ esa Hkh ikSn~xfyd ifj.keuksa ls fufeZr ;ksfu;ka
fufeÙkHkwr curh gSaA tSu n'kZu esaµ'khr] m".k] 'khrks".k] laòÙk] foòÙk] laòÙk&foòÙk]
lfpÙk] vfpÙk] lfpÙk&vfpÙkµ;s ukS izdkj dh ;ksfu;ksa dk mYys[k izkIr gSA22 bl
izdkj vfpÙk ikSn~xfyd LdUèk Hkh vuqdwy la;ksx izkIr gksus ij ;ksfu cu ldrs
gSa] ij lHkh ikSn~xfyd LdUèk ;ksfu cus gh] ,slk ugha gSA tc rd ;s ifj.keu
;ksfu dk :i ugha ysrs] rc rd ikSn~xfyd gh gSaµvtho gh gSaA tc buesa ;ksfu
dh {kerk izkIr gksrh gS] rc muesa tho mRiUu gks ldrs gSaA rstl~dk; ds tho dh
;ksfu m".k gh gksrh gSA fdUrq bldk vFkZ ;g ugha fd lHkh m".k iqn~xy mldh
;ksfu gSaA23

mi;qZDr tSu ekU;rkvksa ds vkèkkj ij ge rstl~dk; ds thoksa dh mRifÙk
vkfn ds fo"k; esa ppkZ dj ldrs gSaA
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3. foKku esa iqn~xy

tSu n'kZu ftls iqn~xy dgrk gS] mldh nks voLFkkvksa dks foKku us Lohdkj
fd;k gSµ

1- inkFkZ ;k esVj (Matter)

2- m$tkZ ;k ,uthZ (Energy)

izkphu foKku (Classical Physics) esa bu nksuksa dks furkUr fHkUu ekuk
tkrk Fkk ij vkèkqfud foKku us vc budh ekSfyd ,drk dks Lohdkj dj fy;k
gSA blfy, vc foKku ds vuqlkj m$tkZ dk inkFkZ ds :i esa vkSj inkFkZ dk m$tkZ
ds :i esa :ikUrj.k laHko gSA vkbULVhu }kjk iznÙk izfl) lehdj.k gSµ

m$tkZ = nzO;eku × C2 ¼C = izdk'k dk osx½

blh izdkj ftls izkphu foKku us ewy inkFkZ (Element) dh laKk nh Fkh]
mls Hkh nwljs ewy inkFkZ ds :i esa cnyk tk ldrk gSA foKku us 92 ewy inkFkks±
dks Lohdkj fd;k gS] ftuesa izFke Øekad gSµgkbMªkstu dk rFkk 92osa Øekad esa
gSµ;wjsfu;eA Ñf=ke :i ls fufeZr ewy inkFkks± dk Øekad 100 ls Hkh m$ij pyk
x;k gSA24 bu ewy inkFkks± dk Hkh ijLij :ikUrj.k ^^ijek.kq&HkkSfrdh** (Atomic-

Physics) ds ekè;e ls laHko cuk gSA gkbMªkstu dks fgfy;e ¼Øekad 2½ rFkk
;wjsfu;e ¼Øekad 92½ dks lhls (Lead) ¼Øekad 82½ esa ifjorZu dj gkbMªkstu ce
rFkk v.kqce dk vkfo"dkj fd;k x;kA25

iqn~xy ds nksuksa :iµinkFkZ vksj m$tkZ vius vki esa iqn~xy gS] blfy,
futhZo gh gSaA budk ijLij :ikUrj.k Hkh ikSn~xfyd gh gS] futhZo ifj.keu gh gSA
ikSn~xfyd ifj.keu ds i'pkr~ thoksRifÙk ds vuqdwy ;ksfu&fuekZ.k gksus ij gh
lthork ;k lfpÙk ds :i esa ifj.keu dHkh gks ldrk gS] dHkh ughaA vfXudkf;d
thoksa dh mRifÙk lkekU;r% ¼dqN viokn dks NksM+dj½ vkWDlhtu ds fcuk laHko
ugha gSA

foKku }kjk fofHkUu :iksa esa m$tkZ dh igpku dh xbZ gS] tSlsµ

1- bysDVªhd m$tkZ (Electric Energy)

2- izdk'k m$tkZ (Light Energy)

3- m"ek m$tkZ (Heat Energy)

4- pqEcdh; m$tkZ (Magnatic Energy)

5- jklk;fud m$tkZ (Chemical Energy)

6- ;kaf=kd m$tkZ (Mechanical Energy)

7- fLFkfr m$tkZ (Potential Energy)

8- xfr m$tkZ (Kinetic Energy)

9- ikjekf.od m$tkZ (Atomic Energy)

10- ukfHkdh; m$tkZ (Nuclear Energy).

,d izdkj dh m$tkZ dk nwljh izdkj dh m$tkZ esa ifjorZu gks ldrk gS]
tSlsµ

1- bysDVªhd cYc esaµ
bysDVªhd m$tkZ à izdk'k m$tkZ + m"ek m$tkZ

2- bysDVªhd bL=kh] xhtj] ghVj vkfn esaµ
bysDVªhd m$tkZ à m"ek m$tkZ

3- bysDVªhd eksVj esaµ
bysDVªhd m$tkZ à ;kaf=kd m$tkZ

4- gkbMªks&bysDVªhd ikoj&gkm$l esaµ
ikuh dh fLFkfr m$tkZ à ;kaf=kd m$tkZ à bysDVªhd m$tkZ

5- m"ekèkkfjr batu esaµ
dks;yk ¼;k rsy½ dh jklk;fud m$tkZ à ;kaf=kd m$tkZ

6- U;wDyh;j fj,DVj esaµ
inkFkZ dk nzO;eku à U;wDyh;j m$tkZ

7- lw;Z ¼;k vU; nwjLFk rkjkvksa esa½
ukfHkdh; m$tkZ à izdk'k m$tkZ + m"ek m$tkZ26
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4. euq";&'kjhj esa bysDVªhd m$tkZ

euq"; ds 'kjhj esa raf=kdk&ra=k lokZfèkd egÙoiw.kZ gSA efLr"d] lq"kqEuk]
raf=kdk,aµbl lexz jpuk dk iwjk tky 'kjhj esa O;kIr gSA euq";&'kjhj ds lHkh
vo;oksa dk lapkyu raf=kdk&ra=k }kjk gksrk gSA27 Kkuokgh raf=kdkvksa (Sensory

Nerves) dh U;wjksu ¼dksf'kdk,a½ bfUnz;ksa ds ekè;e ls dsUnzh; raf=kdk&ra=k ¼efLr"d
,oa lq"kqEuk½ rd lans'k igqapkrh gS] fØ;kokgh raf=kdkvksa (Motor Nerves) dh
dksf'kdk,a dsUnzh; raf=kdk&ra=k ls funsZ'kksa dks ekalisf'k;ksa rd igqapkrh gSaA ;s lkjk
vknku&iznku bysDVªhd m$tkZ ds ekè;e ls pyrk gSA28 xqtjkr ds izfl)
U;wjksfQftf'k;u Mk- lqèkhj ch- 'kkg us fy[kk gSµ^^efLr"d dh dksf'kdkvksa esa ,d
izdkj dk bysDVªhd djsaV mRiUu gksrk gh jgrk gSA mlesa ,d lkrR; gS] y;
gSµ;g iwjh izfØ;k bysDVªhdy izfØ;k gSA ;g bysDVªhd djaV jklk;fud izfØ;k
ls ,d dksf'kdk ls nwljh dksf'kdk rd igqaprk gSA iwjs raf=kdk&ra=k ls U;wjksVªkalehVjksa
,oa fjlsIVjksa dk ,d vn~Hkqr usVodZ gS tks ,d lSd.M ds gtkjosa Hkkx esa ,d
lwpuk ,d fgLls ls nwljs fgLls rd igqapk ldrk gSA ;g ,d jklk;fud izfØ;k
gSA efLr"dh; dksf'kdk,a Hkh vU; dksf'kdkvksa dh Hkkafr viuk p;kip; laHkkyrh
gSaµ;g ,d tSfod izfØ;k gSA

^^VsfyisFkh dh rjg ,d efLr"d nwljs efLr"d rd Hkh lans'kksa dk vknku&iznku
dj ldrk gSA bls bysDVªksfud izfØ;k dg ldrs gSaA29

^^efLr"d esa mRiUu gksus okys bysDVªhd rajxksa dks b-b-th- (Electro-

encephelo-gram) ds ekè;e ls Kkr fd;k tk ldrk gSA tkx`r voLFkk esa vka[ksa
can dj efLr"d ds ihNs ds fgLls ls ftl bysDVªhd izfØ;k dks ukik tk ldrk
gS] mls ^vYQk rjax* dgrs gSaA bu rjaxksa dh ÝhDosalh ¼dEiu&vko`fÙk½ 7 ls 13

Hz. ukih xbZ gSA fcydqy vkxs ds ÝaVy dksVsZDl okys fgLls ls lkekU;r%
chVk&fjèke 14 ls 40 Hz. ÝhDosalh okyh rjaxsa fudyrh gSaA VsEiksjsy fgLls ls
FkhVk rjaxksa dh ÝhDosalh 4 ls 7 Hz. uksV dh tkrh gSA MsYVk rjaxsa o;Ld O;fDr;ksa
esa vlkekU; :i ls ikbZ tkrh gSa vkSj dHkh&dHkh NksVs cPpksa esa Hkh uhan dh fLFkfr
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esa fjdkWMZ   dh tkrh gSA fQj Hkh lkekU;r% MsYVk rjaxsa efLr"dh; :X.krk dh
lwpd ekuh tkrh gSaA

^^efLr"d esa izokfgr bysDVªhd djaV dh vfr ek=kk ls ^fexhZ* (Epilapsy)

dh chekjh iSnk gksrh gSA**30

vkèkqfud foKku }kjk izfrikfnr ;g fl)kar fd ^^euq"; dh izR;sd
'kkjhfjd izo`fÙk euq"; esa fo|eku bysDVªhlhVh ¼fo|qr~½ ds iz;ksx ls gh gks jgh
gS** Lohdkj djus esa tSu ekU;rk dk dgha Hkh vLohdkj ugha gksrkA cfYd tSu
ekU;rk ds vuqlkj ^^vkSnkfjd 'kjhj dh izR;sd izo`fÙk esa rStl 'kjhj ;k izk.k
dk iz;ksx gksrk gS**µ,slk dguk yxHkx oSKkfud fl)kar dh lekukUrj mfDr
dgh tk ldrh gSA tSu ekU;rk dk rStl 'kjhj ;k izk.k'kfDr vkSj oSKkfud
ekU;rk dh ^bysDVªhd m$tkZ*µbu nksuksa dh ikjLifjdrk Lor% fl) gksrh gSA
tSu fl)kar esa Ng i;kZfIr vkSj n'k izk.k dk izfriknu Hkh bl ckr dk leFkZu
djrk gSA

foKku us efLr"dh; dksf'kdkvksa dh izfØ;k dks Hkyh&Hkkafr Li"V fd;k gSA
cqf) ds fodkl dk vkèkkj Hkh efLr"dh; U;wjksu dksf'kdkvksa ds ijLij cuus okys
lfdZVksa dh la[;k ij gSA efLr"d esa fo|eku djksM+ksa&djksM+ksa U;wjksuksa ds ijLij
lfdZVksa dh laHkkO; la[;k 10 ij 800 'kwU;ksa dks yxkus ls gksus okyh la[;k gS] ftls
xf.kr dh Hkk"kk esa 10800 ds :i esa fy[kk tkrk gSA31 fo'o dk cqf)eku ls
cqf)eku O;fDr Hkh vius thou esa bldk 'krka'k Hkh fodflr ugha dj ikrk gSA
cPpk tc ls lh[kuk izkjEHk djrk gS] mlds efLr"d esa fur&u, lfdZVksa dk
fuekZ.k gksrk pyk tkrk gSA

efLr"d dh rjg gh ân;] ekalisf'k;ka (Muscles) vkfn vo;oksa dh
fo|qr~èkkjk ¼bysDVªhd djaV½ dk vadu djus ds fy, b-lh-th- (Electro-cardio-

gram), b-,e-th- (Electro-mayo-gram) vkfn dk iz;ksx fd;k tkrk gSA peM+h
dh jksx&fujksèkd m$tkZ dk vadu th-,l-vkj (Galvanic skin response) }kjk
fd;k tkrk gSA

fo'ks"k ifjfLFkfr;ksa esa fdlh&fdlh O;fDr dk Li'kZ djus ij mldk fo|qRizokg
nwljs O;fDr dks ^>Vds* (electric shock) ds :i esa eglwl gks ldrk gSA32

lkekU; ifjfLFkfr;ksa esa bldh vuqHkwfr blfy, ugha gksrh fd bldh ek=kk cgqr
LoYi gksrh gSA fdruh gh LoYi D;ksa u gks] ;g rks Li"V gS gh fd bysDVªhdy m$tkZ
dk ifjgkj ge ugha dj ldrsA tc rd ekufld] okfpd] dkf;d izo`fÙk;ka pkyw
gSa] ge 'kkjhfjd fctyh ds iz;ksx ls ugha cp ldrsA la{ksi esa dgk tk ldrk gS

fd ekuo&'kjhj dh lHkh fo|qr~&fØ;k,a thou dh egÙoiw.kZ ;k izk.kkèkkj fØ;k,a
gSa] ftuds fcuk thou vlaHko gSA

tSo fo|qr~ vFkok izk.k m$tkZ

Mk- jkèkk'kj.k vxzoky vius 'kksèkys[k ^tSo fo|qr~ vFkok izk.k m$tkZ* esa
fy[krs gSaµ^^'kjhj dh leLr gypyksa ,oa efLr"d dh fØ;kvksa dk ,d ek=k òksr
izk.k vFkok tSo fo|qr~ gSA ;gh tSo fo|qr~ thou rÙo cudj jkse&jkse esa O;kIr
gSA blesa psruk ,oa laosnuk nksuksa rÙo fo|eku gSaA ftl izdkj ,d dkj[kkuk
HkkSfrd fo|qr~ m$tkZ ds lgkjs pyrk gS] mlh izdkj ekuo dh leLr xfrfofèk;ksa
dk vkèkkj ;g tSo fo|qr~ gh gSA

^^'kjhj ds vUnj O;kIr tSo fo|qr~ dh ek=kk ij gh O;fDr dk mRd"kZ ,oa
fodkl fuHkZj djrk gSA fdlh O;fDr fo'ks"k esa ;fn tSo fo|qr~ lkekU; O;fDr ls
vfèkd gksrh gS rc og izfrHkk'kkyh] fo}ku~] euh"kh ,oa iz[kj cqf) dk èkuh gksrk
gS] ij ;fn fdlh O;fDr esa ;g de ek=kk esa gksrh gS rc og O;fDr eancqf) gksrk
gS vkSj mldks dbZ izdkj ds euksjksx ?ksj ysrs gSaA

^^bl tSo fo|qr~ dk lkekU; mi;ksx 'kjhj dks xfr'khy ,oa eu rFkk
efLr"d dks lfØ; j[kus esa gksrk gSA fdUrq bldk fof'k"V ,oa vfèkd mi;ksxh
iz;ksx eukscy] ladYi&cy ,oa vkRecy c<+kus esa gksrk gSA bl 'kfDr ds blh
fo'ks"k fn'kk vFkok {ks=k esa yxkus ds dkj.k gh og O;fDr fo'ks"k izfrHkk'kkyh ,oa
vf}rh; vkRecy dk èkuh cu tkrk gSA ;gh tSo fo|qr~ lkèkuk }kjk lw{e :i
esa ifjofrZr ,oa laxzghr gksdj izk.k m$tkZ vFkok vkfRed m$tkZ cu tkrh gSA

^^tSo fo|qr~&'fkDr dks fofHkUu ns'kksa esa fofHkUu ukeksa ls tkuk tkrk gSA phu
esa bls ^pks ,uthZ*] tkiku esa ^dh ,uthZ*] ;wjksi] vejhdk esa ^;wuholZy ,uthZ*
rFkk ^okbVy QkslZ* ds uke ls iqdkjrs gSaA 'kjhj foKkuh bls ^ck;ksyksftdy
,uthZ* dgrs gSaA

^^foKku ds {ks=k esa Hkh vc izk.k'kfDr ds ckjs esa vusd 'kksèk izkjEHk gks x,
gSaA lqizfl) oSKkfud MkW- ,p- ds- cV ds vuqlkj thou dk izeq[k vkèkkj
izk.k&m$tkZ gh gSA izks- gMlu us bls lkoZHkkSfed thou rÙo dgk gSA ukscqy
iqjLdkj fotsrk iz[;kr oSKkfud gktfdu gDlys rFkk ,dyhl us 'kjhj ds
Kku&rarqvksa ds ckjs esa [kkst dh gSA budh [kkst ds vuqlkj ekuoh Kku&rUrq ,d
izdkj ds fo|qr~&laokgh rkj gSa ftuds vUnj fujarj fctyh nkSM+rh jgrh gSA lEiw.kZ
'kjhj esa fc[kjs gq, bu Kku&rarqvksa dks ;fn bdëk dj ,d ykbZu esa j[kk tk, rks
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budh yackbZ lSdM+ksa ehy gksxhA vki lksp ldrs gSa fd bruh yackbZ okys rarqvksa
dks xfr'khy j[kus ds fy, fdruh fctyh dh vko';drk gksxhA ,d vU;
oSKkfud MkW- eSVqph cSucxZ us vius vuqlaèkku fu"d"kZ esa fy[kk gS fd bl 'kjhj
ds vUnj fo|qr~ 'kfDr ds vrqy Hk.Mkj fNis iM+s gSaA 'kjhj dk izR;sd U;wjksu ,d
NksVk Mk;useks gSA tSo fo|qr~ dk mRiknu ;gh U;wjksu djrs gSaA bu fØ;kvksa dk
dsUnz efLr"d gSA oSKkfudksa dk vuqeku gS fd ,d LoLFk uo;qod 20 okV fo|qr~
mRiUu djrk gSA

^^,d nwljs ukscqy iqjLdkj fotsrk izfl) fpfdRlk'kkL=kh ts- T;ksxh us
,DVhu vkSj ek;kslhu uked nks izksVhu rÙoksa dks euq"; 'kjhj esa ls [kkstk gSA bu
nksuksa izksVhuksa dh mRifÙk izk.k m$tkZ ls gh ekuh xbZ gSA oSKkfudksa us 'kksèk dj
crk;k gS fd ekuoh 'kjhj ,d mPpLrjh; fctyh&?kj gSA blesa ls izk.k&fo|qr~ rjaxsa
fujUrj de ;k vfèkd ek=kk esa fudyrh jgrh gSaA ;sy fo'ofo|ky; ds lqizfl)
fpfdRlk'kkL=kh gsjkYMcjh us vius 'kksèk xzUFk esa fy[kk gS fd izR;sd izk.kh
vius&vius Lrj ds vuqlkj de ;k vfèkd fctyh mRiUu djrk gSA bl ekuoh;
fo|qr~ dks mUgksaus ^ykbQ QhYM* dgk gSA muds vuqlkj izR;sd O;fDr dh ykbQ
QhYM dh ek=kk vyx&vyx gksrh gS vkSj blh ykbQ QhYM dh ek=kk ds vuqlkj
og thou esa mUufr vFkok voufr djrk gSA

^^izfl) ijkeuksoSKkfudksa dh jk; gS fd lkekU; euq"; ds 'kjhj ls fofdjr
gksus okyh fo|qr~&rjaxsa mlds LFkwy 'kjhj ls 6 bap ckgj rd gksrh gSa] tcfd Kkuh
ifo=k ,oa ;ksfx;ksa ds 'kjhj ls ;g fo|qr~&rjaxsa 3 QhV dh nwjh rd fo|eku jgrh
gSaA MkW- czkmu us bl fo|qr~ 'kfDr dks ^ck;ksyksftdy bysfDVªlhVh* dgk gS vkSj
fy[kk gS fd ;g euq"; ds lw{e 'kjhj ls mRiUu gksrh gSA

^^Hkkjrh; osnkUr ds vuqlkj viuh izk.k&m$tkZ dks izk.k;ksx ds lgkjs c<+k;k
tk ldrk gSA blds vUrxZr gekjs 'kjhj esa tks lw{e ,oa 'kfDr'kkyh izk.k&psruk
fujUrj vfu;af=kr izokfgr gksrh jgrh gS] mldks eu ,oa n`<+ ladYi&'kfDr ds }kjk
fu;af=kr dj ,d fo'ks"k fcUnq fo"k; ij dsfUnzr fd;k tkrk gS vFkok fo'ks"k fn'kk
esa izokfgr fd;k tkrk gSA bl izdkj fujUrj vH;kl djus ij ;g psruk ewykèkkj
ls lgòkj rd fuckZèk :i ls tqM+ tkrh gSA

^^dukMk ds izfl) euksfoKkuh MkW- gal lsY;s us fy[kk gS] ^^euq"; dh
loksZPp 'kfDr izk.k dk vfèkdka'k Hkkx O;FkZ ds okrkZyki] fØ;kdyki esa u"V gks
tkrk gSA ekufld ruko] fpUrk] vfunzk Hkh bl m$tkZ dk {kj.k djrs gSaA**
Hkkjrh; ;ksx'kkfL=k;ksa dk er gS fd ^^izk.k m$tkZ dk ;g {kj.k dqN fo'ks"k lkèku

viukus ij jksdk tk ldrk gS rFkk {kj.k gqbZ m$tkZ dh {kfriwfrZ Hkh dh tk ldrh
gSA ;g lkèku gS la;fer vkgkj] fpUru&euu dh ifo=krk ,oa ijksidkj] lsok&Hkkouk
dk lekos'kA viuh 'kfDr;ksa dks vuko';d fo"k;ksa ij fparu] O;FkZ ds okrkZyki
,oa fØ;kdyki esa O;; gksus ls jksddj fo"k; fo'ks"k vFkok èkkjk esa izokfgr djus
ij izk.k&m$tkZ dsoy vfèkd c<+sxh gh ugha cfYd vR;ar izHkko'kkyh ,oa cy'kkyh
Hkh gks tk,xhA blh dks izk.k lkèkuk vFkok izk.k fo|k dgrs gSaA**

^^bl lkèkuk dk lcls vfèkd egÙoiw.kZ Hkkx gS n`<+ ladYi rFkk eukscy ds
}kjk czãk.M O;kih lef"Vxr izk.k rÙo dks vkdk'k ls vkdf"kZr djuk vkSj vius
vanj èkkj.k djukA tks O;fDr vius 'kjhj esa cls fof'k"V izk.k dks ftruk vfèkd
vius o'k esa dj ldrk gS mruh gh vfèkd ek=kk esa og lef"V&izk.k dks vius vUnj
ladfyr dj ldrk gSA bl izdkj lkèkd izk.k&txr dh vusd fnO; {kerkvksa dk
èkuh gks tkrk gSA ;g ekxZ lHkh lkekU; O;fDr;ksa ds fy, [kqyk  gqvk gSA

^^fdlh O;fDr ds psgjs vFkok 'kjhj ds pkjksa vksj fc[kjs gq, rstksoy; dks
ns[kdj ge tku ldrs gSa fd ml O;fDr esa fdruh tSo fo|qr~&'kfDr gSA fdUrq ;g
rstksoy; vFkok vkHkke.My bu LFkwy p{kqvksa ls ugha ns[kk tk ldrkA blds fy,
lw{e n`f"V dh vko';drk gSA ik'pkR; txr esa fdfyZ;u QksVksxzkQh }kjk bls
ukius dk iz;kl py jgk gSA

^^fu%lansg euq"; ,d thrk&tkxrk fo|qr~&?kj gSA fdUrq ;g izk.k&fo|qr~
HkkSfrd fo|qr~ dh vis{kk vla[; xquk cy'kkyh ,oa izHkkoh gSA izk.k&fo|qr~ ij
fu;a=k.k] ifj'kksèku ,oa mldk lap; rFkk dsUnzh;dj.k djus ls ekuo vlkekU;
'kfDr;ksa dk Lokeh cu ldrk gSA vHkh rks oSKkfudksa us dsoy LFkwy ,oa HkkSfrd
fo|qr~ ds peRdkj tkus gSa vkSj ftudks tkudj os vk'p;Zpfdr gSaA ftl fnu
ekuoh 'kjhj esa fo|eku bl tSo fo|qr~ 'kfDr ds vFkkg Hk.Mkj dk irk yxsxk ml
fnu vfoKkr {ks=k ds vla[; vk'p;Zpfdr jgL;ksn~?kkVu dk Øe vkjEHk gks
tk,xkA**33

fo|qr~&fØ;k,a thou dh egÙoiw.kZ ;k izk.kkèkkj fØ;k,a gSa] ftuds fcuk
thou vlaHko gSA

^bysDVªhlhVh* vius vki esa D;k gS\ 'kkjhfjd fo|qr~&izokg vkSj rkjksa esa
cgus okyk fo|qr~&izokg leku gS ;k fHkUu\ vkdk'k esa mRiUu gksus okys fo|qr~&MhLpktZ
¼fujkos'ku½ ftls fctyh dk peduk (lightning) dgk tkrk gS vkSj rkjksa esa cgus
okys bysDVªhd izokg esa dksbZ vUrj gS ;k ugha\ vkfn iz'uksa ij vc gesa fopkj
djuk gSA
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5. foKku dh n`f"V esa fo|qr~ (Electricity)

vaxzsth Hkk"kk esa nks 'kCnksa dk iz;ksx miycèk gksrk gSµ

1- bysDVªhlhVh (electricity) ;kuh bysDVªhd m$tkZ ;k izokg (current)A

2- ykbZVfuax (lightning) ;kuh vkdk'k esa pedus okyh fo|qr~ ;k fctyhA

fgUnh vkSj xqtjkrh esa bu nksuksa ds fy, ,d gh 'kCn dk iz;ksx gksrk
gSµfctyh ¼;k fo|qr~½] fQj Hkh okLro esa buesa tks fHkUurk gS] mldh Li"V le>
vko';d gSA bls le>us ds fy, foKku dh ewy voèkkj.kkvksa dks Li"V djuk
visf{kr gSA

oSKkfud ekU;rk ds vuqlkj izR;sd ewy inkFkZ (element) cgqr cM+h la[;k
esa ijek.kqvksa ds laxBu ls fufeZr gSA izR;sd inkFkZ ds ijek.kq (atom) dh fof'k"V
jpuk ds dkj.k inkFkks± esa fHkUurk vkrh gSA lHkh inkFkks± dh ijek.kqvksa dh ewy
lajpuk esa lekurk gSµijek.kq ds nks fgLls gSaµ1- dsUnzd (nucleus), 2- ifjfèkA
dsUnzd esa nks izdkj ds d.k gksrs gSaµ1- izksVksu] 2- U;wVªksuA ifjfèk esa dsoy ,d gh
izdkj ds d.k gksrs gSaµbysDVªksuA34 ;s ekSfyd d.k gh vius fof'k"V xq.kèkeks± ds
}kjk ̂ fo|qr~* ;kuh bysDVªhlhVh dh izfØ;k ds ewy esa gSaA blfy, budh izÑfr ,oa
izfØ;kvksa dks le>s fcuk u rks fo|qr~ ;kfu bysDVªhlhVh vkSj fo|qr~ ;kfu vkdk'k
esa pedus okyh fctyh (lightning) ds chp ds vUrj dks le>k tk ldrk gS vkSj
u vfXu (fire) vkSj bysDVªhlhVh ds vUrj dks Hkh Li"Vr;k tkuk tk ldrk gSA

;gka ij la{ksi esa dqN eq[; ckrsa nh tk jgh gSaµ

1- inkFkZ esa lagfr ;k nzO;eku (mass) vkSj fo|qr~&vkos'k (electric

charge)µ;s nks ekSfyd xq.k ekus tkrs gSaA35 bysDVªksu] izksVksu vkSj U;wVªksu esa ;s
xq.k ftl :i esa gSa] mls fuEu dks"Bd36 esa crk;k x;k gSµ

d.k nzO;eku fo|qr~ vkos'k

bysDVªksu 10–27 xzke _.k 1 ;wfuV
izksVksu 10–24 xkze èku 1 ;wfuV
U;wVªksu 10–24 xzke 'kwU; 0

2- gkbMªkstu ,Ve37 lc inkFkks± ds ,Veksa esa lcls de nzO;eku okyk gSA
bls ^ijek.kq&Hkkj* dh bdkbZ ekuk tkrk gSA bl izdkj gkbMªkstu dk ijek.kq&Hkkj
,d gSA

3- gkbMªkstu ds ,d ,Ve esa ,d bysDVªksu vkSj ,d izksVksu gksrk gS] U;wVªksu
ugha gksrkA bysDVªksu dh la[;k ds vkèkkj ij ^ijek.kq&Øekad* (atomic number)

fuèkkZfjr gksrk gS %

¼i½ gkbMªkstu dk ijek.kq&Øekad ,d ¼1½ gSA

¼ii½ vkWDlhtu dk ijek.kq&Øekad 8 gS rFkk ijek.kq&Hkkj 16 gS] D;ksafd
mlds ijek.kq esa 8 bysDVªksu] 8 izksVksu vkSj 8 U;wVªksu gksrs gSaA

¼iii½ rkack èkkrq gSA èkkrqvksa dh fof'k"V ijek.kq&jpuk ds dkj.k mlesa fo|qr~
dk izokg vklkuh ls py ldrk gSA38 rkacs dk ijek.kq&Øekad 29 gSA
mldk ijek.kq&Hkkj 64 gS] D;ksafd mlds ijek.kq esa 29 bysDVªksu] 29

izksVksu vkSj 35 U;wVªkWu gksrs gSaA ¼lHkh ewy inkFkks± ds ijek.kq esa
fdrus&fdrus bysDVªksu vkfn gksrs gSa rFkk izR;sd ewy inkFkZ dk
ijek.kq&Øekad ,oa ijek.kq&Hkkj fdruk gS] mlds fy, 'Periodic

Table' nz"VO; gS] tks ifjf'k"V 2 esa fn;k x;k gSA½

izR;sd ijek.kq esa bysDVªksu vksj izksVksu dh la[;k leku gksrh gS vkSj U;wVªksu
fo|qr~&vkos'k&jfgr gksrs gSa] blfy, ijek.kq Lo;a Hkh fo|qr~&vkos'k&jfgr gh gksrk
gSA fdUrq tc ifjfèkxr bysDVªksu ijek.kq ls eqDr gksdj ckgj fudy tkrk gS] rc
og _.k&vkos'k okyk lora=k d.k cu tkrk gS rFkk ftl ijek.kq ls og fudyk
gS] og èku&fo|qr~ vkos'k okyk ̂ vk;u* cu tkrk gSA èkkrqvksa esa ijek.kq dh vafre
ifjfèk ls ,sls Lora=k bysDVªksu fudyrs jgrs gSaA njvly esa tc èkkrq&inkFkZ dk
fuekZ.k gksrk gS] rc mlds ?kVd ijek.kqvksa esa ls ^osysUl* bysDVªksu vius&vius
fir`&ijek.kqvksa ls eqDr gksdj Lora=k fopj.k djrs gSaA

fo|qr~&izokg dh O;k[;k esa crk;k x;k gS39µ^^bysDVªksu èkkrq ds v.kq&xqPNksa
(molecules)40 ds chp dh [kqyh txg esa vLr&O;Lr xfr djrs jgrs gSaA ftu
ijek.kqvksa ls ;s bysDVªksu eqDr gq, gSa] os vc èku vkos'k okys cu tkrs gSaA bUgsa
^vk;u* dgk tkrk gSA èkkrqvksa dh viuh fof'k"V lajpuk gksrh gS ftuesa lkjs
ijek.kq LQfVd (crystal) dh Hkkafr O;ofLFkr fLFkr gksrs gSaA41 vk;u ¼èku vkos'k
okys ijek.kq½ bl LQfVd&jpuk esa vius fu;ekuqlkj fuf'pr LFkku xzg.k dj ysrs
gSaA bl fuf'pr vkÑfr ds dkj.k ,d fo'ks"k HkkSfefrd lajpuk cu tkrh gSA vc]
tSls crk;k x;k fd tc eqDr bysDVªksu vk;uksa ds chp ds vodk'k esa vLr&O;Lr
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xfr djrs jgrs gSa] rc èkkrq] tks fo|qr~ dk lqokgd gS] esa fo|qr~ dk izokg ugha
cgrk gSA ij ;fn èkkrq ds nksuksa Nksj ij oksYVst esa vUrj j[kk tk, rks èkkrq] tks
fo|qr~ dh lqpkyd (conductor) gksrh gS] esa fo|qr~ {ks=k (electric field)42 iSnk
gksrk gSA bysDVªksuksa ij bl {ks=k dh fojksèkh fn'kk esa cy (force) yxrk gS vkSj os
ml fn'kk esa <dsy fn, tkrs gSaA blds ifj.kkeLo:i ,d fo|qr~&izokg (electric

current)43 lqpkyd èkkrq esa cguk 'kq: gksrk gSA lqpkyd inkFkZ ds fdlh Hkh
frjNs dkV esa ls izfr bdkbZ le; esa xqtjus okys fo|qr~&vkos'k dh lagfr dks
fo|qr~&izokg ds ekid ds :i esa ekuk tkrk gSA**

bl izdkj tgka&tgka bysDVªhd pktZ ¼fo|qr~&vkos'k½ fo|eku gksrk gS] ogka&
ogka mlds pkjksa vksj ds vkdk'k (space) esa ,d bysDVªhd QhYM ¼fo|qr~&{ks=k½
mRiUu gks tkrk gS] tgka mldk izHkko vuqHko fd;k tk ldrk gSA ;fn bl
fo|qr~&{ks=k esa nwljk dksbZ bysDVªhd pktZ j[kk tk, rks ml ij ^bysDVªhd QkslZ*
¼fo|qr~&cy½ yxuk 'kq: gks tkrk gSA

inkFkks± esa pkydrk ds xq.kèkeZ ds vkèkkj ij mudk oxhZdj.k lqpkyd]
vèkZpkyd vkSj dqpkyd ds :i esa fd;k tkrk gSA èkkrq,a fo|qr~ dh lqpkyd gSa]
D;ksafd mudh ijek.kq&jpuk ,slh gS ftuesa ls bysDVªksuksa dks vklkuh ls izkIr fd;k
tk ldrk gSA ftu inkFkks± ds ijek.kqvksa esa bl izdkj dh lqfoèkk ugha gks ldrh]
os dqpkyd gks tkrs gSaA tks vèkZpkyd inkFkZ gSa] muesa fo'ks"k ifjfLFkfr;ksa esa ;g
lqfoèkk feyrh gSA mnkgj.kkFkZµflfydksu ds ijek.kq esa ;g xq.kèkeZ gksus ls mldk
iz;ksx vèkZpkyd (semi-conductor) ds :i esa fd;k tkrk gSA ydM+h] jcM+ vkfn
inkFkZ dqpkyd (bad conductor) gksus ls mUgsa ^bUlqysVj* ds :i esa dke esa fy;k
tkrk gSA44

bysDVªhlhVh nks izdkj dh gSµ

1- fLFkr fo|qr~ (Static Electricity)

2- py fo|qr~ (Current Electricity)

fLFkr fo|qr~ (Static Electricty)µlw[kh gok esa lw[ks ckyksa dks jcM+ dh
da?kh ls laokjrs le; ;g vuqHko gksrk gS fd tSls ckyksa ls dksbZ pht fudy jgh
gks] mldh pM+&pM+ dh vkokt Hkh lqukbZ nsrh gSA ml da?kh ls ;fn NksVs&NksVs
dkxt ds VqdM+ksa dks Nqvk tk, rks dkxt ds VqdM+s mlds lkFk fpid tkrs gSaA ;g
izfØ;k ^fLFkr fo|qr~* dk izHkko n'kkZrh gSA blls ;g irk pyrk gS fd ckyksa ds
v.kqvksa ls bysDVªksu vyx gksdj jcM+ dh da?kh ij tek gks tkrs gSa vkSj bu _.k
vkos'k ;qDr d.kksa ls dkxt ds VqdM+s tSls gYds inkFkZ vkÑ"V gks tkrs gSaA

^fLFkr fo|qr~* ds fo"k; esa bZ-iw- 600 esa ;wukuh nk'kZfud (Thales) us iz;ksx
fd, Fks vkSj ik;k Fkk fd r`.kef.k uked isM+] ftls xzhd Hkk"kk esa Electrum rFkk
vaxzsth esa amber dgrs gSa] mlds xksanµdM+s jl ls cuh gqbZ NM+ dks m$uh diM+s ls
tc jxM+k tkrk gS rc ml NM+ ds }kjk dkxt ds NksVs VqdM+s] NksVs&NksVs lw[ks iÙks]
if{k;ksa ds ia[k vkfn dks vkÑ"V fd;k tkrk gSA bLoh lu~ 100 esa MkW- fofy;e
fxycVZ us dqN vU; inkFkks± ij Hkh iz;ksx fd,A dkap dh NM+ dks js'keh diM+s ls
jxM+us ij rFkk ,cksukbV ¼vcuwl½ dh NM+ dks ¶ysuy ds diM+s ls jxM+us ij Hkh
,slk gh vkd"kZ.k iSnk gks tkrk gSA tkap djus ij irk pyk gS fd dkap dh NM+
ij èkukRed vkSj js'keh diM+s ij _.kkRed bysDVªhd pktZ tek gks tkrk gSA
,cksukbV] r`.kef.k (Amber) rFkk jcM+ dh da?kh esa _.kkRed rFkk ¶ysuy] m$uh
diM+k ,oa ckyksa ij èkukRed bysDVªhd pktZ tek gksrk gSA r`.kef.k (Amber) dk
xzhd uke bysDVªe (Electrum) gksus ds dkj.k _.kkRed d.kksa dk uke bysDVªkWu
gqvk rFkk bl m$tkZ dks bysDVªhlhVh uke fn;k x;kA45

vkdk'k esa pedus okyh fo|qr~ ftls ykbZVfuax dgk tkrk gS] cknyksa esa tek
bysDVªhd pktZ dk i`Foh dh vksj gksus okyk fMLpktZ gSA bysDVªhd pktZ dks
lqokgd feyus ij og lqjf{kr jgrk gS vkSj mlesa djaVµizokg ds :i esa cgrk gSA
;gh varj gS bysDVªhlhVh vkSj ykbZVfuax esaA bysDVªkWu fLFkr voLFkk esa LVsfVd
bysDVªlhVh ds :i esa gksrk gSA lqokgd esa izokfgr :i esa djaV bysDVªlhVh ¼py
fo|qr~½ ds :i esa rFkk cknyksa ls gksus okys gsoh MhLpktZ dh voLFkk esa fo|qr~ ;k
ykbZVfuax ds :i esa izdV gksrk gSA ;s LVsfVd bysDVªhlhVh dk mRiknu lkekU;r%
m$uh diM+s] iksyhFkhu 'khV] ukbZyksu vkfn dks ekewyh jxM+ yxus ij vFkok èkksus
ds i'pkr~ lw[kus ds ckn cky myVus&iyVus ij gksrk gqvk fn[kkbZ nsrk gSA blls
vkokt ds lkFk&lkFk fpuxkjh (spark) Hkh fudyrh gSA foKku ds vuqlkj ;g
bysDVªkWu dh m$tkZ dk izdk'k dh m$tkZ ds :i esa ifjorZu gSA

fo|qr~&pqEcdh;&{ks=k vFkok fo-pq- fQYM (Electro-Magnetic-Field)

vksLVsMZ uke oSKkfud us lu~ 1819 esa [kkstk Fkk fd tc lqpkyd inkFkZ
¼tSls èkkrq ds rkj½ esa ls fo|qr~&izokg xqtjrk gS rc mlds vkl&ikl ,d
fo|qr~&pqEcdh; {ks=k mRiUu gks tkrk gSA ;fn ;g fo|qr~&izokg rst gksrk gS rks
mRiUu gksus okyk fo|qr~&pqEcdh;&{ks=k Hkh rst gksrk gSA bl [kkst ds vkèkkj ij
HkkSfrd foKku esa ,d ubZ 'kk[kk dk mn; gqvk ftlesa ^fo|qr~* vkSj ^pqEcdh;*
izHkkoksa dks tksM+dj muds xq.kèkeks± dk vè;;u izkjEHk gqvkA bls ̂ fo|qr~&pqEcdh;okn*
(electro-magnetism) ds uke ls i qdkjk x;kA blh ij vkèkkfjr
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^bysDVªks&Mk;usfeDl* esa fo|qr~&pqEcdh; izHkkoksa ds lEcUèk esa fu;eksa vkfn dh
[kkst gqbZA fo|qr~&izokg ds pqEcdh; izHkkoksa dks ukius ds fy, ^ck;ks&lkoVZ* fu;e
vkfn dk iz;ksx fd;k tkrk gSA46 tSls bysDVªhd pktZ ls bysDVªhd QhYM vkSj
pqEcd ls pqEcdh; QhYM curk gS] oSls gh fo|qr~&izokg ls fo|qr~&pqEcdh; QhYM
vfLrRo esa vkrk gSA bldh m$tkZ ̂ fo|qr~&pqEcdh; m$tkZ* ds :i esa tkuh tkrh gSA

fo|qr~&vkos'k ds pkjksa vksj fo|qr~&pqEcdh; {ks=k dk ?ksjk cuk jgrk gSA
xfreku fLFkfr esa bl {ks=k dh xfr rjax ds :i esa gksrh gSA bldk osx Hkh izdk'k
ds osx ftruk gksrk gSA47 ,d fo|qr~&vkos'k nwljs fo|qr~&vkos'k ij ,d cy
(force) iSnk djrk gSA bl vkèkkj ij fo|qr~&pqEcdh; izsj.k (electro-magnetic-

induction) dh fØ;k gksrh gSA

tc pqEcd ds m$ij rkj dks dq.Myh ds :i esa ckaèkdj mls ?kqek;k tkrk
gS rks fo|qr~&vkos'k ,oa xfreku pqEcd ds ijLij lEcUèk ds vkèkkj ij
fo|qr~&pqEcdh; izsj.k ds dkj.k rkj esa fo|qr~&izokg iSnk gks tkrk gSA48

la{ksi esa dgk tk, rks gekjh nqfu;k ,d izdkj ds fo|qr~&pqEcdh; rjaxksa dh
nqfu;k gS] ftlesa fo|qr~&pqEcdh; m$tkZ vR;Ur egÙoiw.kZ dk;Z djrh gSA bu
fo|qr~&pqEcdh; rjaxksa ds lkFk ge lc fdlh&u&fdlh :i esa layXu gSaA bu rjaxksa
ls ge izfr{k.k izHkkfor gq, fcuk ugha jgrsA

mUuhloha 'krkCnh esa eSDlosy us fo|qr~ vkSj pqEcdRo ds fu;eksa dks xf.kr
ds lehdj.kksa ds :i esa izLrqr dj fn;kA bu fu;eksa esa xksl dk fu;e] ,Eih;j
dk fu;e] QjkMs dk fu;e rFkk pqEcdh;&cy&js[kkvksa (lines of force) }kjk
jfpr caèk lfdZV tSls rF;ksa dk lekos'k gksrk gSA49

fo|qr~&pqEcdh;&m$tkZ (electro-magnetic energy) vkSj fo|qr~&pqEcdh;&rjaxksa
(electro-magnetic waves) ds Lo:i ls Li"V gksrk gS fd bysDVªhlhVh ;k fo|qr~
Lo;a ^ikSn~xfyd* ifj.keu gSA50 tSls m"ek] izdk'k] èofu vkSj pqEcdRo dh m$tkZ
vius vki esa vfpÙk ikSn~xfyd m$tkZ gS51 oSls gh fo|qr~&pqEcdh; m$tkZ Hkh vius
vki esa vfpÙk ikSn~xfyd ifj.keu gh gSA blesa dgha Hkh lfpÙk rsmdk; ;k vU;
dksbZ tho dh mRifÙk gksuk lEHko ugha gSA oSls] izdk'k Hkh Lo;a fo|qr~&pqEcdh;
m$tkZ dk gh :i gSA52 lkjs n`'; jax blh m$tkZ ds fHkUu&fHkUu rjax&nS?;Z vkSj
dEiu&vko`fÙk (frequency) okyh rjaxsa gSaA53

eSDlosy ds fo|qr~&pqEcdh;okn dh LFkkiuk ds 32 o"kks± i'pkr~ oSKkfud
gVZ~> (Hertz) us iz;ksx'kkyk esa fo|qr~&pqEcdh; rjaxksa ds vfLrRo dks izekf.kr dj

fn;k FkkA54 eq[; :i ls fo|qr~&pqEcdh; rjaxksa dh yk{kf.kdrk bl izdkj gS55µ

1- mn~xe LFkku ls lqnwj {ks=k rd fo|qr~&{ks=k (electric-field) vkSj
pqEcdh;&{ks=k ds osDVj ds nksyu leku dyk okys gksrs gSaA

2- fo|qr~&{ks=k vkSj pqEcdh; {ks=k dh fn'kk,a rjax&izlj.k&fn'kk ds ry ls
yEcdks.k okys rFkk ijLij Hkh yEc&dks.k okys ry esa izlkfjr gksrh gSaA

3- ;s rjaxsa v;kaf=kd vkSj yac&rjaxksa ds :i esa gksrh gSaA

4- lHkh fo|qr~&pqEcdh; rjaxksa dk osx 'kwU;kodk'k esa vpykad ^lh* (C)

}kjk fufnZ"V gS] ftldk ewY; ¼3 × 108½ ehVj@izfr lSfd.M gksrk gS vFkok 3 yk[k
fdyksehVj izfr lSfd.M ekuk x;k gSA

5- fdlh Hkh ekè;e esa mldk osx ekè;e ds fo|qr~&pqEcdh; xq.kèkeks± ij
vkèkkfjr gksrk gSA

fHkUu&fHkUu rjax&nS?;Z (wave-length) okyh fo|qr~&pqEcdh;&rjaxksa dk o.kZiV
mudh rjax&nS?;Z ds vkèkkj ij fufeZr gSA 10–8 ehVj ls ysdj 1015 ehVj rd dh
rjax&nS?;Z okyh fo|qr~&pqEcdh; rjaxsa bl o.kZiV esa vafdr gqbZ gSaA viuh vka[kksa
ls fn[kkbZ nsus okys jaxksa ds izdk'k dh rjaxsa 4000 ls 8000 ,aXLVªe ;wfuV rjax nS?;Z
okyh vafdr dh xbZ gSA ¼1 ,axLVªe ;qfuV 10–8 lsaVhehVj gSA½ yky jax dh rjaxsa
vfèkd yach rFkk cSaxuh jax dh NksVh gksrh gSaA layXu pkVZ esa lHkh rjaxksa ¼o.kZiV½
ds rjax&nS?;Z vkSj dEiu vko`fÙk dks Øe&:i esa n'kkZ;k x;k gSA
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n`'; jaxksa ds vfrfjDr vU; rjaxsa vn`'; dksfV dh gSaA56 m"ek&m$tkZ dh
rjaxsa ^bUÝk jsM* ¼vojDr½ rjaxksa ds :i esa fodflr gksrh gSaA57 cSaxuh rjaxksa ls
NksVh vn`'; rjaxsa ijk&cSaxuh fdj.kksa ds :i esa gSaA58

,Dljs Hkh lw{erj fo-pq- rjaxsa gSaA59 xfreku fo|qr~&vkos'k ¼pktZ½ dh m$tkZ
dk fofdj.k ftu fo|qr~&pqEcdh; rjaxksa ds :i esa gksrk gS] mudk rjax&nS?;Z 300

ehVj vkSj dEiu&vko`fÙk (frequency) 106 gVZ~t“ yxHkx gksrh gSA Hkkjrh;
oSKkfud txnh'kpUnz clq us iz;ksx'kkyk esa 5 feyhehVj ls 25 feyhehVj rd dh
rjax&nS?;Z okyh rjaxksa dks iSnk djus esa lQyrk izkIr dh Fkh] ftu fo|qr~&rjaxksa ds
vkèkkj ij gh vkèkqfud ^nwj&lapkj* dh izfØ;k dk fodkl lEHko gqvkA60

vktdy NksVh rjaxksa esa 100 ehVj ftruh rFkk cM+h rjaxksa esa 10 yk[k ehVj rd
dh nS?;Z okyh rjaxksa dk iz;ksx jsfM;ks rjaxksa esa ;k nwj&lapkj esa fd;k tkrk gSA bu
jsfM;ks&rjaxksa ds QyLo:i ,d Økafr nwj&lapkj {ks=k esa vkbZ gSA

vk;uhÑr ok;q esa fo|qr~ dk fujkos'khdj.k

lkekU;r% lw[kh vkSj jtd.k&eqDr 'kq) gok lkekU; okrkoj.kh; ncko ij
fo|qr~ dh dqpkyd gksrh gSA bldk dkj.k ;g gS fd mlesa ml fLFkfr esa dksbZ Hkh
Lora=k vk;u ugha gksrsµu èku vk;u gksrs gSa] u _.k vk;uA blfy, mlesa ls
dksbZ fo|qr~&izokg ugha xqtj ldrkA ;fn fdlh dkj.k ls mldk vk;uhdj.k gks
tk,] rks og fo|qr~ dh lqpkyd cu tkrh gSA vk;uhdj.k dk ,d dkj.k
gSµmlesa jgs gq, nks èkkrq ds bysDVªksM ds chp fo|eku mPp okYVst ;kfu fo|qr~
fLFkfreku dk vUrj ;k iksVsfU'k;y fMÝsalA

bl izdkj fdlh ufydk esa Hkjs gq, ok;q esa Nksj ij jgs gq, nks èkkrq ds
bysDVªksM ds chp tc mPp okYVst LFkkfir fd;k tkrk gS rc ok;q dk vk;uhdj.k
gks tkrk gSA mlesa fo|qr~ dk fujkos'khdj.k gks ldrk gS] tks ,d fo|qr~&pqEcdh;
rjax ;k m$tkZ ds :i esa fn[kkbZ nsrk gSA bls lkekU;r% ,d LikdZ ds :i esa ns[kk
tkrk gSA blh izfØ;k dk iz;ksx ufydk esa jgh gqbZ xSl ds izslj dks T;knk de dj
fofHkUu :iksa esa fd;k tkrk gSA

ufydk esa jgh gqbZ ok;q ;k fdlh Hkh izdkj ds ck"i (vapour) ds izslj dks
de djus ds fy, osD;we iEi dk bLrseky fd;k tkrk gSA mldh fofHkUu
fLFkfr;ka curh gSaA

1- tc rd V~;wc ds Hkhrj dk izslj 10 eh-eh- ¼ikjs dk½ ls Hkh vfèkd
gksrk gS rc rd xSl esa dksbZ fujkos'ku ugha (discharge) gksrk ;kfu rc rd ok;q

dqpkyd gh cuh jgrh gSA

2- tc Hkhrj dk izslj 10 fe-fe- ls de fd;k tkrk gS] rc nksuksa bysDVªksM
ds chp ok;q esa ls fo|qr~ dk fujkos'ku gksrk gS rFkk ml le; dM+&dM+ èofu Hkh
iSnk gksrh gSA èofu Hkh m$tkZ dk ,d fofdj.k gSA

3- tc Hkhrj dk ncko 5 ,e-,e- ls de fd;k tkrk gS] fo|qr~ dk
fujkos'ku rst izdk'k ds :i esa gksrk gSA

4- 2 fe-fe- ds yxHkx izslj fd, tkus ij ,d yach pednkj izdk'k&èkkjk
èku bysDVªksM ¼,uksM½ ls yxHkx _.k bysDVªksM ¼dsFkksM½ rd cgrh gS rFkk dsFkksM
ds lehi ,d udkjkRed ped iSnk gksrh gSA blds vkSj izdk'kèkkjk ds chp
lEiw.kZ vaèkdkj fn[kkbZ nsrk gSA

5- tc izslj yxHkx 1 fe-fe- rd de dj fn;k tkrk gS rks VwVh gqbZ èkkjk
ds chp èkCcs mHkjrs gSaA dgha izdk'k] dgha vaèkdkj bl izdkj dk Øe curk gSA

6- tc izslj -01 fe-fe- dk fn;k tkrk gS] rc iwjh ufydk fQj vaèkdkje;
gks tkrh gSA ml le; dsFkksM ls ,d vn`'; d.k fofdfjr gksrs gSa] ftUgsa dsFkksM
fdj.ksa dgk tkrk gSA ;s dsFkksM fdj.ksa tc lkeus okys dkp ds Nksj ij fxjrh gSa
rc og ped mBrk gSA ;g ped izfrnhfIr izfØ;k ds dkj.k gksrh gSA

7- tc izs'kj 10
µ4 fe-fe- ls de fd;k tkrk gS] rc fujkos'ku yxHkx

lekIr&lk gks tkrk gSA

blh izfØ;k dk mi;ksx ¶yksjslsaV V~;wc ¼V~;wcykbV½] fu;ksu lkbZu] ¶yMykbV~l]
ed~;wZjh ysEIl] lksfM;e ysEIl vkfn esa fd;k tkrk gSA61 bl lEcUèk esa vfèkd
ppkZ izLrqr Hkkx&1 ds 10osa izHkkx esa dh tk,xhA
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6. vfXu dk Lo:i

tSu n'kZu esa rsmdk; ¼vfXu½ ds tho

tSu n'kZu ds vuqlkj i`Fohdkf;d] vIdkf;d] rsmdkf;d] ok;qdkf;d]
ouLifrdkf;d vkSj =kldkf;dµ;s Ng izdkj ds tho gksrs gSaA vkpkjkax62]
n'koSdkfyd63] izKkiuk64 vkfn esa budk foLr`r o.kZu miyCèk gSA rsmdkf;d
tho os tho gSa ftudk 'kjhj ^vfXu* ds :i esa gksrk gSA vkpkjkax lw=k esa
rsmdkf;d thoksa ds vfLrRo dks ǹ<+rkiwoZd Lohdkj djrs gq, crk;k x;k gSµ^^tks
vfXudkf;d tho&yksd ds vfLrRo dks vLohdkj djrk gS] og viuh vkRek ds
vfLrRo dks vLohdkj djrk gSA**65 lw{e rsmdkf;d tho lEiw.kZ yksd esa O;kIr
gSa rFkk lw{erk ds dkj.k vizfrgr gksrs gSaA cknj rsmdkf;d tho ds fHkUu&fHkUu
izdkjksa dk o.kZu ;fRdf×pr~ fHkUurk ds lkFk feyrk gSA n'koSdkfyd lw=k esa mlds
vkB izdkj cryk, gSaµ1- vfXu] 2- vaxkjs] 3- eqeqZj] 4- vfpZ] 5- Tokyk]
6- vykr] 7- 'kq)kfXu] 8- mYdkA66 izKkiuk lw=k esa mlds 12 Hksn feyrs gSaµ
1- vaxkjs] 2- Tokyk] 3- eqeqZj] 4- vfpZ- 5- vykr] 6- 'kq)kfXu] 7- mYdk]
8- fo|qr~] 9- v'kfu] 10- fu/kkZr] 11- la?k"kZleqfRFkr] 12- lw;Zdkaref.kful`rA67

n'koZdkfyd lw=k ds O;k[;k&xzaFkksa ds vkèkkj ij vkpk;Z egkizK us buds vFkZ bl
izdkj fd, gSaµ

1- vfXu ¼vxf.ka½ %
yksg&fiaM esa izfo"V Li'kZxzká rstl~ dks vfXu dgrs gSaA69

2- vaxkjs ¼baxkya½ %
Tokykjfgr dks;ys dks vaxkj dgrs gSaA ydM+h dk tyrk gqvk èkwe&jfgr
[k.MA70

3- eqeqZj ¼eqEeqja½ %
daMs ;k djlh dh vkx] rq"kkfXuµpksdj ;k Hkwlh dh vkx] {kkjkfnxr
vfXu dks eqeqZj dgrs gSaA HkLe ds fojy vfXu&d.k eqeqZj gSaA71

4- vfpZ ¼vfPpa½ %
ewy vfXu ls fofPNUu Tokyk] vkdk'kuqxr ifjfPNUu vfXuf'k[kk]
nhif'k[kk ds vxzHkkx dks vfpZ dgrs gSaA72

5- Tokyk ¼tkya½
iznhIrkfXu ls izfrc) vfXuf'k[kk dks Tokyk dgrs gSaA73

6- vykr ¼vyk;a½ %
vèktyh ydM+hA74

7- 'kq) vfXu ¼lq)kxf.ka½ %
baèkujfgr vfXuA75

8- mYdk ¼mDda½ %
xxukfXuµfo|qr~ vkfnA76

izKkiuk lw=k dh Vhdk esa vkpk;Z ey;fxfj us bu 'kCnksa ds dqN&dqN fHkUu
vFkZ fd, gSa77µ

1- vaxkjsµèkwe&jfgrA

2- TokykµtkToY;eku [kfnj vkfn ¼ydM+h½ dh Tokyk vFkok vfXu ls
izfrc) nhif'k[kkA

3- eqeqZjµHkwlh vkfn dh HkLe fefJr vfXud.k:iA

4- vfpZµvfXu ls izfrc) TokykA

5- vykrµvèktyh ydM+hA

6- 'kq)kfXuµyksgfiaM esa izfo"V vfXuA

7- mYdkµvkdk'kh; fiaM&[kaM ds iru ls mRiUu vfXuA

8- fo|qr~µvkdk'kh; fctyh dk pedukA

9- v'kfuµvkdk'kh; fctyh ds fxjus okys vfXue; d.kA

10- fu/kkZrµoSfØ; vf'kuikrA

11- la?k"kZleqfRFkrµvj.kh vkfn ydM+h ds fueZFku ls leq)̀rA

12- lw;Zdkaref.kfu%l̀rµlw;Z dh iz[kj fdj.kksa dk lEidZ gksus ij lw;Zdkaref.k
ls tks mRiUu gksrh gSA

vkpkjkax&fu;qZfDr esa nh xbZ lwph bl izdkj gS79µ
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^^bl txr esa rsmdk; ¼vfXu½ ds nks izdkj gSaµ1- lw{e rsmdk;] 2- cknj
rsmdk;A

lw{e rsmdk; ¼vfXu½ laiw.kZ yksd esa gS] vkSj cknj rsmdk; ek=k v<kbZ
}hi&leqnz esa gh gSA

^^cknj rsmdk; ds ikap izdkj bl izdkj gSaµ

1- vaxkjs] 2- vfXu] 3- vfpZ] 4- Tokyk] vkSj 5- eqeqZjµ;g ikap izdkj
cknj rsmdk; ¼vfXu½ ds lw=k esa dgs x, gSaµ

1- vaxkjsµtgka èkwe vkSj Tokyk u gks ,slk tyk gqvk baèkuA

2- vfXuµbaèku esa jgk gqvk tyu fØ;k Lo:i] fo|qr~ ¼vkdk'k esa pedus
okyh½] mYdk vkSj v'kfu ¼otz½ ds la?k"kZ ls mRiUu gksus okyk rFkk lw;Zdkaref.k
ls lalj.k ¼izxV½ gksus okyk bR;kfnA

3- vfpZ%µbaèku ds lkFk jgk gqvk Tokyk Lo:iA

4- Tokykµvaxkjs ls vyx gqbZ tyrh Tokyk,aA

5- eqeqZjµdksbZ&dksbZ vfXu ds d.k okyk HkLeA

cknj vfXudk; ds ;s ikap Hksn gSaA

n'koSdkfyd ds O;k[;k&xzaFkksaµftunklpwf.kZ] vxLR;flagpwf.kZ vkSj gkfjHknzh;
Vhdk }kjk iznÙk vFkks± rFkk vkpkjkax&fu;qZfDr dh rqyuk tc izKkiuk dh Vhdk ls
djrs gSa] rks Li"V gksrk gS fd tgka vaxkjs] Tokyk] eqeqZj] vfpZ vkSj vykr ds fo"k;
esa cgqrka'k esa leku vFkZ gS] ogka vfXu] 'kq)kfXu] mYdk] fo|qr~] v'kfu] fu/kkZr]
la?k"kZ&leqfRFkr rFkk lw;Zdkaref.kfu%l`r ds fo"k; esa vFkZ&Hksn vFkok O;k[;k dk
vHkko gSA

n'koSdkfyd&O;k[;kvksa esa ^vfXu* dks ^yksgfi.Mizfo"V* rstl~ ds :i esa
crk;k x;k gS] ogka izKkiuk dh Vhdk esa 'kq)kfXu dks ^yksg&fi.M* vkfn esa fLFkr
vfXu ds :i esa crk;k gS( tcfd n'koSdkfyd gkfjHknzh; Vhdk vkSj
ftunklpwf.kZµnksuksa esa fufjUèku vfXu dks 'kq)kfXu ds :i esa ekuk gSA vkpjkax
fu;qZfDr esa ^vfXu* ds vUrxZr baèku esa jgh gqbZ tyu fØ;k Lo:i vfXu ds lkFk
fo|qr~] mYdk] v'kfu] la?k"kZ&mRiUu vkSj lw;Zdkaref.k&fu%l`r vfXu dks fy;k gS]
tcfd izKkiuk ¼ewy½ esa fo|qr~ vkfn Ng Hksn Lora=k :i esa gh gSa vkSj ^vfXu* dks
Lora=k Hksn ds :i esa ugha ekuk gS( n'koSdkfyd ¼ewy½ esa fo|qr~ vkfn Ng Hksnksa esa
dsoy mYdk dk mYys[k gS vksj O;k[;k esa mls ̂ xxukfXu* rFkk ̂ fo|qr~* ¼vkdk'kh;

fctyh½ vkfn ds :i esa crk;k gSA

bu lHkh Hksnksa dh leh{kk djus ij Li"V gks jgk gS fd vfXu ds Hksnksa ds
fo"k; esa ijEijk dk Øfed fodkl gqvk gSA n'koSdkfyd dh lwph iwoZrj gS vkSj
i..ko.kk dh mÙkjdkyhuA fnxEcj xzaFkksa esa ewykpkj79 esa vaxkjs] Tokyk] vfpZ]
eqeqZj] 'kq)kfXu vkSj vfXuµ;s Ng Hksn cryk, gSaA blesa n'koSdkfyd dh rjg
vfXu vkSj 'kq)kfXu dks vyx&vyx fy;k gS rFkk vkpkjkax&fu;qZfDr dh rjg
vkdk'kh; fo|qr~] otz ¼v'kfu½ vkfn dks 'kq) vfXu ds vUrxZr gh cryk;k gSA
blds vkèkkj ij ,slk izrhr gksrk gS fd n'koSdkfyd esa fufnZ"V ^vfXu* esa
v;%fiaM ¼yksgfiaM½ izfo"V vfXu dks j[kk x;k Fkk] ftls izKkiuk esa 'kq)kfXu esa
ekuk x;k rFkk dsoy ^vfXu* ds Hksn dks gVkdj mYdk] vkdk'kh; fo|qr~] v'kfu]
fu/kkZr vkfn dks Lora=k Hksn ds :i esa crk;k tks n'koSdkfyd dh O;k[;k esa
^mYdk* ¼xxukfXu½ esa Fks rFkk vkpkjkax&fu;qZfDr rFkk fnxEcj xzaFk ewykpkj esa
^'kq)kfXu* esa FksA n'koSdkfyd dh ^'kq)kfXu* esa ^fufjU/ku vfXu* ds :i esa
O;k[;k dk dksbZ vyx vFkZ ugha fudyrkA vxLR;pwf.kZ esa ^^,rs folsls eksÙkq.k
lq)kxf.k** dgdj 'ks"k lHkh dk lekos'k 'kq)kfXu esa fd;k gSA bl izdkj
'kq)kfXu ds :i esa gh mYdk] fo|qr~] v'kfu] fu/kkZr vkfn dks Lohdkj djus ij
^fufjUèku vfXu* vFkZ Hkh ?kfVr gksrk gSA tSls vi~dkf;d thoksa esa ^'kq)ksnd*
ls ^varfj{k&ty*80 dks fy;k gS vkSj ok;qdkf;d esa 'kq)ok;q esa ean] 'kkar ;k vknzZ
ok;q81 dks fy;k gS mlls 'kq) dk vFkZ gSµizkÑfrdA mlh ̂ 'kq)kfXu* esa Hkh ̂ mYdk
vkfn* ¼xxukfXu½ dks ekuk tk;] rks mYdk vkfn ds Hksn 'kq)kfXu esa vk tk,axs]
tSlk vkpkjkax&fu;qZfDr esa ^vfXu* ds :i esa bUgsa ekuk gS vFkok ewykpkj esa
^'kq)kfXu* ds :i esa ekuk gSA

la?k"kZ&leqfRFkr vfXu ds mnkgj.k esa ^vj.kh dh ydM+h* dh jxM+ dk
mnkgj.k gSA ^vkfn* 'kCn ls nks pded&iRFkjksa dh jxM+ ;k la?k"kZ dks fy;k tk
ldrk gSA

lw;Zdkaref.k laHkor% vory (concave) ysUl ds ln`'k ef.k gS ftl ij
iz[kj lw;Z fdj.kksa dks dsfUnzr dj vfXu iSnk dh tk ldrh gSA

bu lHkh izdkj dh vfXu dh mRifÙk tho dh ;ksfu cuus ij gksrh gS] ftldh
ppkZ ge dj pqds gSa ¼i`- 11½] fdUrq rstLdk; dh tho&;ksfu dh fu"ifÙk esa dkjd
ikSn~xfyd miknkuksa dks le>s fcuk rsmdkf;d tho ds mDr lHkh izdkjksa esa jgh
ln`'krk ;k yk{kf.kdrk Li"V ugha gks ldrhA rsmdkf;d thoksa dh ;ksfu esa m".krk
dh vfuok;Zrk cgqr Li"Vr% fufnZ"V Hkh gS vkSj izR;{kr% tkuh tkrh gSµgkykafd
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^m".krk* ls rkRi;Z gksxk lkekU; rkieku ls vR;fèkd rhoz rkiekuA fdUrq mfpr
rkieku dk fofHkUu inkFkks± ds lEcUèk esa fofHkUu uki gksxkA fdrus rkieku ij
dkSu&lk inkFkZ vfXu dh ;ksfu cu ldrk gS] ;g ehekalk vko';d gSA

blds vfrfjDr ^ok;q* dh mifLFkfr dh Hkh vfXudkf;d thoksa ds fy,
vfuok;Zrk crkbZ xbZ gSA82 ;g dkSu&lh ok;q gS ftlds fcuk rsmdkf;d tho
thfor ugha jg ldrs gSa\µbldh ehekalk visf{kr gSA vkpkjkax&Hkk"; esa bls
izk.kok;q crk;k x;k gSA83

rhljk dkjd gSµdkSu&lk inkFkZ vfXu iSnk dj ldrk gS] dkSu&lk ugha\µ;kuh
D;k lHkh inkFkZ vfXu dks mRiUu djus esa l{ke gS vkSj dkSu&lk ugha\µ;g
ehekalk Hkh dj.kh; gSA

igys ge foKku ds vkèkkj ij vfXu dh izfØ;k dks le>sa vkSj mlds
i'pkr~ mDr ehekalk djsa] rks lkjk fo"k; cgqr gh Li"V gksxkA

foKku }kjk vfXu dh O;k[;k

ik'pkR; txr~ esa oSKkfud fodkl ls iwoZ vfXu ds fo"k; esa dkQh
vaèk&fo'okl ,oa ekU;rk,a QSyh gqbZ FkhA mls ^nsork* :i ekudj mldh iwtk
vkfn djus dk mYys[k ekuo&lH;rk ds vkfne ;qx ds bfrgkl esa izkIr gksrk gSA84

oSKkfud {ks=k esa jklk;fud foKku ds fodkl ds lkFk ̂ vfXu* dh leqfpr O;k[;k
ysoksbft;j (Lavoisier) uked jlk;u&oSKkfud us izLrqr dh rFkk Hkkoh vuqlaèkku
dh fn'kk,a Li"V gksus ds lkFk gh irk yx jgk gS fd vkWDlhtu ds lkFk
Toyu'khy inkFkZ ds jklk;fud la;ksx vkSj m"ek ds fofdj.k dh izfØ;k dac'pu
gS rFkk mlds ewy esa vfHkfØ;k esa Hkkx ysus okys inkFkks± dk ^vk;uhdj.k*
ftEesokj gSA85

bl izdkj] vfXu ,d jklk;fud izfØ;k gSA bldh ikfjHkkf"kd laKk
gSµdac'pu ;k ngu&fØ;kA bldh Li"V ifjHkk"kk bl izdkj gSµngu&fØ;k dk
vFkZ gS Toyu'khy inkFkks± ¼baèku½ dk vkWDlhtu ds lkFk jklk;fud la;ksx rFkk
m"ek dk mRltZuA

dac'pu esa iz;qDr baèku ¼Toyu'khy inkFkks±½ dks ifjHkkf"kr ,oa O;k[;kf;r
djrs gq, crk;k x;k gSµ^^baèku og inkFkZ gS] tks tykus ij ;kfu vkWDlhtu ds
lEidZ esa vkus ij vkSj mlds lkFk jklk;fud vfHkfØ;k djus ij m"ek iSnk
djrk gSA baèku esa fuEufyf[kr Toyu'khy ewy rÙoksa esa ls ,d ;k vusd dk gksuk

vfuok;Z gSµdkcZu] gkbMªkstu vkSj gkbMªks&dkcZuA**86 baèku ;k Toyu'khy inkFkZ
rhuksa voLFkkvksa ds gks ldrs gSaµBksl] rjy ;k xSl ¼ok;q½A87 dqN inkFkZ Bksl
voLFkk esa ty ldrs gSa rks dqN rjy cudj tyrs gSa vkSj dqN xSl ds :i esa
cnydj ;k xje gksdj tyrs gSaA tks vkx dh yiVsa fn[kkbZ nsrh gSa os okLro esa
xSl :i esa tyus dh izfØ;k gSA

ngu&fØ;k ,d izdkj dh jklk;fud vfHkfØ;k gksus ls ;g fØ;k mruh gh
'kh?kzrk ls rFkk rhozrk ls gks ikrh gS ftruk mlesa Hkkx ysus okys lHkh inkFkks±
¼dkcZu] vkWDlhtu vkfn½ ds chp lEidZ vfèkd fudV dk gksrk gS rFkk mudk
lEidZ&{ks=k fo'kky gksrk gSA--- dac'pu ¼vFkkZr~ Toyu'khy inkFkks± dk vkWDlhtu
ds lkFk la;ksx½ lfgr lHkh izdkj dh jklk;fud vfHkfØ;k,a mDr fl)kar ds
vkèkkj ij gksrh gSaA88 Toyu'khy inkFkZ pkgs Bksl] rjy ;k xSl&voLFkk esa gks
ldrs gSa] ij 'kq) vkWDlhtu ;k vkWDlhtu&;qDr gok (air)] ftlls dac'pu gksuk
gS] rks ges'kk xSl voLFkk esa gh gksuh pkfg,A89

Bksl baèku ;k Toyu'khy inkFkks± esa izkÑfrd baèku ds :i esa ydM+h]
dks;yk] fyXukbV vkfn dk iz;ksx gksrk gSA rjy inkFkks± esa isVªksy rFkk xSlh;
inkFkks± esa izkÑfrd xSlksa dk iz;ksx gksrk gSA

oSKkfudksa us inkFkks± dks nks izdkj esa ckaVk gSµ

1- Toyu'khy (Combustible)

2- vToyu'khy (Incombustible)

ydM+h] dks;yk] ?kh] rsy] jlksbZ esa iz;qDr xSl] ?kkl] #bZ] diM+k] dkxt
vkfn Toyu'khy inkFkZ gSaA buesa Hkh isVªksy] dsjkslhu] Mht“y vkfn vfrToyu'khy
(highly inflammable) gSaA nwljh vksj jk[k] èkwy] feêh] iRFkj] ikuh vkfn
vToyu'khy gSaA ok;qvksa esa dkcZu MkbZvkWDlkbM (CO

2
) tSlh ok;q Hkh vToyu'khy

gSA bu lcdk iz;ksx vfXu'kked inkFkZ ds :i esa fd;k tkrk gSA

vfèkdka'k Toyu'khy inkFkks± ds Hkhrj eq[;r% dkcZu] gkbMªkstu vkfn ?kVd
gksrs gSa tks LoHkkor% vfr'kh?kz dac'pu dh fØ;k ?kfVr dj ldrs gSaA dac'pu ;k
ngu dh izfØ;k bl izdkj ?kfVr gksrh gSµ

1- Toyu'khy rÙo ekStwn gksuk pkfg,A

2- mlds lkFk izk.kok;q ¼vkWDlhtu½ dk lEidZ gksuk pkfg,A

3- veqd fuèkkZfjr rkieku izkIr gksuk pkfg,A ,d fo'ks"k rkiØe ij dbZ
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inkFkZ vkWDlhtu@gok ds lkFk izfØ;k djds ^tyus* yxrs gSaA bl rkiØe dks
^Toyu&fcanq* ;k ^foLQksVd fcUnq* (flash-point) dgrs gSaA inkFkZ ds tyus esa
gok@izk.kok;q dh Hkwfedk eq[; gksrh gSA izk.kok;q vyx&vyx izdkj ds inkFkks± ds
lkFk fHkUu&fHkUu xfr ls izfØ;k djrh gSµ;kuh fHkUu&fHkUu xfr ls tykrh gS
rFkk mlh fglkc ls rki o izdk'k iSnk djrh gSaA mnkgj.kkFkZµgok esa ydM+h 295°

ls-] dks;yk 477° ls-] dsjkslhu 295° ls- rFkk gkbMªkstu xSl 580 ls 590° fMxzh
ls- rd tysaxsA bl rkieku ls de ij dac'pu ugha gksxkA dkSu&lk inkFkZ fdrus
rkieku ij Toyu&fØ;k djsxk] bldk iwjk fooj.k fVIi.k esa gSA90

4- mi;qZDr rhuksa dh ,d iz.kkyh (System) cuuh pkfg,A

bruk gksus ij ,d jklk;fud fØ;k gksrh gS ftlesa dkcZu tSls ewy rÙo
vkWDlhtu ds lkFk jklk;fud :i esa la;qDr gksrs gSa ftlds ifj.kkeLo:i ^vfXu*
izdV gksrh gS vkSj lkFk gh lkFk CO

2
 ¼dkcZu MkbZvkWDlkbM½ ;kuh èkqavk rFkk jk[k

o vU; vèktys Bksl inkFkZ Hkh mRiUu gksrs gSaA91 blh ds lkFk rki] izdk'k o
dHkh&dHkh èofu :i m$tkZ dk fofdj.k gksrk gSA gkbMªkstu vkWDlhtu ds lkFk
la;qDr gksus ij ck"i cu tkrh gS tks H

2
O ds :i esa gksrh gSA bl izdkj SO

2

¼lYQj MkbZ vkWDlkbM½] NO
2
 ¼ukbVªkstu vkWDlkbM½] O

3
 ¼vkstksu½ vkfn xSl Hkh

mRiUu gks ldrh gSaA dHkh&dHkh CO ¼dkcZu eksukssDlkbM½ vFkok feFkSu xSl ds
:i esa Hkh fu"ifÙk gksrh gSA bl izdkj dh xSlsa ¼feFksu] bFksu] dkcZu MkbZvkWDlkbM
vkfn½ mRiUu gksdj mi;qDr rkieku ij iqu% vkWDlhtu ds lkFk jklk;fud fØ;k
djrh gSa vkSj vfXu dks vkSj vfèkd rst cukrh gSaA tSlsµydM+h tyrh gS rc
dkcksZfud xSl curh gS] tks vkWDlhtu ds lkFk jklk;fud fØ;k dj ^Tokyk* ;k
^yiV* ds :i esa tyrh gSA92

tc vfXu dh izfØ;k ean&ean :i esa pyrh gS] rc bl izdkj dh xSl ugha
curh] ml le; baèku esa fo|eku lsY;wykst] dkcksZgkbMªsV~l ;k dkcZu ean xfr ls
xje gksrh gSA tc Toyu&fcanq ij igqaprh gS rc izk.kok;q ¼vkWDlhtu½ ds lkFk
jklk;fud fØ;k gksrh gS vkSj ,DlksFkfeZd izfØ;k ¼;kuh ftlesa m"ek ds :i esa
m$tkZ dk fofdj.k gks½ ds }kjk m"ek ¼;k rki½ vkSj dkcZu MkbZ vkWDlkbM xSl
curh gSA bl izdkj dh vkx ^vaxkjs* ds :i esa tyrh gSA93

tc vkWDlhtu dh deh gksrh gS] tSlsµjk[k ls <d tkus ij] rc vaxkjs
cgqr de xehZ iSnk djrs gSaA vkWDlhtu dh vkiwfrZ] ^rki* m$tkZ dk mRiUu gksuk
vkSj mldk fofdj.k }kjk Ðkl gksuk] bu lc esa jk[k dh ijr ,d larqyu cuk
nsrh gSA vr% vaxkjs yky jgdj èkheh xfr ls tyrs gSaA94

?k"kZ.k ls vfXuµpded tSls iRFkj dks rks tc vkil esa jxM+k tkrk gS rks
?k"kZ.k ls xehZ iSnk gksrh gS rFkk iRFkj ds NksVs&NksVs d.k VwVdj yky xje gks tkrs
gSaA ;s xje d.k vklikl dh gok ls fpUxkjh :i esa tyus yxrs gSaA ,sls ?k"kZ.k
esa fo|qr~ ds pktZ Hkh iSnk gksrs gSaA95

bl izdkj ^vfXu* fdlh Toyu'khy inkFkZ dh izk.kok;q ¼vkWDlhtu½ ds
lkFk jklk;fud izfØ;k }kjk ̂ Lo;aHkw* pyus okyh ̂ tyus* dh izfØ;k gSA vkuq"kafxd
:i esa blds lkFk m"ek] izdk'k dh m$tkZ dk fofdj.k gksrk gSA

^^lkèkkj.k vfXu esa inkFkZ dk Toyu&vad rd xeZ gksuk t:jh gSA ml vad
rd igqapus ds igys gh oks inkFkZ xSl :i esa ok"ihÑr gks ldrk gSA ml izdkj
ds inkFkZ ds tyus dh izfØ;k cgqr izpaM gks tkrh gS] tSlsµiSVªksyA tyus dh xfr
inkFkZ ds ml xq.k ij fuHkZj djrh gS fd oks Toyu'khy gS ;k vfr&Toyu'khyA
tyus dh izfØ;k dks rst ;k de fd;k tk ldrk gS] ;fn mlesa iz;qDr gksus okyh
izk.kok;q dh vkiwfrZ dks fu;af=kr fd;k tk,A rst gok nsdj tyus dh izfØ;k dks
rst fd;k tk ldrk gSA**96

vfXu fdlh Hkh :i esa D;ksa u gks] ;fn mls tykus esa lg;ksx djus okyh
ok;q tks eq[;r% izk.kok;q gS] u feys rks vfXu ugha tysxhA ;fn tyrh gqbZ vfXu
dks izk.kok;q dk feyuk can gks tk; rks og rqjUr cq> tk,xhA tyrs gq, nhid
ij <Ddu ;k crZu j[k nsus ls og FkksM+h nsj esa cq> tkrk gSA D;ksafd vkWDlhtu
dh vkiwfrZ vo#) gks xbZA tc rd <Ddu ds Hkhrj cpk gqvk vkWDlhtu lekIr
ugha gks tkrk rc rd gh nhid tyrk jgsxk] mlds i'pkr~ og rqjUr cq> tk,xkA
baèku rc rd gh tyrk gS] tc rd mls vkWDlhtu feyrk jgrk gSµ;g ,d
lkoZf=kd fu;e gSA tyrs gq, vaxkjksa ij èkwy] feêh] ikuh vkfn Mkyus ls Hkh vaxkjs
cq> tkrs gSaA buds iz;ksx ls vkWDlhtu dk lEidZ VwV tkrk gSA ;s lkjs inkFkZ
vfXu'kked gSa] D;ksafd ;s Lo;a vToyu'khy gSaA vkWDlhtu dks NksM+dj gok esa
ekStwn ukbVªkstu] vkxksZu] uh;ksu] >suksu vkfn xSl ^buVZ* ¼fuf"Ø;½ gksus ls buds
}kjk vfXu ugha tyrhA gok esa ;s lkjh xSlsa yxHkx 80 izfr'kr rFkk vkWDlhtu
20 izfr'kr gSA fdUrq vfXu esa mi;ksxh rks dsoy vkWDlhtu gh gSA ;fn fdlh
crZu ;k cYc vkfn esa vkWDlhtu ugha gksrh] vkSj buesa ls dksbZ ok;q Hkj nh tkrh
gS] rks mlesa vfXu ugha ty ldrhA ¼;|fi viokn :i esa Dyksjhu ;k ¶yksjhu
xSl esa Hkh gkbMªkstu vkfn inkFkks± }kjk fo'ks"k jklk;fud fØ;k ds ifj.kkeLo:i
ToyufØ;k gks ldrh gS] ij Dyksjhu] ¶yksjhu vFkok vkWDlhtu dh ekStwnxh ds
fcuk vfXu tyuk laHko ugha gSA½ fuf"Ø; xSlksa esa vkWDlhtu ds vHkko esa rks
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vfXu dHkh ugha ty ldrhA bysDVªhd cYc esa fuf"Ø; xSl Hkjh tkrh gS ;k
'kwU;kodk'k j[kk tkrk gSA blfy, mlds vUnj vkWDlhtu ds vHkko rFkk Toyu'khy
inkFkZ ds vHkko ds dkj.k vfXu tyus dh fØ;k ugha gks ldrhA cYc esa VaxLVu
èkkrq xje gksus ij Hkh tyrh ugha gSA ukbVªkstu vkfn fuf"Øe xSlsa blhfy, cYc
esa Hkjh tkrh gSaA bl fo"k; dh foLr`r ppkZ ^cYc dh izfØ;k* fo"k; ds varxZr
dh tk,xhA ns[ksa izLrqr Hkkx&1 dk izHkkx 9] ì"B 54A

Dyksjhu&¶yksjhu ds viokn dks NksM+dj dgha Hkh vkWDlhtu ds vHkko esa
fdlh Hkh izdkj dh vfXu tyus dh fØ;k dks fdlh us vuqHko ugha fd;k gSA
blfy, ;g O;kfIr cu tkrh gS] tgka&tgka vkWDlhtu dk vHkko gS] ogka&ogka
vfXu dk vHkko gSA

Mk- ts- tSu us ,d iz'u dh ppkZ dh gSµ^^D;k ^vfXu* esa vkWDlhtu ds
lkFk ,d Loiks"kh jklk;fud izfØ;k gksuk gh dkQh gS\ ;k ml izfØ;k lsµvkx
ls lfpÙk rsmdk; iSnk djus esa ^rki* ds lkFk&lkFk ^izdk'k* dk iSnk gksuk Hkh
t:jh 'krZ gS\ ;kfu lfpÙk vfXu dk ekinaM D;k gS\

,slh Loiks"kh jklk;fud fØ;k,a cgqr lh gSa ftuesa rki iSnk gksrk gS ysfdu
n`';&izdk'k iSnk ugha gksrk gSA D;k mudks lfpÙk dgk tk;\

1- FkfeZV izfØ;k dks vkx dh Js.kh esa j[kuk gksxk D;ksafd mlesa rki ds
lkFk ^izdk'k* Hkh iSnk gksrk gSA

2- DyksjksfQy izdk'k ds lkFk jklk;fud fØ;k djds gok dh CO
2
 ls

dkcZu o vkWDlhtu cukrk gS ysfdu ̂ izdk'k* iSnk ugha djrk gSA vr% vfpÙk gSA

3- CaO ¼pwus½ ds ikuh ds lkFk jklk;fud fØ;k djus ls ^rki* iSnk gksrk
gS] ysfdu izdk'k iSnk ugha gksrk gSA Cyhfpax ikmMj Hkh blh Js.kh esa vkrk gSA
¼;g ^lfpÙk vfXu* ugha gSA½

4- Loiks"kh fØ;k dk eryc D;k gS\ ;fn izfØ;k esa Hkkx ysus okys inkFkks±
dh vkiwfrZ cjkcj cuh jgs] rFkk muesa ,d ckj izfØ;k 'kq: gqbZ] rks fQj pyrh
jgsxhA ;kfu ^izfØ;k* 'kq: djus ds fy, mudk vkil esa feyk jguk ¼tSls baèku
gok esa iM+k jgsµfcuk vkx dks 'kq: fd,½ gh dkQh ugha gS] muesa vkil esa
^izfØ;k* 'kq: djkuh iM+rh gS cká lkèku lsA tSls rki dk laxzg.k gks tkuk
(Sponge iron, bleaching powder vkfn esa½A ysfdu ikuh o pwus dh jklk;fud
izfØ;k 'kq: djkus ds fy, ;g 'krZ ugha gSA dsoy mu nksuksa ds fey tkus ls
jklk;fud izfØ;k 'kq: gks tkrh gSA tSls HCl ¼ued dk vEy½ o Zn ¼tLrk½

dk feykukA mlesa xehZ iSnk gksrh gSA dqN fØ;k,a xje djus ls 'kq: gksrh gSaA tSls
mPp rkieku dh jklk;fud fØ;k,aA ;fn oks Loiks"kh gSa rFkk rkiµizdk'k ugha
fudyrk gS rks lfpÙk vfXu dh Js.kh esa ugha gSA

lkèkkj.k vfXu esa gok dk gksuk t:jh gSA ^vfXu* dks 'kq: djkus ds fy,
ml inkFkZ esa dqN rki&'kfDr dk izos'k djkuk Hkh t:jh gSA ;g rki ckgjh vfXu
ls] fpUxkjh ls] lw;Z dh jks'kuh ls ;k em. ¼fo-pq-½ ygjksa ls ;k fo|qr~ ls ;k vU;
jklk;fud izfØ;k lss fn;k tk ldrk gSA dsoy ,d ckj rki nsdj ;g izfØ;k
'kq: dh tkrh gSA ckn esa ;g ^vkx* Loiks"kh cu tkrh gSA**97

 vfXu dh izfØ;k ds fy, pkj vfuok;Z 'krs± ekuh tk ldrh gSaµ

1- tc rd vkWDlhtu ¼;k viokn :i Dyksjhu&¶yksjhu½ miyCèk ugha
gksrh] vfXu ugha tyrhA

2- tc rd ToyufcUnq dk fuf'pr rkieku izkIr ugha gksrk] vfXu ugha
tyrhµ^FkzslksYM* ¼U;wure lhek&fcUnq½ ikj djs fcukA

3- tc rd Toyu'khy inkFkZ baèku :i esa ugha feyrk] rc rd vfXu ugha
tyrhA

4- tc rd m"ek ds lkFk&lkFk izdk'k dh m$tkZ dk fofdj.k ugha gksrk] rc
rc vfXu ugha tyrhA

la{ksi esaµ

1- vkWDlhtu

2- Toyu'khy inkFkZ

3- ToyufcUnq&rkieku

4- m"ek vkSj izdk'k dk mRltZu

µbu pkjksa dk ,d=k ;ksxnku vfXu dh vfuok;Z 'krZ gSA

Mk- ts- tSu us bl fo"k; esa foLr̀r tkudkjh nh gSµ

^^rkieku (Temperature)

^^gekjs 'kjhj dk rkieku 37°C jgrk gSA vU; inkFkZ blds lkis{k fdrus
ma$ps ;k uhps rkieku ij gS] mlh lkis{krk ls mudks xje ;k BaMk dgk tkrk gSA

rkieku v.kq] ijek.kq o bysDVªksu dh ,d fopfyr (excited) voLFkk dks
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tkfgj djrk gSA blesa rki&m$tkZ t:j gS ysfdu T;knk rkieku gksus ij Hkh blesa
rstl~dk; dk tho gksuk t:jh ugha gSA tSls cq>s gq, pwYgs dh cgqr gh xeZ jk[k!

1- jklk;fud izfØ;k (Exothermic) ls rkieku c<+rk gS] tSlsµ^tyuk*A
;g Hkkx ysus okys inkFkks± ds xq.k ij fuHkZj djrk gSA blesa rki o izdk'k nksuksa
fudyrs gSaA èkhes&tyus dh izfØ;k esa izdk'k cgqr de fudyrk gSA rhoz&tyus esa
;k Toyu'khy inkFkks± esa os ^xSl* voLFkk esa rCnhy gksdj tyrs gSa] ftls vkx dh
yiVsa dgrs gSaA

2- ?k"kZ.k lsµblls ^rki* o pktZ iSnk gks ldrs gSaA D;k vkSj fdruk iSnk
gksxkµ;g ?k"kZ.k esa Hkkx ysus okys inkFkks± ds xq.k ij fuHkZj djrk gSA tSlsµpded
dk iRFkjA iRFkj dh lrg dk rkiØe c<+rk gSA cknyksa esa vkilh ?k"kZ.k ls
fctyh dk 'charge' iSnk gksrk gSA nksuksa gFksfy;ksa ds jxM+us ls mldk rkieku c<+
tkrk gSA

3- rki fdj.kksa dks lks[kukµlw;Z dh jks'kuh vkSj rki dks ìFoh lks[krh gS]
tc og lw;Z ds lkeus gksrh gSA blls mldk rkieku c<+rk tkrk gSA [kkldj Bksl
o nzo inkFkks± dkA xSl inkFkZ dk rkieku c<+rk gS conduction o convection

¼loagu½ fØ;k lssA i`Foh ij j[ks lqpkyd inkFkks± dk rkieku tYnh c<+ tkrk gSA
jkf=k esa xeZ i`Foh viuh xehZ vkdk'k esa emit djds vius dks okfil BaMh djrh
gSA fnu ds le; esa Hkh xeZ o izdkf'kr i`Foh [kqn vkdk'k esa izdk'k o rki
radiate djrh gS ;kfu lw;Z dh fdj.kksa dks lks[kdj] izdk'k o rki dk dsoy
^ijkorZu* fd;k tkrk gS] u fd rki o izdk'k dk mRiknuA

blh izdkj lw;Z dh fdj.kksa dks urksnj ijkorZd (cancave-reflectors) }kjk
?kuhHkwr fd;k tk ldrk gSA lw;Z&pwYgksa esa bl fofèk ls lw;Z dh fdj.kksa }kjk [kkuk
idk;k tkrk gS] bruh xehZ bdëh dh tkrh gS fd ikuh dks Hkki esa cnyk tkrk
gSA ;s inkFkZ lfpÙk&vfXudk; ds lhèks ¼laLi'kZ½ contact esa ugha vkrs gSa] vr%
lfpÙk ugha gksrs vkSj u urksnj&niZ.k (concave mirror). ^rki&izdk'k* m$tkZ iSnk
djrk gSµdsoy ?kuhHkwr djrk gSA vr% urksnj niZ.k (cancave mirror) Lo;a Hkh
lfpÙk&vfXudk; ;k pwYgs dh fxurh esa ugha vk,xkA

^^rkieku o rsmdk;

fdlh inkFkZ dks dsoy xeZ djus ls gh mlesa rsmdk; ds tho iSnk ugha
gksrs gSaA oSls ije&'kwU; rkiØe (Aboslute zero) dh vis{kk gj inkFkZ xeZ gSA
;fn fdlh inkFkZ ¼Bksl] nzO;] xSl½ dk rkiØe gekjs 'kjhj ds rkiØe ls T;knk

gS ¼37° ls-½] rks ge ml inkFkZ dks xeZ dgrs gSaA ;fn bl rkieku ls de gS rks
ml inkFkZ dks BaMk inkFkZ dgrs gSaA ysfdu ^^rsmdk; tho fdlh inkFkZ ds tyus
ij gh iSnk gksrs gSaA** ¼yky xeZ yksgk Hkh rsmdk; dk tho ugha j[krk gS] tc rd
oks izk.kok;q ds lkFk izfØ;k djds ^tyuk* 'kq: ugha dj nsrk gSA

yksgkj dk yky&yksgk izk.kok;q ls tyuk 'kq: dj ldrk gSA gkykafd ;g
^èkhek&tyuk* gSA Hkêh esa ^fi?kyk* yky&yksgk] izk.k&ok;q ds lkFk 'kh?kz izfØ;k
djrk gSA vr% blesa rsmdk; iSnk gksus dh T;knk lEHkkouk gSA 400°C rd xeZ
yksgs ds fiaM esa rsmdk; ds iSnk gksus dh lEHkkouk de gSA bldk viuk jax Hkh
ugha cnyrk gSA ysfdu bl rkiØe ls T;knk m$ij xeZ djus ij bldk jax
cnydj yky&jax gksuk 'kq: gks tkrk gSA

;gka è;ku nsus dh ckr gS fd dsoy mPp rkieku rd igqap tkus ek=k ls
;gka rd fd yky&xje gks tkus ls gh rsmdk; ds tho iSnk ugha gks tkrs gSaA ml
inkFkZ ds lkFk izk.kok;q ls jklk;fud fØ;k dj tyuk t:jh gSA**98

vuqdwy rkieku

Toyu'khy inkFkZ dks vuqdwy la;ksx u feys rks vfXu dh mRifÙk ugha
gksrhA vkWDlhtu dk la;ksx gks] ij mi;qDr rkieku u gks] rks vfXu iSnk ugha
gksxhA tSlsµiSVªksy vfrToyu'khy inkFkZ gS vkSj [kqyh gok ds la;ksx esa Hkh gS] ij
;fn mi;qDr rkieku ugha feysxk rks ToyufØ;k fu"iUu ugha gksxhA iSVªksy dk
ToyufcUnq ydM+h ;k dks;yk dh rqyuk esa uhps gksrk gS] blfy, lkèkkj.k rkieku
c<+us ij Hkh iSVªksy ty tkrk gSA bl izdkj dqN inkFkZ ¼tks vfrToyu'khy gSa½
cgqr FkksM+s rkieku dh o`f) ds lkFk ty mBrs gSa] tcfd vU; inkFkks± dks tyus
ds fy, cgqr ma$pk rkieku pkfg,A fn;klykbZ ds ?k"kZ.k }kjk rkieku dh o`f)
dj uksd ij yxs gq, ck:n ¼tks vfrToyu'khy inkFkZ gS½ dks tyk;k tkrk gSA
tyrh gqbZ fn;klykbZ ls vkSj vfèkd rkieku iSnk gksrk gS ftlesa vU; Toyu'khy
inkFkZ tyk, tk ldrs gSaA tyrs gq, dks;ys dh vfXu dk rkieku yxHkx 1300

fMxzh lsfYl;l ukik x;k gSA

i;kZIr :i esa mPp rkieku rFkk vkWDlhtu dk ;ksxµ;s nksuksa feyus ij gh
Toyu'khy inkFkZ }kjk vfXu iSnk gks ldrh gSA bls vusd mnkgj.kksa ls Li"V
fd;k tk ldrk gSA tSlsµ

1- vfXu dh yiVsa mPp rkieku ij tyrh gqbZ xSl gSA

2- vaxkjs vkSj eqeqZj ¼vfXud.k½ mPp rkieku ij tyrs gq, Bksl baèku gSaA
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3- vkdk'kh; fctyh esa vk;uhÑr xSl dk m".k IykT“ek gS] tks ml le;
izdkf'kr gksus ds lkFk vkWDlhtu ds lkFk tyrk gS] tc fctyh pedrh gS]
dM+drh gSA mlls iwoZ og ckny esa LVsfVd fo|qr~ ds :i esa vfpÙk iqn~xy ds :i
esa fLFkr gSA

4- pded ds ?k"kZ.k ls mRiUu vfXu esa Hkh ?k"kZ.k ls xeZ gksdj gok
¼vkWDlhtu½ ds lkFk tyus okys lw{e d.k gksrs gSaA

5- rjy baèku veqeu xSl cudj "flash-point" ij vkWDlhtu ds lkFk
tyrk gSA

rkRi;Z ;g gqvk pkgs Bksl gks] rjy gks ;k xSlµdksbZ Hkh Toyu'khy inkFkZ
Toyu&fcUnq ij vkWDlhtu ds lkFk jklk;fud fØ;k }kjk gh vfXu iSnk djrs
gSaA IykT“ek voLFkk esa Hkh ;gh izfØ;k gSµtc rd vkWDlhtu dk la;ksx u gksxk]
rc rd vfXu izTofyr ugha gksxhA lkFk esa rki vkSj izdk'k dk mRltZu Hkh
lgorhZ gSA

èkkrq,a mPp rkieku ij fi?kyrh gSaA ;fn vkWDlhtu u feys] rks èkkrq
fi?ky ldrh gS] ty ugha ldrhA

fuEu dks"Bd esa èkkrq dk fi?kyukad fn;k x;k gSµ

èkkrq fi?kyukad

lksuk 1062 fMxzh ls-

IysVhue 1770 fMxzh ls-

VaxLVu 3643 fMxzh ls-

bysDVªhd dkcZu vkdZ dk rkieku µ 5500 fMxzh-

lw;Z dk Hkhrjh rkieku µ 2 djksM+ fMxzh-

rkjkvksa dk mRÑ"V rkieku µ 4 djksM+ fMxzh-99

Toyu&fØ;k esa inkFkZ dk tks m$tkZ :i esa :ikUrj.k gksrk gS] og vfèkdka'k
m"ek&m$tkZ ds :i esa gksrk gS] fdUrq vis{kkÑr og ek=kk dkQh de gksrh gSA
mnkgj.kkFkZµ3000 Vu dks;yksa dks tykus ij dsoy 1 xzke dks;ys ftruh lagfr
dk m$tkZ dk :i esa ifj.keu gksrk gS] 'ks"k inkFkZ dk :ikUrj.k dkcZu eksuksDlkbM
vkSj jk[k ds :i esa gksrk gS ftudh la;qDr lagfr 3000 Vu esa ls dsoy 1 xzke
de ftruh gksrh gS] tcfd dsoy 92 ;wfuV m$tkZ izfr xzke izkIr gksrh gSA blh

izfØ;k dks ;fn U;wDyh;j fj,DVj esa ?kfVr fd;k tkrk gS] rc mlesa dkcZu dk
U;wDyh;l vkWDlhtu ds U;wDyh;l ds lkFk feydj flyhdksu ds U;wDyh;l
dks fu"iUu djrk gS rFkk m$tkZ dk mRltZuµ14 × 109 ;wfuV ftruk izfrxzke
gksrk gSA100

bl izdkj Toyu&fØ;k ,d jklk;fud fØ;k gS ftlesa Toyu'khy inkFkZ ds
dkcZu vkfn rÙo vkWDlhtu ds lkFk feydj m"ek vkSj izdk'k ds :i esa m$tkZ
dk mRltZu djrs g,q jk[k vkfn inkFkZ] dkcZu eksuksDlkbM ;k dkcZu MkbZ
vkWDlkbM vkfn xSl fu"iUu djrs gSaA blh ToyufØ;k dks ge izToyu ;k vfXu
ds :Ii esa ns[krs gSaA vfXu] Tokyk vkfn dk izdVhdj.k blh dh ifj.kfr gSA

vfXu vkSj m"ek esa vUrj

vfXu (fire) vkSj m"ek (heat) nksuksa ,d ugha gSA ^vfXu* dac'pu
¼ngu&fØ;k½ ds :i esa izxV gksus okyh jklk;fud fØ;k gS] tcfd m"ek m$tkZ dk
,d :i gS] tks inkFkZ&fLFkr v.kq&xqPNksa (molecule) dh xfr dh rhozrk&eanrk ds
vuqikr esa inkFkZ ls fofdfjr gksrh gSA101

m"ek&fofdj.k dk mRltZu102

m"eh; fofdj.ksa vFkok m"ek fofdj.ksa (thermal radiations) lHkh inkFkks±
}kjk mRlftZr gksrh jgrh gSaA blh ds ekè;e ls gesa inkFkZ dh m"ek dk vuqHko
gksrk gSA lHkh rkieku ;k m".krkeku (temperature) dk xq.k lHkh inkFkks± esa lnk
fo|eku jgrk gSA lHkh inkFkZ 'kwU; fMxzh fujis{k rkieku (zero degree absolute)

ls vfèkd rkieku okys gksrs gSaA 'kwU; fMxzh fujis{k ls m$ij T;ksa&T;ksa inkFkZ dk
rkieku c<+sxk] R;ksa&R;ksa mlds m"eh; fofdj.kksa dk mRltZu c<+sxkA ;g mRltZu
ftl m$tkZ ds :i esa gksrk gS] mls m"ek&m$tkZ (thermal energy) dgrs gSaA
m"ek&m$tkZ dk mRltZu nks ckrksa ij fuHkZj gSµ

1- inkFkZ dk rkieku

2- inkFkZ dh lrg dk LoHkkoA

inkFkZ ls fudyus okyh m"ek&fofdj.kksa dh rjaxsa Hkh fo|qr~&pqEcdh; rjaxksa
ds :i esa gh gksrh gS] Bhd oSlh gh tSlh izdk'k dh rjaxsa gksrh gSaA fdUrq budh
rjax&yackbZ (wave-length) ^bUÝkjsM* rjaxksa dh dksfV esa gksus ls vka[kksa }kjk
fn[kkbZ ugha nsrhA ¼;s rjax&yackbZ 8 × 10–7 ls ysdj 4 × 10–4 ehVj ds chp gSaA
tcfd n`'; izdk'k dh rjax&yackbZ  4 × 10–7 ls 8 × 10–7 rd gSaA½
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buds dqN fo'ks"k y{k.k bl izdkj gSaµ

1- ;s lnk lejs[kk esa izdk'k dh xfr ¼osx½ ls izlkfjr gksrh gSaA

2- bUgsa ekè;e dh vis{kk ugha gS] ;s 'kwU;kodk'k (vacuum) esa Hkh
izlkfjr gks ldrh gSaA

3- ;s ftl ekè;e ls xqtjrh gS] mls xje ugha djrhA

4- ewy òksr ls nwjh ds c<+us ij budh rhozrk ?kVrh tkrh gSA

5- izdk'k&rjaxksa dh Hkkafr budk ijkorZu vkfn gksrk gSA

6- izdk'k&rjaxksa dh rqyuk esa budh m$tkZ de gksrh gSA

fLVQu&cksYV~>esu fu;e ds vuqlkj m"ek&fofdj.k dh ek=kk dk fuèkkZj.k
gksrk gSA103

bl fl)kar ls ;g Li"V gksrk gS fd tSls tSu n'kZu ^vkri* dks
ikSn~xfyd ifj.keu ekurk gS] oSls foKku ds vuqlkj Hkh ^m"ek&fofdj.k* Hkh
dsoy HkkSfrd m$tkZ ;k nzO; gSA tSls izdk'k dsoy ikSn~xfyd ifj.keu gS rFkk
dsoy HkkSfrd m$tkZ ;k nzO; gS] oSls gh m"ek&fofdj.k Hkh vfpÙk ;k futhZo gh gSA
lHkh inkFkks± ls ;s fofdj.k lrr fudyrs jgrs gSa vkSj gekjs 'kjhj }kjk mudk
xzg.k gksrk jgrk gSA bl izfØ;k ds lUnHkZ esa èkkrq ds xje gksus dh izfØ;k dks
ljyrk ls le>k tk ldrk gSA

èkkrq esa fo|qr~&izokg

èkkrq dh fo|qr~ pkydrk dk dkj.k gSµbysDVªksuksa dk Lora=k fogj.kA ;s
bysDVªksu tc okgd esa ls xqtjrs gSa] rc okgd esa nksyu (oscillation) djus okys
/ku vk;uksa (+ve ions) ds lkFk mudh VDdj gksrh jgrh gSA bu VDdjksa ds nkSjku
bysDVªksu dh m$tkZ dk dqN va'k nksyu djus okys vk;uksa dks feyrk gSA blds
ifj.kkeLo:i vk;uksa ds nksyu vkSj vfèkd rhoz vkSj vLr&O;Lr gks tkrs gSaA ;g
vk;uksa dks izkIr m$tkZ m"ek&m$tkZ ds :i esa izknqHkwZr gksrh gSA

bl izdkj èkkrq ¼okgd½ esa ls tc fo|qr~ dk izokg cgrk gS] rc m"ek&m$tkZ
dk mRiknu gksrk gSA bls ^twy m"ek* dgk tkrk gSA bl izfØ;k dks ^twy izHkko*
(Joule Effect) dgk tkrk gS] D;ksafd bldk vkfo"dkj twy uked oSKkfud us
fd;k FkkA fo|qr~&vkos'k vkSj okgd ds nksuksa Nksjksa ds chp fo|eku fo|qr~
fLFkfr&vUrj] tks oksYVst ds :i esa gS] ds xq.kuQy ls m"ek&m$tkZ dk ifjek.k
fudkyk tkrk gSA bdkbZ&le; esa mRiUu m"ek&m$tkZ fo|qr~&izokg dh jkf'k ¼djaV

tks ,fEi;j esa gS½ ds oxZ ds vuqikr esa gksrh gSA ;g twy dk fu;e (Joule's Law)

dgykrk gSA104

blh fu;e ds vuqlkj VaxLVu èkkrq ds fQykesaV esa xqtjus okys fo|qr~&izokg
ds vuqikr esa m$"ek&m$tkZ iSnk gksrh gSA ;g m$tkZ Hkh ikSn~xfyd gSA ;gh
m"ek&m$tkZ izdk'k ds lkFk fofdfjr gksrh gSA bl izdkjµvkWDlhtu ds vHkko esa
èkkrq dks xje djus ij ;s tyrh ugha gSa] dsoy mudk rkieku c<+ tkrk gSA
vR;fèkd rkieku gksus ij muds ijek.kq ls m$tkZ dk mRltZu izdk'k ds :i esa
gksus yxrk gSA lkFk esa FkksM+s :i esa m"ek&m$tkZ Hkh mRlftZr gksrh gS] ij tyus dh
fØ;k ugha gksrhA ;fn rkieku fi?kyu&fcUnq rd igqap tkrk gS] rks èkkrq fi?kyus
yxrh gS vkSj rjy :i ys ysrh gSA ;fn rkieku vkSj vfèkd c<+k;k tk, rks
vUrrksxRok ;g ck"i :i esa ifj.kr gks tkrh gSA bl lkjh izfØ;k esa dgha ij Hkh
dksbZ jklk;fud fØ;k ugha gksrh] dsoy HkkSfrd fØ;k gh gksrh gS ;kuh Bksl ls
rjy vkSj rjy ls ck"i :i esa ifj.keu gksrk gS rFkk m$tkZ dk mRltZu gksrk gSA
HkkSfrd fØ;k dk rkRi;Z gS fd rkieku c<+us ds lkFk èkkrq ds eksyhD;wy mÙksftr
gksrs gSa vkSj mudh xfr rhoz gks tkrh gS tks izdk'k vkSj m"ek dh m$tkZvksa ds :i
esa ifj.kr gksrh gS rFkk èkkrq izdkf'kr gks tkrh gSA

èkkrq dk izdkf'kr gksuk èkkrq ds Hkhrj jgh gqbZ m$tkZ dk mRltZu ek=k gS]
blesa èkkrq tyrh ugha gS] u gh jk[k] xSl vkfn fu"iUu gksrs gSaA iqu% èkkrq tc BaMh
gksrh gS] rc iqu% viuk vlyh :i izkIr dj ysrh gS ;kfu tSlh Fkh oSlh gh gks
tkrh gSA vfXu esa baèku tyrk gS] rc ewy baèku lekIr gks tkrk gS] jklk;fud
izfØ;k ?kfVr gksrh gS] baèku dk :ikUrj.k jk[k] xSl] vkfn :i esa gksdj m$tkZ dk
mRltZu gksrk gS] vfXu dh izfØ;k ds ckn baèku iqu% viuk :i izkIr ugha djrkA
;g Li"V gS fd vfXu jklk;fud fØ;k gS] èkkrq dh mDr fØ;k dsoy HkkSfrd
fØ;k gSA105

vc ge bysDVªhd cYc esa izdk'k djus okys VaxLVu ds rkj dh izfØ;k dks
Li"Vr% le> ldrs gSaA tc rkj esa fo|qr~&izokg cgrk gS] rks fo|qr~&m$tkZ dk
:ikUrj.k m"ek&m$tkZ esa gksus ls VaxLVu èkkrq ma$ps rkieku ij izdkf'kr gksus yx
tkrh gSA bl lkjh izfØ;k esa dgha ij Hkh Toyu&fØ;k ;k vfXu dk ifj.keu ugha
gksrkA vfXu dh izfØ;k esa vfuok;Zr% vko';d vkWDlhtu dk cYc esa furkUr
vHkko gSA blfy, mi;qDr rkieku gksus ij Hkh rFkk izdk'k ,oa m"ek dk mRltZu
gksus ij Hkh vfXu dh izfØ;k ?kfVr ugha gksrh] u gh baèku tyus ds i'pkr~ fu"iUu
gksus okys jk[k] xSl dh fu"ifÙk gksrh gSA
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vfXu ls lEc) vU; dqN KkrO; ckrsa

1- dqN jklk;fud fØ;k,a ,slh gksrh gSa] ftuesa m"ek c<+rh gS] ij vfXu
ugha gksrhA tSlsµikuh esa pwuk Mkyus ls ,DlksFkfeZd fj,D'ku gksrk gSA

2- gok ds vkWDlhtu ds lkFk yksgk lkekU; rkieku ij gh vknzZrk izkIr
gksus ij gh Qsjl vkDlkbM ¼^tax* ds :i esa½ iSnk djrk gSA ij blesa rkieku
lhek ds Hkhrj gh jgrk gSA bl izfØ;k esa m"ek ;k izdk'k fu"iUu ugha gksrsA ;g
vfXu dh fØ;k ugha gSA

3- QksLQjl lkekU; rkieku ij vkWDlhtu ds lkFk feydj vkWDlkbM
cukrk gS vkSj izdk'k Hkh djrk gSA bl izdk'k dks ̂ QksLQsjUl* dgk tkrk gSA ;gka
rkieku ugha c<+rk gSA

7. vkdk'kh; fo|qr~ (Lightning)

bysDVªhlhVh dk fHkUu&fHkUu :iksa esa fHkUu&fHkUu izdkj ls :ikUrj.k gksrk
gSA fLFkr fo|qr~ (static electricity)

] py&fo|qr~ (current electricity) vkSj fo|qr~
dk MhLpktZ ¼fujkos'khdj.k½µbu rhu :iksa esa fo|qr~ ¼bysDVªhlhVh½ dk ifj.keu
gks ldrk gSA tSls ge ns[k pqds gSa fo|qr~ Lo;a vius vki esa ,d ikSn~xfyd i;kZ;
ds :i esa gSA mlh ikSn~xfyd i;kZ; dk dkSu&lk :ikUrj.k ^lfpÙk rsmdk;* ds
:i esa ifj.kr gksxk vkSj dkSu&lk dsoy ikSn~xfyd ;k vfpÙk ifj.keu gh
jgsxkµbls Hkyh&Hkkafr le>uk gksxkA vkdk'kh; fo|qr~ tks [kqys vkdk'k esa fctyh
ds :i esa pedrh gS rFkk fo|qr~ ds vU; ifj.keu dgka rd ,d:i gS] dgka rd
fHkUuµbldk fpUru gesa djuk gksxkA

ge ns[k pqds gSaµ

1- fLFkr voLFkk esa bysDVªhlhVh vokgd ;k dqokgd inkFkks± esa Hkh gksrh gSA
tc rd og mlh :i esa jgrh gS] og dsoy HkkSfrd ;k ikSn~xfyd :i gSA

2- izokg (current) ds :i esa lqpkyd ;k vèkZpkyd inkFkks± esa tc fo|qr~
èkkjk izokfgr gksrh gS] rc Hkh og dsoy ikSn~xfyd :i esa gSA rkj esa cgus okyh
fo|qr~ fdruh gh rst D;ksa u gks] tc rd og rkj ds Hkhrj jgrh gS] rc rd og
vius vki esa dsoy ikSn~xfyd vfLrRo gS] vfpÙk gSA 'kjhj esa izogeku fo|qr~&izokg
Hkh vius vki esa ikSn~xfyd gSA

3- bysDVªhlhVh dk MhLpktZ ;k fo|qr~&vkos'k dk fujkso'ku fdl izdkj
gksrk gSµbl fo"k; esa vc ge ppkZ djsaxs rFkk ns[ksaxs vkdk'kh fo|qr~ dh izfØ;k
ds :i esa ;g fØ;k dSls ?kfVr gksrh gS\

i`Foh dk okrkoj.k106

vkdk'kh; fo|qr~ (lightning) rFkk mldk i`Foh ij iru] tks ^v'kfuikr*
;k fctyh ds dM+dus ds :i esa tkuk tkrk gS] ds ?kfVr gksus esa fuEukafdr dkjd
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ftEesnkj gSaµ

1- i`Foh Lo;a esa fo|qr~ pktZ ls vkosf'kr gSA

2- cknyksa esa ^fLFkr fo|qr~ vkos'k* mRiUu gksrs gSaA

3- i`Foh dk okrkoj.k (atmosphere) 400 fdyksehVj rd m$ij QSyk
gqvk gSA mlds nks LrjµVªksiksLQh;j vkSj LVªsVksLQh;j dgykrs gSaA buds chp gok
esa ^vk;uhdj.k* gksus ij IykT+ek dk fuekZ.k gksrk gSA

4- cknyksa ds nks Lrjksa ds chp ,d 'kfDr'kkyh fo|qr~ cy dk fuekZ.kA

loZizFke rks gesa ;g tkuuk gksxk fd okrkoj.k esa gok ds lkFk vkWDlhtu
ekStwn jgrk gS rFkk vU; xSl ;k gyds jtd.k rFkk gyds rUrq vkfn Hkh ekStwn
jgrs gSaA ck"i ds :i esa ikuh ds eksyhD;wy Hkh m$ij pys tkrs gSaA Toyu'khy xSl
;k vU; lw{e d.k vkfn mPp rkieku dk ;ksx feyus ij vfXu ds :i esa
ifj.keu gks ldrk gSA

i`Foh dh lrg ls yxHkx 12 fdyksehVj rd dk okrkoj.k ^VªksiksLQh;j*
dgykrk gSA mlds i'pkr~ yxHkx 50 fdyksehVj rd QSyk gqvk okrkoj.k
^LVªsVksLQh;j* dgykrk gSA LVªsVksLQh;j dk Lrj okrkoj.k dh bysDVªhdy izfØ;kvksa
ds fy, ftEesokj gS] ftlesa fo|qr~ pedus dh ?kVuk,a gksrh gSaA

i`Foh Lo;a bysDVªhlhVh dh lqpkyd gS] fdUrq okrkoj.k ds uhps ds Lrj ij
gok fo|qr~ dh dqpkyd gSA ma$ps Lrj ij cká varjh{k ls vkus okyh czãkaMh;
fofdj.kksa (cosmic rays) dh ce&o"kkZ lh gksrh gSA ;s fofdj.ksa rhoz m$tkZ okyh
gksrh gSaA ;s tc okrkoj.k ls Vdjkrh gSa rc okrkoj.k esa ekStwn gok ,oa vU; xSlksa
dk vk;uhdj.k gks tkrk gSA vk;uhdj.k ls rkRi;Z gS fd ijek.kq ls bysDVªksu ¼;k
ikst+hVªksu½ fo;qDr gks tkrs gSa] ftlls ijek.kq Lo;a + ¼èku½ vFkok –¼_.k½ vkos'k
okyk cu tkrk gSA vk;uhÑr gok ;k xSl fo|qr~ dh lqpkyd cu tkrh gSA

T;ksa&T;ksa ^okrkoj.k* esa m$ij tkrs gSa] R;ksa&R;ksa fo|qr~ dh lqpkydrk c<+rh
tkrh gSA LVªsVksLQh;j ds m$ij ds Lrj ij ;kfu mlds f'k[kj ij lkjk ^okrkoj.k*
vR;Ur rhoz lqpkyd cu tkrk gSA ¼;g i`Foh ls yxHkx 60 fdyksehVj m$ij
?kfVr gksrk gSA½ i`Foh dh lrg vkSj LVªsVksLQh;j ds m$ij ds Lrj ds chp bysDVªhd
izfØ;k laHko cu tkrh gSA

pwafd ;s nksuksa lqokgd gSa] buds chp oksYVst dk vUrj fo|qr~&cy dk dk;Z
djsxkA tks ckny cgqr m$ij gksrs gSa] muesa ikuh ok"i ds :i esa gh gksrk gS] ikuh
ds d.k ds :i esa ughaA ;s ckny lkekU; okrkoj.k dh gok dh rjg bysDVªhlhVh

ds dqpkyd ugha gksrsA i`Foh dh lrg ij tks bysDVªhd iksVsaf'k;y gksrk gS] mldk
vkSj cknyksa ds uhps ds fgLls esa ,df=kr bysDVªhd iksVsaf'k;y ds chp tks QdZ
(Potential difference) gS] og tcjnLr ek=kk esaµyxHkx 2 djksM+ ls 20 djksM+
oksYV ftruk gks ldrk gSA bldh otg ls rhu fdyksehVj eksVh okrkoj.k dh iêh
esa ,d tcjnLr fo|qr~&{ks=k izofrZr gksrk gSA bl {ks=k dh fn'kk m$ij dh vksj gksrh
gSA bl {ks=k ds chp dh gok dk vk;uhdj.k gks tkrk gS] ftlls og lqpkyd cu
tkrh gSA

izkÑfrd rwQku (Thunderstorm)

gekjh i`Foh ij ekSle ds ifjorZu dh izfØ;k pyrh jgrh gSA blds
QyLo:i es?k&fuekZ.k] gokeku rFkk gok ds ncko esa mFky&iqFky] rkieku dk
vUrj] gok esa èkwyh d.kksa dk ,d=khdj.k vkfn ,sls dkjd iSnk gksrs gSa tks fujUrj
izkÑfrd rwQkuksa ds fufeÙk curs jgrs gSaA i`Foh ds pkjksa vksj ds okrkoj.k
ds ifj.keuksa ds dkj.k izfrfnu 40000 izkÑfrd rwQku ;k rfMr~&>a>k
(Thunderstorm) dgha&u&dgha] fdlh&u&fdlh :i esa mB [kM+s gksrs gSa] ftuesa
xtZu vkSj fo|qr~ (Lightning) dk Øe pyrk jgrk gSA vkSlru izfr nks lSfdaM
esa fo'o esa dgha&u&dgha ,slk rwQku vkrk jgrk gS vkSj bl rwQku dh vofèk
vkSlru ,d ?kaVs dh gksrh gSA bu rwQkuksa ds nkSjku LVªsVksLQh;j vkSj i`Foh ds chp
tks bysDVªhd pktZ dk vknku&iznku gksrk gS] mlds ifj.kkeLo:i gh i`Foh ,oa
okrkoj.k dh fo|qr~&fLFkfr dks cuk, j[kuk laHko gksrk gSA vU;Fkk fo|qr~ dk
vlarqyu i`Foh ds fy, [krjukd fl) gks ldrk gSA107

tc rwQku dh fLFkfr curh gS] rc m$ij 6 fdyksehVj rd èku fo|qr~&
vkos'k okys d.k rFkk 2 ls 3 fdyksehVj rd _.k fo|qr~&vkos'k okys d.k cknyksa
esa tek gksrs tkrs gSaA MkW- ts- tSu us bls iwjs Øe dks bl :i esa izLrqr fd;k gS108µ

^^¼i½ tc o"kkZ ds cknyksa esa vkaf'kd tes gq, ikuh o cQZ ds joksa ds chp
vkilh VDdj gksrh gS rks ml ?k"kZ.k ls èku vkSj _.k vkos'k ¼pktZ½
iSnk gksrs gSaA ;g pktZ iSnk djus dh izfØ;k mlh izdkj gksrh gS tSls
,d dejs esa xyhps ij pyus ls fdlh [kkl 'kq"d fnol esa 'kjhj ij
static ¼fLFkj½ pktZ iSnk gks tkrs gSaA ;s pktZ ml vkneh dks >Vds ds
:i esa eglwl gksaxs] tc og njokts dh dqaMh dks Nwrk gSA

¼ii½ pqEcdh; {ks=k esa ck"i ds ckny tc T;knk xfr ls ?kwers gSa rks muesa
fctyh dk pktZ iSnk gksus dh laHkkouk gks ldrh gSA ;g mlh izdkj
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gksrk gS tSls ,d tsusjsVj esa jksVj ij pktZ iSnk gksrs gSaA

¼iii½ vkerkSj ij _.k pktZ eè; ;k fupyh lrg ij bdës gksrs gSaA rFkk
(+) èku pktZ ¼v.kq ;k vk;u½ m$ij mBdj ml ckny dh m$ijh
lrg ij bdës gksrs jgrs gSaA

¼iv½ pktZ iSnk gksus dh xfr fuHkZj djrh gSµ¼d½ cknyksa dh fofHkUu ijrksa
dh lkisf{kd xfr ij] ¼[k½ vo'khru dh ek=kk ij] ¼x½ vkaf'kd tes
gq, ikuh o iw.kZr% tes gq, cQZ ds vuqikr ij] ¼?k½ ckny dh
van#uh gypy dh ek=kk ijA vo'khru dh xfr o ek=kk fuHkZj
djrh gS m$ij mBrh gqbZ xje gok dh èkkjk dh xq.koÙkk o rhozrk
ijA xq.koÙkk dk eryc gS ueh dh ek=kk rFkk ueh ls lus gq,
jt&d.k lsA

¼v½ pktZ dh ek=kk ¼oksYVst½ % ;g fuHkZj djrh gS ckny ds ml fgLls dh
eksVkbZ o pkydrk ij ftlls oks èku vkSj _.k pktZ dks vyx&vyx
ckaVdj j[krh gSA

^^tSls gh fo|qr~&vkos'kksa dk varj (Potential difference) ,d lhek dks
ikj djrk gS] rks cknyksa dh fo|qr~&fojksèkh 'kfDr ;dk;d VwV tkrh gSA ml le;
ckny o gok viuh dqpkydrk ls mu foijhr fo|qr~&vkos'kksa dks feyus ls ugha
jksd ldrhA mldk urhtk ;g gksrk gS fd _.k vkos'k dk VwVrk gqvk igkM+
^MhLpktZ* ds :i esa ckny esa dkSaèk tkrk gS ftls ge rfM+r&fo|qr~ (Lightning)

;k ^fctyh dk peduk dgrs gSa*A

^^cknyksa ds uhps ds fgLls esa tks _.k fo|qr~&vkos'k gS] og izsj.k (Induction)

}kjk tehu ij èku fo|qr~&vkos'k mRiUu djrs gSaA ;|fi chp esa ekStwn mBrh gqbZ
ck"i ls ynh gok bu nksuksa foijhr fo|qr~&vkos'kksa dks i`Fkd~ j[kus dh dksf'k'k
djrh gS] ij tc oksYVst vR;ar rhoz gks tkrk gS] rc mls ikj dj Hkkjh fo|qr~
MhLpktZ tehu dh vksj tgka U;wure vojksèk gksrk gS] ogka dM+d dj èkjrh ij
fxjrk gS] bls gh otzikr ;k fctyh dk dM+duk (thunderbolt) dgk tkrk gSA
vkxeksa esa ;g ^v'kfuikr* ds uke ls vfHkfgr gSA

^^tehu dh lrg dh [kkl ifjfLFkfr;ksa esa foykse dM+drh fctyh Hkh iSnk
gksrh gS] ftlesa _.k fo|qr~&vkos'k i`Foh ls ckny dh vksj dM+drh fctyh ds :i
esa nkSM+ iM+rs gSaA ;g utkjk vkerkSj ij fuEu v{kka'k okys {ks=kksa esa ik;k tkrk gS]
tSlsµbaMksusf'k;k] nf{k.k vejhdk] eè; vÝhdk vkfnA

rfM+r~&fo|qr~ dh lajpuk

1- ^^tks dM+drh fctyh gesa vkdk'k esa fn[kkbZ nsrh gS] og fo[kafMr gok
vkSj xSl gSA xSl dh ijr ds nksuksa rjQ tc fo|qr~&vkos'k (Voltage) vfr mPp
gks tkrk gS rks oks xSl dh fo|qr~jksèkh 'kfDr esa fNnz iSnk dj nsrk gSA ml vfr mPp
oksYVst ls xSl vk;uhÑr gksdj IykT+ek cu tkrh gS tks fo|qr~&pki ds :i esa
izdV gksrh gSA fo|qr~&pki :ih IykT+ek ,d yphyk lqpkyd gSA iyd >idrs gh
ckny dh iwjh oksYVst fujkosf"kr ¼eqDr½ gks tkrh gSA

2- ̂ ^fo|qr~&pki :ih ;g IykT+ek inkFkZ dh prqFkZ voLFkk gksrh gSA vk;uhdj.k
ds dkj.k bl IykT+ek dk rkiØe gtkjksa fMxzh ¼300000°C½ rd c<+ tkrk gSA
blds Hkhrj dh xSlsa _.k o èku vk;u ds :i esa fo[kf.Mr gksdj fo|qr~ izokg
cukrh gSA tks ,d dkSaèk ds :i esa ,d fljs ls nwljs fljs rd cgq&'kkf[kr ;k
ygfj;k&fctyh ds leku cgdj mPp oksYVst dks iwjk f[kapko&jfgr dj nsrh gSA
;g dkSaèk ,d gh ckny ds vanj] nks cknyksa ds chp esa ;k ckny vkSj èkjrh ds
chp gks ldrh gSA

3- ^^bl xeZ IykT+ek esa vkWDlhtu] ukbVªkstu vkSj ty&ok"i vkfn ds
vk;u jgrs gSaA buls izdk'k ds QksVksu dk fofdj.k gksrk gSA ;g bysDVªks&esXusfVd
fofdj.k mPp rki o izdk'k ds vykok mPp ncko dh Hk;adj èofu@xtZu iSnk
djrk gSA {kf.kd fo|qr~&pki ds lekIr gksrs gh tc oksYVst 'kwU; jg tkrk gS] rc
fuLrst xSlsa okfil ;kSfxd :i esa izdV gksrh gSaA bl IykT+ek dh mit ds :i esa
vkstksu xSl rFkk ukbVªkstu vkfn ds vU; vkWDlkbM vkSj vU; ;kSfxd inkFkZ iSnk
gksrs gSaA bl izfØ;k ls gj lky 3 djksM+ Vu rd fLFkjhÑr ukbVªkstu curh gSA

^^bl fo|qr~&pki ls dHkh&dHkh ,sls vkx&xksys cu tkrs gSa rks nzqrxfr ls
pydj i`Foh esa lek tkrs gSa rFkk jkLrs dh oLrqvksa dks tyk Mkyrs gSaA lkèkkj.k
fo|qr~&pki ¼otzikr½ tks vkdk'k ls i`Foh ij fxjrk gS] oks Hkh jkLrs esa iM+h oLrqvksa
dks viuh rhoz xehZ o m$tkZ ds dkj.k >qylk dj tyk Mkyrk gSA**

MkW- fcgkjh Nk;k109 vius ̂ fctyh* ds fo"k; esa fyf[kr ys[k esa crkrs gSa*µ

^^ckny ds uhps ds fgLls esa tek gqbZ _.k fo|qr~ i`Foh dh lrg ij tek
èku fo|qr~ }kjk vkÑ"V gksrh gSA bl vkd"kZ.k ds QyLo:i cknyksa esa ls uhps dh
vksj _.k fo|qr~&vkos'k dk ,d izokg cgrk gS vkSj i`Foh dh lrg ds m$ij dh
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vksj èku fo|qr~&izokg cgrk gSA bu nksuksa dk la;ksx gok ds eè; esa gh gks tkrk
gSA ml le; rhoz èku fo|qr~&vkos'k izdk'k ds osx ds rhljs fgLls = ¼1@3 × 3

yk[k fdyksehVj@lSfdaM vFkkZr~ yxHkx ,d yk[k fdyksehVj izfr lSfdaM osx½ ls
xfr djrk gqvk fn[kkbZ nsrk gSA bldh otg ls xxu esa rhoz izdk'k dh js[kk ;k
ped ns[kus dks feyrh gS] ftls ge ^fctyh pedh* ,slk dgrs gSaA fctyh dh
,d ped esa tks fo|qr~&izokg cgrk gS] og 20 gtkj ls 40 gtkj ,fEi;j ds
cjkcj 'kfDr'kkyh gksrk gSA le>us ds fy, rqyuk dh tk; rks 1000 oksYV ikoj
okys fctyh ds cYc esa dsoy yxHkx 4 ,fEi;j dk fo|qr~ izokg gh cgrk gSA tks
nks fcanq ds chp ;g fo|qr~ iSnk gksrh gS] mudk bysDVªhd ncko yxHkx 20 djksM+
oksYVst ftruk gksrk gSA bl izdkj 20 gtkj ls 40 gtkj ,fEi;j dk fo|qr~&izokg
20 djksM+ oksYV ds fo|qr~ ncko ds chp ,d rhoz izdk'k dh ped ;k js[kk
^fctyh* (Lightning) gSA ¼rqyuk ds fy, x`g&dk;Z esa iz;qDr fo|qr~ dk oksYVst
dsoy 250 oksYV gh gksrk gSA½ ftl le; fctyh pedrh gS ml le; tks
m"ek&m$tkZ dk fofdj.k gksrk gS] mlls ogka dk rkieku c<+dj bruk rhoz gks tkrk
gS] tks lw;Z ds lrg ds rkieku ls Hkh pkSxquk gks tkrk gSA ,slh izpaM fctyh dk
vfLrRo dsoy ,d lSfdaM ds gtkjosa va'k ftrus le; rd gh jgrk gSA

^^;fn bruk rhoz fo|qr~&izokg fdlh izk.kh ;k euq"; ds 'kjhj esa izfo"V gks
tk, rks 'kjhj ds leLr Kkurarqvksa vkSj leLr jDrokfgfu;ksa dh ldhZVsa tks
efLr"d vkSj ân; ds lkFk tqM+h gqbZ gS] 'kh?kz izHkkfor gks tkrh gSa] blls ân; dh
èkM+du #d tkrh gS vkSj Kkurarqvksa ij iM+us okys izHkko ls 'oklksPN~okl dh
izfØ;k #d tkrh gSA cgqr ckj 'oklksPN~okl iqu% pkyw u gksus ls O;fDr dh e`R;q
gks tkrh gSA ;fn vfrrhoz fo|qr~&izokg izos'k dj ys rks uoZl flLVe dh lexz
raf=kdk&dksf'kdk,a ¼U;wjksUl½ u"V gks ldrh gSaA dHkh&dHkh la;ksxo'k fo|qr~&izokg
dh dqN eanrk ds dkj.k lkjh raf=kdk&dksf'kdk,a u"V ugha gksrh] ij muesa lw{e
fNnz gks tkrs gSa ¼;kuh {kfrxzLr gks tkrh gSaA½**

rfM+r&fo|qr~ ,oa v'kfuikr dks rsmdk; D;ksa dgk x;k\

Mk- ts- tSu ,oa MkW- fcgkjh Nk;k rFkk HkkSfrd foKku dh ikB~;&iqLrdksa ds
mi;qZDr m)j.kksa ls ;g Li"V gksrk gS fdµ

1- fctyh pedus dh izfØ;k [kqys okrkoj.k esa gksrh gSA tgka vfXu dks
mRiUu djus okyh vkWDlhtu izk.kok;q miyCèk gSA

2- fctyh pedus ds ¼izdk'k ds½ lkFk m"ek m$tkZ dk mRltZu rkieku dh

vR;fèkd o`f) djrk gSA blls gok esa fo|eku Toyu'khy xSl ;k vU; lw{e
inkFkks± dks Toyu&fcanq izkIr gks tkrk gSA

bl izdkj ^vfXu* ;k Toyu dh fØ;k ds fy, mi;qDr lkexzh izkIr gksrh
gS ;kfu vfXu dh ;ksfu ;k rsmdk; dh ;ksfu miyCèk gksrh gSA rkRi;Z ;g gqvk
fd ;|fi bysDVªhlhVh ds :i esa MhLpktZ gksus okyh m$tkZ Lo;a ikSn~xfyd gksus ij
Hkh tc fctyh pedrh gS rks mlds dkj.k rqjar vfXu&ngu dh izfØ;k ds :i esa
lfpÙk rsmdk; dh mRifÙk gksrh gSA bl dkj.k ls ^foTtw* ¼vkdk'kh; fctyh ;k
fo|qr~½ dks rsmdkf;d thoksa dh x.kuk esa fy;k x;k gSA

MkW- ts- tSu ds vqulkjµ^^fctyh [kqn dksbZ izdk'kd o rkid iqn~xy ugha
gSA ;g dsoy bysDVªks&esXusfVd QhYM fy, gq, pktZ ;k m$tkZ gSA ;g rki o
izdk'k vkfn vU; m$tkZ esa ifj.kr t:j gks ldrh gSA vkdk'k esa tc ;g
^fo|qr~&pki* cukrh gS rks oks m$tkZ ds vU; :i esa ifj.kr gks tkus ls fn[kkbZ o
lqukbZ iM+rh gS rFkk lfpÙk vfXudk; curh gSA**110

bysDVªhlhVh Lo;a dsoy m$tkZ gSA fdUrq tc vkdk'kh; fo|qr~ fdlh ij
fxjrh gS] rc mPp rkieku Hkh mlds lkFk fofdfjr gksrk gS] tks Toyu'khy inkFkZ
dks HkLelkr~ dj nsrk gSA tgka 'kjhj ds Hkhrj ;g izos'k dj ysrh gS] ogka mldk
izHkko uoZl flLVe ij gksus ls og O;fDr dks ekj nsrh gS ;k 'kjhj ds ra=kksa dks
{kfrxzLr dj nsrh gSA MkW- ts- tSu ds vuqlkjµ^^fctyh dk vfXu esa :ikUrj.k
gksus dh otg ls vkdk'kh; fo|qr~ lfpÙk rsmdk; cu tkrh gSA dHkh&dHkh mlds
mPp m$tkZ ;k m"ek dk ifj.keu vkx ds xksys ds :i esa Hkh gksrk gSA vkx ds xksys
rsth ls i`Foh ds Hkhrj lek tkrs gSaA ekxZ esa Hkh tks dksbZ Toyu'khy inkFkZ vkrk
gS] mls  og tyk nsrh gSA ;s otzikr ;k v'kfuikr (Thunder bolt) ds :i esa
i`Foh ij fxjrk gS] og Hkh viuh rhoz m"ek ;k rkieku ds dkj.k ekxZ esa vkus
okys inkFkks± dks tyk dj jk[k cuk nsrs gSaA**111

^izk.kok;q* ds dkj.k vkdk'kh; fctyh dks lfpÙk ekuk x;k gS] bls Li"V
djrs gq, MkW- ts- tSu us fy[kk gS112µ

^^dqpkydrk o vk;uhdj.k (ionisation)µdqpkyd inkFkks± esa fo|qr~&izokg
ugha gks ldrk gSA vr% fo|qr~ muesa rki Hkh iSnk ugha dj ldrh gSA tSls ydM+hA
lkèkkj.kr;k ^xSl* esa Hkh fo|qr~&izokg ugha gks ldrk gSA ysfdu mPp fo|qr~&ncko
(voltage)µgtkjksa oksYV ij] xSl vk;uhÑr (ionise) gks tkrh gS] ftlls fo|qr~&izokg
^pki* ds :i esa 'kq: gks tkrk gSA blds vykok ;fn ,slh xSl ¼tSls ty&ok"i ;k
èkkrq&ok"i½ mlesa feyk nh tk;] ftldk vk;uhdj.k&oksYVst (ionisation-voltage)
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de gksrk gS] rks vis{kkÑr de oksYVst ij gh ml xSl dh dkQh eksVkbZ vk;uhÑr
(ionise) gksdj IykT+ek cuk ldrh gSA tSls vkdk'kh; ckny esa fo|qr~&pki dk
iSnk gksukA blesa cknyksa esa bdëh gqbZ LVsfVd fo|qr~ ¼pktZ½ IykT+ek :i esa
fujkosf'kr (discharge) gksdj izokfgr gks tkrh gSA blesa fctyh dh xtZu] ped
o rki iSnk gksrk gSA bl izokg dks lfpÙk ekuk x;k gSA ml IykT+ek esa izk.kok;q
ls jklk;fud fØ;k Hkh ns[kus esa vkbZ gSA mlesa xSl ds ifjorZu dh izfØ;k ns[kh
xbZ gSA**

MkW- ts- tSu us ^foTtw* vkSj ^bysDVªhlhVh* dh fHkUurk dks crkrs gq, fy[kk
gSµ^̂ mÙkjkè;;uµvè;k; 36 esaµcknj vfXudk; ds Hksn esa ^foTtw* 'kCn ls
fctyh dks rsmdk; Lohdkj fd;k gSA ¼;g lgh rks gS ysfdu ^foTtw* 'kCn dsoy
mlh izkÑfrd fctyh] tks vkdk'k esa dM+drh gqbZ fo|qr~&pki ;kfu m$".k&IykT+ek
ds :i esa fn[kkbZ nsrh gSµds fy, iz;qDr gqvk gSA ;g Ñf=ke ^fo|qr~&m$tkZ* ;k
cknyksa esa bdës ^LVsfVd&pktZ* dh fo|qr~&m$tkZ ds fy, iz;qDr gqvk izrhr ugha
gksrk gSA**113

vc vkxe esa ^foTtw*µfctyh ;k fo|qr~ (Lightning)
 dks lfpÙk rsmdk;

dh x.kuk esa fdl vis{kk ls ekuk x;k gS] ml vis{kk dh Li"Vrk bl izdkj
gksrh gSµ

1- tc rd cknyksa ds vanj fo|qr~&vkos'k fLFkr (static) bysDVªhd m$tkZ dh
voLFkk esa vofLFkr jgrs gSa] rc rd dsoy ikSn~xfyd ;kfu vfpÙk nzO; gSaA

2- tc os bysDVªhd pktZ gok ds vk;uhdj.k dh otg ls ^MhLpktZ* gksrs
gSa] rc bysDVªksesXusVhd ¼fo|qr~&pqEcdh;½ m$tkZ ds :i esa Hkh ikSn~xfyd voLFkk esa
gksrk gSA

3- tc ;g m$tkZ tks vR;fèkd rkieku&lfgr gksrh gS] Toyu'khy inkFkks±
¼xSl] lw{e inkFkZ½ ds lEidZ esa [kqyh gok ¼ftlesa vkWDlhtu Hkh gksrk gS½ esa vkrh
gS rc dca'pu dh fØ;k ?kfVr gksdj pedrh gqbZ fctyh ds lkFk gh vfXu dk
Lo:i izdV gks tkrk gS vkSj fctyh lfpÙk rsmdk; cu tkrh gSA tgka&tgka ;g
Toyu'khy inkFkks± dks tykrh gS] ogka&ogka lc txg lfpÙk rsmdk; dk vfLrRo
gksrk gSA

;g cgqr Li"V le> esa vkrk gS fd Toyu&fcanq ls Hkh vR;fèkd rhoz
rkieku vkSj [kqyh gok esa vkWDlhtu dh miyfCèk rFkk Toyu'khy inkFkks± dk
;ksxµ;s lc feydj ^foTtw* dks lfpÙk rsmdk; cuk Mkyrs gSaA blh izdkj
v'kfuikr ;k otzikr Hkh rhoz vfXu dk :i cu tkrk gSA

8. bysDVªhlhVh vkSj vfXu ¼rsmdk;½

dsoy ikSn~xfyd ifj.keuksa dh fu"ifÙk&:i fo|eku 'kq) bysDVªhlhVh vkSj
Toyu&fØ;k dh fu"ifÙk :i rsmdkf;d tho ds :i esa mRiUu vfXu dh fHkUurk
dks vusd vkèkkjksa ij Li"V le>k tk ldrk gSµ

1- ydM+h] jcM+] diM+k vkfn fo|qr~ ds dqpkyd gSa] rFkk rki ¼m"ek½ ds Hkh
dqpkyd gSa] tcfd yksgk] rkack vkfn èkkrq fo|qr~ ds lqpkyd gSa rFkk rki ¼m"ek½
ds Hkh lqpkyd gSaA

2- ydM+h] jcM+] diM+k vkfn Toyu'khy gksus ls vkWDlhtu dk ;ksx feyus
ij 'kh?kz ty tkrs gSa] yksgk vkfn èkkrq lkèkkj.k rkieku ij tyrs ugha] dsoy xje
gksrs gSaA vR;fèkd rkieku ij Hkh ;fn vkWDlhtu u feys rks èkkrq xje gksdj
izdkf'kr gks tkrh gS rFkk fi?kyukad fcanq ij rjy gks tkrh gS] tyrh ughaA

3- feêh] èkwy] i`Foh ¼iRFkj vkfn½ fo|qr~ ds lqokgd gSa] ij vfXu dh n`f"V
ls vToyu'khy gSa rFkk vfXu'kked gSaA

4- vfXu esa inkFkZ u"V gksrk gS ;k [kRe gksrk gS rFkk mlesa inkFkZ ds
jklk;fud <kaps esa cnyko vkrk gSA

Mk- ts- tSu ds vuqlkj] ^^gkbMªksdkcZu baèku tydj xSl :i esa ¼CO
2
 vkSj

H
2
O vkfn½ ifjofrZr gksrs gSaA ;k vU; baèku tydj ^Bksl&vo'ks"k* ¼jk[k vkfn½

esa cny tkrs gSaA ;s jk[k&vkfn (non-fuel) baèku ugha gksrs gSaA jklk;fud fØ;k
}kjk budk i;kZ; cnyrk gSA ?k"kZ.k dh vfXu esa igys ?k"kZ.k ls xehZ iSnk gksrh gS]
xehZ ls ml iRFkj ds ckjhd VwVs d.k ^yky* jax esa pedus yxrs gSaµfQj ^gok*
ls jklk;fud izfØ;k djds vfXu iSnk djrs gSaA ¼pded dh vfXu½A**114

fo|qr esa inkFkZ iqu% ewy fLFkfr esa vk tkrk gSA

5- ikuh vfXu dks cq>k nsrk gS] mldk 'kL=k gSA fdUrq ionised ikuh esa
fo|qr~ dk izokg xqtj ldrk gSA bysDVªksykblhl dh izfØ;k esa ikuh ds Hkhrj
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fo|qr~ izokfgr dj gkbMªkstu&vkWDlhtu dks vyx&vyx fd;k tkrk gSA mPp
oksYVst dh fo|qr~ xhyh fnokj ;k ue ¼'khyu½ okyh Hkwfe esa vklkuh ls izfo"V gks
tkrh gS tks cgqr ckj [krjs dk dkj.k cu tkrk gSA bl izdkj vfXu dk 'kL=k
ikuh vfXu cq>kus okyk gS] ij fo|qr~okgh cu ldrk gSA

6- dsjksflu tSlk Toyu'khy inkFkZ vkWDlhtu dk la;ksx gksus ij ty mBrk
gS] ij E.D.M. e'khu esa mls 'coolant' ds :i esa dke esa fy;k tkrk gS rFkk
'sparking' ds ckotwn Hkh vkWDlhtu ds vHkko ds dkj.k tyrk ugha gSA ¼bl
fo"k; dh foLr`r ppkZ vkxs dh tk,xhA ns[ksa i`"B 146&152½

9. cYc dh izfØ;k

bysDVªhd cYc ftls 'incandescent lamp' dgk tkrk gS D;k gS\ dSls
curk gS\ mldh D;k izfØ;k gS\ mlesa 'kwU;kodk'k gS ;k ugha\ mlesa vkWDlhtu
gS ;k ugha\ mlesa ^buVZ xSl* ¼fuf"Ø; ok;q½ D;ksa Hkjh tkrh gS\ vkfn&vkfn iz'uksa
dks Li"V le>uk t:jh gSA fuEufyf[kr ^baVjusV* ls miyCèk lkexzh esa ;s lkjs
iz'u oSKkfud n`f"V ls cgqr Li"V fd, x, gSaA blfy, bUgsa ;gka vfody :i ls
ge vaxzsth esa gh m)`r dj jgs gSa vkSj fQj bldk iwjk vuqokn fn;k x;k gSA

How are incandescent light bulbs made?—SU

The glass enclosures are made from a ribbon of hot glass that's

first thickened and then blown into molds to form the bulb shapes. These

enclosures are then cooled, cut from the ribbon, and their insides are

coated with the diffusing material that gives the finished bulb its soft

white appearance.

The filament is formed by drawing tungsten metal into a very fine

wire. This wire, typically only 42 microns (0.0017 inches) in diameter is

first wound into a coil and then this coil is itself wound into a coil. The

mandrels used in these two coiling processes are trapped in the coils and

must be dissolved away with acids after the filament has been annealed.

The finished filament is clamped or welded to the power leads,

which have already been embedded in a glass supporting structure. This

glass support is inserted into a bulb and the two glass parts are fused

together. A tube in the glass support allows the manufacturer to pump

the air out of the bulb and then reintroduce various inert gases. When

virtually all of the oxygen has been eliminated from the bulb, the tube is

cut off and the opening is sealed. Once the base of the bulb has been

attached, the bulb is ready for use.

What types of gas are used in light bulbs and

how do their effects differ?—SF, Westfield, NJ

The glass envelope of an incandescent bulb can't contain air
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filament of tungsten to about 2500°C. At that temperature, the thermal

radiation that the filament emits includes a substantial amount of visible

light. But the filament also emits a great deal of infrared light (heat

light) and it also transfers heat via conduction and convection to the

glass bulb around it. When you put your hand near the bulb, you feel

both the infrared light and the heat that has worked its way to the surface

of the bulb. The bulb feels hot.

In contrast, a fluorescent lamp tries to produce light without heat.

It collides electorns with mercury atoms to produce an atomic emission

of ultraviolet light. This ultraviolet light is then converted to visible

light by the layer of white phosphor powders on the inside of the lamp's

glass envelope. In principle, this whole activity can be performed without

creating any thermal energy. However, many unavoidable imperfections

cause the lamp to convert some of the electric energy it consumes into

thermal energy. Nonetheless, the lamp only becomes warm rather than

hot.

Why does an object like metal give off light

when it is heated?—ER, Fresno, CA

All objects emit thermal radiation—electromagnetic waves that

are associated with the transfer of heat. That's because all objects contain

electrically charged particles and whenever electrically charged particles

accelearate, they emit electromagnetic waves. Since all objects have

thermal energy in them, their electrically charged particles are always

undergoing thermal motion and their thermally induced accelerations

cause them to emit electromagnetic waves.

At normal temperatures, the electromagnetic waves of thermal

radiation are too low in frequency and too long in wavelength for us to

see. But when an object's temperature exceeds about 500°C, the object

emits a dim glow. By 1800°C, the object emits the yellowish glow of a

candle. By 2700°C, the object emits the yellowish-white light of an

incandescent bulb. By 5800°C, the object emits the white light of the sun.

How does a light bulb work?—DH, Casselberry,

FL (and also KH)

In a common incandescent light bulb, an electric current flows

through a double-spiral coil of very thin tungsten wire. As the electric

charges in the current flow through this tungsten filament, they collide

because tungsten is flammable when hot and would burn up if there

were oxygen present around it. One of Thomas Edison's main

contributions to the development of such bulbs was learning how to extract

all the air from the bulb. But a bulb that contains no gas won't work well

because tungsten sublimes at high temperatures—its atoms evaporate

directly from solid to gas. If there were no gas in the bulb, every tungsten

atom that left the filament would fly unimpeded all the way to the glass

wall of the bulb and then stick there forever. While there are some

incandescent bulbs that operate with a vacum inside, most common

incandescent lamps contain a small amount of argon and nitrogen gases.

Argon and nitrogen are chemically inert, so that the tungsten

filament can't burn in the argon and nitrogen, and each argon atom or

nitrogen molecule is massive enough that when a tungsten atom that's

trying to leave the filament hits it, that tungsten atom may rebound back

onto the filament. The argon and nitrogen gases thus prolong the life of

the filament. Unfortunately, these gases also convey heat away from the

filament via convection. You can see evidence of this convection as a

dark spot of tungsten atoms that accumulate at the top of the bulb. That

black smudge consists of tungsten atoms that didn't return to the filament

and were swept upward as the hot argon and nitrogen gases rose.

However, some premium light bulbs contain krypton gas rather

than argon gas. Like argon, krypton is chemically inert. But a krypton

atom is more massive than an argon atom, making it more effective at

bouncing tungsten atoms back toward the filament after they sublime.

Krypton gas is also a poorer conductor of heat than argon gas, so that it

allows the filament to convert its power more efficiently into visible light.

Unfortunately, krypton is a rare constituent of our atmosphere and very

expensive. That's why it's only used in premium light bulbs, together

with some nitrogen gas.

Incidentally, the filament in many incandescent bulbs is treated

with a small amount of phosphorous-based 'getter' that reacts with

any residual oxygen that may be in the bulb the first time the filament

becomes hot. That's how the manufacturer ensures that there will be

no oxygen in the bulb for the tungsten filament to react with.

Why is an incandescent light bulb hotter than a

fluorescent light?—TJ, Woodbridge, VA

An incandescent light bulb produces light by heating a small
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periodically with the tungsten atoms and transfer energy to those tungsten

atoms. The current gives up its energy to the tungsten filament and the

filament's temperature rises to about 2500°C. While all objects emit

thermal radiation, very hot objects emit some of the thermal radiation as

visible light. A 2500°C object emits about 12% of its heat as visible light

and this is the light that you see coming from the bulb. Most of the

remaining heat emerges from the bulb as invisible infrared light or 'heat'

light. The glass enclosure shields the filament from oxygen because

tungsten burns in air.

vuqoknµ

iz'uµcYc ykbZV ¼ fctyh dk yV~Vw½ dk fuekZ.k dSls fd;k tkrk gS\

mÙkjµcYc ykbZV dk dkap dk xksyk xje dkap dks igys eksVk cukdj ckn
esa cYc ds vkdkj esa <ky fn;k tkrk gSA bl xksys dks BaMk djus ds ckn blds
vanj dh rjQ ,sls inkFkZ dk ysi dj fn;k tkrk gS ftlls mldk jax lQsn fn[kkbZ
nsrk gSA

VaxLVu èkkrq dk iryk rkj (filament) cuk;k tkrk gS ftldh pkSM+kbZ
dsoy 42 ekbØksu ¼vFkkZr~ -0017 bap½ gh gksrh gSA igys mldk ,d xqPNk cuk;k
tkrk gS vkSj fQj bl xqPNs dks Hkh xqPNs ds :i esa caV fn;k tkrk gSA xqPNs cukus
ds fy, dke esa fy, tkus okys naMd ¼esUMªsy½ dks xqPNs esa gh Qalk fn;k tkrk gS
vkSj fQj rstkc dh lgk;rk ls mUgsa xky fn;k tkrk gSA

rS;kj fQykesaV dks m$tkZ nsus okys fo|qr~ pkyd (lead) ds lkFk osYM dj
fn;k tkrk gSA yhM dks igys ls gh ,d dkap ds vkèkkj nsus okys <kaps ds lkFk
tM+ fn;k tkrk gSA bl vkèkkj :i dkap dks cYc ds vanj mrkjdj nksuksa dkapksa
dk feyu dj fn;k tkrk gSA vkèkkj :i dkap ds vanj jgh gqbZ ufydk ds ekè;e
ls cYc ds xksys esa jgh gqbZ gok dks ckgj iai dj nsus dh lqfoèkk fuekZrkvksa dks
fey tkrh gS vkSj mlds ckn fQj ml xksys esa nwljh fuf"Ø; ok;q Hkj nh tkrh gSA
tc cYc esa jgk gqvk vkWDlhtu lekIr izk;% dj fn;k tkrk gS] ufydk dks dkV
fn;k tkrk gS vkSj fNnz dks lhy dj fn;k tkrk gSA cYc ds vkèkkj dks tksM+us ij
cYc mi;ksx ds fy, rS;kj gks tkrk gSA

iz'uµcYc esa fdu&fdu izdkj dh ok;qvksa dks Hkjk tkrk gS vkSj muds
izHkkoksa esa D;k&D;k fHkUurk gS\

mÙkjµcYc ykbZV ds dkap ds vkoj.k ds Hkhrj ^gok* dks ugha j[kk tk
ldrk D;ksafd VaxLVu èkkrq ¼fQykesaV½ tc xje gksrh gS rks Toyu'khy cu tkrh

gS vkSj ;fn mlesa vkWDlhtu fo|eku gks] rks og ty tk,xhA ,sls cYcksa ds fodkl
esa Fkksel ¼vkYok½ ,fMlu dk ,d eq[; vonku ;gh Fkk fd mUgksaus cYc dh lkjh
gok dks ckgj fudkyus dh fofèk fl[kkbZ fdUrq ftl cYc esa dksbZ xSl ugha gksrh]
og cYc vPNh rjg dk;Z ugha dj ldrk] D;ksafd VaxLVu ¼èkkrq½ ma$ps rkieku ij
ck"ihÑr gks tkrh gSµvFkkZr~ mlds ijek.kq ?kukoLFkk ls mM+dj lhèks ck"ikoLFkk
esa pys tkrs gSaA ;fn cYc esa dksbZ ok;q u gks] rks VaxLVu dk izR;sd ijek.kq tks
fQykesaV ls fudysxk] og fcuk fdlh #dkoV ds lhèks gh cYc dh dkap dh
fnokjksa ds Hkhrjh Hkkx esa ges'kk ds fy, tek gks tk,xkµfpid tk,xkA dsoy
dqN izdkj dh cYc ykbZVsa gh ,slh gksrh gSa ftuesa vanj 'kwU;odk'k gksrk gS] ckdh
lkekU; cYcksa esa FkksM+h ek=kk esa vkxksZu vkSj ukbVªkstu ok;q gksrh gSA

vkxksZu vkSj ukbVªkstu ok;q jklk;fud n`f"V ls fuf"Ø; gSaA blfy, VaxLVu
dk fQykesaV vkxksZu vkSj ukbVªkstu esa ToyufØ;k ugha dj ldrk ¼D;ksafd
vkWDlhtu dk vHkko gS½A mèkj vkxksZu vkSj ukbVªkstu ds v.kqxqPN brus Hkkjh gksrs
gSa fd VaxLVu dk ijek.kq] tks fd fQykesaV ls fudyrk gS] muls Vdjkrk gS vkSj
iqu% fQykesaV dh vksj ykSV tkrk gSA bl izdkj vkxksZu vkSj ukbVªkstu ok;q
fQykesaV ds vk;q"; dks c<+k nsrs gSaA nqHkkZX; ls ;s ok;q Hkh m"ek dks ^dUosD'ku*
ds }kjk fQykesaV ls xzg.k djrh jgrh gSA bldk izek.k ;g gS fd cYc ds m$ifj
fgLls esa VaxLVu ls fudys gq, ijek.kq ^dkys èkCcs* ds :i esa tek gks tkrs gSaA
m$ij fn[kkbZ nsus okyk dkyk èkCck (smudge) VaxLVu ds mu ijek.kqvksa ds tek
gksus ls curk gS tks okfil fQykesaV esa ugha ykSV ikrs gSa] ij xje vkxksZu vkSj
ukbVªkstu ok;qvksa ds lkFk m$ij mB tkrs gSaA

dqN fo'ks"k ykbVksa esa cYc esa ̂ fØIVksu* xSl Hkjh tkrh gS tks vkxksZu xSl dh
Hkkafr gh jklk;fud n`f"V ls fuf"Ø; gh gSA fdUrq fØIVksu dk ijek.kq vkxksZu ds
ijek.kq dh vis{kk ls vfèkd Hkkjh gksrk gSA blfy, og VaxLVu ds ijek.kqvksa dks
ck"ihÑr gksus ds ckn okfil fQykesaV dh vksj <dsyus esa vfèkd l{ke gksrs gSaA
fØIVksu xSl dk ,d ykHk vkSj Hkh gS fd og vkxksZu dh vis{kk m"ek dk eanrj
okgd gSA blfy, mldh mifLFkfr esa fQykesaV viuh m$tkZ dks vkSj vfèkd ek=kk
esa n`'; izdk'k dh m$tkZ esa ifjofrZr dj ldrk gSA nqHkkZX; ls fØIVksu dh ek=kk
gekjs okrkoj.k esa cgqr LoYi gksus ls mldk iz;ksx [kphZyk iM+ tkrk gSA blhfy,
mldk mi;ksx dsoy fof'k"V ykbZVksa ds cYc esa fd;k tkrk gS rFkk lkFk esa
ukbVªkstu dk Hkh FkksM+k feJ.k fd;k tkrk gSA

cYc esa ;fn dksbZ vkWDlhtu cp Hkh tk,] rks mls u"V djus ds fy, ,d
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rjdhc vkSj dke esa yh tkrh gSµmlds fy, cYc ds Hkhrj FkksM+k&lk ̂ QkLQjl&vkèk̀r*
^xsVj* ¼ysi½ gksrk gS] tks Hkhrj cps gq, vkWDlhtu ds lkFk vuqfØ;k dj mls
lekIr dj nsxk tc igyh ckj fQykesaV dks xje fd;k tk,xkA bl izdkj
cYc&fuekZrk bl ckr dk iDdk fu'p; dj ysrs gSa fd cYc esa VaxLVu ds fQykesaV
ds lkFk vuqfØ;k djus okyk dksbZ vkWDlhtu fo|eku ugha gSA

iz'uµV~;wc ykbZV ¼¶yksjs'kUl ykbZV½ dh vis{kk cYc dh ykbZV vfèkd
xje D;ksa gks tkrh gS\

mÙkjµcYc dh ykbZV esa jgk gqvk VaxLVu dk NksVk&lk fQykesaV yxHkx
2500 fMxzh lsfYl;l rd xje gks tkrk gSA bl rkieku ij fQykesaV ftu
m"ek&fofdj.kksa dk mRltZu djrk gS muds lkFk vPNh ek=kk esa n`'; izdk'k dk Hkh
mRltZu gksrk gSA fdUrq blds lkFk&lkFk fQykesaV vojDr ¼bUÝkjsM½ fofdj.kksa dk
mRltZu Hkh cM+h ek=kk esa djrk gS tks m"ek&izdk'k ds :i esa gS vkSj mlds }kjk
m"ek m$tkZ dks cYc ds dkap rd pkyu ¼daMD'ku½ vkSj laogu ¼dUosD'ku½
izfØ;k ds ekè;e ls igqapk;k tkrk gSA tc dksbZ O;fDr cYc ds lehi viuk gkFk
j[krk gS rks mls vojDr&izdk'k rFkk m"ek bu nksuksa dh vuqHkwfr gksrh gS rFkk cYc
xje yxrk gSA

blds foijhr V~;wc ykbZV esaµ

¶yksjslsaV ykbZV izdk'k nsrh gS] m"ek iSnk ugha djrhA blesa bysDVªksu dk
izokg ikjs ¼eD;wZjh½ ds ijek.kqvksa ls Vdjkrk gSA blls ;s ijek.kq vYVªk&ok;ysV
¼ijk&cSaxuh½ fdj.kksa dks mRlftZr djrs gSaA ;s fdj.ksa V~;wc dh vanj dh fnokjksa ij
fyis gq, QksLQskj ikmMj ij fxjrh gSa ftlls n`'; izdk'k ds :i esa budk mRltZu
gksrk gSA fl)kUrr% bl lkjh izfØ;k dks fcuk fdlh m"ek&m$tkZ mRiknu ds
lEikfnr fd;k tk ldrk gSA fQj Hkh O;ogkj esa dbZ vifjgk;Z viw.kZrkvksa ds
dkj.k FkksM+h&cgqr fo|qr~&m$tkZ m"ek esa ifj.kr gks gh tkrh gS ftlds QyLo:i
V~;wc xje rks ugha] ekewyh dks".k (warm) gks tkrh gSA

iz'uµèkkrq tSlk inkFkZ tc xje fd;k tkrk gS] rks izdk'k D;ksa nsrk gS\

mÙkjµlHkh inkFkZ m"ek&fofdj.kksa dk mRltZu djrs gh jgrs gSaA ;s
fo|qr~&pqEcdh; rjaxksa ds :i esa lHkh inkFkks± ls fudyrh jgrh gSa ftlds ekè;e
ls m"ek ¼m$tkZ½ dk gLrkUrj.k gksrk jgrk gSA ;g blfy, gksrk gS fd lHkh inkFkks±
esa fo|qUe; vkos'k&;qDr d.k gksrs gSa vkSj tc dHkh bu fo|qr~&vkos'k&;qDr d.kksa
dks izosx feyrk gS] mu inkFkks± esa ls fo|qr~&pqEcdh; rjaxksa dk mRltZu gksrk gSA

pwafd lHkh inkFkks± esa viuh&viuh m"ek&m$tkZ fo|eku gksrh gh gS] muesa jgs gq,
fo|qr~&vkos'k&;qDr d.k fujUrj :i esa m"ek&xfr djrs jgrs gSa vkSj bu m"ek&izsfjr
izosxksa ds dkj.k os fo|qr~&pqEcdh; rjaxksa dks mRlftZr djrs jgrs gSaA

lkekU; rkieku ij m"ek&fofdj.kksa dh fo|qr~&pqEcdh; rjaxksa dh dEiu&
vko`fÙk ¼fÝDosalh½ bruh de gksrh gS fd os gesa n`f"Vxkspj ugha gks ikrh] fdUrq
tc rkieku c<+dj 500 fMxzh lsfYl;l ds vklikl igqaprk gS] inkFkZ ,d ean
ped okyh fdj.k mRlftZr dj nsrk gSA 1000 fMxzh ls- rkieku igqapus ij inkFkZ
ls ihyh jks'kuh okyh eksecÙkh tSlh ped fudyrh gSA tc rkieku 2700 fMxzh
ls- ds vklikl igqaprk gS] rc ;g izdk'k ihyh&lQsn jks'kuh okyk gksrk gS tSlk
cYc ykbZV esa fn[kkbZ nsrk gSA ;fn 5800 fMxzh ls- rd rkieku gks tk,] rks inkFkZ
mlh izdkj dh lQsn jks'kuh Qsadsxk tSlh lw;Z dh jks'kuh gksrh gSA

iz'uµcYc ykbZV dSls dk;Z djrk gS\

mÙkjµlkekU; cYc ykbZV esa VaxLVu ds ,d irys nksgjs xqPNs ¼dqaMyh½ okys
lfiZy rkj esa fo|qr~ izokg cgrk gSA tc fo|qr~&izokg esa jgs gq, fo|qr~ vkos'k
¼okys d.k½ rkj ¼fQykesaV½ esa ls xqtjrs gSa rc os VaxLVu èkkrq ds ijek.kqvksa ds
lkFk le;c) :i esa Vdjkrs gSa vkSj viuh m$tkZ mu ijek.kqvksa dks gLrkUrfjr
djrs jgrs gSaA bl izdkj fo|qr~&izokg viuh ¼fo|qr~½ m$tkZ dks VaxLVu ds fQykesaV
dks iznku djrk gS] ftlls VaxLVu dk rkieku c<+rk&c<+rk 2500 fMxzh ls- rd
igqap tkrk gSA ¼;g fo|qr~&m$tkZ dk rki&m$tkZ esa ifj.keu gSA½ oSls rks lHkh inkFkZ
lkekU;r% m"ek&fofdj.k Qsadrs jgrs gSa] ij vR;ar xje inkFkZ viuh m"ek
fofdj.kksa ds dqN fgLls dks n`'; jks'kuh ds :i esa mRlftZr djrs gSaA 2500 fMxzh
ls- rkieku okyk inkFkZ ¼VaxLVu fQykesaV½ yxHkx 12 izfr'kr m"ek&m$tkZ dks
n`'; jks'kuh ds :i esa mRlftZr djrk gSA blh jks'kuh dks ge cYc ykbZV ls ckgj
fudyrh ns[krs gSaA m"ek dk 'ks"k Hkkx ¼cgqrka'k esa½ cYc ls ckgj vn`'; bUÝk jsM
¼vojDr½ fofdj.kksa ds :i esa ;k m"ek&m$tkZ ds :i esa ¼ftls ge m"ek&jks'kuh dg
ldrs gSa½ fudyrk gSA cYc dk dkap dk xksyk ¼tks laos"Vu djrk gS½ fQykesaV dks
vkWDlhtu ds lEidZ esa vkus ls cpkrk gS] ftlls og gok esa tyus ls cp tk,A
¼;gh izfØ;k Li"Vr% cYc vkSj vfXu ds Hksn dks Li"V djrh gSA½
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10. V~;wc ykbZV dh izfØ;k

V~;wc ykbV esa fdl izdkj izdk'k iSnk fd;k tkrk gS] bl fo"k; esa "How

Stuff Works" baVjusV ls miyCèk lkexzh dks ;gka izLrqr fd;k tk jgk gSA blh
ds lkFk ¶yksjslsaV ykbZV] fuvksu ykbZV vkfn esa D;k vUrj gS] ;g Hkh Li"V gks
jgk gSA

"A neon light is the sort of light you see used in advertising signs.

These signs are made of long, narrow glass tubes, and these tubes are

often bent into all sorts of shapes. The tube of a neon light can spell out

a word, for example. These tubes emit light in different colurs.

A fluorescent light, on the other hand, is most often a long, straight

tube that produces white light. You see fluorescent lights in offices, stores

and some home fixtures.

The idea behind a neon light is simple. Inside the glass tube there

is a gas like neon, argon or krypton at low pressure. At both ends of the

tube there are metal electrodes. When you apply a high voltage to the

electrodes, the neon gas ionizes, and electrons flow through the gas.

These electrons excite the neon atoms and cause them to emit light that

we can see. Neon emits red light when energized in this way. Other

gases emit other colours.

A fluorescent light works on a similar idea but it has an extra step.

Inside a fluorescent light is low-pressure mercury vapor. When ionized,

mercury vapor emits ultraviolet light. Human eyes are not sensitive to

ultraviolet light (although human skin is—see How Sunburns and Sun

Tans World). Therefore, the inside of a fluorescent light is coated with a

phosphor. A phosphor is a substance that can accept energy in one form

(for example, energy from a high-speed electron as in a TV tube—see

How Television Works) and emit the energy in the form of visible light.

In a fluorescent lamp, the phosphor accepts the energy of ultraviolet

photons and emits visible photons.

The light we see from a fluorescent tube is the light given off by

the phosphor that coats the inside of the tube (the phosphor fluoresces

when energized, hence the name). The light of a neon tube is the colored

light that the neon atoms give off directly."

vuqoknµ

fuvksu cÙkh (light) og gS tks foKkiu ladsrksa esa dke yh tkrh gSaA ;s
ladsr cfÙk;ka yach] ladjh 'kh'ks dh ufydkvksa ls curh gSaA bu ufydkvksa dks
fofHkUu vkdkjksa esa eksM+k tkrk gSA mUgsa fdlh v{kj&fo'ks"k dh n`f"V ls vkdkj
fn;k tk ldrk gSA buesa fHkUu&fHkUu jax dh jks'kuh mRlftZr gksrh gSA

V~;wc ykbZV ;k ¶yksjslsaV ykbZV vfèkdka'kr% yach] lhèkh ufydk ls cukbZ
tkrh gS ftlesa lQsn jks'kuh fudyrh gSA vkWfQlksa] nqdkuksa ;k ?kjksa esa bu
¶yksjkslsaV ykbZVksa dk iz;ksx fd;k tkrk gSA

fuvksu cÙkh dk fl)kUr cgqr gh ljy gSA mlesa V~;wc ds vanj fuvksu]
vkxksZu ;k fØIVksu tSlh xSl de ncko ij Hkjh tkrh gS ¼vkWDlhtu ugha gksrkA½
V~;wc ds nksuksa Nksj ij èkkrq ds bysDVªksM yxk, tkrs gSaA tc bysDVªksMksa ij mPp
okYVst yxk;k tkrk gS] rc fuvksu xSl ds ijek.kqvksa dk ^vk;uhdj.k* gksrk gS
vkSj bysDVªksu dk izokg xSl esa ls xqtjrk gSA ;s bysDVªksu fuvksu ds ijek.kqvksa dks
mÙksftr dj nsrs gSa vkSj mlds QyLo:i os jks'kuh ¼izdk'k½ ds :i esa m$tkZ dk
fofdj.k djrs gSa ftls ge ns[k ldrs gSaA fuvksu xSl ds ijek.kq yky fdj.kksa dk
mRltZu djrs gSaA nwljh xSlsa nwljs jaxksa dk fofdj.k mRlftZr djrs gSaA

¶yksjslsaV ykbZVsa ¼V~;wc ykbZVsa½ Hkh blh izdkj ds fl)kUr ij dk;Z djrh gSa]
fdUrq mlesa ,d pj.k vkSj vfèkd gSA V~;wc ykbZV ds vanj de ncko ij edqZjh
osij ¼ikjs dh ck"i½ Hkj nh tkrh gSA tc bldk vk;uhdj.k gksrk gS] rc ;g
vYVªk&ok;ysV ¼ijk&cSaxuh½ fofdj.kksa dk mRltZu djrh gSA gekjh vka[ksa bUgsa ns[k
ugha ldrhA ¼gka] gekjh peM+h blds izfr laosnu'khy gksrh gSA½ blfy, V~;wc
ykbZV dks vanj dh fnokj ij ^QksLQj* ¼LQwjnhfIr½ ;kfu jks'kuh dk LQqj.k djus
dh {kerk okys inkFkZ dk ysi yxk gqvk jgrk gSA bl ij vYVªk&ok;ysV fdj.ksa
fxjus ls ;g QksLQj inkFkZ n`'; jks'kuh ds :i esa izdk'k&fdj.kksa dk mRltZu djrh
gSaA QksLQj inkFkZ dk rkRi;Z gS og inkFkZ tks ,d :i esa m$tkZ dks xzg.k djrk gS
¼tSlsµrst xfr okys bysDVªksu dh m$tkZ dks Vh-oh- V~;wc esa xzg.k fd;k tkrk gSA½
vkSj n`'; izdk'k dh rjaxksa ds :i esa mlh m$tkZ dks folftZr dj nsrk gSA ¶yksjslsaV
ykbZV ;k V~;wc ykbZV esa QksLQksj inkFkZ vYVªk ok;ysV QksVksuksa ¼izdk'kk.kq½ dh
m$tkZ dks xzg.k djrk gS vkSj n`'; QksVksuksa ¼izdk'kk.kq½ dk mRltZu djrk gSA
¼blesa dgha Hkh dkcZu] vkWDlhtu vkfn ugha gksrsA½
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bl izdkj V~;wc ykbZV ls vkus okyh jks'kuh tks ge ns[k jgs gSa og QksLQj
¼LQqjnhIr½ inkFkZ ds }kjk mRlftZr izdk'k gS] tks V~;wc dh vanj dh vksj ijr ds
:i esa gksrk gSA ¼;g QksLQj inkFkZ tc m$tkZ izkIr djrk gS] rks izfrnhfIr
(fluorescence) nsrk gS] blfy, bl ykbZV dks izfrnhfIr ykbZV dgk tkrk gSA
tcfd fuvksu cÙkh esa fu;ksu xSl ds ijek.kq gh lhèks jaxhu izdk'k dk mRltZu
djrs gSaA½

"Electrodes, tube life and sputtering

The electrode has the task of carrying current from the power supply

wires to the rare gas. Because it is continually subjected to the bombarding

of electrons and ions, it heats up, and therefore must be designed to

withstand heat. Since the metal is hot, it is highly active chemically, and

may combine with gases or impurities within the tube. But by far the

greatest difficulty with electrodes arises from what is known as 'sputtering'.

Sputtering occurs when the electrode, under the impact of the heavy

ions, flies to pieces bit by bit. The metal of the electrode gradually flies

off and coats the inside of the glass tube. This effect in itself causes no

harm, since the blackening caused by the metal deposit is confined to the

ends of the tubes near the electrodes. Eventually, of course, the entire

electrode is consumed by the process, but since the action is very slow,

the electrode will nevertheless last for normal life. However, sputtering

is accompanied by a decrease of gas pressure in the tube. This loss of

pressure eventually makes the tube inoperative.

The sputtered metal from the electrode absorbs some of the fill gas

in the tube. As the gas is absorbed, the pressure in the tube is reduced

leading to what is called 'hardening' of the tube. The reduced gas pressure

means there are fewer gas molecules in the tube and the electrons and

ions can travel greater distances before hitting each other or a gas

molecule. These particles therefore can build up significant speed before

they impact the electrode. The high energy impact on the electrode causes

a good deal of heat in the glass near the elctrode. Eventually the glass

around the electrode will heat until the relative vacuum in the tube sucks

in the hot glass, causing the tube to fail. In the early days, this sort of

trouble was very common; in fact, the short life of tubes (due to sputtering)

was one of the greatest hindrances to the commercial introduction of

tube lighting."115*

*The Luminous Tube by Wayne Strattman.

vuqoknµ

bysDVªksM~l] V~;wc ¼ykbZV½ dh vk;q vkSj fpVduk

bysDVªksM dk dk;Z gSµikoj lIykbZ ls djaV dks fojy xSl rd igqapkukA
pwafd ml ij yxkrkj bysDVªksuksa ,oa vk;uksa dh ceo"kkZ gksrh jgrh gS og xje gks
tkrk gSA blfy, mldh lajpuk ,slh gksuh t:jh gS ftlls og xjeh dks cnkZ'r
dj ldsA bysDVªksM dh èkkrq xje gksus ij jklk;fud n`f"V ls lfØ; gks tkrh gS
vkSj V~;wc esa ekStwn xSlksa vkSj v'kqf);ksa ds lkFk la;ksx dj ldrh gSA blls Hkh
cM+h dfBukbZµfpVdus dh fØ;k ds dkj.k gksrh gSA ^LiwVfjax* ;kfu fpVduk rc
?kfVr gksrk gS tc Hkkjh vk;uksa ds Vdjko ds }kjk bysDVªksM dh èkkrq èkhjs&èkhjs
{kh.k gksrh tkrh gSA vFkkZr~ bysDVªksM dh èkkrq ds ijek.kq fpVdrs jgrs gSa vkSj 'kh'ks
dh V~;wc ds vanj tek gksrs tkrs gSaA ;g izfØ;k vius vkiesa dksbZ gkfudj ugha
gksrh] ij blls èkkrq dh tks ijr V~;wc ds vUr esa Hkhrj esa terh gS mlls V~;wc
dk vfUre fgLlk tks bysDVªksM ds ikl gS ';key gksrk tkrk gSA ¼;g ';kehdj.k
^fpVdus* ls gksrk gSA½ vkf[kj esa rks iwjk bysDVªksM gh bl izfØ;k ds dkj.k
{kj.k&xzLr gks tkrk gSA fdUrq pwafd lkjh fØ;k cgqr gh ean xfr ls pyrh gS]
bysDVªksM viuh lkekU; vofèk rd py tkrk gSA fQj Hkh fpVdus dh izfØ;k ds
lkFk gh V~;wc esa fo|eku xSl dk ncko de gksrk tkrk gS ftlls vkf[kjdkj V~;c
ykbZV dke djuk can dj nsrh gSA ¼^Cysdfuax* dk dkj.k dkcZu tek gksuk ugha
gSA½

fpVdus okyh bysDVªksM ds èkkrq&d.kksa }kjk V~;wc esa fo|eku xSl dks xzg.k
dj ysus ij V~;wc esa xSl dk izslj de gks tkrk gSA de gq, ncko dk vFkZ
gSµV~;wc esa xSl ds v.kqxqPNksa dh la[;k esa dehA blls bysDVªksu vkSj vk;u
vkil esa Vdjkus ;k xSl&v.kqxqPN ls Vdjkus ls iwoZ yach nwjh r; dj ysrs gSaA
bysDVªksM ij izHkko ykus ls iwoZ ds rhoz xfr ;k osx izkIr dj ysrs gSaA mPp m$tkZ
ds dkj.k bysDVªksM esa V~;wc ds vfUre Nksj ds ikl xjeh dh vPNh ek=kk iSnk gks
tkrh gSA vkf[kjdkj bysDVªksM ds pkjksa vksj dk 'kh'kk xje gks tk,xkA ;g Øe
rc rd pyrk gS tc rd V~;wc esa fo|eku lkis{k 'kwU;kodk'k xje dkap esa pwl
u fy;k tk,A ifj.kkeLo:i V~;wc dke djuk can dj nsxhA izkjaHk ds fnuksa esa ;g
dfBukbZ cgqr gh vkbZA oLrqr% rks V~;wc dk y?kq thou&dky fpVdus ds dkj.k gh
gksrk gSA blh ds dkj.k V~;wc ykbZV ds O;kikj esa izkjaHk esa cM+h dfBukbZ;ka vkbZA
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Hkkx&1

fVIi.kh&Øe

1- eqfu ;'kksfot;µfo|qr~ ltho ;k futhZo\ ¼f}rh; vkòfÙk½] ì"B 8 ij
m)`rA

2- ogh] i`"B 8 ij m)̀rµvkpkjkax] 5@5@165

3- vkpk;Z rqylh] tSufl)kUrnhfidk] 1@14

4- vkpk;Z iwT;ikn] lokZFkZflf)] 5@33µ

^^ckákUrjdkj.ko'kkr~ Lusgi;kZ;kfoHkkZokr~ fLuárs Lesfr fLuXèk%A---fLuXèkRoa
fpDd.kxq.ky{k.ki;kZ;%A**

µcká vkSj vkH;Urj dkj.k ls tks Lusg&i;kZ; mRiUu gksrh gS] mlls iqn~xy
fLuXèk dgykrk gSA

¼tSusUnz fl)kUr dks'kµ^fLuXèk 'kCn* esa m)̀rA½

5- izKkiuk lw=k ¼i..ko.kk½] in 13] lw=k 21&22 %

^^vthoifj.kke&ina

21- vthoifj.kkes .ka Hkars! dfrfogs i..kÙks\ xks;ek! nlfogs i..kÙks] ra
tgkµcaèk.kifj.kkes xfrifj.kkes laBk.kifj.kkes Hksnifj.kkes o..kifj.kkes
xaèkifj.kkes jlifj.kkes Qklifj.kkes vx#;ygq;ifj.kkes líifj.kkes Ï

22- caèk.kifj.kkes .ka Hkars! dfrfogs i..kÙks\ xks;ek! nqfogs i..kÙks] ra
tgkµfu)caèk.kifj.kkes ; yqD[kcaèk.kifj.kkes ;A

xkgkµ

lef.k);k, caèkks .k gksfr] leyqD[k;k, fo .k gksfrA
osek;f.k)&yqD[kÙk.ks.k caèkks m [kaèkk.ka Ï1Ï

f.k)Ll f.k)s.k nq;kfg,.ka] yqD[kLl yqD[ks.k nq;kfg,.kaA
f.k)Ll yqD[ks.k mosb caèkks] tg..koTtks foleks leks ok Ï2Ï**
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6- vkpk;Z usfepUnz fl)kUrpØorhZ] xksEeVlkj] xkFkk 615µ

f.k)Ll f.k)sl nqjkfg,.k] yqD[kLl yqD[ks.k nqjkfgj.kA
f.k)Ll yqD[ks.k gosTt caèkks] tg..koTts foles les okA

7- vkpk;Z mekLokfr] rÙokFkZ lw=k] 5@33

8- ¼v½ vkpk;Z iwT;ikn] lokZFkZflf)] 5@24

¼c½ "kV~[kaMkxe esa Hkh lkfn oSòfld caèk ds mnkgj.k esa crk;k x;k gSµ^^tks
lks FkIiks lkfn;foLllk caèkks .kke rLl beks f.kíslksµoseknk f.k)nk
oseknk YgqD[knk caèkksA ls ra caèk.kifj.kkea iIi ls vCHkk.ka ok egk.ka ok
lT>k.ka ok foTtw.ka ok mDdk.ka ok d.k;k.ka ok fnlknkg.ka ok èkwedsnw.ka
ok bankmgk.ka ok ls [ksÙka iIi dkya iIi mma$ iIi v;.ka iIi iksXxya iIi
ts pke..ks ,oekfn;k veaxyIigqMhf.k caèk.kifj.kkes.k ifj.kaefr lks
lOoks lkfn;foLlLlkcaèkks .kkeA**µ^^;g tks LFkkI; lkfndfoòlkcaèk
gS] mldk ;g funsZ'k gSµfoek=kk esa fLuXèkrk vkSj foek=kk esa :{krk ls
¼iqn~xyksa esa½ caèk gksrk gSA os iqn~xy cUèku dks izkIr gksdj fofoèk izdkj
ds vHkz:i ls] es?k] laè;k] fo|qr~] mYdk] dud] fn'kknkg] èkwedsrq]
bUnzèkuq"k :i ls rFkk {ks=k dky] _rq] v;u vkSj iqn~xy dks izkIr dj
tks caèkuifj.kke ls ifj.kr gksrs gSa rFkk budks ysdj vU; tks veaxyizHk̀fÙk
caèku ifj.kke :i ls ifj.kr gksrs gSa] og lc lkfn&foòlk caèk gSA**
¼"kV~[k.Mkxe] 14@5@32] 37@30]34½ tSusUnz fl)kUr dks'k] caèk 'kCn
¼Hkkx&3] i`"B 169&170½] jktokfrZd 5@24

9- ¼a½ izksQslj th-vkj- tSu] Cosmology Old & New (being a modern
Commentary on the fifth chapter of Tattvarthadhigama Sutra)

(1) Page 145—"Then further it may be snighda or r"uk]sa; these
terms when applied to the elementary particles refer to the
positive or the negative charge of electricity."

(2) Pages 160, 161—"As mentioned incidentally on page 145
these terms s]nigdha and r"uk]sa appear to have been arbitrarily
used as the terms positive and negative have been used by modern
electricians to denote the two kinds of electricity.

One is likely to question as to what led us to identify Snigdha
and R"uk]sa qualities or Pudgala with positive and negative
electrification’s. In support of our interpretation we quote the
following words from Sarv"artha Siddhi (on S"utra 5.24)

^^fLuXèk:{kRoxq.kfufeÙkks fo|qr~---**

(Lightning discharge in clouds is produced by the qualities of
Snigdha and R"uk]sa i.e. due to the development of positive and
negative charges.)

A positive elementary particle combines with another similar
particle differing in energy level by two units. Also a negative
elementary particle combines with another negative elementary
particle differing again in energy level by two units.

A positive particle can also unite with a negative particle and
vice versa. Particles at the lowest energy level do not unite. The
union of the various particles of different energy levels may
form an odd or an even series 3,5,7,9 etc. or 2,4,6,8 etc.

A few examples are given below from modern science to
illustrate these combinations:

The heavy electron, referred to on page 87 f.n. has been formed
by the union of electrons, i.e., negative elementary particles of
matter. If we call negative as R"uk]sa, this is a case of R"uk]sa
combining with R"uk]sa.

In the ‘Science and Culture’ for February 1938 we read that
Prof. Eddington “from his theory, has predicted the existence
of negatrons” (negative protons) i.e., particles as heavy as the
protons but composed of negative particles or negative electric
charges. We are pleased to state that such a particle has been
discovered and it is an example of R"uk]sa particles combining
with R"uk]sa.

The Snigdha combining with Snigdha is illustrated in the
formation of protons. Positron is a snigdha elementary particle
whereas the proton is a much bigger particle of the same kind.
We venture to suggest that a proton has been formed by a close
packing of elementary positive particles just as the close packing
of protons gives rise to nuclear matter.

Further discoveries of this kind have been announced in the
‘Nature’, April 16 and May 7, 1938.

Williams and Pickup have obtained results which tend to confirm
the existence of particles of mass intermediate between that of
the electron and the proton in the cosmic ray streams.
Photographs showed the presence of particles of mass about
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200 times that of the electron, carrying in some cases positive
and in others negative charges. One photograph indicated the
presence of a particle of mass greater than 430 times that of the
electron. Street and Stevenson (1937) obtained results which
could be explained by the existence of a negative particle with
mass about 130 times that of the electron. Nishina, Takeuchi,
and Ishimiya (1937) obtained indications of the particles of both
signs having masses about 1/7 to 1/10 of that of the proton,
while Ruhlig and Crane (1938) considered that there were
particles of mass (120 ± 30) times that of the electron. This
leaves no doubt about the combinations between Snigdha and
R"uk]sa particles to form similar particles of greater mass.”

(3) Page 162—“The structure of the neutron shows that it is an
example of a snigdha particle combining with a R"uk]sa particle—
a proton combining with an electron in close union....

“The nuclei of modern atoms are also an aggregation of protons,
neutrons and Mesons, and therefore serve as examples of
Snigdha combining with R"uk]sa.... In the formation of molecules
from atoms we again see the union of Snigdha and R"uk]sa
atoms.... a crystal of common salt (sodium chloride) is composed
of atoms of sodium and chlorine. When it is dissolved into water,
it dissociates into positive (snigdha) ions of sodium and negative
(R"uk]sa) ions of chlorine.”

(4) Page 163—“Sodium atoms combining with chlorine atoms
is a case of snigdha uniting with R"uk]sa, whereas two oxygen
atoms combining with each other to form a molecule of oxygen
is a case of R"uk]sa uniting with R"uk]sa.”

(5) Pages 164, 165—u t?kU;qxq.kkuke~A ¼u t?kU;xq.kkuke~ ijek.kwuka
cUèkks HkofrA½ (The ultimate elementary particles at the lowest
energy level do not unite at all.)

In other words, we should expect to find electrons and positrons
in perfectly free state as well and so it is. We quote the following
from The Advance Text-book of Magnetism and Electricity:
“Conduction of electricity in electrolytes and in gases is effected
by positively and negatively charged carriers called ions. In
liquids the ions are free charged atoms or groups of atoms; in
gases the negative ion is an electron loaded up by having attached
to it one or more neutral atoms (at low pressures the electron

throws off its attendant neutral atoms and travels alone), whilst
the positive ion is an atom which has lost one electron. The
conduction of electricity in solids is also effected by carriers but
the latter in this case consist solely of free electrons.”

Further in the same book the author adds that these free electrons
in metals are not only responsible for the conduction of electricity
but that “in the light of modern work there is every reason to
believe that the electrons in the metals are the essential agents
in the heat transference” also.

Also the positrons have been found to occur in a free state in
Nature. In fact their first discovery was made by Anderson in a
stream of cosmic rays.

The Jain conception of different energy levels associated with
the elementary particles of matter, viz., electrons and positrons
is confirmed from many sources. Referring to Pauli’s exclusion
principle, Prof. Born says “An electron gas is supposed to exist
in the interior of metals and to account for their high
conductivity. According to our former principles, we should have
to give each of the electrons a name, Edward, John, George and
so on. .... The extremely satisfactory discovery was made that
the new Fermi-Dirac statistics applied to the electrons in metals
gives much better results than the older theory.” As mentioned on
page 99 Fermi-Dirac statistics gives us a means distinguishing
between individual electrons having different energies.

Not only in the electrons but in the individual atoms also there
is some distinction which certain phenomena seem to indicate
but which science has not been able to elucidate so far. For
instance, referring to the phenomenon of radioactivity, Prof.
Max Born further says, “We may cherish the opinion that there
must ultimately be some inner reason for the fact that one atom
lives only a few seconds and its apparently identical neighbour
many years; but no one has yet succeeded in putting his finger
on the cause.” This statement clearly shows that atoms do differ
in some intrinsic property which Jain writers have been given
the designation ‘the degree of snigdhatva and r"uk]satva.”

(6) Pages 190, 191—“The union of the electrons and the
positrons to form different kinds of matter is attributed to the
differences in the degrees of Snigdha and R"uk]sa properties of
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these particles. As mentioned on page 160 f.n. the discharge of
electricity between the clouds has been attributed, by the author
of Sarvartha Siddhi, to the same property of Snigdhatva and
R"uk]satva. Referring to the phenomenon of atomic-interlinking
Dr. B.N. Seal in his book The Positive Sciences of the Ancient
Hindus (London), suspects that “the crude but immensely
suggestive theory of chemical combinations (of the Jains) is
possibly based on the observed electrification of smooth and
rough surfaces as the result of rubbing. (Mark that the words
Snigdha and R"uk]sa have been translated as smooth and rough).
In S"utras 33-36 the laws of these combination are discussed in
detail and in S"utra 37 the formation of neutral atoms from
positive and negative charges, the formation of positive and
negative ions and as to how the same atom behaves sometimes
as electropositive and sometimes as electro-negative are
explained.”

(b) J.S. Zaveri and Muni Mahendra Kumar, Microcosmology:
Theory of Atom in Jain Philosophy and Modern Science, pages
159-160—

“The four additional touch are formed by combination of four
basic touch as follows:—

(i) The negative charge (i.e. r"uk]sa) is associated with
lightness.

(ii) The positive charge (i.e. snigdha) is associated with
heaviness.

(iii) Combination of cold spar«sa and positive charge results in
production of soft spar«sa.

(iv) Combination of hot spar«sa and negative charge results in
production of hard spar«sa.

Thus, there are two classes of material objects (i) those possessing
four touch i.e., catu]hspara«s$û and  (ii) those possessing eight
touch i.e., a]s_tspar«si. Out of the eight varga]n"as (categories) of
pudgala which intereact with the psychical existence, the last
four are chatu]hspar«s$û while the first four are a«s_taspar«s$û. Out of
the last four categories, the category of «svãsocchaw"as is
considered to be a]staspar«s$û by some "ac"aryas.

The eight touch which can be grouped into four pairs refer to

the following four physical properties of modern science:

(i) Hot, cold correspond to temperature.

(ii) Dry (r"uk]sa) and gluey (snigdha) correspond respectively
to positive and negative electrical charges.

(iii) Light, heavy correspond to mass (density)

(iv) Hard, soft correspond to measure of hardness.

(i) Temperature (Hot, Cold)

The first pair hot (u]s]na) and cold («sita) refers to the physical
property of temperature, which is the measurement of heat level.

The range of temperature existing in nature is very wide.

(ii) Electric Charge (Dry, Gluey)

The quality of dryness and glueyness refer to the physical
property of electric charge. The qualities play an important part
in the formation of aggregates (skandha), just as positive and
negative electric charges of subatomic particles play important
role in the formation of atoms and molecules.

(iii) Mass or Density (Light, Heavy)

The third pair-light (laghu) and heavy (guru) refers to the
physical property of mass or density. According to the Jain
concept, this pair is acquired by a]s_taspar]s$û aggregates only, and
therefore, the catu]hspar]s$û aggregates are devoid of mass. They
are agurulaghu i.e. neither heavy, nor light. When compared
with the modern particle physics, it can be said that all
catu]hspar]s$û aggregates are in the form of energy and their entire
mass is in their motion.”

“The param"a]nus have only two sparsa:

(i) either snigdha or r"uk]sa.

(ii) either «sita or "us]na.

Comparing these characteristic qualities of pudgala with those
of subatomic particles - protons, neutrons, etc., we find that:

(i) snigdha (gluey) and r"uk]sa (dry) correspond to the electric
charges + ive and - ive respectively.

(ii) while guru (heavy) and laghu (light) correspond to the
quality of ‘mass’.
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Our identification of snigdha and r"uk]sa with + ive and - ive
charges is based on the following commentary in Sarvãrthasiddhi
on s"utra 5/24 of Tattv"artha s"utra— “...Snigdha-r"uk]satva-gu]na-

nimitto vidyut.........“That is, lightning in clouds is produced by
the qualities of snigdha and r"uk]sa, i.e., due to the development
of + ive and - ive charges in the clouds.

Similarly, the spar«sa guru (heaviness) and laghu (lightness)
are to be identified with mass. A param"a]nu has no mass but it
must possess either a + ive electric charge (snigdhatva) or a
-ive electric charge (ruk]stva). All catu]hsapar«s$û r"uk]sa
compositions have no mass. In other words, param"a]nu pudgala

and all catu]hsapar«s$û pudgala are neither guru nor laghu. They
are agurulaghu i.e. without mass.”

10- vkpk;Z ohjlsu] èkoyk ¼Vhdk½] 5@iz- 28 ¼tSusUnz fl)kUr dks'k] Hkkx&3] i`"B
546 }kjk m)`r] fo|qr~dj.k 'kCn½

11. (a) v.kqla[kkla[ksTtk rèk.kr oXx.kk vxsT>kvksA
vkgkj&rst&Hkklk] e.k&dEe b; èkq;D[kaèkk Ï7Ï
lkarj&fujarjsnjlq..kk iÙks;nsg èkqolq..kkA
cknjf.kxksnlq..kk lqgqek lq..kk egkdaèkk Ï8Ï
tSusUnz fl)kUr dks'k] Hkkx&3] i`"B 513 ¼oxZ.kk 'kCn ls m)`r½

(b) J.S. Zaveri and Muni Mahendra Kumar, Op. cit, pages 118-
119: “In Jain Canonical literature, its commentaries, and other
literature, most of the above eight important categories are
generally included in twenty-three types. Beginning from most
minute param"a]nu varga]n"a and ending with the largest
achittamah"askandha-varga]n"a, there are infinite number of
groups of pudgala. But it is possible to reduce the number of
varga]n"as to twenty-three by grouping them together from certain
aspects. [(a) Gom, J$ûva-k"an]da, verses 594, 595: (b) Dhavala,
book XIV, part V, VI, s"utra 97, verses 7, 8 p. 117]

1. In the first category, there are free (unattached) solitary
param"a]nus, which form “A]nuvarga]na”.

2. The second category contains composite bodies (skandha)
composed of from two param"a]nus to the limit of “numerable
param"a]nus.”

3. We, then, come to the category of composite bodies made

up of “Innumerable (asamkhy"ata) param"a]nus.”

4. Next comes the category of the composite bodies constituted
by “infinite (ananta) param"a]nus”.

All these four categories are incapable of being attracted,
assimilated and transformed by the psychical order of existence.
It has been emphasized that it is an immutable physical law of
the universe that the quality of associability is for ever absent in
the composite bodies constituted by less than infinitely infinite
(anant"ananta) param"a]nus. Only when the number of constituent
ultimate atoms exceeds the threshold of nonassociability, then
and only then they could be used by the psychic order of
existence.

This does not mean that all the composite bodies with larger
number than mentioned above possess this attribute. Some of
them can be associated and some of them cannot be, as we shall
see below.” (See foot-note 12 (b)).

12. (a) vkpk;Z ohjlsu] èkoyk] 14@5@6] 726@545@11µ

rRFk vkgkj&rst&Hkklk&e.k dEe b; oXx.kkvks xg.kikvksXxkvks volslkvks
vxg.kikvksXxkvks fÙk èksÙkOoaA

¼vkgkj] rStl~] Hkk"kk] eu vkSj dkeZ.k] ;s ikap oxZ.kk,a xzg.k&;ksX; gSa]
'ks"k lHkh vxzg.k ;ksX; gh gSaA ¼tS-fl-dks'k] oxZ.kk 'kCn] [kaM&3] ì"B
524½

(b) J.S. Zaveri and Muni Mahendra Kumar, Op. cit, pages 119—

“5. 'Ah"ara-varga]n"a

The fifth category is the first one which crosses the above
mentioned threshold of associability. In this category fall
the groups of aud"arika, vaikriya, "ah"araka and «svasocchv"asa.
'Ah"ara literally means association. Hence, "ah"ara varga]n"a
stands for the category of pudgala endowed with
associability.

6. Prathama agr"ahya (i.e. First unassociable category)

7. Taijas (Luminous)

8. Second unassociable category.

9. Bh"a]s"a (Matter essential for function of speech)

10. Third unassociable category.
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11. Manas (Matter essential for the function of thinking)

12. Fourth unassociable category.

13. K"arma]na (Matter responsible for contaminating souls). This
is the most subtle category of pudgala which has many
practical significances.

  14-22. These categories are of little practical significance and are
merely of academic interest.

23. The 23rd category is mah"askandha i.e. the largest aggregate
which pervades the entire cosmic space.”

13- èkoyk 14@5] 6@lw=k 737@i`"B 513 ¼tSusUnz fl)kUr dks'k] [k.M&3] i`"B
521] ^oxZ.kk 'kCn* esa m)̀r½µ^^ftu nzO;ksa dks xzg.k dj rStl 'kjhj :i
ls ifj.kke dj tho ifj.keu djrs gSa] mu nzO;ksa dh rStlnzO;oxZ.kk laKk
dgrs gSaA**

14- foLr`r o.kZu ds fy, ns[ksa tSusUnz fl)kUr dks'k] Hkkx 3] ì"B 513&516

¼oxZ.kk 'kCn½A

15- èkoyk] 14@5] 6] 88@64@7µ^^vkgkj&rstk&Hkklk&e.k&dEeb;oXx.kkvks pso
,RFk i:osnOokvks] caèkf.kTtÙkknks] .k lslkvks] rkfla caèkf.kTtÙkkHkkoknksA .k]
lsloTt.ki:o.kk, fo.kk caèkf.kTtoXx.kk.ka i#o.kksok;kHkkoknks] ofnjsxkoxe.ks.k
fo.kk f.kfPNn..kiPp;mÙkh, vHkkoknks okA**

èkoyk] 14@5] 6] 117@224@1µ^^iqOoqÙkrsohloXx.kkfgarks iapljhjkf.k iqèkHkwnkf.k
fÙk rsfl ckfgjoo,lksA ra tgkµ.k rko iapljhjkf.k vfpÙkoXx.kklq f.konafr]
lfpÙkk.kefpÙkHkkofojksgknksA .k p lfpÙkoXx.kklq f.koanfr] foLlklqop,fg
fo.kk iap.ga ljhjk.ka ijek.kw.ka pso xg.kknksA rEgk iap.ga ljhjk.ka ckfgjoXx.kkfÙk
fl)k l..kkA** ¼tSusUnz fl)kUr dks'k Hkkx 3] i`"B 516µoxZ.kk 'kCn esa
m)`r½A

16- izKkiuk lw=k ¼i..ko.kk½] in 12] lw=k 7&38-

17- Hkxorh lw=k ¼HkxobZ½] 'krd 8] mís'kd 1] lw=k 1µ^^dfrfogk.ka Hkars!
iksXxyk ifj.krk\** xks;ek! frfogk iksXxyk i..kÙkk] ra tgkµi;ksxifj.k;k]
ehlkifj.k;k] ohllkifj.k;kA**

18- ogh] 'krd 8] mís'kd 1] lw=k 42µ

^^ohllkifj.k;k .ka Hkars iksXxyk dfrfogk i..kÙkk\ xks;ek! iapfogk i..kÙkk]

ra tgkµo..kifj.k;k] xaèkifj.k;k] jlifj.k;k] Qklifj.k;k] laBk.kifj.k;kA**

19- ogh] 'krd 8] mís'kd 1] lw=k 2µ

^^i;ksxifj.k;k .ka Hkars! iksXxyk dfrfogk i..kÙkk\ xks;ek! iapfogk i..kÙkk]
ra tgkµ,fxafn;i;ksxifj.k;k] csbafn;i;ksxifj.k;k] rsbafn;i;ksxifj.k;k]
pmfjafn;i;ksxifj.k;k] iafpfn;i;ksxifj.k;kA**

20- ogh] 'krd 8] mís'kd 1] lw=k 40µ

^^ehlkifj.k;k .ka Hkars! iksXxyk dfrfogk i..kÙkk\ xks;ek! iapfogk i..kÙkk]
ra tgkµ,fxafn;ehlkifj.k;k tko iafpfn;ehlkifj.k;k Ï**

21- vkpk;Z rqylh] tSu fl)kUr nhfidk] 1@14µ

^^'kCn&caèk&lkS{E;&LFkkSY;&laLFkku&Hksn&re'Nk;k&riksn~|ksrizHkkoka'pA**

22- vkpk;Z mekLokfr] rÙokFkZ lw=k] 2@32µ

^^lfpÙk&'khr&lao`rk% lsrjk% feJk'pSd'kLrn~ ;ksu;%A**

23. (a) vkpk;Z f'kodksfV] ewykjk/kuk ¼Hkxorh vkjk/kuk½] xkFkk 1099&1101

^^,bafn; .ksjb;k laoq<tks.kh goafr nsok ;A
fo;fyafn;k ; fo;Mk laoq<fo;Mk ; xCHkslq Ï 1099

vfpÙkk [kyq tks.kh .ksjb;k.ka p gksba nsok.kkaA
feLlk ; xCHktEek frfogh tks.kh nq lslk.ka Ï 1100

lhnq.gk[kyqtks.kh .kmb;k.ka rgso nsok.kaA
rsm$.k mfl.ktks.kh frfogk tks.kh nq lslk.ka Ï 1101

¼tSusUnz fl)kUr dks'k] Hkkx 3] i`"B 389] ^^;ksfu'kCn** esa m)`r½

(b) vkpkjkax òfÙk] i=k 45µr=kS"kka laòrk ;ksfu#".kk p lfpÙkkfpÙkfeJHksnkr~
f=k?kk] lIr pS"kka ;ksfuy{kk HkofUrA

24. J.S. Zaveri and Muni Mahendra Kumar, Op. cit, page 12—

“There exists in nature 92 different chemical elements, that is, 92
different kinds of atoms. While some of these elements such as
oxygen, nitrogen, carbon, etc. are rather abundant, some others such
as lanthanum, cerium etc. are very rare. In addition to 92 natural
elements, modern science has succeded in making several entirely

new elements artificially (the number has become 103).”

25- ogh] i`- 54-57
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26. (a) Gomber & Gupta, Pradeep’s Fundamental Physics (XI), 4 / 16,17

“Electrical Energy arises on account of work required to be done
in moving the free charge carriers in a particular direction
through a conductor.

Chemical Energy of a body, say a chemical compound is the
energy possessed by it by virtue of chemical bonding of its atoms.
The chemical energy becomes available in a chemical reaction.

Nuclear Energy is the energy obtainable from an atomic nucleus.
Two distinct modes of obtaining nuclear energy are (i) Nuclear
fission (ii) Nuclear fusion.

Nuclear fission involves splitting of a heavy nucleus into two or
more lighter nuclei, whereas nuclear fusion involves fusing of
two or more lighter nuclei to form a heavy nucleus.

In both, the nuclear fission as well as nuclear fusion, a certain
mass disappears, which appears in the form of nuclear energy.
This is in accordance with Einstein mass energy relation.

Mass Energy Equivalence

In classical (old) Physics, mass and energy are two separate
physical quantities. In an isolated system, mass is constant, and
energy too remains constant. In the year 1905, Einstein made
an increadible discovery that energy can be transformed into
mass and vice-versa, i.e. mass can be transformed into energy.
One can be obtained at the cost of the other. The mass energy
equivalence relation as put forth by Einstein is

E = mc2

here m = mass that disappears,

E = energy that appears,

C = velocity of light in vacuum.

This is when mass is being converted into energy. Conversely,
when an amount of energy E is converted into mass, the mass
that appears is m = E/c2.

Thus, according to (modern) Quantum Physics, mass and energy
are not conserved separately, but are conserved as a single entity
called ‘mass-energy’.

This relation is of great significance in Physics. It has solved
many hitherto unsolved problems in Physics. Further, the law

of conservation of mass and law of conservation of energy have
been unified by this relation into a single law of conservation of
mass energy. As c is large (= 3 x 108 m./s.), c2 is 9 x 1016. Hence
even a small mass difference (m) can produce enormous amounts
of energy.

Most of the energy in the universe e.g. energy from the sun and
other stars is obtained on account of conversion of mass into
energy.

Transformation of energy

It is the phenomenon of charge of energy from one form to the
other. We come across such changes in day-to-day life. For
example:

(i) In an electric bulb, electric energy is converted into light
energy and heat energy.

(ii) In an electric iron, electric heater, geyser etc., electric
energy is converted into heat energy.

(iii) In an electric fan, electric motor, electric energy is
converted into mechanical energy.

(iv) In a hydroelectric power station, potential energy of water
is converted ultimately into electric energy.

(v) In a heat engine, chemical energy from coal/oil is
converted into mechanical energy.

(vi) In a nuclear reactor, mass is being converted into energy.

(vii) In the sun and other stars, mass is being converted into
energy, and so on.

Principle of conservation of energy

According to this principle, the sum total of energy of all kinds
in an isolated system remains constant at all times. This means
that energy can neither be created nor be destroyed. Energy can
only be changed from one form to another. The amount of energy
appearing in one form is always equal to the amount of energy
disappearing in some other form. The total energy thus remains
constant, always provided, at all points, we measure the amount
of energy present in each form (including mass—which too is a
form of energy).

26. (b) Satish K. Gupta, Modern’s A.B.C. of Physics vol. II for class
XII, CBSE, p. 1198—

73 74

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



“Stellar Energy (Energy generation in the sun and stars)”

The sun radiates energy at a tremendous rate of 4 x 1016 Js–1.
The stars are also radiating a great amount of energy. Further,
they have been radiating energy for several billions of years. It
has been estimated that the chemical processes like burning or
nuclear fission cannot account for such a large quantity of
radiation for several billions of years. Whereas no known
chemical process can be source of such a large amount of energy,
possibility of fission as the cause of this energy is ruled out on
the basis of the hypothesis that sun does not have the required
abundance of heavy nuclei of fissionable matter. On the other
hand, about 90% of the mass of the sun consists of hydrogen
and helium.

Thus, we conclude that thermonuclear reactions are the main
source of energy in the sun and in the stars.

27. J.S. Zaveri, Human Body : Design, Function and Development, page
57—

“The nervous system is the most complex system in the human body.
It co-ordinates and controls the work of other systems (of the body)
and through them controls the function of the body as a whole”.

28. (a) Ibid., p. 75—

“The neuron is the structural and functional unit of the nervous
system. It is an electrically charged cell, specialized in two key
areas of functions: excitability and conductivity.”

(b) J.S. Zaveri & Muni Mahendra Kumar, Neuroscience and Karma,
pages 26, 27—

“The miraculous functions that brains perform depend on the
power of nerve-cells to produce certain electrical and chemical
changes. ...There is an electrical potential difference of nearly
1/10 of a Volt between the inside and outside of the nerve-fibre.
Similar voltages across the surfaces of all our millions of nerve-
cells provide the means by which messages are sent and decisions
made in the nervous system. Each nerve-fibre is a charged
system, it has a source of energy available to allow the
propagation of messages. If the fibre is strongly stimulated, a
sort of electrical explosion spreads all the way along its whole
length. This is the nerve-impulse which is the signal that travels
along nerve-fibres.”

(c) Ibid., page xix—

“Every second, 100 millions messages bombard the brain
carrying information from the body’s senses. A few hundred, at
most, are permitted through to brain regions above the brainstem.
Of these, the concious mind heeds a few.”

(d) Ibid., page xxi—

 “Much of our knowledge stems from electric stimulation of the
brain or ESB.”

(e) Ibid., page 3 —

“Today several disciplines are involved in the study and research
of brain and its functions. Physiologists record and study its
electrical responses.”

29- xqtjkr lekpkj ¼nSfud] vgenkckn ds 21 vDVwcj] 2002 ds v[kckj esa
izdkf'kr ^lkbcksxZ* fo"k;d lekpkj blh izfØ;k dk foLrkj gSA

30- MkW- lqèkhj oh- 'kkg] ^ext vus Kkurarquk jksxks*] i`- 6&8

31- Tony Buzain, Use Your Head, Pages 16-17

31- jktLFkku if=kdk ¼t;iqj½ ¼nSfud½] 22 fnlEcj] 2002] jfookjh; ifjf'k"Vµ
dSyk'k tSu }kjk fyf[kr ys[k ^oaMj fo|qr~*µ

^^oSKkfud bUlku ds 'kjhj esa mRiUu gksus okyh jgL;e; tSfod fctyh dh
vHkh rd dksbZ Li"V O;k[;k ugha dj ik, gSaA

izÑfr dh gj oLrq ds vUnj fo|qr~&vkos'k gksrk gSA ;g cM+h lkekU; ckr gS]
ysfdu vDlj ;g xq.k cM+s gh xSjekewyh rjhds ls lkeus vkrk gSA blls tqM+h
?kVuk,a vk, fnu lquus dks feyrh gSaA dukMk ds ,d 'kgj esa jgus okyh
efgyk dsjkslhu Cys;j ,d fnu xaHkhj :i ls chekj iM+ xbZA bykt ds
ckotwn mldh gkyr fcxM+rh xbZA og djhc Ms<+ lky rd xEHkhj chekj
jgh vkSj fcLrj ij gh iM+h jghA ,d fnu vius iyax ds ikl iM+h yksgs dh
dqlhZ ls Nw x;kA dqlhZ ls Nwrs gh dqlhZ esa fo|qr~ vk xbZA mlds ifjokj okyksa
us cM+h eqf'dy ls mls NqM+k;kA cl] ;s fQj flyflyk gh 'kq: gks x;kA tSls
gh dsjkslhu fdlh èkkrq dh oLrq dks Nwrh] oSls gh mlls fpid tkrhA

tkap ds ckn irk pyk fd dsjkslhu ds 'kjhj esa fo|qr~&izokg gksrk jgrk FkkA
ets dh ckr ;g Fkh fd ftl fnu ls mlds 'kjhj dh fctyh xk;c gqbZ og
iqu% chekj iM+ xbZA
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,d vU; ?kVuk yanu dh gSA yanu ds Luk;qjksx fo'ks"kK MkWDVj tkWu ,l-
Øk¶V dks crk;k x;k fd yanu esa tSuh xxZu uke dh ,d efgyk ds 'kjhj
esa fctyh dk djaV vkrk gSA MkWDVj dks ;dhu ugha gqvk vkSj mUgksaus ml
;qorh ds ijh{k.k dk fu'p; fd;kA tSuh ds ?kj igqapdj mUgksaus mlls gkFk
feykus ds fy, viuk gkFk vkxs c<+k;kA tSuh blls cpuk pkgrh FkhA fQj
Hkh jksdrs&jksdrs MkW- tkWu dk gkFk tSuh ds gkFk ls Nw x;kA MkWDVj lkgc ,d
tksjnkj >Vdk [kkdj èkM+ke ls nwj tk fxjsA gks'k esa vkus ds ckn MkWDVj tkWu
us ekuk fd tSuh ds 'kjhj esa gtkjksa oksYV dh fo|qr~&'kfDr gSA

,d fnu tSuh vius edku ds ckgj [kM+h Fkh fd ,d rkyk cspus okyk ogka
ls xqtjkA tSuh ds euk djus ds ckotwn mlus ,d rkyk fn[kkus ds fy, tSuh
dh gFksyh ij j[k fn;kA mlds ckn D;k gqvk] ;g tkuus ds fy, og cspkjk
gks'k esa ugha FkkA cM+h eqf'dy ls mls cpk;k tk ldkA tSuh ds ifjokj okyksa
us mlds 'kjhj esa gks jgs fo|qr~&izokg dks jksdus ds fy, mls dbZ MkWDVjksa dks
fn[kk;kA oSKkfudksa us Hkh mlds 'kjhj esa izokfgr gks jgh fctyh dks jksdus
dh dksf'k'k dh ysfdu dksbZ lQyrk ugha feyhA

blh rjg vejhdk dh ,d 14 o"khZ; fd'kksjh yqyw gLVZ ds 'kjhj esa fo|qr~
izokg ls fofp=k izfrfØ;k,a gksus yxhA yqyw fdlh èkkrq dh oLrq dks Nwrh] rks
mlesa ls fpaxkfj;ka fudyus yxrhaA mlds lkeus iM+s phuh feêh vkSj dkap ds
crZu vius vki VwVdj VqdM+s&VqdM+s gks tkrsA ,d ckj yqyw ds ?kj esgeku
vk,A og esgekuksa ds fy, dqlhZ ysus xbZA tSls gh mlus dqlhZ dks gkFk
yxk;k] dqlhZ ,dne mNy xbZA bl izdkj dh ?kVukvksa ls ,slk yxrk Fkk fd
yqyw ds 'kjhj esa vikj 'kfDr lek xbZ gksA yqyw ds ekrk&firk us mldh bl
foy{k.krk dk O;kolkf;d bLrseky fd;kA mUgksaus yqyw dh bu fofp=k
[kkfl;rksa dks rek'kk yxkdj iSlk dekuk 'kq: dj fn;kA eaph; izn'kZuksa us
yqyw dks bruk yksdfiz; cuk fn;k fd og tkthZ; oaMj ds uke ls e'kgwj gks
xbZA mldh yksdfiz;rk vkSj gSjrvaxst izn'kZuksa us oSKkfudksa dk è;ku
[khapkA yqyw ds oSKkfud ijh{k.kksa ls irk pyk fd mlds 'kjhj esa gkbZ oksYVst
fctyh iSnk gksrh gSA

tku 'kkW uked ,d Mªkboj dh iRuh iksfu 'kkW Hkh vius fo|qrh; dfj'eksa ds
dkj.k lkjs yanu esa e'kgwj gks xbZ FkhA 40 lky dh mez esa iksfyu dks ,d
fnu eglwl gqvk fd mlds 'kjhj esa fo|qr~ dk izokg gks jgk gSA bl le;
mlds 'kjhj dk jkse&jkse fcydqy [kM+k gks x;kA ;gka rd fd flj ds cky

Hkh ,dne [kM+s gks x,A mls [kqn vius 'kjhj esa gYdh&lh >u>ukgV&lh
eglwl gksrh FkhA iksfyu dks Nwus ls rst >Vdk Hkh yxrk FkkA ,d ckj dkap
ds lqUnj eNyh ?kj dks iksfyu us Nw Hkj fy;k fd mldk ikuh xeZ gksdj
mcyus yxk vkSj lHkh eNfy;ka >qyldj ej xb±A iksfyu ds 'kjhj esa fo|qr~
izokg yxkrkj 24 ?kaVs ugha jgrk FkkA >Vds vpkud yxrs Fks] ysfdu ;s dc
'kq: gks tkrs] bldk irk [kqn iksfyu dks Hkh ugha yx ikrk FkkA bl leL;k
ls iksfyu dk oSokfgd vkSj lkekftd thou rckg gks x;kA yksx mlds ikl
vkus ls drjkus yxsA ,d ckj iksfyu fctyh dh izsl ls diM+ksa ij bL=kh dj
jgh Fkh fd vpkud izsl esa foLQksV gks x;kA

iksfyu ds ifr us mldh 'kkjhfjd tkap esupsLVj dh lsYQkbZ ;wfuoflZVh ds
HkkSfrd foKku foHkkx ls djokbZ rks irk pyk fd iksfyu ds 'kjhj esa nks
gtkj oksYV 'kfDr dh fctyh izokfgr gksrh jgrh gSA oSKkfudksa us iksfyu dks
gj le; jcj ds nLrkus iguus dh lykg nhA mlds V[kuksa ls ,d yack uaxk
rkj ckaèkdj j[kk tkrk Fkk rkfd og tehu dks Nwrk jgsA µdSyk'k tSu

33- jkèkk'kj.k vxzoky] tSo fo|qr~ vFkok izk.k m$tkZ] i`"B 1&4

34. Prof. Dr. G.R. Jain, op. cit. p. 137—

“Following elementary particles are known to the modern science:

1. Negative elementary charges called the electrons.

2. Positive elementary charges of the same mass called the
positrons.

3. Positive elementary charges 1,850 times as heavy called the
protons.

4. Elementary particles of matter without any electric charges and
of a mass slightly greater than that of the protons called the
neutrons.

5. Heavy electrons.

6. Neutrino—A particle of rest-mass zero without any electric
charge.

7. Negative elementary charge with mass equal to that of the proton
callled negative proton.

8. Mu-Mesons—positive and negative, 200 times heavier than the
electron with mean life 107 seconds which ultimately decay into
electrons.
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Many more about 100 of them have been discovered so far.

As Prof. Max Born, Restless Universe, p. 266 has said “The
existence of first four is firmly established; two light ones, the
electron and the positron and two heavy ones the proton and
the neutron”. He further adds that “these are too many. For it is
likely that combination of

a.  a proton and an electron will give a neutron

a.  a neutron and a positron will give a proton

Either neutron or proton must be composite.”

Further, in the same book we read that the nucleus of an atom is
composed of protons and neutrons and the electrons and protons
which occasionally fly out of the nucleus arise from the following
transformations:—

Proton breaking into Neutron + Positron, and Neutron breaking
into Proton+Electron.”

35. (a) J.S. Zaveri and Muni Mahendra Kumar, Microcosmology :
Theory of Atom in Jain Philosophy and Modern Science, pp.
38, 39.—

“Characteristics of Subatomic Particles

Fundamental thing to know about the subatomic particles is
that every particle of the same species looks exactly alike. Every
electron, proton and neutron looks exactly like every other
electron, proton and neutron respectively.

Mass : Particles of different types, however, can be recognized
by their distinguishing characteristics. Mass is the first
distinguishing characteristic. A proton has about 1980 times
more mass, than an electron. (This does not mean that proton is
1800 times larger than electron. A kilogram of iron has the
same mass as a kilogram of cotton).

Mass of a particle at rest is called its rest-mass. The mass of a
moving particle increases with its velocity and at 99% of the
speed of light it is seven times larger than the rest-mass. At
velocities above 99% of the speed of light, particle-masses
increase dramatically. An electronvolt is a unit of energy but it
is also used for measuring a particle’s mass (the energy that an
electron gains from an electric field of one volt is called an

electron-volt). Thus the rest-mass of an electron is 0.51 million
electron volts (Mev) while the rest-mass of a proton is 938.2
Mev. It is customary to use the mass of an electron as a unit.
This arrangement makes the mass of a proton 1836.12 and the
mass of a neutron 1837. By this system it is easy to see how
much heavier a particle is than an electron. A photon has zero
rest-mass, and is therefore, called massless particle. (“Massless”,
is actually a clumsy translation from the language of
mathematics to English language.)

All its energy is the energy of motion at the speed of light. It
can neither be slowed down nor made to run faster.

Electric Charge : The second characteristic of a subatomic
particle is its charge. Every subatomic particle has either a
positive charge or a negative charge or is neutral. Its charge
determines how the particle will behave in the presence of other
particle. A neutral particle will be utterly indifferent to all other
particles. Two positively charged or negatively charged particles
will repel each other and will put as much distance between
them as possible. On the contrary, a negatively charged particle
and a positively charged particle will be irresistibly attracted to
each other and will move nearer to it if they can.

A subatomic particle can have zero charge (neutral) or 1 unit,
either positive or negative, or in certain instances 2 units of
charge, but nothing in between. No particle can have 1.25,1.5
or 1.7 units of charge. In other words, electric charge is also
quantized like energy, and all the charge quanta are of the same
size. A particle with mass and charge emerges as a particle
personality.

Spin : The third characteristic of “a subatomic particle is its
“spin”. A particle spins about a theoretical axis at exactly the
same rate, neither slower nor faster. The spin of a particle is
related to, but not identical to, our everyday concept of a spin of
a top because it does not have any well-defined axis. Like every
phenomenon in quantum mechanics, spin is also discontinuous
i.e., quantized like energy and charge.”

(b) Satish K. Gupta, op.cit., p.4—

“Quantization of charge

In earlier times, it was thought that the charge on a body can be
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increased in continuous manner. However, experiments show
that charge on a body is always some integral multiple of a
smallest unit of charge, which in magnitude is equal to the charge
on an electron or a proton. The electron has a negative charge
equal to 1.6 × 16–19 coulomb and charge on a proton is found to
be exactly equal and opposite to that on electron i.e. equal to +
1.6 × 10–19 coulomb. If we regard 1.6 × 10–19 coulomb as e, then
an electron has charge -e and a proton has charge + e. Any
charged body will possess a total charge -e, –2 e, –3 e ....., if
negatively charged and + e, + 2e, + 3e, ......, if positively charged.
In other words, a charged body (or a particle) cannot possess
charge, which is a fraction of ± e. This experimental fact is
called the quantization of charge or discrete nature of charge.

The fact that the charge on a body or a particle is always some
integral multiple of a smallest unit of charge (± 1.6 x 10–19

coulomb i.e. charge on a proton or an electron) is known as
quantization of charge.

The quantization or discrete nature of charge cannot be explained
by classical theory electricity.”

36. Gomber and Gupta, op.cit, 1/32.

37. Prof. Dr. G.R. Jain, op.cit., pp 10-12—

“Hydrogen Atom :

Diameter .... 1/200,000,000 inch

Weight ... 164/100,000,000,000,000,000,000 0000 gram

Electron :

Diameter 1/500,000,000,000,0 inch

Speed .... 1,300 miles per second

Weight .... 1/2,000 of the weight of the hydrogen atom.

Proton :

Diameter .... about ten times that of the electron.

Weight ....  that of the hydrogen atom.

The central positive charge of electricity, the nucleus, has a diameter
only about a ten-thousand of that of the atom and practically all the
mass of the atom resides in it. The diameter of an atom is one part
out of twenty crore parts of an inch. The lightest atom is that of

hydrogen having (Hydrogen is the gas which is evolved by dissolving
zinc in sulphuric acid and on account of its lightness is used in
filling toy balloons and also bigger ones. Water is a compound of
hydrogen and oxygen) a mass only one-quadrillionth (1 followed by
24 ciphers) part of one masha (gramme) while the mass of an electron
is even two thousandth part of this. The diameter of an electron is
five-billionth (1 followed by 12 ciphers is a billion) part of an inch
which is about 2,500 millionth part of the diameter of human hair.
In an eight-mile molecule the electrons are only 8 inches in diameter.
These electrons revolve round the nucleus several quadrillion times
per second with a speed of 1,300 miles per second. (The concentrated
electric charge in the centre of an atoms is called the nucleus.) All
these figures tend to show that matter is extremely porous. This
porosity of matter was clearly understood by the Jain thinkers several
centuries before the Christian era. It is this fact which is expressed

by words ̂ lw{eifj.kkekoxkgu'kfDr* (subtlety and accommodating power
of the molecules). It is interesting to quote in this connection the
words of Prof. Eddington, the great Astronomer Royal at Cambridge.
He says: “If we eliminate all the unfilled space in a man’s body and
collect the nucleii and electrons into one mass, the man would be
reduced to a speck just visible with a magnifying glass.”

In order to understand fully how innumerable atoms of matter may
be compressed in one unit of space (prade«sa), let us proceed a little
further and look into the constitutions of atoms as revealed by modern
science.

The positive charge of electricity in the centre of the hydrogen atom
is called the proton and there is one elementary charge of negative
electricity called the electron revolving about this proton in a circular
orbit of one 25 millionth part of an inch. (See Fig.)
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In the same way an atom of helium gas contains two protons and two
neutrons in the centre and two electrons. (A neutron is another
fundamental particle consisting of a proton and an electron in very
close union with each other. It is a neutral particle without any
electrical charge. The nucleus of an atom may consist of one or more
number of protons). Then there are atoms with three protons in the
centre and three electrons going round and so on, until in the heaviest
atom of uranium metal there are 92 protons in the centre and 92
electrons going round them in different orbits. In each case the number
of protons is equal to the number of electrons. The atoms of iron,
copper, silver, and gold consist, respectively, of 26, 29, 47 and 79
protons and electrons each and the number of neutrons are 30, 35, 79
and 118 respectively. In the nucleus, the number of neutrons differs
in different atoms. In the nucleii of Helium, Lithium and Beryllium
atoms, there are respectively 2, 4 and 5 neutorns and so on. In Figure
are shown of helium, lithium and beryllium. The sign + refers to the
proton and the sign—refers to the electron and the neutron is shown
by a small black disc.

The great variety of matter in the universe depends on the fitting
together of 92 kinds of atoms to form all manner of structures. These
92 different kinds of atoms consist of 92 different nucleii with
corresponding swarms of electrons.

We have just mentioned that on sufficient heating the molecules of
matter get broken up into the constituent atoms. The question next
arises as to what happens when an atom or atoms are continuously
heated to a very high temperature. The temperature within the interior
or certain stars is very high, the highest temperature estimated by
Eddington being about four crore degree Centigrade. What would
be the state of atoms inside these stars? At these high temperatures
the atoms begin to lose their outer electrons, i.e., the electrons which

compose the body of the atom begin to separate from the atom. Such
atoms, in the language of science, are called ‘ionised’ atoms, and
the process of separation of the electrons from the atom is called
‘ionisation’. In some case it happens that atoms lose entirely their
rings of electrons, the atoms are then called ‘stripped’ atoms.”

38. (a) èkkrqvksa esa jgs gq, ijek.kqvksa ds chp tks ikjLifjd cUèku gS] mls
foLrkj ls le>us ds fy, ;gka ge ns jgs gSa m)j.k Satish K. Gupta,
op,cit. p. 1225.—

“Metallic Bonds

A metallic bond is force, which binds the atoms of a metal with
one another.

The metallic bonding is explained on electron gas model.
According to this model, in metallic atoms, electrons are loosely
held by the nucleus due to low ionisation potential. The valence
electron of an atom can leave its positive ionic core (nucleus
and inner orbital electrons) and enter into the influence of the
ionic core of another atom. This collection of mobile free
electrons around the ionic core is found to be more stable than
the neutral atoms. The force between the mobile valence
electrons and positive ionic cores holds the metallic atoms
together, which is known as metallic bond.

Properties:

1. Metallic compounds are usually solids. However, mercury
is the example of a liquid metallic compound.

2. Metallic compounds are usually crystalline in nature.

3. They are good conductors in solid state.

4. Metallic bonds are weak bonds.

5. Metallic bonds are non-directional.

6. Metallic compounds are opaque to light. This is because,
light energy falling on them is absorbed by mobile electrons.

(b) lHkh èkkrq,a lkekU; rkieku ij ?ku ;k Bksl :i esa gksrh gSaA ¼dsoy
ikjk bldk viokn gSA½ Bksl inkFkks± esa tks LQfVd :i gS] mudh
fo'ks"krk,a bl izdkj crkbZ xbZ gSa] ogh] i`- 1259µ

“Solids

All solids have the property of elasticity and by virtue of this
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property, the solids behave as in compressible substances and
exhibit rigidity and the mechanical strength. Basically, all solids
are made of atoms and molecules but due to the different internal
arrangement of the molecules inside them, they are divided into
two classes, namely crystalline and amorphous materials.

Crystalline Materials

The crystalline materials are those in which atoms or molecules
are arranged in a definite and regular way troughout the body
of the crystal and possess a definite external geometrical shape.

A few examples of crystalline substances are quartz, mica, sugar,
copper sulphate, sodium chloride etc.

The crystalline substances have the following characteristics :

1. The atoms or molecules constituting a crystalline solid are
arranged in a definite and regular manner inside the crystal.
Due to this, crystalline materials have definite external
geometrical shape.

2. The orderly arrangement of atoms and molecules in a crystal
extends over a large volume of the crystal i.e. crystals exhibit
a long range order of the atoms and molecules.

3. Crystalline substances are bounded by flat sufraces.

4. Crystalline substances are anisotrophic i.e. the physical
properties like thermal conductivity, electrical conductivity,
compressibility, etc. have different values in different
directions.

5. Crystalline materials possess uniform chemical composition
i.e. bonds between all the ions, atoms or molecules are of
equal strength.

6. A crystalline material has a sharp melting point. It is
because, all the bonds between its constituents are of equal
strength; and on heating, all the bonds get ruptured suddenly
at a fixed temperature. Due to this, the change from solid
state to the liquid state occurs suddenly.

7. Below the temperature of crystallisation, the crystalline
materials are in stable state. Since a stable state is the state
of minimum energy, such a material acquires a state of
minimum energy on crystallisation.

(c) Bksl inkFkZ ¼èkkrq½ esa okgdrk gS] mls le>us ds fy, ;gka m)̀r gSµ
Kakani, Saxena, Chhajer & Lodha, Electricity and Electronics,
p. 2—

“Electron Emission

“The emission of electric charges from hot bodies constitutes
thermionic emission. Edison discovered that current travels from
a negative potential to positive potential through a vacuum.

Structure of Solids :

According to present concepts, a metal is regarded as a
conglomerate of crystals. Within each crystal the atoms are held
by interatomic forces in a regular pattern of space lattice. Each
atom in turn consists of a nucleus surrounded by moving
electrons travelling in well-defined orbits. Some of the electrons
in the outer orbit of an atom are not rigidly bound to the atom,
but are relatively free to travel more or less independently from
one atom to the another. These are known as free electrons and
it is these free electrons which are responsible for most of the
electrical and in this chapter, we will study the effects associated
with motion of electric charges. Moving charges constitute the
electric currents.

39. (a) Gujarat State Board of School Textbooks, Textbook of Physics
(Part-I) (Std. XII), pp 169-17 (Chapter 7 on Electrical Currents)
“In this chapter we will study the effects associated with motion
of electric charges. Moving charges constitution the electric
currents.
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“Suppose a conductor is connected to the terminals of a battery
as shown in fig. To understand the process occurring in the
conductor microscopically, we should first understand the
internal structure of a metalic conductor. In a metalic substance,
the valence electrons of the constituent atoms do not remain
attached to their respective parent atoms, but get detached,
leaving the atoms as ions. The ions so formed, are arranged at
specific locations forming a geometric pattern known as a crystal
lattice. The ‘free’ electrons move in the space between the ions
in a random fashion, which for convenience is shown by a line
in fig. In absence of an external electric field, if we consider
any cross-section across the conductor, the number of electrons
crossing it in all directions are equal. Hence net flow of electrons
across the cross- section is zero which means there is zero
current.

Now when such a conductor is connected to the terminals of a
battery as shown in the fig. an electric field is set up in the
conductor and electrons experience a force acting towards the
positive terminals of the battery. Under the influence of this
force, the electrons acquire a drift towards the positive terminal
which is superposed on their random velocity, e.g. an electron
which moved from A to B in a given time, now moves from A
to B’ in the same time. The drift experienced by it during this
time is B’, and one can now define an appropriate drift velocity.
Of course, all along the path of conductor electrons have random
‘collisions’ with the ions; as explained in detail later. Under
such conditions, net flow of electrons across a cross-section does
not remain zero, so one has an electric current flowing across
the cross-section.

Amount of charge passing through a cross-section of a conductor
per unit time is measure of electric current and is called the
‘ampere’.

Ampere : If the net of charge flowing across a cross-section of
a conductor is one coulomb per second, then the electric current
passing is called one ampere. If the charge passing in time t
second is Q coulomb, then the electric current is,

I (ampere) = Q (coulomb) / t (second)

Resistance : We referred to term “random collisions” between

the drifting electrons and the ions located at the lattice points.
Actually, the ions are not stationary, but execute an oscillatory
motion about their mean position, energy of which increases
with the increase in the temperature of the conductor. Electrons
drifting between the ions have to move through the randomly
varying electric fields due to these oscillations and hence are
frequently deflected from their paths. These deflections can be
effectively  considered as results of the “collisions” with ions.

Such random deflections suffered by the drifting electrons act
so as to offer a resistance to the drift motion. This factor is a
major contributor to the property called electrical resistance of
a conductor. Other factors that contribute to the resistance are
the impurities in the conductor and its constitutional and
mechanical defects.

2. Ohm’s law and the Resistivity

A German scientist named Ohm deduced in 1828 a law that
“under a given (fixed) physical conditions, the ratio of the
electrical potential difference to the current is constant.” This
constant is known as the resistance of the conductor.
Mathematically expressed, the law is,

R = V/I

where V is the potential difference between the ends of a
conductor and I is the current flowing through it. With V
measured in volts and I in amperes, we have R in units called
ohm, Thus,

Ohm = volt/ampere

The constant R appearing in equation depends on the
dimensions, nature and the temperature of the conductor.

39. (b) Satish K. Gupta op. cit, p. 113—

‘‘Conductors, Insulators and Dielectrics

The carriers of current in metals are free electrons and the free
electron model for the metal can explain some of the observed
properties of the metals in a qualitative manner.

The elements, in which the valence shell is filled less than half,
are found to be good conductors. For example, in metals such
as copper, aluminium, silver, etc., the valence shell contains
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three or less electrons. Since an atom has a tendency to have a
filled valence shell, the valence electrons in the atoms of a metal
leave the atoms and are free to move through the metal lattice
in a random manner. They constantly collide among themselves
and with the positive ions located in the metal lattice. They
have practically no affinity to their parent atoms. However, the
average velocity of free electrons in a metal is zero.

When an external electric field is applied across the two ends of
a metal, the free electrons experience force and get accelerated.
There is a net flow of electrons through the metal. It is found
that as the strength of the applied electric field is increased,
more and more free electrons cross through a section of the
metal.

The material which do not have free electrons in them are unable
to conduct electricity and are termed as insulators. In fact, the
same material may possess the following two properties:

(i) It may not conduct electricity through it and as such it is
called insulator.

(ii) It may not conduct electricity through it but on applying
electric field, induced charges are produced on its faces.
Such, a material is called dielectric. The valence electrons
in atoms of a dielectric are tightly bound to their nuclei
and ordinarily cannot detach themselves.

(c) Kakani, Saxena, Chhajer & Lodha, op.cit. p.2 —

“Certain materials, such as silver, copper, aluminium and nickel
contains relatively large number of free electrons are called
conductors; materials such as glass, dry wood, silk and porcelain,
have relatively few free electrons and are known as non-
conductors or insulators. Materials that have an intermediate
number of available free electrons are classed as semi-
conductors.

Work function :

The atoms and electrons in any material are ordinarily in rapid
vibratory motion, the velocity of their motion, being a function
of temperature. At ordinary temperatures the free electrons in
the metallic emitter cannot leave its surface because of certain
acts as a potential barrier.

To escape from the surface of the emitter the electrons must
perform a certain amount of work to overcome the surface
potential barrier. At absolute zero, the minimum amount of
energy required to enable an electron to escape from the metal
surface is known as work function. This depends slightly on
the temperature. It is possible to increase the energy of the free
electrons in a conductor until they are able to pass through the
potential barrier into space.

(d) Satish K. Gupta, op.cit. p. 1072—

‘FREE ELECTRONS IN METALS

“Electron is a fundamental constituent of the atom. A metal
contains free electrons, which move about freely through the
atomic spaces in a random fashion. But as soon as an electron
leaves the metal immediately an equal positive charge is
produced on the surface of the metal. As a result the electrons
pulled back into the metal and hence remains confined to it.
The pull on the electrons at the surface is found to depend on
the nature of metal surface and is described by a characteristic
of the metal, called work function.

The minimum energy which must be supplied to the electron so
that it can just come out of the metal surface is called the work
function of the metal.

It is denoted by the symbol w and is measured in electron volt
(eV).

In order to make the free electrons escape the metal surface, an
additional energy must be given to them. This process is called
electron emission and may be achieved in the following ways:

(i) Thermoionic emission: In this process of electron
emission, the additional energy is supplied in the form of
heat. The emitted electrons are known as thermo-electrons.

(ii) Photoelectric emission: In this process, as already
discussed the additional energy is supplied by means of
electromagnetic radiation. The emitted electrons are
known as photo-electrons.

(iii) Secondary emission: In this process, the fast moving
electrons on collision with the metal surface knock out
electrons, called the secondary electrons.
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(iv) Field emission: In this process, the electrons are emitted
by the metal surface on subjecting it to a very strong
electric field (108 volt per metre)”

40. (a) Prof. Dr. G.R. Jain, op.cit., p. 7—

“Modern investigations have shown conclusively that all matter
is composed of molecules which, in the case of gases, are
travelling in all directions with high speeds. Theoretically a
piece of chalk may be broken into two pieces, those two into
four, and so on to infinity. In reality, matter cannot be subdivided
beyond a certain point without loosing its identity. The smallest
particle into which matter may be subdivided without destroying
its characteristic properties is called a molecule.”

“No one has ever seen a molecule; these particles being so small
that even the best microscope fails to reveal them. The diameter
of a molecule has been measured to be one ten-millionth an
inch 1/10,000,000 inch. A drop of water is about 1/8 of an inch.

(b) Satish K. Gupta, op.cit., p. 1221—

“Molecules

An atom is electrically a neutral system. In an atom, electrons
revolve around the positive nucleus. The net electric field of an
atom even at a small distance from the centre of the atom (nearly
equal to10–10m) is almost zero.

Atoms of most of the elements do not exist as atoms as such.
When atoms come sufficiently close to each other, such that
electron cloud of one atom overlaps that of the other, they interact
with each other electrically. The atoms then, remain together
rather than to exist as separate neutral atoms. When the atoms
are held together because of the above fact, they are said to
form molecules. The molecule so formed is said to be stable, if
energy is required to split it into its constituent atoms.

The minimum energy required to split a molecule into its
constituent atoms is called dissociation energy. Atoms can
combine in many ways to form molecules:

(i) Atoms of the same element may combine to form stable
molecules. For example, H

2
, N

2
, O

2
, etc.

(ii) Atoms of different elements may combine to form stable
molecules. For example, NaCl, KCl etc.

(iii) Atoms of more than two elements may combine to form
complex molecules. Sucrose C

2
H

22
O

11
 is one such example.

(iv) Thousands of atom may combine to form biological
molecules like DNA and RNA. They exist in the form of
chains.

Molecules possess extremely interesting properties. They can
rotate like a rigid rotator and vibrate like a spring. These
properties are not possessed by atoms. Just as discrete energy
states exist in atoms due to orbital motion of electrons, the
rotational and vibrational motion of molecule also correspond
to discrete energy states. An excited molecule returns to the
ground state by emitting photons of energy. This process in case
of molecules gives rise to rotational and vibrational spectra.

Bonding in Molecules

When atoms combine to form a molecule, they are held together
by the force of attraction called chemical bond. When atoms
come close to each other, the energy of the system is reduced
and it leads to the formation of bond.

A chemical bond is defined as the attractive force, which holds
the atoms together in molecule.

Concept of Bond

The outermost shell of an atom is called the valence shell. The
Greek word valence means hook. According to old chemical
theory, the atoms had hooks, which hold them together with
other atoms.

According to present day theory, the electrons in the outermost
shell called valence electrons are impossible for holding the
atoms together in atoms.

The atoms combine with each other by the transfer or mutual
sharing of electrons and in doing so, each combining atom
attains the inert gas configuration.

The outermost shell of atoms of the inert gases have 8 electrons
and are most stable.

41- m$ij m)`r fVIi.k la[;k 38 (a), (b), (c) nz"VO; gSA
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42. (a) Satish K. Gupta, op. cit,. p. 30 —

“Concept of electric field

Consider that an electric charge q is present at some point in
space. If we bring any other charge say q near the charge q, it
will experience a force of attraction or repulsion due to the charge
q. The force experienced by the charge q is said to be due to the
electric field set up by the charge q.

The electric field of a charge is the space property by virtue of
which the charge modifies the space around itself. As a result,
if any other charge is brought in the space around the charge, it
experiences electrostatic force.

Thus, electric field due to a charge is the space around the charge,
in which any other charge is acted upon by an electrostatic force.”

(b) Ibid., p.161— “The electric field is the space around an electric
charge in which its effect can be experienced.”

43. Ibid., p. 222—

“Electric Current

“It is defined as the rate of flow of electric charge through any section
of a wire. It is denoted by I. Then

I = total charge flowing / time taken

If charge q flows in a time t through any section of a wire, then

I = q/t

If n carriers of electricity, each having charge e, cross any section of
the conductor in time t then

I = ne/t

If charge dq flows through a wire in small time dt, then

I = dq/dt

The direction in which the positive charge will flow gives the
direction of conventional current. Since the flow of current is
attributed to flow of electrons, the direction of electronic current is
opposite to that of conventional current.

Although, a direction is associated with electric current, yet it is a
scalar quantity. The reason is that the laws of ordinary algebra are
used to add electric current. The laws of vector algebra do not apply

to the addition of electric currents.

Unit of electric current. S.I. unit of electric current is ampere. It is
also the practical unit of current. It is denoted by A.

1 ampere (A) = 1 coulomb (C)/l second (s) = 1 CS–1

The current through a wire is called one ampere, if one coulomb of
charge flows through the wire in one second.

Note : In a metallic conductor, free electrons are carriers of electricity
and hence electrons constitute the electric current (charge on an
electron = 1.6 x 10–19). 6.25 x 1018 electrons crossing per second
through any section of a conductor give rise to a current of 1 A.”

44. (a) Satish K. Gupta, op.cit., p. 1264—

“Distinction Between Metals, Insulators and Semiconductos

Metals are good conductors of electricity, insulators do not
conduct electricity, while the semi- conductors have conductivity
in between those of metals and insulators. Let us make
distinction between conductors, insulators and semiconductors
on the basis of band theory of solids.

A solid is a large collection of atoms. The energy levels of an
atom get modified due to the presence of other surrounding
atoms and the energy levels in the outermost shells of all the
atoms form valence band and the conduction band separated by
a forbidden energy gap.

The energy band formed by a series of energy levels containing
valence electrons is called valency band At 0 K, the electrons
start filling the energy levels in valence band starting from the
lowest one. The highet energy level, which an electron can
occupy in the valence band at 0 K is called Fermi level.

The lowest unfilled energy band formed just above the valence
band is called conduction band.

At 0 K, the Fermi level as well as all the lower energy levels are
completely occupied by the electrons. As the temperature rises,
the electrons absorb energy and get excited. The electrons jump
to the higher energy levels. These electrons in the higher energy
levels are comparatively at larger distance from the nucleus and
are more free as compared to the electrons in the lower energy
levels. Depending on the energy gap between valence band and
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the conduction band, the solids behave as conductors, insulators
and semiconductors.”

(b) Text-book of Physics (xii), part II, pp 192, 193—

“All of us are now very familiar with the term electronics. What
exactly is electronics? After the discovery of the electron at the
end of the last century, its role in deciding the constitution of
matter as well as electrical properties of matter like conduction
has been increasingly appreciated.

We have already studied how free electrons determine metallic
conductivity and that why such conductors obey Ohm’s law;
viz. Linear relation between the current and the potential drop.
We also acquired some familiarity with conduction properties
of semiconductors.

Electronics (solid state electrons, to be specific) is the science
of devices, which operate by appropriately controlling the
conduction through controlling-generation and motion of
electrons in suitable solids. Such a control implies getting desired
relations between the voltage and the current through the
devices. Extensive studies have been made on conduction
properties of certain solids, both pure as well as those in which
controlled impurities have been added, resulting in a
development of large number of such useful devices; which
comprise the field of electronics.

1. Good Conductors, Bad Conductors and Pure

Semiconductors

Metallic elements located in the first three groups of the periodic
table are good conductors of electricity. These include alkali
metals, noble metals, aluminum, copper etc. These metals
conduct electricity very well because of their free electrons. Non
metals are practically bad conductors. They don’t have free
electrons and such materials have very large resistivity.

The elements like Si and Ge that are in the fourth group of the
periodic table, have electrical resistivity that is more than that
of metals but less than that of bad conductors. Such materials
are called semiconductors. The mode of electrical conduction
differs in metal semiconductors. In fact, semiconductors in their
pure form practically behave as non-conductors at the absolute

zero of temperature.

Increase in the temperature of a good conductor results in the
increase in its resistivity, but increase in the temperature of a
semiconductor (within certain range) results in a decrease in its
resistivity. A semiconductor, irradiated by electromagnetic
radiation of an appropriate frequency also quite often results in
an increase in its conductivity.

The electric properties of a substance depend on its crystal
structure and its electronic configuration. A large number of
semiconducting substances have been produced systematically
by preparing suitable compounds. In this chapter, however, we
will study only two most important semiconducting elements,
Si and Ge; which have crystal structure of diamond.”

(c) Kakani, Saxena, Chhajer & Lodha, op.cit, pp. 536—

“Impurities added to pure germanium or silicon will cause a
change in the lattice structure, which might add a free electron
or create a hole. The importance of hole is that it may serve as
a carrier of electricity and a free electron from a neighbouring
atom may drop into it.”

“The study of transistors is based on semiconductors.
Semiconductors which find use in transistors are silicon and
germanium, out of which germanium is commonly used.

“When an electric field is applied between both the ends of a
semiconductor crystal, the free carriers such as free electrons
and holes attain drift velocity. The electrons drift towards the
positive electrode and holes move towards the negative
electrode.”

45. (a) Satish K. Gupta, op.cit pp. 3,4

“In 600 B.C. the Greek philosopher Thales observed that when
amber* was rubbed with a woolen cloth, it acquired the property
of attracting light objects like feathers of birds, small bits of
paper, pieces of dry leaves, etc. In 100 A.D., Dr. William Gilbert
was led to the conclusion that there are many other substances
like amber, which acquire the property of attracting such light

* It is hardened sap of a tree similar to a pine tree. In Greek, the meaning of amber is electrum
and probably the words like electric charge, electric force, electric potential, electricity and
finally electron owe their origin to electrum.
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objects after they had been rubbed with some other suitable
substances. For example, if on a dry day, we comb dry hair with
a rubber comb, the comb acquires the property of attracting the
small bits of paper and dry grass. Similarly, a glass rod acquires
the attractive property on being rubbed with silk and an ebonite
rod on being rubbed with flannel or catskin. The amber, the
rubber comb, the glass rod, the ebonite rod, etc. are said to be
charged with electricity.

The woollen cloth (in case of amber), silk (in case of glass rod)
and flannel (in case of ebonite rod) are also found to be charged
with electricity.

The electricity developed on bodies, when they are rubbed with
each other is called frictional electricity. It is also called static
electricity as the charges so developed on a body can not flow
from one point to some other point.

Two kinds of charges

From experiments, it was concluded that frictional electricity is
of two types. When a glass rod is rubbed with silk, glass rod is
said to have become positively charged. As said earlier, the silk
is also found to be charged with electricity. However, the nature
of charge on silk is found to be opposite to that one glass and
therefore silk is said to have become negatively charged. On
the other hand, when ebonite rod is rubbed with flannel the
charge on ebonite rod is found to be of same kind as of silk
(when glass rod is rubbed with it). Thus, ebonite rod becomes
negatively charged. When rubbed with flannel, while flannel it
self becomes positively charged.

Historically, charge produced on a glass rod, when rubbed with
silk was called viterous and that produced on ebonite rod, when
rubbed with flannel, was called resinous. Actually, the concept
of positive and negative charges was introduced by Benjamin
Franklin. Experiments proved that bodies having same kind of
charge repel each other, while those having opposite kinds of
charge attract each other.

In the table given below, if a body in first column is rubbed
against a body given in second column, body in first column
will acquire positive charge, while that in second column will
acquire negative large :

The name of the body, which acquires

Positive charge Negative charge

Glass rod Silk cloth

Flannel or catskin Ebonite rod

Wollen cloth Amber

Woolen cloth Rubber shoes

Woolen cloth Plastic object

Obviously, if the two charged objects are from the same column,
they will repel each other and if the two charged objects are
from two different columns, they will attract each other.

Additive Nature of Charge

The total electric charge of a body is equal to the algebraic sum
of all the electric charges distributed on the different parts of
the body. Due to this property, the charge is said to be additive
in nature.

We know that mass of an extended body is equal to sum of the
masses of its constituent particles. The electric charge also
possesses this additive property possessed by mass. However,
the additive property in the two cases differ on following two
accounts:

(i) The mass of the particles constituting the body is always
positive, whereas the charges distributed on the different
parts of the body may be positive or negative.

(ii) The total mass of the body is always non-zero, whereas
the total charge on a body may be positive, zero or negative.

Conservation of Charge

Just as in mechanics, the total linear momentum of an isolated
system always remains constant, the electric charge also obeys
a similar law. It is called law of conservation of charge.

It stated that for an isolated system, the net charge always
remains constant. In other words, it may get transferred from
one part of the system to another, but net charge will always
have a constant value. In other words, charge can neither be
created nor destroyed.

Following examples explain the law of conservation of charge:
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1. We know that when a glass rod is rubbed with silk, glass
rod becomes positively charged and the silk becomes
negatively charged. The amount of positive charge on glass
rod is found to be exactly the same as negative charge on
silk. Thus, the system of glass rod and silk, which had zero
net charge before rubbing, still possesses zero net charge
after rubbing.

(b) Ibid, p. 161—

“Some Useful Facts

1. The charges developed on the bodies during the process of
rubbing  are due to the transfer of charges only from one
body to other.

2. Coulomb’s law in electrostatics holds only for stationary
charges, which are points in size.

3. When the same two charges located in air are placed in a
dielectric medium without altering the distance between
them, electrostatic force always decreases.

4. A system of charge is said to be in equilibrium, if the net
force experienced by each charge of the system is zero.

5. Electrostatic force between two charges is not affected by
the presence of a third charge in their space.”

(c) Ibid. p.4 ¼;gka ,d mnkgj.k ds }kjk bls le>k;k x;k gSA½µ

“A polythene piece rubbed rubbed with wool is found to have a
negative charge 3 x 10–7 C. Estimate the number of electrons
transferred from wool to polythene.”

Sol. Here, total charge transferred, q = - 3 × 10–7 C

Charge on an electron, e = - 1.6 × 10–19 C

From quantization of charge, q = ne

Therefore, number of electrons transferred,

 n =      =                      = 1.875 × 1012

46. (a) Gujarat State Board of Text books, Text book of Physics
(Part-2), Std. xii, pp. 1,2—

“The discoveries and the early understanding of the electrical

and the magnetic phenomena, developed independently of each
other. The pioneering experimental studies of early scientists
like Oersted, Rowland and Faraday established the connections
between the magnetic fields and the electric currents. A complete
synthesis of the two groups of phenomena was achieved by the
theoretical works of Maxwell and Lorentz, the synthesis being
now called the electromagnetic phenomena.

It was this deeper understanding of the electromagnetic
phenomena, that led to the identification of light as
electromagnetic waves. Further technological developments in
the production, propagation and detection of the electromagnetic
radiation’s have revolutionized our global communication
techniques.

1. Oersted’s Obeservations

In the, year 1819, a Danish school teacher named Oersted
discovered that a magnetic field is produced surrounding a
conductor carrying a current.

If magnetic needle is suspended parallel to a conducting wire,
the needle experiences a force deflecting it when a current is
passed through the wire, showing that magnetic field is produced
in the region surrounding the wire. Direction of the field is
such that the needle tends to align prependicular to the length
of the wire carrying the current. These observations of Oersted
were presented to the French academy by Arago on 11 Sept.,
1820.

2. Biot-Savrat’s Law

Within a short period of two months of this discovery, Biot and
Savart made a quantitative study of this effect, and on the basis
of this study deducted the law relating the strength of the current
and the length of the conductor with the strength of the magnetic
field generated.

(b) Satish K. Gupta, op. cit. p. 391—

“Magnetic Effect of Current

In 1820, the Danish scientist Oersted discovered the magnetic
effect of electric current. Oersted’s experiment led to the
discovery that when electric current passes through a conductor,
magnetic field is produced around it. If a strong current is passed
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through a conductor, then magnetic field produced around the
conductor is also very strong and the earth’s magnetic field may
be neglected in its comparison. In such a case, magnetic lines
of force near the conductor are found to be aircular.

When electric current is passed through a circular conductor,
the magnetic field lines near the centre of the conductor are
almost straight.

Laplace’s Law or Biot-Savart Law

Laplace’s law is used to know the magnitude of the magnetic
field at a point near a conductor carrying current. This law was
first experimentally confirmed by Biot and Savrat and for this
reason, it is sometimes referred to as Biot-Savart’s law.

(c) J.S. Zaveri and Muni Mahendra Kumar, Microcosmology ... ,
pp. 14, 15—

“Discovery of Electromagnetic Phenomena

In the nineteenth century the first persons to go beyond the
Newtonian Physics were Michael Faraday and James Clerk
Maxwell. This radical change in scientific outlook was brought
about by the discovery of a new type of force which the
mechanistic model failed to describe. This was the
‘electomagnetic phenomena’. In fact, Faraday was the first
person to bring science and technology to a turning point by
producing an electric current in a coil of copper by moving a
magnet near it. The colossal technology of electrical engineering
was the result of this fundamental experiment converting
mechanical energy into electrical one. At the same time, it
formed the foundation of the theory of electrodynamics. The
fundamental difference between the Newtonian laws and
Electrodynamics is the concept of field of force, i.e. an electric
charge produces a condition in space around it so that another
charge feels a force. This was a much subtler concept than that
of Newtonian ‘force’ and eliminated the existence of ether. It
produced a most profound change in the basic concept of physical
reality. It was Einstein who clearly recognised this fact 50 years
later, when he declared that no ether existed and the
electromagnetic fields were physical entities which could travel
through empty space and could not be explained mechanically.

Ultimately, it resulted in the realization of the electromagnetic
nature of light.”

47. Satish K. Gupta, op. cit. p 736

“Source of Electromagnetic Waves

A stationary electric charge produces a static electric field around it.
A steady current implies the uniform flow of electric charges. Since,
a steady electric current produces a steady magnetic field around it,
it follows that an electric charge in uniform motion produces a steady
or stationary electric field. Also, an accelerated charge should produce
a magnetic field which varies with time and depends on space. Since
an electromagnetic wave is associated with a magnetic field, which
is dependent on time and space, it follows that an accelerated charge
is the source of electromagnetic wave. The most common way of
possessing accelerated motion is the possess simple harmonic motion.
A charge oscillating harmonically with a frequency V produces
electric and magnetic fields at that point, which vary sinusoidally
with the frequency V and then produce electromagnetic waves of
same frequency.

The variations in electric and magnetic fields in an electromagnetic
wave are perpendicular to each other and to the direction of
propagation of the wave. As said earlier electromagnetic waves do
not require any material medium and they can propagate in free
space (i.e. in vaccum) with the velocity of light.

48. (a) Ibid., p. 579, 582—

“Electromagnetic Induction

As said earlier, in 1820, Oersted discovered the magnetic effect
of electric current i.e. when a steady current flows through a
conductor, a magnetic field is produced around it. In 1831,
Michel Faraday discovered the effect, called electromagnetic
induction, just converse to the magnetic effect of electric current.

When a coil made of copper wire is placed inside a magnetic
field, magnetic flux is linked with the coil. Faraday found that
when the magnetic flux linked with the coil is changed, an
electric current starts flowing in the coil, provided the coil is a
closed one. The charge in magnetic flux linked with a coil may
be caused by varying the strength of magnetic field or by the
relative motion between the source of magnetic field and the
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coil. In case the coil is open, an e.m.f. is set up across the two
ends of the coil. The current and the e.m.f. so produced, are
called induced current and induced e.m.f. respectively. The
induced current and the e.m.f. in the coil last only so long as
the magnetic flux linked with the coil keeps on changing.

Thus, electromagnetic induction is the phenomenon of
production of electric current (or e.m.f.) in a coil when the
magnetic flux linked with the coil is changed.

Magnetic Flux

The magnetic flux linked with surface held in a magnetic field
is defined as the number of magnetic lines of force crossing the
surface normally.

Faraday’s Laws of Electromagnetic Induction

The results of Faraday’s experiments on electromagnetic
induction are known as Faraday’s electromagnetic induction.
These laws are stated as below:

1. Whenever magnetic flux linked with a circuit (a loop of
wire or a coil or an electric circuit) changes, induced e.m.f.
is produced.

2. The induced e.m.f. lasts as long as the change in the
magnetic flux continues.

3. The magnititude of the induced e.m.f. is directly
proportional to the rate of change of the magnetic flux linked
with the circuit.

(b) Text-book of Physics, op.cit. pp 39 to 52—

“Electromagnetic Induction and Faraday’s Experiments

A scientist named Michel Faraday discovered in the year 1831
that a change in the value of the magnetic flux linked with a
conducting coil gives rise to induction of an electromotive force
in the coil. The emf generated this way is called the induced
e.m.f. When the bar magnet is near the coil, some of the magnetic
lines of force are passing through the coil; that is ‘some magnetic
flux is linked with the coil’. Now when there is relative motion
between the coil and the magnet, the amount of flux linked
with the coil is changing. When the relative motion stops, there
is no further change in the amount of the flux linked. So we

conclude that, “when there is a change in the flux linked with
the coil, there is an emf generated in the coil.” The observation
that a faster motion of the magnet gives rise to a larger deflection
shows that the emf generated depends upon the rate of change
of the flux linking the coil. The current resulting from this
“induced emf.” is called the “induced current”.

When a Current flows in a coil, magnetic flux is produced due
to this current and the coil now acts as a magnet. Which face of
the coil acts like a north pole and which face becomes a south
pole depends upon the direction of the current in the coil.

Thus, we see that the direction of the induced current and the
corresponding direction of the resulting magnetic field is a
consequence of the conservation of energy. This leads us to
Lenz’s law which states :

“If an agency generates an induced emf through its action (such
as motion of the magnet as illustrated) the induced emf would
be such that the current produced by this emf would generate a
magnetic field such as to oppose the action of the agency.”

3. Faraday’s Law

Faraday gave the law relating the induced emf in a circuit with
the rate of change of the flux.

4. Self-induction

We have learnt that when a current passes through a coil, some
magnetic field is created so that the coil itself behaves like a
magnet. The magnetic flux produced by the current in the coil
is linked with the coil itself and when the current in the coil
changes, this flux linked with the coil also changes. Under such
circumstances also, there would be an emf induced in the coil
which is called the ‘self-induction’. The value of mutual
inductance of a system of two coils depends upon their shapes,
sizes, their number of turns, distance between them, their mutual
inclination angle and the material on which they are wound.

49. (a) Text-book of Physics (Part - II), op.cit, p. 94—

“Electromagnetic waves discovered relatively recently—only in
the later part of the 19th century. It was the result of the synthesis
of various facts and laws pertaining to electricity and magnetism,
like Gauss’ law, Ampere’s law, Faraday’s law, the closed nature
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of magnetic field lines etc. by a British scientist James Clerk
Maxwell in form of Maxwell’s equations. These are the
differential equations which interconnect electric and magnetic
field parameters through differential equations. Examination
of these equations in terms of symmetry between electric and
magnetic phenomena also lead to the famous contribution due
to Maxwell of the term called the displacement current a term
which provided the missing aspect to complete the symmetry.”

(b) Satish K. Gupta, op.cit., p. 731—

“These equations govern the behaviour of electric and magnetic
fields. Maxwell showed that these equations predict the existence
of electromagnetic waves, which propagate through the space
in the form of varying electric and magnetic fields. He also
showed that these waves are transverse in nature and travel
with the speed of light.

1. Gauss’s law in electrostatics. It states that the total electric
flux through any closed surface- is always equal to 1/e

0

times the net charge enclosed by the surface.

2. Gauss’s law in magnetism. It states the net magnetic flux
crossing any closed surface is always zero.

A direct consequence of Gauss’s magnetism is that an
isolated magnetic monopole does not exist.

3. Faraday’s law of electromagnetic induction. It states that
the induced e.m.f. produced in a circuit is numerically equal
to rate of change of magnetic flux through it.

In this form, the law states that the line integral of electric field
along a closed path is equal to rate of change of magnetic flux
through the surface bounded by that closed path.”

50. Ibid., p. 731—

Nature of Electromagnetic Waves

“From Faraday’s law of electromagnetic induction, it was concluded
that a magnetic field changing with time at a point in space produce
an electric field at that point. On the other hand, Maxwell’s concept
of displacement current led to the conclusion that an electric field
varying with time at a point produces a magnetic field at that point.
This symmetry in the laws of electricity and magnetism leads to the
conclusion that a time varying electric field gives rise to a time

varying magnetic field and vice-versa. Maxwell showed that such
electric and magnetic fields can propagate through space with the
velocity of light and were called electromagnetic waves. The electric
and magnetic fields in an electromagnetic wave vary with time and
space and are prependicular to each other and to the direction of
propagation.”

51. (a) rÙokFkZ lw=k 5@24µ'kCn&caèk&lkS{E;&LFkkSY;&laLFkku&Hksn&rel~&Nk;k
riksn~|ksroUr'pA

(b) tSu fl)kar nhfidk] 1@15µ'kCn&cUèk&lkS{E;&LFkkSY;&laLFkku&Hksn&rel~&
Nk;k&riksn~|ksr izHkkoka'pA

(c) ^mÙkjkè;;u lw=kµ28@12] 13

líaèk;kj mTtksvks igk Nk;kros bokA
o..kjlaxaèkQklk iqXxyk.ka rq yD[k.ka Ï

,xÙka p iqgÙka p la[kk laBk.keso ;A
latksxk ; foHkkxk ; iTtok.ka rq yD[k.ka Ï

¼;gka cgqr Li"V :i esa izdk'k] 'kCn] vkri vkfn dks ikSn~xkfyd
¼;kfu vfpÙk½ crk;k x;k gSA½

(d) Dr. G.R.Jain, Cosmology Old & New, pp 130-136—

“Manifestation of Pudgala (Matter) take the form of sound,
union, fineness grossness, figure, divisibility, darkness, shade
or image, sunshine and moonlight. (Tr. of Tattvaratha Sutra 5/
24). Commentary—” ...the division of light energy into two
categories: 'Atapa and Uddyota, is based on scientific
considerations: 'Atapa is the sunlight or light of a fire, or electric
lamp, etc., and uddyota is the moonlight, the light emitted by
the jewels or the phosphorescent light of a fire-fly (Sarv"artha

Siddhi, 5/2-4). The former predominates in heat rays and the
latter in light rays. The efficiency of modern electric lamp is
only 7-10 % and that of arc-lamp 15% (in the tube light lamps,
the efficiency has reached about 60%). In other words only 7 or
15 percent of energy is converted into light and the rest appears
in the form of heat. Thus the light given by these sources has a
much greater proportion of heat than light, and hence the name
'Atapa. The same is the case with the sun where only 35 percent
of the radiation appears in the form of light.
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The efficiency of the tiny lamp in the body, of the glowworm is
99 percent of light rays and 1 percent of heat rays; hence the
most proper name given to it is Uddyota.”

52. J.S. Zaveri and Muni Mahendra Kumar, Microcosmology ... , p. 15—

“Electromagnetic Radiation—Light

“Much earlier, there were two theories about light : One which
Newton favoured was that it was composed of particles called,
corpuscles, the other was that it was made of waves. A proper
theory of the propagation of light did not come until 1865, when
Maxwell succeeded in unifying the forces of electricity and
magnetism. Maxwell’s equations predicted that electromagnetic
waves travel at a fixed speed. Thus, light is a rapidly alternating
electromagnetic field travelling through space in the form of
waves at a fixed speed.

In due course, it was established that radio-waves, light and
X-ray are all waves forming the electromagnetic spectrum, a
tiny fraction of which—the visible spectrum—is visible in the
form of light. This remained the accepted and proven theory of
light upto 1905.

Einstein’s theory of light was that it is composed of tiny particles
called photons. A beam of light is analogous to a stream of
bullets. To prove his theory, Einstein referred to a phenomenon
called the photo-electric effect, in which when light impinges
on a metal surface, it sends electrons flying off. If a photon hits
an electron, it knocks it away just as one billiard ball hitting
another one knocks it away.

It was also found that the velocity of the rebounding electrons
did not depend upon the intensity of the impinging light, but on
its colour.”

53. Satish K. Gupta, op.cit., p. 739—

“Human eye is sensitive to only visible part of the electromagnetic
spectrum. Different types of detectors are used to detect and study
the different parts of the spectrum.

The follwing table gives the wavelength range of different colours
of visible light :

Visible Spectrum

Colour Wavelength (m) Colour Wavelength (m)

Violet 3.9 × 10–7 – 4.5 × 10–7 Yellow 5.7 × 10–7 – 5.9 × 10–7

Blue 4.5 × 10–7 – 4.5 × 10–7 Orange 5.9 × 10–7 – 6.2 × 10–7

Green 5 × 10–7 – 5.7 × 10–7 Red 6.2 × 10–7 – 7.8 × 10–7

54. (a) Ibid., p. 736—

Hertz’s Experiment

“In 1865, Maxwell had predicted the propagation of
electromagnetic waves in the form of varying electric and
magnetic fields, which produce each other. It was concluded
that the accelerated charges the source of electromagnetic waves.
In 1887, Hertz experimentally demonstrated the production of
electromagnetic waves by using a spark oscillator and then
succeeded in detecting them also.

(b) Text book of Physics (Part II), op.cit, pp.94, 95—

“From Maxwell’s field equations connecting the electric and
the magnetic fields vectors 'E and 'B the wave equation for
electromagnetic waves emerged, showing that the disturbances
in 'E and 'B can jointly propagate in the form of waves. It was
also found that the velocity of these waves in space as calculated
from the electric and magnetic parameters was exactly equal to
the velocity of light—strongly suggesting that light is a form of
electromagnetic waves. It should be noted that all these
deductions were logically deduced using theory only from the
brilliant formulation of electromagnetic field equations.

2. Experiment of Hertz

Althougth existance of the electromagnetic waves theoritically
deduced, an experimental demonstration that such waves can
be produced in laboratory remaind to be achieved. It is said that
Maxwell himself was very much desirous of being a witness to
such an achievement during his lifetime.

Thirty-two years after the proposition of electromagnetic field,
equations of Maxwell, Hertz demonstrated production of such
waves in laboratory.

55. (a) Ibid., pp. 98, 99—
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“Characteristics of Electromagnatic Waves

“Electromagnetic waves have the following characteristics :

(1) At regions far from the source the electric and the magnetic
field, vectors oscillate in the same phase.

(2) The directions of oscillations of the electric and the magnetic
fields are mutually perpendicular; and are in a plane
prependicular to the direction of propagation of the wave.

(3) These waves are non-mechanical and of transverse type.

(4) Their velocity in free space (vacuum) is given by

c = 3 × 108 ms–1

Light waves have the same velocity in vacuum as
experimentally measured.

(5) The velocity of electromagnetic waves depends upon the
electromagnetic properties of that medium.

(b) Satish K. Gupta, p. 735—

Properties of Electromagnetic Waves

A few important properties of electomagnetic waves are as given
below :

(1) Electromagnetic waves propagate in the form of varying
electric and magnetic fields, such that the two fields are
perpendicular to each other and also to the direction of
propagation of the wave. In other words, electromagnetic
waves are transverse in nature.

(2) Electromagnetic waves are produced by accelerated charges.

(3) Electromagnetic waves do not require any material medium
for their propagation.

(4) In free space, electromagnetic waves travel with a velocity,

i.e. with a velocity equal to that of light in free space.

In a material medium, velocity of electromagnetic waves is
given by

where µ and ε are aboslute permeability and absolute
permittivity of that medium.

(5) The electromagnetic waves obey the principle of
superposition.

(6) The variations in the amplitudes of electric and magnetic
fields in the electromagnetic waves always take place at
the same time and at the same point in the space. Thus, the
ratio of the amplitudes of electric and magnetic fields is
always constant and it is equal to velocity of the
electromagnetic waves. Mathematically,

(7) The energy in electromagnetic waves is divided equally
between the electric and magnetic field vectors.

(8) The electric vector is responsible for optical effects due to
an electromagnetic wave. For this reason, electric vector is
called light vector.

56. (a) Text-book of Physics (Part II), p. 100—

The Electromagnetic Spectrum

After successful generation of electromagnetic waves by Hertz,
scientists were convinced of the reality of electromagnetic waves,
thus a study of the electromagnetic waves of different
wavelengths began.

The X rays discovered by Rontgen in 1898 were shown to be
electromagnetic waves in 1906. Subsequently, the spectrum of
electromagnetic waves has bee studied over a range of
wavelengths covering 10–8 meter on the short wave side to around
1015 meter on the long wave side. The electromagnetic radiation
is continuously distributed over the entire region. Our vision is
limited to a very small part of this specturm covering the waves
with wavelengths of 4000 Å 8000 Å, which we recognize as
visible light. Our eyes do not respond to the electromagnetic
radiations out side this range.

(b) Modern's A.B.C. of Physics, by Satish K. Gupta, pp. 737, 738—

Electromagnetic Spectrum

1. Gamma Rays—Highly energetic radiations.

109 110

= c
E

B

c =         1 = 3 × 108 m s–1
1

√µε

v =
1

√µε

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



2. X-rays have frequencies in the range 1016 to 3 × 1019 Hz.
X-rays possess a high penetrating power.

3. Ultra-violet rays. Ultra-violet rays were discovered by
Ritter in 1801. The ultra-violet rays are part of solar
spectrum. They can be produced by the arcs of mercury
and iron. They can also be obtained by passing discharge
through hydrogen and xenon. The frequency of ultra-violet
rays lies in the range of 8 × 1014 to 1016 Hz.

4. Visible light. It forms a very narrow part of the
electromagnetic spectrum and its frequency ranges from
4 × 1014 to 8 × 1014 Hz. The visible light is emitted due to
the atomic excitation. Human eye is sensitive to only visible
part of the electromagnetic spectrum.

5. Infra red rays. Infra-red rays were discovered by Herschell.
Infra-red rays are heat radiation and therefore all hot bodies
are the sources of infra-red rays. About 60% of the solar
radiation is infrared in nature. The frequency range of infra-
red rays is 1013 – 4 × 1014 Hz.

6. Microwaves. The microwaves are produced by oscillating
electronics circuits. The frequency of microwaves lies
between 1019 – 3 × 1011 Hz Hz. The microwaves are used in
radar and other communication systems.

7. Radiowaves. Like microwaves, radiowaves are also
produced by oscillating electronic circuits. The frequency
of radiowaves varies from a few Hz to 1019 Hz. The
radiowaves are used as carrier waves in radio broadcasting
and TV transmission.

Eelctromagnetic Spectrum

Name Frequency range Wavelength range How  produced

(Hz) (m)

Gamma-rays 5 × 1020 – 3 × 1019 6 × 10–13 – 10–10 Nuclei of atoms.
X-rays 3 × 1019 – 1016 1 × 10–10 – 3 × 10–8 Bombardment of high Z

target by electrons.
Ultra-Violet rays 1016 – 8 × 1014 3 × 10–8 – 4 × 10–7 Excitation of atoms and
(UV) vacuum spark.
Visible light 8 × 1014 – 4 × 1014 4 × 10–7 – 8 × 10–7 Excitation of atoms, spark

and are flame.
Infra-Red rays 4 × 1014 – 1013 8 × 10–7 – 3 × 10–5 Excitation of atoms and
(IR) molecules.

Heat radiation 3 × 1013 – 3 × 109 10–5 – 10–1 Heating.
Microwaves 3 × 1011 – 109 – 10–3 – 3 × 10–1 Oscillating currents in

special vacuum tubes.
Ultra High radio 3 × 109 – 3 × 108 10–1 – 1 Oscillating circuits.
Frequencies (UHF)
Very High radio 3 × 108 – 3 × 107 1 – 10 Oscillating circuits.
Frequencies (VHF)
Radio frequencies 3 × 107 – 3 × 104 10 – 104 Oscillating circuits.
Power frequencies 60 – 50 5 × 106 – 6 × 106 Weak radiation from a.c.

circuits.

57. Satish K. Gupta, op. cit, p. 739—

"Infra-red rays were discovered by Herschell. Infra-red rays are heat
radiation and therefore all hot bodies are the sources of infra-red
rays. About 60% of the solar radiation is infra-red in nature.
Following are a few sources to produce infra-red rays.

1. Nernst lamp. The filament of Nernst lamp is made from the
mixture of ziroconium, thorium and cerium. When a current is
passed through such a filament, then at a temperature of about
1200 K, infra-red rays are emitted.

2. Globar. It is basically a rod of silicon carbide, which when heated
to a temperature of about 900 K by passing current, produces
infra-red rays.

3. LASER. It is used to produce monochromatic infra-red rays.
For example, He-Ne LASER gives infra-red rays of wavelength
0.69 × 10–6 m, 1.19 × 10–6 m. and 3.39 × 10–6 m. CO

2
 LASER

provides infra-red rays of wavelength 10.6 × 10–6 m.

To detect infra-red rays, thermocouples, thermopiles, bolometers,
photoconducting cells are used.

Properties :

1. Infra-red rays are electromagnetic waves and travel with a speed
of 3 × 108 ms–1.

2. Infra-red rays obey laws of reflection and refraction.

3. Infra-red rays can produce interference and can be polarised.

4. When allowed to fall on matter, infra-red rays produce an increase
in temperature.

5. Infra-red rays affect a photographic plate.

6. When absorbed by molecules, the energy of infra-red rays gets
converted into molecular vibrations.
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7. They are scattered less as compared to the visible light by the
atmosphere. Hence, infra-red rays can travel through longer
distances through atmospehre under the conditions of smoke, fog,
etc. Nitrogen and oxygen gases are found to be transparent
medium to all the wavelengths of infra-red rays.

Applications :

1. Infra-red rays from the sun keep the earth warm and hence help
to sustain life on earth.

2. The coal deposits in the interior of earth are the result of
conversion of forest wood into coal due to infra-red rays.

3. Infra-red rays are used in solar water heaters and cookers.

4. Infra-red rays photographs are used for weather forecasting.

5. Infra-red rays are used for taking photographs during the
conditions of fog, smoke, etc.

6. Infra-red rays absorption spectra is used in the study of molecular
structure and then to check the purity of the chemicals.

7. Infra-red rays are used for producing dehydrated fruits.

8. Infra-red rays are used to provide electrical energy to satellites by
using solar cells.

9. Infra-red rays are used to treat muscular strains.

58. Ibid., p. 740—

“Ultra-Violet Rays

Ultra-violet rays were discovered by Ritter in 1801. The ultra-violet
rays are part of solar spectrum. They can be produced by the arcs of
mercury and iron. They can also be obtained by passing discharge
through hydrogen and xenon.

Properties :

1. Ultra-violet rays are electromagnetic waves and travel with the
speed of 3 × 108 ms–1.

2. They also obey the laws of reflection and refraction.

3. They can also undergo interference and can be polarised.

4. When allowed to fall on metals, they cause the emission of
photoelectrons.

5. They can affect a photographic plate.

6. Ultra-violet rays can cause flourescence in certain materials (Tube
Lights)

7. Ultra-violet rays can not pass through glass but quartz, flourite
and rock salt are transparent to them.

8. Ultra-violet rays possess the property of synthesizing vitamin D,
when the skin is exposed to the sunlight.”

59. Ibid., p. 740—

“X-Rays

The discovery of X-rays was accidentally made by a German professor
Rontgen in 1895. In laboratory, X-rays can be produced by using
Coolidge X-ray tube.

Properties. X-rays have the following properties:

1. X-rays are electromagnetic waves of very short wavelength
ranging from 0.01 Å to 10Å.

2. X-rays travel in vacuum with the speed of light (3 × 108 ms–1, as
they are also electromagnetic waves.

3. They are not deviated by electric and magnetic fields.

4. They affect the photographic plate very intensely.

5. They ionise the gas through which they pass.

6. They cause fluorescence in substances like zinc sulphide, barium
platinocyanide, calcium tungstate, etc.

7. Like light, X-rays can also cause photoelectric effect.

8. They travel in straight line and while doing so, they cast the
shadows of the object falling in their path.

9. X-rays can undergo reflection, refraction, interference, diffraction
and polarisation.

10. X-rays can penetrate the materials that are opaque to visible or
ultra-violet light. They can easily pass through paper, thin sheet
of metals, wood, flesh, etc. but they cannot penetrate denser objects
such as bones, heavy metals etc.

11. They have injurious effect on human bodies. Exposure of human
body to X-rays causes reddening of the skin. The long exposures
result into surface sores.

12. When X-rays fall on certain metals, secondary X-rays are
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produced, which are characteristic rays of the metal. The
secondary X-rays are accompanied by fast moving electrons.

60. Text Book of Physics, op cit., pp. 97-98—

"This discussion shows that, at a point where an electromagnetic
wave is passing, the electric and the magnetic field vectors oscillate
in phase along mutually perpendicular directions, and are both
located in a plane which is perpendicular to the direction of
prepagation of the wave.

To be more specific, these oscillations have the following meaning.

If at any point at a specific time, the E and B vectors have zero

values, their values will increase with the time along two mutually
perpendicular directions, then reach their maximum values
simultaneously and start decreasing; again reaching zero. Then they
reverse their directions, reach their maxima and again decrease.
This way the field vectors oscillate along mutually perpendicular
directions, remaining confined to a plane which is perpendicular to
the direction of the electromagnetic wave, so long as the wave is
propagated through that point.

It should also be noted that in this process, the kinetic energy of the
charge oscillating between the two spheres is radiated away in the
form of the energy of electromagnetic radiation, which propagates
in the space. The frequency of the waves generated is the same as
the frequency of the oscillation of charge between the spheres. The
expression c (velocity) = λ (wavelength) xf (frequency) holds true.
Thus, if one wants to generate waves of 300 meter wavelength, the
frequency of oscillations should be

λ = 300 =

Seven years after the experiments by Hertz, Jagdishchandra Bose
produced electromagnetic waves in the range of wavelength 5 mm
to 25 mm. Around the same time an Italian Scientist Marconi
succeeded in sending and receiving electromagnetic waves over a
distance of several miles.

61. Satish K. Gupta, op. cit. pp. 1059, 1060, 1062—

“Discharge Through Gases

"The phenomenon of discharge gases at low pressure is of great

importance, as it provides a great deal of information about the
structure of atom.

At atmospheric pressure, dry and dust free air is found to be a bad
conductor of electricity. It is because, under such condition, air does
not have free positive and negative ions. The ionisation of air may
be caused by heat radiation, ultraviolet light, X-rays, radio-active
rays (alfa, beta, and gamma-rays), cosmic rays, etc. However if a
potential difference of about 30 kV is applied across two electrodes
held at a distance of 1 cm in dry air at S.T.P., then a spark is found
to occur between the electrodes. The value of potential difference
applied across the electrodes depends upon the shape and size of
electrodes, distance between the electrodes, state of dryness and
pressure of the air (or the gas enclosed).

Discharge tube. A discharge tube consists of a glass tube about 40
cm long and 3-4 cm in diameter. The tube is provided with two
aluminium disc-electrodes. It contains the gas through which electric
discharge is to be studied.

The pressure of the enclosed gas can be reduced with the help of a
vacuum pump by connecting it to a side tube.

A high potential difference of the order of 10 to 15 kV is applied
across the electrodes with the help of an induction coil. As the
pressure is gradually decreased, the following phenomena are
observed, as explained below :

1. At a pressure above 10 mm of mercury. When pressure of the
gas is above 10 mm of mercury, no discharge passes through the
gas. If a milliammeter is connected in the circuit, it will not record
any current.

2. At a pressure of 10 mm of mercury. When pressure of the gas is
reduced to 10 mm of mercury, the discharge passes through the
gas between the electrodes with a cracking sound.

3. At a pressure of 5 mm of mercury. As the pressure is reduced to
5 mm of mercury, the discharge broadens out and becomes bright.
It extends from cathode to anode.

4. At a pressure of 2 mm of mercury. On decreasing the pressure
of the gas to 2 mm of mercury, long luminous column from the
anode up to almost the cathode appears. It is called positive
column. There appears a glow on the cathode, called negative
glow. Between the positive column and the negative glow, the
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gap appears comparatively dark.

5. At a pressure of 1 mm of mercury. As the pressure is further
decreased to 1 mm of mercury, the negative glow leaves the
cathode and another glow called cathode glow appears on the
cathode. The space between the cathode glow and the negative
glow appears dark.

6. At a pressure of 0.01 mm of mercury. As the pressure is reduced
further dark space increases in length. At a pressure of 0.01 mm
of mercury, the whole tube is then filled with dark space. At this
stage, a stream of invisible particles is emitted from the cathode.
Such rays are called cathode rays. The portion of the glass tube
opposite to the cathode starts glowing as the rays fall on it. This
glowing of the tube is due to fluorescence produced by the cathode
rays.

7. At a pressure of 10–4 mm of mercury. As the pressure is reduced
below 0.01 mm of mercury it becomes difficult to maintain the
discharge and at a pressure 10–4 mm of mercury, discharge stops
to pass through the gas.

The discharge tube phenomenon has been utilised in making
fluorescent tubes, neon signs, flood light mercury lamps, sodium
lamps etc.

Cathode Rays

When a potential difference of 10 to 15 kV is applied across the
two electrodes of a discharge tube and pressure is reduced to 0.01
mm of mercury, the rays known as cathode rays are emitted from
the cathode. These rays are independent of the nature of the gas
in the discharge tube and their direction of propagation is not
affected by the position of the anode.

Cathode rays ionise the gas through which they pass.

Cathode rays can excite fluorescence.

When they fall on certain substances, the substance start glowing.
The colour of fluorescence depends upon the nature of the
substance.

62- vkpkjkax lw=k ¼vk;kjks½] izFke vè;;uA

63- n'koSdkfyd lw=k ¼nlosvkfy;a½] prqFkZ vè;;uA

64- izKkiuk lw=k ¼i..ko.kk½] 1@24&26

65- vkpkjkax lw=k] 1@66µ

^^ts yksxa vCHkkbD[kb] ls vÙkk.ka vCHkkbD[kbA
ts vÙkk.ka vCHkkbD[kb] ls yksxa vCHkkbD[kb Ï**

66- n'koSdkfyd lw=k ¼nlosvkfy;a½] 4@20µ

^^ls vxf.ka ok baxkya ok eqEeqja ok v¯Pp ok tkya ok vyk;a ok lq)kxf.ka ok
mdda ok---**

67- izKkiuk lw=k ¼i..ko.kk½] 1@24&26µ

^^ls fda ra rsmDdkb;k\ rsmDdkb;k nqfogk i..kÙkk] ra tgkµlqgqersmDdkb;k
; cknjrsmDdkb;k ; Ï

ls fda ra lqgqersmDdkb;k\ lqgqersmDdkb;k nqfogk i..kÙkk] ra tgkµiTtÙkxk
; viTtÙkxk ;A ls Ùka lqgqersmDdkb;k Ï

ls fda ra cknjrsmDdkb;k\ cknjrsmDdkb;k v.ksxfogk i..kÙkk] ra tgkµbaxkys
tkyk eqEeqjs vPph vyk, lq)kx.kh mDdk foTtw vl.kh f.kX?kk, la?kfjlleqfë,
lwjdaref.kf.kfLl,A ts ;ko..ks rgIixkjk rs leklrks nqfogk i..kÙkk] ra
tgkµiTtÙkxk ; viTtÙkxk ;A rRFk .ka tsrs viTtÙkxk rs .ka vlaiÙkkA
rRFk .ka tsrs iTtÙkxk ,,fl .ka o..kknsls.ka xaèkknsls.ka jlknsls.ka Qklknsls.ka
lgLlXxlks fogk.kkba] la[ksTtkba tksf.kIieqgl;lgLlkbaA iTtÙkxf.kLlk,
viTtÙkxk oDdeafrµtRFk ,xks rRFk f.k;ek vla[ksTtkA ls Ùka cknjrsmDdkb;kA
ls Ùka rsmDdkb;k Ï**

68- nlosvkfy;a] 4@20 dk fVIi.k] i`"B 152] 153

69- ¼a½ ftunkl pwf.kZ] ì- 155&56 % vx.kh uke tks v;fiaMk.kqx;ks QfjlxsT>ks
lks vk;fiaMks Hk..kbA

¼b½ gkfjHknzh; Vhdk] i- 154 % v;fLi.Mkuqxrks·fXu%A

70- ¼a½ vxLR; pwf.kZ] ì- 89 % baxkya ok [kfnjknh.k f.kíïk.k èkwefojfgrks
baxkyksA

¼b½ ftunkl pwf.kZ] ì- 156 % baxkyks uke tkykjfgvksA

¼c½ gkfjHknzh; Vhdk] i- 154 % Tokykjfgrks·úkj%A

71- ¼a½ vxLR; pwf.kZ] i`- 89 % dfjlxknh.k fdafp flëks vXxh eqEeqjksA

¼b½ ftunkl pwf.kZ] i`- 156 % eqEeqjks uke tks Nkjk.kqxvks vXxh lks eqEeqjksA
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¼c½ gkfjHknzh; Vhdk] i`- 154 % fojykfXud.ka HkLe eqeqZj%A

72- ¼a½ vxLR; pwf.kZ] i`- 89 % nhoflgkflgjkfn vPphA

¼b½ ftunkl pwf.kZ] ì- 156 % vPph uke vkxklk.kqxvk ifjfPN..kk vfXxflgkA

¼c½ gkfjHknzh; Vhdk] i- 154 % ewykfXufoPNUuk tokyk vfpZ%A

73- ¼a½ vxLR; pwf.kZ] i`- 89 % mfírksifj vfofPN..kk tkykA

¼b½ ftunkl pwf.kZ] i`- 156 % Tokyk ifl)k psoA

¼c½ gkfjHknzh; Vhdk] i- 154 % izfrc)k TokykA

74- ¼a½ vxLR; pwf.kZ] i`- 89 % vykra meqraA

¼b½ ftunkl pwf.kZ] i`- 156 % vyk;a uke mEeqvkfg;a iat ¼iTt½ fy;aA

¼c½ gkfjHknzh; Vhdk] i- 154 % vykreqYeqde~A

75- ¼a½ vxLR; pwf.kZ] ì- 89 % ,rs foalsals eksÙkw.k lq)kxf.kA

¼b½ ftunkl pwf.kZ] ì- 156 % baèk.kjfgvks lq)kx.khA

¼c½ gkfjHknzh; Vhdk] i- 154 % fufjUèku% 'kq)ks·fXu%A

76- ¼a½ vxLR; pwf.kZ] i`- 89 % mDdk foTtqrkfnA

¼b½ ftunkl pwf.kZ] ì- 156 % mDdkfoTtqxkfnA

¼c½ gkfjHknzh; Vhdk] i- 154 % mYdkµxxukfXu%A

77- izKkiuk o`fÙk] i=k 29µ

¼a1½ vaxkjksµfoxrèkwe%

¼2½ TokykµtkToY;eku[kkfnjkfnTokyk vuylEc)k nhif'k[ksR;U;sA

¼3½ eqeqZj%µQqEQdknkS HkLefeJrfXud.k:i%A

¼4½ vfpZ%µvuykizfrc)k TokykA

¼5½ vykraµmYeqdaA

¼6½ 'kq)kfXuµv;%fi.MkjkSA

¼7½ mYdkµpqìYyhA

¼8½ fo|qr~µizrhrkA

¼9½ v'kfu%µvkdk'ks iru~ vfle;% d.k%A

¼10½ fuèkkZrksµoSfØ;k'kfuizikr%A

¼11½ la?k"kZleqfRFkr%µvj.;kfndk"BfuEeZFkuleq)̀r%A

¼12½ lw;Zdkaref.kful̀r%µlw;Z[kjfdj.klEidsZ lw;Zdkare.ks;Z% leqitk;rsA

78- vkpkjkax fu;qZfDr] xkFkk 117] 118µ

^^nqfogk ; rsmthok lqgqek rg ck;jk p yksxafeA
lqgqek ; lOoyks, iapso ; ck;jfogj.kk Ï
baxky vxf.k vPph tkyk rg eqEeqjs ; cks)OosA
ok;jrsmfogk.kk iapfogk of..k;k ,, Ï**

79- ¼a½ ewykpkj] xkFkk 221µ

^^baxky&tky&vPph eqEeqj&lq)kx.kh ; vx.kh ;A
rs tk.k rsmthok] tkf.kÙkk ifjgjsnOok Ï**

¼b½ tSusUnz fl)kUr dks'k] Hkkx 1] ì"B 35] ^vfXu* 'kCn esa m)̀rµ

^^èkqvka jfgr vaxkj] Tokyk] nhid dh ykS] daMk dh vkx vkSj otzkfXu]
¼vkdk'kh;½ fctyh vkfn ls mRiUu 'kq) vfXu] lkekU; vfXuµ;s
rstLdkf;d tho gSaA---¼vkpkjkax fu;qZfDr½

80- ¼a½ n'koSdkfyd lw=k ij vxLR; flagÑr pwf.kZ] i`"B 88µ

^^varfjD[kikf.kra lq)ksnxaA**

¼b½ n'koSdkfyd lw=k ij ftunkl egÙkjÑr pwf.kZ] i`"B 155µ

^^varfyD[kikf.k;a lq)ksnxa Hk..kbA**

¼c½ n'koSdkfyd lw=k ij gkfjHknzh; Vhdk] i=k 153µ

^^'kq)ksnde~µvUrfj{kksnde~A**

^^nlosvkfy;a] vkpk;Z egkizK Ñr fVIi.k] i`"B 151 esa m)̀r½

81- izKkiuk Vhdk] i=k 30 ¼v½µ

^^'kq)okrks eUnfLrferks cfLrn`R;kfnxr bR;U;sA**

82- Hkxorh lw=k] 'krd 16 mís'kd 1] lw=k 5µ

^^baxkydkfj;k, .ka Hkars! vxf.kdk, dsofr;a dkya lafpëb\

xks;ek! tg..ks.ka varkseqgqÙka] mDdksls.ka frf..k jkbafn;kbaA v..ks fo rRFk
okm;k, oDdeafr] u fo.kk okm;k,.ka vxf.kdk, mTtyfr!**
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83- vkpk;Z egkizK] vkpkjkax&Hkk";e~] i`"B 54µ

^^òÙkkofr lpsruks·fXu;ZFkk ;ksX;kgkjs.k òf)n'kZukr~] rnHkkos p rnHkkon'kZukr~A

vkèkqfudk vfi eU;Ursµ^^izk.kok;q ex̀ghRok ukXus:íhiua tk;rs**A**

fgUnh vuqoknµ^^òfÙk esa Hkh dgk x;k gS fd vfXu lpsru gS] D;ksafd mlesa
mfpr vkgkjµbaèku ls òf) vkSj baèku ds vHkko esa gkfu ns[kh tkrh gSA
vkèkqfud oSKkfudksa dk Hkh ;gh ekuuk gS fd ̂ izk.kok;q ¼vkWDlhtu½ ds fcuk
vfXu izTofyr ugha gksrh*A**

84. A.K. Shaha, Combustion Engineering and Fuel Technology, pp. 67,
68—

"Here it will not be out of place to glance at different successive
beliefs and theories put forth to explain the wonderful phenomenon
of 'fire'.

The existence of fire was known to people from the very primitive
age. The ancient Greeks in their legends indicated that Prometheus,
the mythological creator of human beings, brought fire to the people
from heaven, stealing it from the altar of the Father—God Jupiter.
From this myth, however, some hints led to a more authentic
historical accounts, according to which the existence of fire came to
the knowledge of the primitive man during thunderstorm. Fire
descended from the black clouds, the primitive man saw a tree set
ablaze by the lightning; with curiosity he ran to the tree, stretched
his hand to the beautiful bright tongues of the flame, but in that
moment felt an unbearable pain. The flying sparks burnt the front
of the skin, wraped around his waist; with surprise of a beast man
fell down to the feet of the burning tree, worshipping it as God.
Then he brought the burning wood to his cottage, kept it with care
as the gift of God and tried to get benefit out of it. Some time later
primitive people learnt how to create fire themselves with the help
of flints. Fire brought to the man the rudiments of culture. Fire heated
the primitive dwelling during the cold season, lighted it in the dark
evenings, whereas food taken from the fire was hot and tasteful to
eat. For all this primitive man, naive and helpless in his ignorance,
considered fire as God and offered sacrifices to it.

The cult of God of Fire passed through the entire ancient world of
Heathendome; Egypt, India, Persia, Greece, Syria, Rome. It survived
even when people rose to the higher level of cultural development.

In the old Russia, or as it was then called Skythia, there existed also
the cult of Perun, the God of Fire and Thunder. Even to-day Fire-
Worshippers are dwelling at some places of Afghanistan and India.
Such were the great bounties that Fire brought to Humanity. And
with the development of culture fire began to render more and more
benefits to the Man.

In the Middle Age people have already abandoned the worship of
Fire as divinity; the scientists began to study the phenomenon of
fire and came to the conclusion that the combustion of a substance

is the escape from this substance of a subtle and imponderable

element, which they termed as 'Phlogiston'.

85. ogh] p. 68—

“After about 300 years, with the development of expeirmental
chemistry, the scientists, amongst them, the famous A.L. Lavoisier
(1743-94), came to the conclusion that combustion means

combination of a substance with the oxygen, with resulting

evolution of heat. Finally, about 50 years ago, experiments showed
that in the absolute absence of water-vapours, combustion of a
substance does not occur or occurs with great difficulty. This means
that combustion is fostered considerably by the presence of steam or
moisture.

With further research on combustion still due, it may be said that in
the process of flame-less combustion, or perfect combination of gas
and oxygen on the incandescent refractory surface, the surface shows
negative charge, which leaves room to believe that combustion or
combination of a substance with the oxygen means ionisation of the
reacting substances."

86. ogh] Page 28—

"Fuel is a substance which, when burnt, i.e., on coming in contact
and reacting with oxygen or air, produces heat. Thus, the substances
classified as fuel must necessarily contain one or several of the
following combustible elements : carbon, hydrogen and hydro-
carbons."

87. ogh] page 28—

"Fuels may be classified in various ways, i.e., (1) according to the
physical state in which they exist in nature—solid, liquid and gas
eous..."
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88. ogh] page 128—

“Chemical reactions among substances take place more quickly and
intensively, the closer is the contact among the reacting substances
and the larger the surface of contact. The duration of a chemical
reaction depends upon thermal conditions, which might be created
either before the beginning of reaction, or during the reaction. All
chemical reactions, in the present case combustion, i.e., combination
of substances with oxygen, are based on the above mentioned
principles. Combustion or combination of substances with either
pure oxygen or oxygen contained in the air is realised in practice
with the help of different contrivances, the so-called burners.”

89. ogh] page 129—

"In order to get a high temperature and a short flame, it is necessary
to have, prior to commencement of combustion, a perfect mixture of
fuels with oxygen. Thus whenever we are to burn either solid, liquid
or gaseous fuels, we are to mix them with air in gaseous state."

90. Prof. Dr. A.K. Shaha, Combustion Engineering & Fuel Technology,
pp. 121, 122—

"Tere is specific flash temperature, at which each kind of fuel ignites.
In the table, the ignition of flash temperatures of various fuels are
given :

TABLE

Ignition Temperatures (At Atmospheric Pressure) of

Gases, Liquids and Solids

Substance Ignition tempe- Ignition tempe-
rature in air rature in oxygen

Degrees Centigrade

Hydrogen (H
2
) 580-590 580-590

Carbon monoxide (CO) 644-658 637-658

Methane (CH
4
) 650-750 556-700

Ethane (C
2
H

6
) 520-630 520-630

Propane (C
3
H

8
) — 490-570

Ethylene (C
2
H

4
) 542-547 500-519

Acetylene (C
2
H

2
) 406-440 416-440

Hexane (
6
H

14
) 487 268

Decane (C
10

H
22

) 463 202

Benzol (C
6
H

6
) 740 662

Toluol 810 552

Phenol 715 574

Aniline 770 530

Methyl alcohol — 555

Ethyl alcohol 558 425

Propyl alcohol 505 445

Isopryl alcohol 590 512

n-Butyl alcohol 450 385

Amyl alcohol 409 390

Ethyl ether 343 178

Glycerine 500 414

Acetone 700 568

Sugar 385 378

Cylinder Oil 417 320

Pennsylvania crude 367 242

Gas oil 336 270

Kerosene 295 270

Acetaldehyde 185 140

Benzaldehyde 180 168

Lignite 225 —

Wool 295 —

Charcoal 350 —

Brown Coal 370-450 —

Coal 477 —

Coke and Anthracite 700 —
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91- Mk- ts- tSu] vizdkf'kr ys[k i`"B 4

92- ogh] ì"B 13

93- ogh] i`"B 4] 5

94- ogh] ì"B 5

95- ogh] ì"B 5

96- ogh] ì"B 14

97- ogh] ì"B 41] 42

98- ogh] ì"B 35] 36

99- Prof. G.R. Jain, op. cit., p. 125—

"The range of temperatures existing in Nature is again very wide,
and what little has come under the measuring rod of a physicist has
revealed very striking contrasts. The temperature of ice physicists
call zero and the temperature of boiling-water 100 degrees
(centigrade). The temperatures of bodies colder than ice are called
minus temperatures and mathematical calculations show that the
lowest possible temperature in Nature cannot be less than minus
273 degrees. Mercury hardens into a solid mass at minus 40 degrees.
Just as the steam is converted into liquid water on cooling, so is air
by artificial cooling converted into liquid air at minus 190 degrees.
Helium gas in converted into liquid or solid helium at minus 269
degrees. Some other interesting temperatures are :

Gold melts at 1,062 Degrees

Platinum melts at 1,7770 "

Tungsten " " 3,400 "

Temperature of burning charcoals 1,300 "

Temperature of electric carbon arc 3,500 "

Surface temperature of the sun 5,500 "

Central temperature of the sun two crores "

Highest temperature estimated in stars by Eddington is four crores
of degrees. (See The Internal Constitution of the Stars, by Eddington.)

If we probe into our own atmosphere we find that the temperature
gradually falls as one goes higher up until at about a height of 11

miles just over the equator temperature has a value minus 55 degree—
a temperature well suited to petrify even mercury. Further on up to a
height of 23 miles the temperature remains steady, beyond which it
increases to that of spring season, i.e., about 30°C. This is enough
to show that temeprature of things is measureable from one point of
view and the infinite shades of it, it is impossible to enumerate. The
extremes of temperatures existing in the regions of the Hell are
expressed in the following verse of Chaha Dhala:

fxfj le yksg xyS te tk;] ,slh 'khr m".krk Fkkk;A**
100. J.S. Zaveri and Muni Mahendra Kumar, Microcomology..., pp.

53, 54—

"We have already observed that matter and energy are two different
manifestations of one and the same cosmic entity, instead of being
two different entities. Matter instead of being immutable was energy
in a frozen state, while, conversely energy was matter in a fluid
state. The liberation of energy in any form—chemical, electrical
or nuclear—involves the loss of an equivalent amount of mass.

Liberation of Energy

It is well known that most chemical reactions liberate energy,
simplest instance being burning of coal. The chemical union, in
this case, is that of carbon and oxygen in the form of molecular
fusion. When 3000 tons of coal are burnt to ashes, the residual
ashes and the gaseous products weight one gram less than 3000
tons, that is, one three-billionth part of the orginal mass will have
been converted into energy.

Thus oxygen (O) + carbon (C) = carbon monoxide (CO) + energy.

This reaction would give 92 units of energy per gram of mixture.
If instead of molecular fusion of these two atomic species, we have

a nuclear fusion between their nuclei 28
Si

16
O

12
C

1486 =+  +

energy—the energy liberated per gram of mixture will be 14 × 109

Units, i.e. 15,00,000 times as great. In the liberation of chemical
energy by the burning of coal, the energy comes from a very small
mass i.e. loss of mass resulting from the rearrangment of the
electrons on the surface of atoms. The nuclei of the carbon and
oxygen atoms are not involved in any way, remaining exactly the
same as before. The amount of mass lost by the surface electrons is
one thirteenth of one millionth of one percent. On the hand, nuclear
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energy involves vital changes in the atomic nucleus itself, with a
consequent loss of as high as 1/10 to nearly 8/10 of 1% in the
orginal mass of the nucleus. This means that from 1 to nearly 8
gms. per 1000 gms. are liberated in the form of energy, as compered
with only 1 gm. in 3 billion gms. liberated in the burning of coal.
In other words, the amount of nuclear energy, liberated in the
transmutation of atomic nuclei is from 30,00,000 to 2,40,00,000
times as great as the chemical energy released by the burning of
an equal amount of coal. Whereas most chemical reactions would
take place easily at temperatures of a few hundred degrees,
corresponding nuclear transformations would not even start before
the temperature reached many million degrees."

101. Gomber and Gupta, op. cit., p. 8/1—

“Concept of Heat

We know that when a piece of red hot iron is dropped into a beaker
containing water, the water becomes hot and the red hot iron piece
cools down fill the temperatures of the two become equal. It appears
that 'something' has flown from red hot iron piece to water. This

'something' which flows from a body at higher temperature to

another body at lower temperature, when the two are in contact, is

called 'Heat'.

However, caloric theory failed to explain the production of heat on

account of friction. For example, when we rub our hands against
each other, we feel warm. Similarly, when two pieces of metal are
rubbed together, heat is produced. The famous paddle wheel

experiment performed by Joule also led to the production of  heat
by friction between the rotating paddle and water.

These observations led to the Dynamic theory of heat, according
to which heat is a form of energy called thermal energy.

Every body is made up of large number of tiny particles, called
molecules. Depending on the nature of the substance (solid, liquid
or gas) and temperature of the substance, the molecules may
possess :

(i) Translatory motion i.e. motion along straight lines.

(ii) Vibratory motion i.e. to and for motion about the mean
position of the molecules.

(iii) Rotatory motion i.e. rotation of the molecules about their
axis."

102. Gomber and Gupta, op. cit., p. 8/101—

“Thermal Radiations

Thermal radiations are those, which produce in us the sensation

of warmth.. They are emitted by a body on account of its
temperature. It was established later that every body whose
temperature is above 0K emits thermal radiations. The energy
emitted depends on :

(i) the temperature of the body.

(ii) nature of radiating surface of the body.

The wavelength of thermal radiations ranges from 8 × 10–7 m to 4
× 10–4 m. They belong to infra-red region of the electromagnetic
spectrum. That is why thermal radiations are also called infra-red

radiations.

Some of the basic characteristics of thermal radiations are :

1. They travel along straight lines with the speed of light.

2. They require no medium for their propagation i.e. they can
pass through vacuum too.

3. They do not heat the intervening medium through which they
pass.

4. They obey inverse square law i.e. their intensity varies inversely
as the square of the distance from the source.

5. They can be reflected and refracted according to the laws of
reflection and refraction of light.

6. Thermal radiations also exhibit the phenomena of interference,
diffraction and polarisation as do the light radiations.

The only major difference between the thermal radiations and light
radiations is in their wavelength. Whereas the wavelength of
thermal radiations lies in the range 8 × 10–7 metre to 4 × 10–4

metre, wavelength of visible light lies in the range 4 × 10–7 m to 8
× 10–7 m. Thus thermal radiations are of longer wavelength or
smaller frequency and hence smaller energy as compared to the
visibile light."

103. Text-book of Physics (XII Std.) (Part I), pp. 161, 162—

"(2) Convection of Heat : In fluids, the heat-transfer takes place
mainly by the process of heat convection. When a fluid is
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heated from below, it expands and hence its density decreases.
So the hotter fluid comes above under the effect of buoyancy
and the heavier, cooler fluid sinks under the force of gravity.
This way, the entire mass of fluid gets heated. Hot and cold
air currents in the atmosphere are due to non-uniform heating
of the atmosphere and the associated effects of heat convection.

(3) Thermal Radiation : Any substance radiates electromagnetic
radiations of differnet frequencies to an extent that depends
on its temperature. This radiation is called the thermal
radiation. Energy associated with the electromagnetic
radiation of the thermal radiation is called the radiation energy.

In a given thermal radiation how the radiated energy is distributed
at different frequencies depends upon the temperature and the nature
of the radiating body. For example, piece of iron when heated, first
appears dark reddish, then as it gets more hot it shines yellowish
red, and at still higher temperature, whitish.

When we warm ourselves near a coal stove, we absorb energy
contained in different frequencies of electro magnetic radiations,
being emitted by hot charcoals.

Here the heat energy propagates through radiation.

Stephen-Boltzmann Law

In the year 1879, a scientist named Stephen experimentally showed
that "the amount of energy radiated by a surface, in the form of
thermal radiation, per unit area per second is proportional to the
fourth power of its absolute temperature". The same fact was
theoretically established by Boltzmann in the year 1884. The
statement is known as Stephen-Boltzmann law.

The amount of energy radiated per second per unit area at a given
temperature is called the total emissive power. The total radiated
energy includes the entire amount integrated over all the frequencies
of electromagnetic spectrum. So according to Stephen-Boltzmann
law,

W = e Q T4. (6.36)

Here, T is the absolute temperature, e is known as the emissivity of
the radiating surface, Q is called the Stephen-Boltzmann constant.
It is a universal constant and has value of Q = 5.67 × 10–8 Watt/
met2.K4)"

104. ogh] pages 199, 200—

"In reality, the electric current in solids is due to motion of electrons,
so one may say that a unit negative charge has an electrical energy
of V Joule at the negative terminal.

We have also studied in the previous chapter that when the electrons
acquire drift they experience collisions with the positive ions
oscillating about their mean position; and the energy acquired by
the electrons is partly handed over to the ions making their
oscillations more energetic. This increase in the energy of
oscillations of the ions is manifested as heat, causign an incerease
in the temperature of the conductor.

The heat energy released in a conductor on passage of an electric
current is called the 'Joule heat' and the effect is called the 'Joule
effect".

If the potential difference applied across two ends of a conductor is
V; it means that when a unit charge passes through the conductor,
an amount of electrical energy equal to V Joule is utilized.

If Q coulomb of charge passes through the conductor in t seconds
then the electrical energy utilized in t seconds = heat energy
produced during this time.

"Joule's Law : "The heat produced per unit time, on passing an
electric current through a conductor at a given temperature, is
directly proportional to the squre of the current."

The law is named after the scientist Joule; who also gave the
conversion from Joule to Calorie; which is the more usual unit for
heat. According to that,

1 Caloric = 4.2 Joule. The number "4.2" is commonly denoted by a

symbol J and is called the "mechanical equivalent of heat"."

105. vfXu dh fØ;k esa ok;q :i baèku dh jklk;fud fØ;k dks le>kus ds fy,
dqN O;k[;k,a bl izdkj izLrqr gqbZ gSa] ftuls vfXu ds jklk;fud :i dk
dksjs HkkSfrd ifj.keu ls fHkUuRo Li"V gksrk gSA ns[ksa]

A.K. Shaha, Combustion Engineering and Fuel Technology, p.
74, 75—

“Theory and Mechanism of Combustion

The combustion of a gaseous substance is the combination of oxygen
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with the combustible gas. The intermediate stages through which
the gas passes from its initial condition to the final product of
combustion are termed as mechanism of reaction.

Usually, a combustible gas consists of carbon monoxide, hydrogen
and hydrocarbons. The mechanism of combustion reactions of these
elements will be considered separately.

Carbon Monoxide

It is a well known fact that in presence of water vapours, carbon
monoxide burns quickly and intensively. In absolute absence of
water vapours the combustion of carbon monoxide almost ceases.
This phenomenon can be explained as follows : at the first instance
the water vapours are endowed with the high electrical conductivity
which helps to increase the process of ionisation : secondly, steam
molecules colliding with those of carbon dioxide (CO

2
) obstruct

radiation of heat by carbon dioxide molecules, which are formed
during the combustion. In absolute absence of water vapours, there
would be a considerable loss of heat due to radiation and thus the
combustion would proceed slowly.

Hydrogen

It has been finally established that hydrogen burns first in preference
to carbon. According to Dixon, a struggle arises between the carbon
and hydrogen for combination with the oxygen.

Hydrocarbons

There are two hypotheses regarding the combustion of hydrocarbons:
hydroxylation and peroxidation.

The essence of mechanism of hydroxylation, according to Bone, is
that there is an initial association of oxygen with the hydrocarbon
molecule, forming intermediate "Hydroxylated" compounds, which
in turn burn or are broken down thermally.

The combustion of gaseous hydrocarbons takes place by an
interaction of the hydrocarbon with oxygen, forming an
intermediate unstable "hydrogenated" compound.

Two examples of hydroxylation of gaseous hydrocarbons are given
below :

According to theory of peroxidation, worked out by Academician
Bakh in Russia as early as 1897, the first product of combustion is

not the hydrate but the active unstable peroxide, which in course
of further reactions acts as a catalyst and activates the molecules of
combustible mixture."

106. (a) Satish K. Gupta, op. ct., p. 741—

"Earth's Atmosphere

The gaseous envelope surrounding the earth is called earth's

atmosphere.

At sea level, by volume, dry air contains 78.08% nitrogen, 20.95%
oxygen, 0.93% argon, 0.03% carbon dioxide, 0.0018% neon and
traces of gases such as helium, kyrpton and xenon. In addition to
the above, air contains water vapours, hydrocarbons, hydrogen
peroxide, sulphur compounds and dust particles. The composition
of earth's atmoshphere varies very slightly with altitude. It remains
same up to a height of 100 km but its density goes on decreasing as
we go up. The earth's atmosphere has no sharp boundary. It has
been divided into a number of regions (or layers) as shown in Fig.
They are as explained blow :

131 132

I
O

N
O

S
P

H
E
R
E

APPLETON
LAYER

KENNELLY HEAVISIDE

LAYER

THERMOSPHERE

MESOSPHERE

OZONE LAYER

STRATOSPHERE

TROPOSPHERE

EARTH’S SURFACE

12 km

50 km

80 km

400 km

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



1. Troposphere. This region extends up to 12 km from the surface
of the earth. Its density varies from 1 kg m–3 at the surface of
earth to 0.1 kg m–3 at the top of this layer. All the water vapours
of the atmosphere are contained in this layer. In this part of
atmosphere, temperature decreases with height from 290 K to
220 K.

2. Stratosphere. This region of atmosphere extends from 12 km
from the surface of earth upto 50 km and it forms practically
clear sky. The density of atmosphere in this region varies from
0.1 kg m–3 to 10–3 kg m–3 and the temperature varies from 220
K to 280 K. At the upper extreme of this region, there is a layer
of ozone between 30 to 50 km from the surface of earth, in
which most of the atmospheric ozone is concentrated. It is
responsible for absorbing a large proportion of ultra-violet
radiation radiated by the sun and this layer protects the life on
earth from its harmful effects. The ozone layer is also called
ozonosphere.

3. Mesosphere. The resion of earth's atmosphere between 50 to
80 km from the surface fo earth is called mesosphere. The density
of the atmosphere in this region varies from 10–3 kg m–3 to 10–5

kg m–3 and the temperature varies from 290 K to 180 K."

(b) Text-book of Physics, (Std XII), Part II, Pages 100, 101—

“Electromagnetic Radiations and Earth's Atmosphere

Electromagnetic radiations passing through different media suffer
effects like scattering, refraction, reflection, polarization and
absorption. The effects produced by the electromagnetic radiations
of different wavelengths during their passage through the earth's
atmosphere are of particular importance to us.

The following points are to be noted :

(1) As you go above earth's surface, density of the atmosphere
goes on decreasing, but there is no sharp limit to the
atmosphere above.

(2) Upper layers of the atmosphere are partially ionized; .i.e. they
have atoms ionized to electrons and positive ions. This layer
is called the ionosphere.

(3) Layers of the atmosphere below the ionosphere are mostly of
neutral atoms and molecules.

(4) Molecules of water are mostly confined to the lowest layer
called the troposphere.

(5) There is a significant amount of Ozone (O
3
) gas in the height

range 30 to 50 kilometers.

(c) Satish K. Gupta, op. ct., Pages 137, 138—

“The Atmosphere and its Electricty

The earth's atmosphere extends upto about 400 km above the surface
of the earth. The electrical properties of the atmosphere goes on
changing, as one goes up from the surface of earth. On the basis of
these electric properties, the earth's atmosphere has been divided
into following four layers :

1. Troposphere, 2. Stratosphere, 3. Mesophere, 4. Ionosphere

The electrical properties and the phenomena occurring in the
atmosphere are mainly due to troposphere and stratosphere. The
troposphere extends up to 12 km from the surface of earth, while
the stratosphere extends from 12 km to about 50 km from the surface
of the earth.

The earth is good conductor of electricity and at low altitude,
atmosphere is poor conductor of electricity. The small conductivity
of the atmosphere is due to the ionisation produced by the high
energy particles of the cosmic rays, which are constantly hitting
the earth from the outer space. The conductivity of space is greatly
influenced by the presence of dust particles and by the humidity
conditions. However as we to up, the conductivity of the atmosphere
goes on increasing. At the top of stratosphere i.e. at a distance of
60 km from the surface of the earth, the atmosphere is quite a good
conductor of electricity. The electrical phenomena in atmosphere
take place between the surface of earth (acting as one conducting
layer) and the top of the stratosphere (acting as the other conducting
layer), which are separated by a thick atmosphere of varying
conductivity. The two layers form a spherical capacitor of large
capacitance.

Now, we state a few experimentally observed facts about electrical
properties of atmosphere :

1. At ground level, there is a downward electric field of about 102

V m–1 all over the earth. This goes on decreasing with height.
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At 10 km above the surface of earth, it becomes quite small,
while at end, it is negligible.

2. There is potential difference of the order of 4 × 105 V between
the surface of earth and that of the stratosphere. Most of the
potential difference occurs at low altitudes.

3. Due to downward electric field at ground level, earth has a
negative surface charge density over the surface of earth.

The negative surface charge density of the earth is – 10–9 C m–2

Total charge on the surface of the earth is – 5 × 5 C

4. The top of the stratosphere has an equal positive charge i.e.

+ 5 × 105 C

....the potential difference between the earth's surface and that
of the stratosphere should be

5 × 106 V

However, the observed value (4 × 105 V) is much lesser. The
explanation for this difference is the fact that the intervening
air becomes more and more conducting as we go up.

5. Due to the downward electric field, the positive ions
continuously flow into earth and the negative ions ascend. The
current flowing per unit area has been estimated to be about 3
× 10–12 Cs–1. In other words, about + 1800 C of charge is being
pumped into earth per second.

As such, the negative charge ( = – 5 × 105 C) on the earth
would get neutralised in a few moments. However, it does not
happen at all. It is because of thunderstorms and lightning
flashes occuring world wide.

Steady condition of earth's atmosphere. It can be explained on
the basis of the follwing experimental observations :

1. On the average, about 4 × 104 = 40000 thunderstorms occur
per day world wide. In other words thunderstorm occurs every
two seconds in the world some where. It lasts for about one
hour.

2. During each thunderstorm, positive charges are carried upwards
to a height of about 6 km above of the surface of earth, while
the negative charges collect at about 2 – 3 km above the earth.

Thus, the top of a cloud gets positively charged and its bottom
negatively charged.

3. Due to separation of charges, a potential difference of the order
2 × 107 V to 108 V is created between the earth and bottom of
the cloud. (The bottom of the cloud may carry a total negative
charge between – 20 C to – 30 C). Such a big potential difference
across the 3 km thickness of atmosphere creates an electric
field, which is of the order of 104 V m–1 to 3 × 104 V m–1 in
upward direction.

4. Due to this high electric field, air gets ionised and becomes
conducting. Towards the end of thunder storm, it allows large
amount of negative charges in bursts along narrow pathways
from clouds to earth.

5. In the concluding stages of a storm, there are about 200 flashes
or bolts in a storm, each for 2 × 10–3 s. Each bolt carries negative
charge to the earth and about—20 C charge is deposited on the
earth. There are about 100 bolts of lightning per second through
out the world.

6. The peak current in each bolt of lightning is about—104 C s–1.
After each bolt, the thunder storm gets charged again and is
ready for next bolt. Thus, thunderstorms make—1800 C of
charge to flow from the earth every second, which just counter-
balances the steady inflow of + 1800 C of charge to flow from
the thunderstorm free regions of the earth.

107. ,d xf.kr dk mnkgj.k bls vkSj Li"V djrk gS] ns[ksa Text-book of
Physics (Std. XII), Part II, Page 172—

"Problem 1 : Average surface charge density of the earth's surface
is 10–9 coulomb/meter2. If there exists a potential difference of 400
volts between a certain layer of upper atmosphere above the earth's
surface causing a current of 1800 amp (assumed constant) to flow
from earth's surface to the atmosphere, how much time will it take
earth's surface charge density to become zero?

(Radius of earth = 6400 km)

Surface charge density σ = 10–9 coulomb/meter2

Surface area of earth 4 π R2

135 136

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



∴ A = 51445.5 × 1010 meter2

Total charge Q = σA = 10–9 × 51445.5 × 1010

= 5.144 × 105 coulomb.

Q = I t ⇒ t =

= 5.144 × 105

1800

= 0. 2857 × 103

t = 285.7 second.

[A note : Thunderstorms continually going on at various places
on the earth convey electrical charge to the surface of the earth

maintaining on an average conditions described in this problem.]"

108. MkW- ts- tSu] vizdkf'kr ys[k] i`"B 8&10

109. xqtjkr lekpkj ¼nSfud½] vgenkckn] vèkZlkIrkfgd iwfrZ {krny] esa 4-9-
2002 dks ^fMLdojh* dkye es a izdkf'kr MkW- fcgkjh Nk;k dk
ys[kµ^^vkdk'kuh chtyh iM+s R;kjs 'kjhj us dsoh gkfu Fkk;** ls m)̀rA

110. MkW- tSu] iwoZ m)`r lUnHkZ] i`"B 26

111. ogh] ì"B 12

112. ogh] ì"B 37

113. ogh] ì"B 25

114. ogh] ì"B 31

115. WWW.Strattman.com/articles/luminous tubes. html.—"The

Luminuous Tube" An illuminating description of how neon signs

operate." By Wayne Strattman, Page 1
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'kadk&lekèkku
mi;qZDr lexz foospu ls ;g HkyhHkkafr Li"V gks tkrk gS fd bysDVªhlhVh

;k fctyh vius vki esa lfpÙk rsmdk; ugha gSA vc bysDVªhlhVh ds iz;ksx ds
dkj.k dgka rsmdk; dh mRifÙk gksrh gS vkSsj dgka ugha gksrh] ml fo"k; esa dqN
Hkzkafr;ka gSaA mudk fujkdj.k visf{kr gSA

iz'u 1- ^^Lohp vkWu djus ds ckn] cYc] izdk'k dks QSykrk gqvk fn[kkbZ
nsrk gSA ftlls bysDVªhd cYc esa fctyh ( = Flow of Electrons) dk izos'k vkSj
cYc ds vUnj ls izdk'k Lo:i rstk.kq (Photon) dk cfgxZeu fl) gksrk gS rFkk
ftl ekxZ ls iqn~xy Lo:i fctyh vUnj izos'k djrh gS ml ekxZ ls rkj ls ;k
vU; dksbZ ekxZ ls mlds fy, izk;ksX; t:jh ok;q&nzO; Hkh vUnj tk ldrk gSA
dk;Z gks ogka dkj.k dks vo'; ekuuk iM+rk gSA dkj.k fcuk dk;Z dh mRifÙk ugha
gks ldrhA tSls tgka èkqvka gksrk gS ogka vkx dk gksuk fl) gksrk gSA oSls cYc esa
m".k izdk'k dh ,oa vfXu dh gktjh fn[kkbZ nsus ls] ^Hkxorh lw=k* esa crk, x,
iwoksZDr ¼ì"B&9½ fu;ekuqlkj] ogka ok;q dk gksuk Hkh fl) gksrk gSA D;ksafd fcuk
dkj.k ds dk;Z ugha gks ldrkA ;g rdZ'kkL=k dk ewyHkwr fl)kUr gSA**1

mÙkjµrkj }kjk tks fo|qr~&izokg cYc ds vUnj igqaprk gS] og èkkrq ds rkj
dh viuh lajpuk ds dkj.k lEHko gSA fo|qr~ dh lqpkydrk blds fy, ftEesnkj
gSA fo|qr~&izokg ds :i esa pyus okys iqn~xy vkSj vfXu dks tykus okyh
vkWDlhtu ok;q ds iqn~xy esa vUrj gSA rkj fo|qr~ dk okgd gS] vkWDlhtu ;k
vU; ok;q dk ughaA blfy, ,slk ekuuk fd fdlh Hkh rjg vkWDlhtu ;k ok;q
vUnj pyh tkrh gS] u rdZlaxr gS vkSj u foKkulaxrA

igys rks fo|qr~ dks lfpÙk rsmdk; ;k vfXu ds :i esa eku ysuk vkSj fQj
mldks fl) djus ds fy, bl izdkj dk dkYifud vkèkkj izLrqr djuk vius vki
esa U;k;laxr ugha gSA izR;qr vkxeopu }kjk tc Li"V :i ls ok;q ds fcuk vfXu
ds vfLrRo dks vLohdkj fd;k x;k gS rFkk ;g ok;q vkWDlhtu ¼;k izk.kok;q½ gh
gSµ,slk izR;{k vuqHko ls izekf.kr gks jgk gS] rc mlds vHkko esa rsmdk; ds

vfLrRo dks fdlh Hkh izdkj fl) ugha fd;k tk ldrkA cYc esa vkWDlhtu ds
flok vU; ok;q dk vfLrRo gksus ij Hkh vfXu ugha gks ldrh] D;ksafd ogka
mifLFkr vU; ok;q fuf"Ø; gSA ;fn ukbVªkstu] vkxksZu vkfn fuf"Ø; ok;q esa
ngu&fØ;k lEHko gksrh rks ,sls ok;q ds vUnj fQj nhid vkfn D;ksa cq> tkrs\
;g rks cgqr gh lkekU; iz;ksx ds vkèkkj ij Kkr gks ldrk gS fd fuf"Ø; ok;qvksa
esa vfXu cq> tkrh gSA ;gka ;g rdZ nsuk fd Dyksfju ;k ¶yksfju esa yksgk tyrk
gS] Hkh laxr ugha gSA D;ksafd cYc esa Dyksfju] ¶yksfju Hkh ugha gksrsA

iz'u 2- ^^;gka 'kk;n fdlh dks 'kadk gks ldrh gS fd ^cYc ds vUnj ok;q
ekStwn gks vkSj fctyh ls ogka izdk'k mRiUu gksrk gS rks fQj cYc ds VwV tkus ds
i'pkr~ fctyh dk izokg fo|eku gksus ij Hkh cYc esa izdk'k D;ksa ugha gksrk\*
ijUrq ;g 'kadk mfpr ugha gSA bldk dkj.k ;g gS fd cYc ds vUnj vfXu izdV
djus esa ftrus izek.k esa ok;q dh vko';drk gksrh gS ml izek.k ls cgqr T;knk
ok;q vFkok cYc esa izdk'keku VaxLVu rkj dk fojksèkh ok;q] cYc ds VwV tkus ij
ogka ,df=kr gksus ls ykbZV caèk gks tkrh gSA ok;q tgka gksrk gS] ogha vfXu izdV
gks ldrh gSµ;g fl)kUr ekU; gksrs gq, Hkh tSls pheuhokyk tyrk gqvk ykyVsu]
pheuh VwV tkus ij ckgj ls osx ls vkrs gq, T;knk ok;q ds dkj.k cq> tkrh gS]
bl izdkj ls ge mi;qZDr ckcr le> ldrs gSaA

O;fDr Hkkstu&ikuh ds vkèkkj ij thfor jgrk gSA fdUrq T;knk izek.k esa
Hkkstu&ikuh dk mi;ksx djus esa vk, rks ogh Hkkstu mldh e`R;q dk dkj.k Hkh cu
ldrk gSA mlh izdkj tgka ok;q gks ogha vfXudk; mRiUu gks ldrk gSA ;g ckr
lR; gSA fdUrq vko';drk ls vfèkd ok;q dk ncko vkus ls vfXu cq> tkrh gSA
Qwad ekjus ls nh;k cq> gh tkrk gSA rSy ls tyrs gq, nh;s ij ,d lkFk T;knk
rSy Mkyus ij og cq> gh tkrk gSA blfy, dgk gSµ^vfr loZ=k otZ;sr~*A
gkykafd ;g ckr tu&lkekU; le> lds bl vk'k; ls ykSfdd n`f"Vdks.k ls crkbZ
gSA bl ckcr dks okpd oxZ è;ku esa ysA

ijUrq blh ?kVuk dks lkbUl dh n`f"V ls ij[kuk gks rks ,slk dgk tk ldrk
gS fd ok;j esa ls bysDVªhlhVh izlkj gksrs le; ;fn cYc VwVk gqvk gks rks ckgj
ds izfrdwy ok;q ds lEidZ ls cYc dk fQykesaV ty tkrk gSA blhfy, VwVk gqvk
cYc izdk'k ugha nsrkA cYc esa VaxLVu èkkrq ls cuk gqvk ,d iryk ok;j gksrk
gSA mls vaxzsth esa ^fQykesaV* dgrs gSaA Lohp dks ^vkWu* djrs gh bysDVªhlhVh dk
¶yks Lohp ls xqtjdj cYc esa igqaprk gSA tc cYc esa fLFkr fQykesaV esa fctyh
dk izokg igqaprk gS rc og fQykesaV xje gks tkrk gSA ;g xehZ bruh mxz gksrh
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gS fd ogka izdk'k mRiUu gksrk gSA VaxLVu uke dh èkkrq 3420 ls- ds rkieku ij
fi?kyrh gS rFkk 5860 ls- rkieku ij mcyrh gS ¼nsf[k, calhèkj 'kqDy Ñr&izlfUudk
foØedks'k] i`"B 57½ izdk'keku cYc ds fQykesaV esa 2760 ls- rkieku gksrk gS]
ftldh otg ls cYc esa fctyh dh xehZ ls ;g ok;j fixyrk ugha gSA fdUrq VwVs
gq, cYc esa ckgj ds izfrdwy ok;q dk fQykesaV ds lkFk la;ksx vkSj fctyh dk
ogka vkxeuµ;g nksuksa ?kVuk,a gksus ls fQykesaV ty tkrk gSA blhfy, VwVk gqvk
cYc izdkf'kr ugha gksrkA**2

mÙkjµtSls mi;qZDr nyhy esa igys lfpÙk rsmdk; dk vfLrRo eku fy;k
vkSj fQj mls fl) djus dk iz;Ru fd;k x;k] mlh izdkj izLrqr nyhy esa Hkh
ns[kk tk ldrk gSA

dksbZ Hkh O;fDr bl izdkj dh nyhy dks dSls Lohdkj dj ldrk gS\ cYc
dk izdkf'kr gksuk igys vfXu gS gh ugha] rks fQj izek.k ls cgqr T;knk ok;q
vFkok fojksèkh ok;q ls mldk cq> tkuk dSls laxr gS\ ge ,d ckj iqu%
bysDVªhlhVh m$tkZ ds :ikUrj.k dks le>saµ

1- cYc esa VaxLVu dk iryk rkj tyrk ugha gS] bysDVªhd m$tkZ izdk'k
,oa m"ek esa :ikUrfjr gksrh gSA ogka dac'pu ¼ngu½ gS gh ugha]
D;ksafd ogka vkWDlhtu ugha gSA

2- bysDVªhd ghVj tks [kqys vkdk'k esa Hkh pyrk gS] ogka rks vkWDlhtu
fo|eku gSA ogka cgqr osx okyh ok;q ls ghVj D;ksa ugha cq> tkrk\
oLrqr% ghVj esa rkj dk xeZ gksuk vkSj m"ek esa cnyuk bl fØ;k esa
vkWDlhtu ;k ok;q dk dksbZ lEcUèk ugha gSA

3- fctyh&izokg esa tc izfr'kksèk (Resistance) gksrk gS] rks inkFkZ esa rki
mRiUu gksrk gS ;kuh fo|qr~&m$tkZ rki&m$tkZ esa cnyus yxrh gSA cYc
esa vojksèk T;knk gksrk gSA rki dh ek=kk vojksèk ds lekuqikfr gSA
NksVs rkj dh vis{kk yEck rkj vfèkd vojksèk iSnk djrk gSA cYc dh
vis{kk ghVj esa rkj yEck gksrk gS] blfy, ghVj esa rkieku vfèkd
iSnk gksrk gSA rkacs dk rkj cgqr de vojksèk iSnk djrk gS] vr% og
cgqr de xje gksrk gS tc fctyh dk izokg mlls xqtjrk gSA VaxLVu
dh vojksèkdrk rkacs dh vis{kk vfèkd gSA mlds rkj (Filament) esa
fo|qr~ izokg dk ifjorZu m"ek&m$tkZ vkSj izdk'k&m$tkZ esa vklkuh ls
gksrk gSA VaxLVu dk fi?kykad ma$pk gksus ls og lkekU;r% fi?kyrk
ugha gSA3

4- tc fdlh pkyd ¼rkj½ dk rkieku mlds Toyu&fcUnq rd igqap
tk, vkSj mls vklikl dh gok ls jklk;fud fØ;k dk volj fey
tk, rks og ty ldrk gSA bl tyus dh fØ;k esa rki o izdk'k iSnk
gksrk gSA bl jklk;fud fØ;k ls ml pkyd inkFkZ dk vkWDlkbM
curk gSA

5- èkkrq esa fo|qr~&èkkjk izokfgr gksus ls ml èkkrq esa rki dh m$tkZ iSnk
gksrh gSA ;g rki mldh vojksèkd 'kfDr ij fuHkZj djrk gSA
fo|qr~&izokg ls tks rki iSnk gksrk gS mlls ghVj esa pkyd ¼èkkrq½
inkFkZ yky xeZ gks ldrk gS ;k fi?kydj rjy :i esa cny ldrk gS
tSlk ¶;wt (Fuse) esa gksrk gSA cYc esa fQykesaV fcuk fi?kys xje gksus
ds ckn izdk'k djrk gSA

6- bysDVªhd cYc* nks izdkj ds gksrs gSaµ

¼1½ fuokZr (Vacuum)

¼2½ fuf"Ø; xSl okys

fuokZr esa j[ks gq, VaxLVu fQykesaV ¼rUrq½ esa tc fo|qr~&izokg cgrk gS] rc
mlds vojksèk ds dkj.k mlesa rki vkSj izdk'k nksuksa iSnk gksrs gSaA ;g vfXu dh
Hkkafr tyus dh fØ;k ugha gSA ;gka rki o izdk'k ds mn~xe dk ,d vU; rhljk
dkj.k fo|qr~&izokg gS rFkk ml lqpkyd inkFkZ dh vojksèkdrk ,oa mPp rkiØe
¼yxHkx 300 fMxzh ls-½ ij Hkh fcuk fi?kys izdk'k&fdj.ksa iSnk djus dh {kerk gSA
tc igyk cYc Fkksel vkYok ,fMlu us cuk;k Fkk rks fuokZr (vacuum) esa
fQykesaV j[kk x;k FkkA ysfdu VaxLVu èkhjs&èkhjs ok"ihÑr gksdj nhokjksa ij terk
x;k vkSj cYc Hkwjk gksus yxkA bldks de djus ds fy, fuf"Ø; xSlksa dk iz;ksx
fd;k x;kA ck"ihdj.k ls fQykesaV iryk gksdj [kRe gks tkrk gSA

pwafd cYc esa tyus dh izfØ;k dk gh vHkko gS] cYc esa ok;q dh
vko';drk gh ugha gSA fQykesaV tc fdlh fufeÙk ls fi?ky tkrk gS ftls ge
fuse gksuk dgrs gSa] rc cYc Lor% cq> tkrk gSA fQykesaV fuse gksus ds fufeÙkksa
esa okWYVst c<+ tkuk Hkh ,d fufeÙk gSA tSls Qwad ekjus ij eksecÙkh cq> tkrh gS]
oSls cYc rst ok;q ls cq> tkrk gS—,slk fufeÙk ekuuk ;qfDrlaxr ugha gSA

iz'u 3- ^^tc V~;wcykbZV mM+ tkrh gS rc mlds vUnj ds Hkkx esa lkbM
esa dkcZu dk tks dkykiu lHkh dks n`f"Vxkspj gksrk gS og dgka ls vk;k\
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,ClksY;qV osD;qe gks rks V~;wcykbZZZV esa fdlh Hkh izdkj ds ok;q dk izos'k gks gh
ugha ldrkA foKku ds fl)kUr ds vuqlkj rks QksLQjl dk vkWfDlMs'ku gksus
ls ogka mldk dkcZu esa :ikUrj gks tkrk gSA izLrqr esa vkWfDlMs'ku dk eryc
gS vkWDlhtu ds lkFk la;qDr gksus ls ijek.kq esa ls vFkok ijek.kq lewg esa ls
bysDVªksu ds fudy tkus ls ewyHkwr nzO; dk uk'k gksus dh izfØ;kA ;fn V~;wcykbZV
esa vkWDlhtu bR;kfn ok;q dk loZFkk vHkko gks rks vkWfDlMs'ku dh izfØ;k 'kq:
gh ugha gks ldrhA rks fQj V~;wcykbZV esa QksLQjl dk dkcZu esa :ikUrj dSls
gks ldrk gS\

gka] nwljh egÙo dh ckr ;g gS fd V~;wc mM+ tkrh gS rHkh vkWDlhMs'ku dh
izfØ;k dk izkjEHk gksrk gS] ,slh ckr ugha gSA ijUrq V~;wc esa tc&tc bysDVªhlhVh
ilkj gksrh gS] V~;wc pkyw gksrh gS rc&rc vkWDlhMs'ku dh izfØ;k fujUrj pkyw gh
jgrh gSA ,d fLFkfr ,slh vk tkrh gS fd V~;wcykbZV ds T;knkrj Hkkx dk
QksLQjl vkWfDlMs'ku izkslsl ls dkcZu ds :i esa ifj.kr gks tkrk gS] rc V~;wc caèk
iM+ tkrh gS vkSj mlds lkbM esa dkcZu ds dkys èkCcs fn[kkbZ nsus yxrs gSaA**4

mÙkjµgeus izFke Hkkx ds izHkkx 10* esa V~;wc&ykbZV dh izfØ;k dh lEiw.kZ
O;k[;k izLrqr dh Fkh rFkk mlesa Li"V fd;k Fkk fd ewyr% V~;wc ykbZV esa dgha ij
Hkh tyus dh fØ;k ugha gksrh gSA mlesa V~;wc esa Hkjh gqbZ de ncko ij eD;wZjh&osij
¼;kuh ok"i :i esa ikjs½ esa MhLpktZ }kjk vk;uhdj.k fd;k tkrk gS rFkk ml le;
vYVªk&ok;ysV fofdj.k ls LQqjnhfIr okys inkFkZ izdkf'kr gksus ls V~;wc dk izdk'k
izkIr gksrk gSA mlds lkFk ;g Hkh Li"V fd;k Fkk fd mlesa tks ^Cysduhax* ¼dkyk
èkCck½ gksrk gS] og dkcZu ugha vfirq bysDVªksM ds èkkrq dk ^LiwVfjax* ;kuh
^fpVduk* ;k {kj.k dh izfØ;k dk gh ifj.kke gSA mlesa ckgj ls ok;q ;k
vkWDlhtu ds izos'k dk dgha vodk'k gh ugha gSA bls ^QksLQjl dk vkWDlhMs'ku
crkuk* furkUr xyr gSA u rks vkWDlhMs'ku gksrk gS] u gh dkcZu dh mRifÙkA
blfy, rsmdk; ugha gSA vkdk'kh; fo|qr~ [kqyh gok esa rhoz m".krk] rhoz izdk'k]
rhoz oksYVst vkfn ds dkj.k vfXu iSnk djrh gS] tcfd V~;wc esa vkWDlhtu dk
vHkko gSA blfy, rsmdk; dk vHkko gSA

bysDVªksfuDl la;a=kksa esa v/kZ okgd (Semi-conductors) dk iz;ksx gksrk
gSA5 Mk;ksM vkfn dh lfdZV] cVu&lSy vkfn esa flyhdksu vkfn v/kkrq inkFkZ dk
mi;ksx fd;k tkrk gS ftlesa cgqr de oksYVst ij Hkh fo|qr~&izokg lfØ; curk
gSA blesa rkieku dh o`f) Hkh ugha tSlh gksrh gSA izdk'k dk fofdj.k Hkh cgqr

lk/kkj.k gksrk gSA vkWDlhtu dk vHkko gksrk gSA bu lc vk/kkjksa ij bu
izfØ;kvksa esa dgha Hkh rsmdk; dk izlax ugha cu ldrkA

iz'u 4- D;k bysDVªhd LikdZ lfpÙk rsmdk; ugha gS\ tc Lohp vkWu ;k
vkWQ dh tkrh gS] rc NksVk&lk LIkkdZ gksrk gh gSA* bl fpuxkjh esa vkSj vfXu
tyrs le; ¼vaxkjs vkfn esa ls½ fudyus okyh fpuxkjh esa D;k vUrj gS\ ;fn
bysDVªhd LikdZ lfpÙk rsmdk; gS] rks fQj lkèkq D;k Lohp vkWu ;k vkWQ dj
ldrk gS ;k djok ldrk gS ;k djus dk vuqeksnu dj ldrk gS\

mÙkjµizFke Hkkx ds ikaposa lsD'ku rFkk NBs lsD'ku esa ge fo|qr~
pqEcdh; rjaxksa] xSlksa esa fujkos'khdj.k vkfn dh ppkZ dj pqds gSaA mlds vUrxZr
gV~Zt+ ds iz;ksxksa esa bysDVªhd ^LikdZ* dks fo|qr~ pqEcdh; m$tkZ ds fofdj.k ds
:i esa crk;k x;k gSA7 xSlksa esa fofHkUu izslj dh fLFkfr esa rFkk mPp oksYVst
}kjk gksus okys fujkos'khdj.k ds izHkko ls mRiUu ̂ LikdZ* ;k fo|qr~&pqEcdh; m$tkZ
ds fofHkUu ifj.keuksa dh ppkZ Hkh ge dj pqds gSaA8 bl ppkZ ls ;gh fu"d"kZ
fudyrk gS fd LikdZ ds :i esa mRiUu fo|qr~&èkkjk vius vki esa dsoy
fo|qr~&pqEcdh; m$tkZ gSA bldh mRifÙk esa dgha dac'pu dh jklk;fud fØ;k
ugha gSA vfXud.k ds :i esa gksus okyh fpuxkjh ftls eqeqZj dgk x;k gS] tyrs
gq, ;kuh dac'pu dh izfØ;k djrs gq, Bksl d.k gSaA blh izdkj m$uh 'kky]
iksyhFkhu ¼;k IykfLVd dh FkSyh½ vkfn esa mRiUu fpuxkjh Hkh LVsfVd bysDVªhlhVh
dk LikdZ ds :i esa ;kuh fo|qr~ pqEcdh; m$tkZ ds :i esa fofdj.k gS] tks
vfXud.k ¼eqeqZj½ ls fHkUu gSA

bysDVªhd LikdZ Lo;a rks ̂ vfXu* ugha gS] ij vuqdwy la;ksx feyus ij vfXu
iSnk dj ldrk gSA vuqdwy la;ksx esa rhuksa vfuok;Z vko';drk dh iwfrZ gksuk
t:jh gSµToyu'khy inkFkZ] ToyufcUnq rd dk rkieku rFkk vkWDlhtuA rhuksa
esa ls fdlh ,d ds vHkko esa vfXu ;k dac'pu dh izfØ;k ?kfVr ugha gks ldrhA
bu rhu vfuok;Zrk dh iwfrZ dgka gksrh gS] dgka ughaµbls ge fuEukafdr mnkgj.kksa
ls Li"V le> ldrs gSaµ

1- E.D.M. e'khuµbysDVªhd MhLpktZ e'khu ls èkkrq dks bysDVªhd LikdZ
ls dqrjdj vkdkj fn;k tkrk gS tks 'dye' ;kuh lkaps ds :i esa dke yh tkrh gSA
bl e'khu esa ,d Vadh dks dsjkslhu ls Hkjdj mlds uhps ds ry ij èkkrq j[kh
tkrh gS rFkk bysDVªhd Lik²dx dh fØ;k ls èkkrq dks ;FksPN vkdkj fn;k tkrk
gSA bl lEcUèk esa baVjusV ls izkIr tkudkjh bl izdkj gS9µ
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EDM: Principles of Operation

ELECRICAL DISCHARGE MACHINING (EDM) is accom-

plished with a system comprising two major components: a machine

tool and a power supply. The machine tool holds a shaped electrode

which advances into the workpiece and produces a shaped cavity.

The power supply produces a high frequency series of electrical spark

discharges between the elecrtrode and the workpiece, which removes

metal from the workpiece by thermal erosion or vaporization.

The basic components of an EDM system are illustrated to the

right. The workpiece is mounted on the table of the machine tool and the

electrode is attached to the ram of the machine. A DC servo unit or

hydraulic cylinder moves the ram (and electrode) in a vertical motion and

maintains proper position of the electrode in relation to the workpiece.

The positioning is controlled automatically and with extreme accuracy

by the servo system and power supply. During normal operation the

electrode never touches the workpiece, but is separated by a small spark

gap.

During operation, the ram moves the electrode toward the workpiece

until the space between them is such that the voltage in the gap can

ionize the dielectric fluid and allow an electrical discharge (spark) to

pass from the electrode to the workpiece. These spark discharges are

pulsed on and off at a high frequency cycle and can repeat 250,000 times

per second. The spark discharge (arc) always travels the shortest distance

across the narrowest gap to the nearest or highest point on the workpiece.

The amount of material removed from the workpiece with each pulse is

directly proportional to the energy it contains.

Each discharge melts or vaporizes a small area of the workpiece

surface. This molten metal is then cooled in the dielectric fluid and

solidifies into a small spherical particle (swarf) which is flushed away

by pressure/motion of the dielectric. The impact of each pulse is

confined to a very localized area, the location of which is determined by

the form and position of the electrode.

Both the workpiece and electrode are submerged in a dielectric

fluid* which acts as an electrical insulator to help control the spark

discharges. In EDM, the dielectric fluid also performs the function

of a coolant medium and reduces the extremely high temperatures in

the arc gap. More importantly, the dielectric fluid is pumped through

the arc gap to flush away the eroded particles between the workpiece and

the electrode. Proper flushing is critical to high metal removal rates and

good machining conditions.

Because EDM erodes metal with electrical discharges instead of

with chip machining cutting tools, the hardness of the workpiece does

not determine whether or not a material can be machined by EDM. A

relatively soft graphite or metallic electrode can easily machine hardened

tool steels or tungsten carbide. This is one of the many attractive benefits

of using the EDM process. Rather than machine a workpiece before heat

treating, it can be EDMed afterward. This eliminates the risk of damage

or distortion which could scrap an expensive workpiece during heat

treating.

The basic principles of wire-cut EDM are essentially the same as

diesinking EDM described above. The major difference is that instead of

using an electrode with a complex shape, in wire EDM the electrode is a

simple wire, typically .006" to .012' diameter, which follows a horizontal

path through the workpiece. Instead of using dielectric oil as in die-

sinking EDM, wire EDM uses deionized water.

DEVELOPMENT OF EDM IN THE MIST

This paper examines the machining properties of a new EDM

process which takes place in a sprayed mixture of gas and liquid. It,

namely EDM in the mist or mist EDM, does not require a tank for working

*Dielectric fliud is usually kerosene. (See next page).

147 148

Electrode
(Cutting Tool)

Dielectric Fluid
(Coolant)

Arc Gap

EDM

Machine Tool

Workpiece

Current Limit

Transistor

Amp Meter

D.C. Power

Supply

Basic EDM System

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



fluid like in conventional EDM. The most distinctive feature of it is non-

electrolytic machining even if electrically conductive water is used as a

fluid. Therefore, water or water soluble cutting or grinding oil can be

used for working fluid so it will become easier to combine EDM with

traditional machine tools.

EDM BY POWDER SUSPENDED WORKING FLUID

This paper presents some effects for finishing electrical discharge

machining which uses powder in working fluid. Appropriate powder

use gives 0.8 µmRmax surface with the area of 25 cm2, and also shortens

the finishing time extremely. It is verified in some experiments that

powder suspension brings about stable EDM even under micro-electrical

condition because of large gap distance and good dispersion of discharge

current.

THE PROPER CHOICE OF HYDROCARBON DIELECTRIC

FLUID FOR EDM APPLICATIONS, A COMPREHENSIVE

COMPARISION

The commercially available large variety of dielectric fluids for

EDM applications mades the choice rather difficult. Are there any

advantages or disadvantages using one or another product? This paper

describes a comparison test of 35 different hydrocarbon dielectric fluids

in machining various metals using several different electrode materials.

*STUDY ON HIGH-QUALITY FINISHING BY EDM WITH

NONFLAMMABLE DIELECTRIC FLUID

The use of kerosene as dielectric fluid in EDM is very common.

However, from the point of safety, kerosene has many problems since it

can cause a fire. Some studies were reported on EDM with conflammable

dielectic fluid. EDM with nonflammable dielectric fluid has an advantage

over EDM with kerosene because it is free from fire and its rough-

machining speed is faster. On the other hand, it has a drawback in that

its finishing machining is unsatisfactory. In this report, the authors aim

is to improve the efficiency of EDM with nonflammable dielectric fluid.

The authors have found that the carbon which is made in the EDM

process is responsible for the poor quality of the finished surface. Because

it is electrified, the carbon adheres to the surface of the workpiece in the

EDM process. The adhering carbon disturbs the machining stability,

and degenerates the quality of the EDMed surface. In order to improve

the machining capacity, the authors developed a new machining circuit.

With this machining circuit, the voltage between the electrode and the

workpiece is kept about 0 V, and the electrified carbon does not adhere

to the workpiece. The performance of finish-machining is greatly

improved.

*INCREASING THE FUNCTIONALITY OF MACHINED

SURFACES BY EDM WITH A SILICON POWDER ADDITIVE

In EDM a very smooth finished surface can be obtained by adding

a fine electrically conductive powder such as silicon to the machining

fluid. Since this process produces an extermely corrosion resistant and

microcrack free uniform surface, it is thought to be very effective in the

finishing of dies for plastic molding. Increased effectiveness against

corrosion is particularly needed for molds in which corrosive gases

develop from plastic compounds.

In this paper, in order to investigate the effective application of

EDMing using a powder additive in the plastic mold finishing process,

surfaces by Powder Additive EDM were compared to those finished by

conventional polishing.

*EQUIVALENT MODEL OF JUMP FLUSHING EDM (Ist Report)

Proposal of a Model Represented by Electric Circuit

In diesinking EDM, the jump flushing is generally known to be

useful to clean up the working gap. However, it is very difficult to adjust

the jump parameters efficiently such as an amplitude and an execution

timing of the jump motion with progress of machining. Because, in this

process, optimal values of such parameters change widely with progress

of machining and to adjust them an extensive expert knowledge about

the jump control is required. Therefore, if a numerical equivalent model

of the jump flushing EDM can be framed, it will be very useful for adaptive

adjustment of the jump parameters. This report describes a newly proposed

equivalent model of the jump flushing EDM represented by an electrical

way. Increasing process of the machining products in the working gap is

converted to the charging process of a condenser in a DC electric circuit.

Efficient jump timing is able to be computed from the rising time of the

terminal voltage of the condenser to a threshold value which corresponds

to critical density of the machining products for the safety sparking.

Results of computer simulations based on the proposed model show that
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the machining characteristics of the jump flushing EDM could be

reproduced sufficiently except for the very early stage of machining.

Besides, it was found that approximate optimal values of the jump

parameters could be computed easily.

*EQUIVALENT MODEL OF JUMP-FLUSHING EDM

(2nd Report) Influence of Duty Factor of Working Pulse

This study aims to represent the characteristics of the jump-flushing

EDM by a simple mathematical model in order to realize suitable

selections of jump parameters through computer simulations. In the

previous report, we proposed a basic model from a consideration of

similarity between the increasing process of machining products in the

working gap and the charging process of a capacitance in the DC electrical

circuit. As a result, that model showed validities to represent a change in

machining characteristics and jump parameters with progression of

machining. In the present report, we propose an expanded model in which

influences of duty factor of working pulses are taken into consideration.

Computer simulations based on the new model showed that suitable jump

parameters and rest time of working pulse are able to be estimated. Further

expansion of the model will be possible by considering influences of

peak current or pulse duration in the similar way of the duty factor.

*STUDY ON FLUSHING FOR EDM (1st Report), proposal of 2D

Small Vibration Method and Scan-Flushing Method

In EDM diesinking, an excess of debris is often produced during

machining in the gap between the electrodes, reducing the removal rate

and damaging the machined surface. In order to remove this debris,

various methods such as fluid injection, jet flushing, jump motion,

planetary motion and self-flushing have been used or proposed. With

there methods, problems such as navel removal and idle time exist. In

this article, 2D small vibration method and scan-flushing method are

proposed as new flushing methods to solve these problems. By using

these methods, better machining efficiency and better surface accuracy

can be obtaind.

*STUDY ON FLUSHING FOR EDM (2nd Report), Analysis and Simulation

of the Effect of Jet Flushing for EDM

In the previous report, we developed a dynamic jet flushing method

which is called "scan flushing". Experimental results clarified the

effectiveness of this method on the precision of machining over

conventional jet flushing method. Although good resluts of the scan-

flushing were obtained, several parameters may influence the process.

To help to optimize these parameters, a computational method to simulate

the process is proposed in this paper. It was confirmed that this simulation

algorithm can represent the distribution phenomenon of debris with good

correlation with the unevenness of the workpiece surface produced.

*SURFACE GENERATION MECHANISM IN ELECTRICAL

DISCHARGE MACHINING WITH SILICONE POWDER MIXED

FLUID

The surface generated by electrical discharge machining (EDM)

appears to be generally mat finish. However, the machined surface in

EDM with silicon powder mixed fluid becomes glossier and has a

smaller surface roughness than that in conventional EDM with

kerosene type fluid, which leads to the omission of hand finish lapping

of metal molds. The quality of machined surface significantly depends

on the kind of workpiece material, but the surface generation mechanism

has not yet been made sufficiently clear. In this study, the effect of silicon

powder mixing on the surface generation mechanism is experimentally

investigated, analyzing the shape of crater generated by a single pulse

discharge, the surface roughness, the machined surface and so on. The

main coclusions obtained are as follows :

1. The gap distance in EDM with silicon powder mixed fluid

is larger than that with kerosene type fluid, because of the

lower resistivity of the former and the influence of silicon

powder arrangement in the gap.

2. EDM with silicon powder mixed fluid leads to smaller

undulation of a crater, because of the smaller impact force

acting on the workpiece due to evaporation and expansion

of machining fluid.

3. The more the precipitated carbides in the workpiece are,

larger the surface roughness is, since the carbides come

off because of crack propagation due to the frequent heat

impact during EDM.

4. EDM with silicon powder mixed fluid results in the stable

machining without short circuit between the electrode and

the workpiece.
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mDr tkudkjh ds vkèkkj ij Li"V gksrk gS fd dsjkslhu rsy esa rhoz
bysDVªhd LikdZ (discharge) iSnk gksus ij Hkh vkx ugha yxrh D;ksafd dsjkslhu
ds Hkhrj vkWDlhtu miyCèk ugha gksrkA ;gh LikdZ ;fn dsjkslhu dh lrg ij
gksrk rks Hk;adj vkx iSnk dj ldrk FkkA blls ;g fl) gksrk gS fd LikdZ Lo;a
vfXu ugha gSA tSls m$ij crk;k x;k gS] EDM e'khu esa dsjkslhu ds LFkku ij
^vToyu'khy rjy inkFkZ* Hkh coolant ds :i esa j[ks tkrs gSa ftlls [krjk iSnk
u gksA ;g fl) djrk gS fd vToyu'khy inkFkZ fdrus gh mPp oksYVst ds ckotwn
vkx ugha idM+rsA

2- nwljk mnkgj.k gSµvR;fèkd mPp oksYVst ds fo|qr~&izokg esa ^vk;y
lfdZV czsdj* dk mi;ksxA bl O;oLFkk }kjk tc fdlh QkYV ds dkj.k oksYVst ;k
djaV esa vpkud o`f) gksus ij lfdZV rksM+ nh tkrh gSA bl O;oLFkk esa Hkh rsy ds
Hkhrj Lohp jgus ls vkWDlhtu ds vHkko esa LikdZ dk MhLpktZ dsoy ^¶ys'k* iSnk
djsxk] ij vfXu ughaA ^vk;y lfdZV czsdj* dh tkudkjh fVIi.k esa nh xbZ gSA10

3- rhljk mnkgj.k gSµm$uh 'kky ;k IykfLVd ls fudyus okys bysDVªhd
LikdZA ;g LikdZ ;|fi [kqyh gok esa vkWDlhtu ds lkFk lEidZ esa gksrk gS rFkk
Toyu'khy inkFkZµm$u] IykfLVd vkfn Hkh fo|eku gSa] ij i;kZIr rkieku ds
vHkko ds dkj.k ̂ vkx* ugha yxrh] vU;Fkk m$uh 'kky ;k dEcy vFkok IykfLVd
dh FkSyh vkfn ty tkrsA ̂ FkzsslksYM* rkieku ds vHkko esa ;kuh Toyu&fcUnq ls de
rkieku esa tks fo|qr~&pqEcdh; m$tkZ ;k fofdj.k gksrk gS] og ^dac'pu* dh
izfØ;k djus esa l{ke ugha gSA blh vkèkkj ij tSu lkèkq ds fy, m$uh 'kky dk
iz;ksx gtkjksa o"kks± ls ekU; gSA ;fn bu fpuxkfj;ksa dks Hkh ̂ eqeqZj* dh dksfV esa j[kh
tk,] rks fQj m$uh 'kky dk iz;ksx tSu lkèkq dSls dj ldrs gSa\

vc ge ewy iz'u ij vkrs gSaµ

fo|qr~&iFk (Circuit) dks ckfèkr djus ds fy, Lohp dk iz;ksx fd;k tkrk
gSA T;ksa gh Lohp vkWu gksrk gS] [kkyh LFkku esa MhLpktZ xqtjrk gS] tks {kf.kd
LikdZ ds :i esa gh gksrk gSA ;gka [kkyh LFkku esa gok ¼vkWDlhtu½ Hkh fo|eku gSA
ij MhLpktZ dh rhozrk dk vkèkkj oksYVst ij gSA vfr rhoz oksYVst gks rc rks
LikdZ dk rkieku Hkh vR;fèkd gks ldrk gS tks FkzslksYM rkieku ls vfèkd gksus
ls rsmdk; dh mRifÙk dk fufeÙk cu ldrk gSA ;fn rkieku 'Threshold'

¼U;wure lhek½ ls uhps gks] rks LikdZ gok ds lEidZ esa Hkh vfXu ;kuh dac'pu
dh fØ;k ugha dj ldrk gSA blhfy, tgka mPp oksYVst dk fo|qr~&izokg gksrk gS]
ogka vkx dh lEHkkouk cuh jgrh gS] ftls Vkyus ds fy, LikdZ dks fdlh Hkh

coolant  }kjk eanhÑr fd;k tkrk gS rFkk vkWDlhtu ds lEidZ esa u vk, ,slh
lkoèkkuh j[kh tkrh gSA 'Fuse' dh O;oLFkk Hkh blhfy, dh tkrh gS fd vfèkd
oksYVst gksus ij fuse dk rkj fixy tkrk gS vkSj lfdZV VwV tkrh gS] ftlls vkx
ugha yx ldrhA lkekU; oksYVst ij Lohp esa gksus okys LikdZ dk gok ls lEidZ
gksus ij Hkh ean m$tkZ gksus ds dkj.k vfXu dh fØ;k ugha gksrhA vdLekr~ fdlh
dkj.k ls oksYVst esa vR;fèkd o`f) gks tk, rFkk vU; lkoèkkuh u gks] rks
dHkh&dHkkj Lohp dk LikdZ Hkh [krjk cu tkrk gSA ;g dsoy vkiokfnd gSA

fu"d"kZr% dgk tk ldrk gS fd lkekU;r% Lohp vkWu djus esa gksus okys
LikdZ esa vfXu dh mRifÙk ugha gSA ;g oSlk gh gS tSlk m$uh dEcy] iksyhFkhu
vkfn ds iz;ksx esa LikdZ gksrs gSa] ij vkx ugha yxrhA

iz'u 5- D;k ekbd&ykbZV&Qksu&QsDl&VsysDl bR;kfn bysDVªhlhVh vkèkkfjr
lkèkuksa dk mi;ksx lkèkq dj ldrs gSa\

mÙkjµizFke rks ;g le>uk gS fd bu lc lkèkuksa dk iz;ksx ;fn x̀gLFk
viuh lqfoèkk ds fy, djrs gSa] rks mlesa lkèkq nks"k ds Hkkxh dSls cusaxs\

nwljh ckr gSµbysDVªhlhVh ds mi;ksx okys lkèkuksa esa D;k rsmdkf;d tho
dh fojk/kuk gksrh gS\ tSls iwoZ ppkZ ls Li"V gks pqdk gS fd bysDVªhlhVh Lo;a
futhZo gSA ml vkèkkj ij bu lkèkuksa ds iz;ksx esa rsmdkf;d tho dh fojk/kuk
dk izlax dSls vk,xk\ bl lEcUèk esa Hkh iwoZ iz'uksa esa Li"Vhdj.k gks pqdk gSA

vc ckr jgrh gS O;ogkj dhA O;ogkj dh n`f"V ls ;gh mfpr gS fd lkèkq
u Lo;a budk iz;ksx djsa] u vkSjksa ls djok,a] u vuqeksnu djsaA ykbZV vkfn dk
x`gLFkksa }kjk vius mi;ksx ds fy, tks iz;ksx gksrk gS] rks mlls izkIr lgt izdk'k
vkfn dk mi;ksx lkèkq }kjk fd, tkus ij dksbZ nks"k ugha yxrkA ¼bldh ppkZ ge
dj pqds gSaA½

iz'u 6- ^^cYc oxSjg esa LFkwy :i ls gh osD;qe fd;k tkrk gSA blfy,
rFkkfoèk iryh gok Lo:i ok;qdk; dk ogka vfLrRo ekuus esa dksbZ fojksèk ugha gSA

^^;fn cYc esa 100 izfr'kr 'kwU;kodk'k djus esa vk, rks fQykes.V esa
mRiUu gksus okyk izdk'k vkSj m".krk cYc dh dkap dh nhoky rd igqap gh ugha
ik,axsA D;ksafd fQykes.V esa ls cYc dh nhoky rd igqapus ds fy, dksbZ okgd
nzO; gh ugha gSA okgd nzO; ds fcuk izdk'k] m".krk vkfn vkxs c<+ gh ugha
ldrsµbl ckr dks rks foKku Hkh ekurk gSA cYc esa dqN u dqN va'k esa ok;q
fo|eku gks rHkh ok;q&nzO; ogka okgd dk dke djds fQykes.V dh m".krk vkSj
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izdk'k dks cYc dh dkap dh nhoky rd igqapkus esa lgk;rk dj ldrk gSA

^^okLro esa ftukxe ds fl)kUrksa dks lkbUl dh n`f"V ls fopkjuk gks rks
mlds iwoZ lkbUl dk O;ofLFkr vè;;u dj ysuk pkfg,] ftlls ftukxe ,oa
lkbUl nksuksa esa ls fdlh dks Hkh vU;k; u gksA ,slk gks rHkh dqN va'k rd
izkekf.kdrk j[kh gSµ,slk dgk tk ldrk gSA**11

bl iz'u dk rkRi;Z gSµD;k izdk'k ;k m"ek dks izlkfjr gksus ds fy,
ekè;e dh vis{kk gS\ cYc vkfn esa ,slk ekè;e u gks rks] izdk'k izlkfjr dSls
gksxk\

mÙkjµoSKkfudksa ds vuqlkj izdk'k ;k m"ek&rjaxksa dks izlkfjr gksus ds fy,
fdlh HkkSfrd ekè;e dh vis{kk ugha gSA ;s rjaxsa bysDVªksesxusVhd gSa] tks fcuk
ekè;e izlkfjr gks ldrh gSaA oSKkfud voèkkj.kkvksa dk vius vkxzg dks fl)
djus ds fy, rksM+&ejksM+dj izLrqr djus ls oSKkfud n`f"V okys O;fDr ij rks mYVk
izHkko gh iM+sxkA tc ;g foKku dk loZekU; rF; gS fd izdk'k&rjax] m"ek&rjax
vkfn fo|qr~&pqEcdh; rjaxsa gSa tks 'kwU; esa Hkh izlkfjr gksrh gSaA blh vkèkkj ij
vkbZULVhu us bZFkj uked dkYifud ekè;e dks vLohdkj fd;k FkkA èofu dh
rjaxsa fcuk ekè;e ugha pyrh] blhfy, oSD;we esa og vo#) gks tkrh gSaA

iz'u 7- ^^tSukxe vuqlkj Hkh izdk'keku cYc esa iqn~xy&nzO; dk vfLrRo
fl) gksrk gh gSA blfy, tSukxe vuqlkj Hkh cYc esa ,ClksY;qV osD;qe dk
Lohdkj ugha fd;k tk ldrkA Lohp vkWu djus ls iwoZ cYc esa izdk'k ugha FkkA
Lohp vkWu djus ds ckn cYc esa izdk'k mRiUu gksrk gqvk fn[kkbZ nsrk gSA blfy,
cYc esa ihNs ls bysDVªksu vkfn iqn~xy&nzO; dk izos'k rks fl) gksrk gh gSA bl
izdkj ftl ok;j ds ekè;e ls cYc esa bysDVªhlhVh izos'k dj ldrh gS] mlh ekxZ
ls vFkok vU; ekxZ ls ogka rFkkfoèk ok;q Hkh izfo"V gks ldrk gSA bruk rks
fuf'pr gh gSA**12

^^baVjusV ds ekè;e ls fuEufyf[kr tkudkjh izkIr gqbZ gSµ^^ykbZV&cYc ds
vUnj ls vfèkdrj gok ckgj fudky nh tkrh gSA ;fn ,slk ugha fd;k tk, rks
og rkj okLrfod :i ls rqjUr ty tk,xkA tc dksbZ fctyh dk Xyksc mM+ tkrk
gS rc mldk dkj.k ;g gS fd VaxLVu dk rkj èkhjs&èkhjs ok"i esa :ikUrfjr gks
tkrk gSA**13

^^;gka ge ns[k ldrs gSa fd ^vfèkdrj gok* ,slk mYys[k djus esa vk;k gSA
blls fu"d"kZ ;g fudyrk gS fd cYc esa dqN va'k esa gok gksrh gh gSA vkWDlhtu

vkfn ok;q Hkh ogka dqN va'k esa fo|eku gksrk gh gSA vU;Fkk vkWDlhMs'ku dh
izfØ;k ij vkèkkfjr fQykesaV dk jk[k esa :ikUrj = dkcZu :i esa ifjorZu cYc
esa lEHko gh ugha gSA vkWDlhtu ds vHkko esa vkWDlhMs'ku fdl izdkj ls lEHko
gks ldrk gS\ vkWDlhtu ds lkFk la;ksxhdj.k gksus ls ijek.kq esa ls vFkok ijek.kq
lewg esa ls bysDVªksu dks nwj djus ls ewyHkwr oLrq dk uk'k gksus dh izfØ;k dks
foKku dh ifjHkk"kk ds vuqlkj bls vkWDlhMs'ku dgrs gSaA

^^bldk nwljk uke ^Mh&bysDVªksus'ku* gSA ;|fi foKkudks'kjlk;u foKku
¼Hkkx&5@i`"B 227&230½ esa crk, vuqlkj Dyksfju] ¶yksfju] vkst+ksu ok;q dh
gktjh esa Hkh vkWDlhMs'ku gks ldrk gSA ijUrq cYc esa rks Dyksfju oxSjg ok;q ugha
gksrs gSaA blfy, ogka ij gksus okyh vkWDlhMs'ku dh izfØ;k vkWDlhtu vkèkkfjr
ekuuh iM+rh gSA vFkok vkWDlhMs'ku ds fy, vko';d fdlh Hkh izdkj ds ok;q
dk ogka ij vfLrRo rks ekuuk gh iM+sxkA rFkkfoèk ok;q dh xSjgkt+jh esa rks
vkWDlhMs'ku lEHko gh ugha gSA blfy, foKku ds fl)kUr ds vuqlkj Hkh cYc esa
ok;q dk vfLrRo fl) gksrk gh gSA

^^gkykafd orZeku le; esa lkbafVLV ukbVªkstu vkSj vkxZu ok;q dks cYc esa
j[krs gh gSaA baVjusV ls ;g tkudkjh fuEu 'kCnksa esa gSµ

^^VaxLVu dk rjy nzO; esa :ikUrj gksdj xSl Lo:i esa ok"ih Hkou
(evaporation) ?kVkus ds fy, vFkok VaxLVu dk lhèkk xSl Lo:i esa :ikUrj
(Sublimation) jksdus ds fy, fiNys o"kks± esa Xyksc esa fuf"Ø; ok;q tSls fd
ukbVªkstu vkSj vkxZu feykus esa vk,A**14

^^vkorZ dks"Vd* ds 'kwU; lewg ds fgfy;e] fu;ksu] vkxZu] fØIVksu]
>suksu] jsMksu] ukbVªkstu oxSjg ok;q dks menk ok;q (Inert gases) dgs tkrs gSaA ;s
menk ok;q bysDVªksu xqekus dk vFkok izkIr djus dk vFkok bysDVªksu dh Hkkxhnkjh
djus dh dksbZ Hkh o`fÙk ugha j[krs gSaA [bl izdkj dh ok;q Lo;a ds vykok nwljs
fdlh Hkh ewy rÙo ds ijek.kq ds lkFk jklk;fud fØ;k ugha djrhA D;ksafd mldh
lHkh d{kk,a vkSj mid{kk,a bysDVªksu ls Hkjh gqbZ gksrh gSaA bl izdkj ls os lHkh
jklk;fud :i ls rVLFk gSaA bl izdkj ls nwljs fdlh ewy rÙoksa dk lalxZ ugha
djus ls os mRÑ"V (=noble) ok;q dgs tkrs gSa ¼foKkudks'k&HkkSfrd foKkuµHkkx
7] ì"B 64] ys[kd P.A.P. esa ls lkHkkj m)`r½] blfy, bu ok;qvksa dks fuf"Ø;
ok;q ds rkSj ij Hkh igpkus tkrs gSaA ¼MkW- lh- ch- 'kkg] foKkudks'k] Hkkx&5] i`"B
147½ bl rF; dks è;ku esa j[krs gq, foKkudks'k jlk;.kfoKku iqLrd esa
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MkW- ,e- ,e- nslkb us crk;k gS fd ^fuf"Ø; ok;q LFkkbZ gksrs gSa*µ¼xqtjkr
;qfuoflZVh] vgenkckn ls izdkf'kr Hkkx 5 i`"B 49½

^^blfy, yEcs le; rd cYc dks izdkf'kr djus esa ukbVªkstu bR;kfn ok;q
lgk;d gksrs gSaA fu;ksu Hkh fuf"Ø; ok;q gksus ls fo|qrnh;k] fu;ksu V~;wc]
uhyfnIr izdk'kuyhvksa dh jpuk] LikdZ psEcj oxSjg esa Hkjus ds dke esa vkrk gSA
¼nsf[k, foKkudks'k Hkkx 5@ì"B 413½ gsykstu ysEi esa gsykstu ok;q Hkjrs gSaA
fu;kstu V~;wc] lksMh;e osij ysEi] eD;qZjh ysEi oxSjg esa fu;ksu] lksMh;e osij]
eD;qZjh osij oxSjg ok;q Hkjus esa vkrs gSaA ;g ckr Hkh izfl) gSA

^^xqtjkr lekpkj rk- 26-6-02 cqèkokj dh iwfrZ esa ^bysDVªhd ykbZV dSls
dke djrh gS\* bl gsfMax okys ys[k esa Hkh crk;k x;k gS fd ^^D;k vki tkurs
gks fd cYc esa ok;q Hkh gksrk gS\ gka] cYc esa ok;q Hkh gksrk gSA ftldk uke gS
vkxZuA ¼bZ-l- 1920 rd vkxZu ok;q dk mi;ksx míhIr nh;k (incandescent

lamp) Hkjus esa gksrk FkkA vkdZ osfYMax esa vfuPNuh; vkWDlhMs'ku jksdus ds fy,
izfrnhIr nh;k (Flourescent Lamp), bysDVªksfud ufy;ka oxSjg Hkjus ds fy,
mldk mi;ksx gksrk gSA ¼foKkudks'k&jlk;.k foKku Hkkx&5@ì"B 55 dq-lh-oh-
O;kl Ñrµ^vkxZu* izdj.k esa ls lkHkkj m)̀r½A ;g ok;q VaxLVu ds lkFk tqM+ ugha
ldrkA blhfy, mls cYc esa Hkjk tkrk gSA**

^^yksdizdk'k xzUFk ds ikaposa lxZ esa iwT; mikè;k; Jh fou;fot;th egkjkt
rFkk iaplaxzg dh O;k[;k esa Jhey;fxfjlwfjth us rks Li"V :i ls dgk gS fdµ

^^yksdL; fg ;r~ fdefi lqf"kja r=k
loZ=k vfi i;kZIrcknjok;o% izliZfUrA
;r~ iqu% vfrfufcMfufprk·o;or;k
lqf"kjghua dudfxfjeè;kfn r=k u Ï** ¼iapla- o`fÙk&}kj&2] xkFkk 25½

vFkkZr~ tgka iksykiu gksrk gS ogka cknj i;kZIr ok;qdk; vo'; gksrk gSA
es#ioZr ds iksyk.k&'kwU; vkSj vR;Ur fufcM ,sls eè; Hkkx esa ok;qdk; ugha gksrk
gSA blds vykok lexz fo'o esa tgka tgka iksykiu gS ogka vo'; cknj i;kZIr
ok;qdk; vFkok ok;q nzO; dk vfLrRo 'kkL=kfl) gSA thouleklO;k[;k esa
eyèkkjh Jh gsepUnzlwfjth egkjkt us Hkh ;gh ckr dgh gSA yksdL; fg ;kor~
fdefi 'kqf"kja rkofr loZfLeUufi ok;o% l×pjUR;soA ;Riqu% v'kqf"kja ?kua
dudfxfjf'kykeè;Hkkxkfnda r=kSo rs u izliZfUrÏ ¼tholekl] xk- 180 òfÙk½

iUuo.kklw=k O;k[;k esa Hkh vkpk;ZJh ey;fxfjlwfjth egkjktk us Li"V

crk;k gS fd ̂ ;=k lqf"kja r=k ok;q%* ¼in&2] lw=k 40@ì"B 78½ vFkkZr~ tgka iksykiu
gksrk gS ogka ok;q gksrk gSA cYc vUnj ls ,dne Bksl] èku ugha gksrkA blfy,
cYc ds vUnj ok;q dk vfLrRo fl) gksrk gSA blfy, cknj ok;q okys vFkok
futhZo ok;q okys cYc oxSjg esa vfXudk; dks mRiUu gksus esa dksbZ Hkh fnDdr
ckèkk vkxe dh n`f"V ls ugha vkrh gSA

blh izdkj cYc esa lEiw.kZ 'kwU;kodk'k rks foKku vFkok tSukxe nksuksa ls
fdlh ,d dks Hkh ekU; ugha gSA rc fQj ^cYc esa 'kwU;kodk'k gksus ls ok;q ugha
gS vkSj ok;q ugha gksus ls vfXu mRiUu ugha gks ldrh* ,slk dSls dgk tk ldrk
gS\ Lohp vkWu djus ds ckn cYc esa bysDVªhlhVh dk izos'k rFkk izdk'k dh mRifÙk
lkbUl dks Hkh ekU; gS vkSj ;g ckr vuqHko fl) Hkh gSA rc fQj rqY; ;qfDr ls
cYc esa vko';d ok;q dk izos'k ekuus esa D;k ,rjkt+ gks ldrk gS\ rFkk fo|qr~
izdk'k dks ltho ekuus esa vkxe&fojksèk Hkh fdl izdkj ls vk ldrk gS\ D;ksafd
mlds y{k.k ogka ns[kus dks feyrs gh gSaA vR;Ur ris gq, yksgs ds xksys ds eè;
Hkkx esa ok;q dk vfLrRo 'kkL=kekU; gh gSA**15

mÙkjµcYc ds fo"k; esa geus foLrkj ls iwoZ Hkkx ds uosa izHkkx esa ppkZ dh
gSA mlh lUnHkZ esa izLrqr iz'u dks le>uk gksxkµ

1- tSls iz'u esa gh Li"V fy[kk gSµ^^;fn ,slk ugha fd;k tk, rks og rkj
okLrfod :i ls rqjUr ty tk,xkA** blls Li"V gksrk gS fd vkWDlhtu uked
ok;q dks cYc ls gVkuk t:jh gSA ,ClksY;qV osD;we Hkys u gks] ij vkWDlhtu dks
rks cYc esa ls gVk, fcuk rkj dk dac'pu gksus dh laHkkouk jgrh gS ftls
^vkWDlhMs'ku* dgk tkrk gSA ¼;gka vkWDlhMs'ku dk ;gh vFkZ gS] Mh&bysDVªks'ksu dk
rkRi;Z ugha gSA½ blfy, ;g ekuuk gS fd ̂ ^FkksM+k vkWDlhtu vUnj jg tkrk gS ;k
izos'k dj ysrk gSS** fcydqy xyr gSA cYc cukus okyh dEiuh ;g lqfuf'pr
djds gh cYc dk esuwQsDpj djrh gS fd mlesa vkWDlhtu dk va'k ek=k Hkh u
jgsA

2- fuf"Ø; ok;q Hkjs gq, cYc esa 'kwU; ¼fuokZr½ ugha gS] ij ok;q dh
fuf"Ø;rk ds dkj.k vfXu iSnk gks ugha ldrhA

3- ewy iz'u ;g ugha gS fd cYc esa ,ClksY;qV osD;we gS ;k ugha\ ewy iz'u
;gh gS fd tks fQykesaV izdk'k nsrk gS] og D;k vfXu ds :i esa izdk'k nsrk gS\
D;k ogka vkWDlhtu gS\

mi;qZDr m)j.k ls Li"V gks jgk gS fd iz'udrkZ us Lo;a ;g rks Lohdkj dj
fy;k gS fd fuf"Ø; ok;q esa vfXu dh fØ;k ugha gks ldrh] fQj Hkh viuh iwoZ
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èkkj.kk dks gh ekurs gq, fdlh Hkh rjg mlesa ^vkWDlhtu* dk izos'k fl) djuk
pkgrs gSa] tks u oSKkfud n`f"V ls lEHko gS] u gh tSu n`f"V lsA fu"d"kZr% dgk tk
ldrk gSµcYc esa iw.kZ 'kwU;kodk'k lEHko ugha gSA blfy, mlesa fo|eku
vkWDlhtu vkWDlhMs'ku }kjk vfXu mRiUu dj ldrk gSµ;g dguk xyr gSA
osD;we dk vFkZ fuokZr gS] inkFkZ&'kwU;rk ughaA ;|fi iw.kZ 'kwU;kodk'k djuk
lEHko ugha gS] fQj Hkh ;g dguk fd mlesa vof'k"V :i esa fo|eku vkWDlhtu
cYc ds vUnj tykus dh fØ;k ds fy, mÙkjnk;h gS] xyr gksxkA lcls igys rks
;g Lohdkj djuk gksxk fd cYc ges'kk 'kwU;kodk'k ¼fuokZr½ gks gh] ;g t:jh
ughaA igys Hkh crk;k tk pqdk gS fd ukbVªkstu] vkxksZu vkfn fuf"Ø; ok;q dks
cYc esa blfy, Mkyk tkrk gS fd vkWDlhtu iw.kZ ek=kk esa lekIr gks tk, vkSj
vkWDlhMs'ku u gksA bl izdkj ;gka fuokZr djus dh vis{kk gh ugha gSA fuf"Ø;
ok;q esa cYc vPNh rjg izdkf'kr gksrk gSA

VaxLVu dk ck"ihdj.k m"ek ls fi?kyus ds dkj.k gksrk gS] u fd mlds
tyus ds dkj.kA

tgka cYc esa fuokZr (vaccum) ugha fd;k tkrk] ogka fuf"Ø; ok;q Hkjh
tkrh gS] ftlls tyus dh fØ;k u gksA fQj Hkh ;g ekuuk fd ogka tSls&rSls
vkWDlhtu ?kql tkrh gS] fdlh dks dSls ekU; gksxk\

'kkL=kksa esa ̂ lqf"kj* esa ok;q dk izos'k fy[kk gS ijUrq tgka igys ls ok;q gks ogka
nwljh ok;q dSls ?kqlsxh\ ftrus Hkh xSl&QhYM cYc gSa] mlesa ckgj ls vkWDlhtu dk
izos'k gksus dk dksbZ vodk'k gh ugha gSA Hkhrj okyh xSlsa fuf"Ø; gSaA blhfy,
fQykesaV dk ck"ihdj.k #drk gS rFkk fQykesaV ;Fkkor~ lqjf{kr jgrk gSA

'kwU;kodk'k dh tSu voèkkj.kk foKku dh voèkkj.kk ls fHkUu gSA oLrqr%
lewps yksd esa tho vkSj iqn~xy Bwal&Bwaldj Hkjs gq, gSaA fdUrq ;s lkjs O;ogkj dh
izfØ;kvksa dks ckfèkr ;k izHkkfor ugha djrsA foKku ds vuqlkj fuokZrhdj.k gksus
ls tks LFkku gok&jfgr gks tkrk gS] og fuokZr dgykrk gSA gok (Air) esa
vkWDlhtu dh fo|ekurk LokHkkfodr;k gksrh gSA blfy, fuokZr LFkku esa vkWDlhtu
Hkh ugha jgrkA ;fn cgqr FkksM+h ek=kk esa jg Hkh tkrk gS] mls vU; mik;ksa ls fujLr
dj fn;k tkrk gSA

iz'u 8- ^^tkslsQ fizLVyh (Joseph Pristly) uke ds oSKkfud us 1774 esa
vkWDlhtu dh 'kks/k dhA 'okslksPN~okl rFkk ngu fØ;k ds fy, vkWDlhtu
vfuok;Z gSA ,slh foKku dh iqjkuh ekU;rk dks ;kn djds fdrus gh fo}ku dgrs
gSa fd ^cYc esa vkWDlhtu ugha gksus ls og dSls izdkf'kr gks ldrk gS\ fdUrq ;g

rdZ Hkh cjkcj ugha gSA D;ksafd izkphu foKku ngu&fØ;k esa vkWDlhtu dks
vfuok;Z ekurk gS] cYc esa gksus okys izdk'k&xjeh oxZjg esa ughaA

gka] vkèkqfud lkbUl ds fl)kUr ds vuqlkj izLrqr esa ,d ckr ;kn j[kus
tSlh gS fd ^vkWDlhtu ds fcuk vkx ugha yx ldrh] ngu fØ;k ugha gks ldrh*
,slk dksbZ fu;e ugha gSA vkWDlhtu ugha gksus ij Hkh dyksfju ok;q esa gkbZMªkstu
tyrk gSA

'Info Please Encyclopedia'  esa crk;k x;k gS fd "Combustion

need not involve oxygen; e.g., hydrogen burns in chlorine to form

hydrogen chloride with the liberation of heat and light...'

vFkZµ^tyus dh fØ;k esa vkWDlhtu dk gksuk vko';d ugha gSA mnkgj.k
ds rkSj ij gkbMªkstu ok;q Dyksjhu esa tyrk gSA mlls gkbMªkstu DyksjkbM HCI

rS;kj gksrk gSA ml le; xjeh rFkk izdk'k mRiUu gksrs gSa*A

xqtjkr ;qfuoflZVh vgenkckn ls izdkf'kr foKkudks'k jlk;.k foKku]
Hkkx 5 esa MkW- ¼Jherh½ ,l- ,e- nslkbZ (M.Sc., Ph.D.) crkrs gSa fdµ

^^vkWDlhtu ls Hkh Dyksjhu esa dkcZu T;knk rst tyrk gSA

C + 2F
2
 → CF

4

gkbMªkstu ¶yksfju vkSj Dyksfju esa tyrk gSA

H
2
 + F

2
 → 2HF

H
2
 + CI

2
 → 2HCl

yksgk ¶yksfju esa tyrk gS vkSj mldks xeZ djus ls ljyrk ls Dyksfju rFkk
lYQj ds lkFk esa feyrk gSA

2Fe + 3F
2
 → 2FeF

3

2Fe + 3Cl
2
 → 2FeCl

3

Fe + S → FeS" ¼Hkkx&5@i`"B 227½

bl rjg vkWDlhtu dh vuqifLFkfr esa lksfM;e Hkh Dyksfju ok;q esa tydj
lksfM;e DyksjkbM cukrk gSA

2Na + Cl
2
 → 2Na+Cl–

bl izdkj ls ge ns[k ldrs gSa fd vkWDlhtu dh xSjgktjh esa Hkh tyus dh]
izdkf'kr gksus dh] vkx yxus dh] xjeh mRiUu gksus dh fØ;k gks ldrh gSA
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blfy, cYc esa vkWDlhtu u gksus ij Hkh vkxZu vkfn ok;q dh lgk; ls rsmdk;
mRiUu gksus esa lkbUl dh n`f"V ls Hkh dksbZ fojksèk ugha gSA**16

mÙkjµizkphu foKku vkSj vèkqfud foKku esa ngu&fØ;k ds fo"k; esa dksbZ
vUrj ugha gSA nksuksa us ewyr% dac'pu ;kuh ngu&fØ;k esa ^vkWDlhtu* dh
vfuok;Zrk ekuh gSA Dyksfju] ¶yksfju ds lkFk gkbMªkstu vkfn ds tyus dh
izfØ;k vkSj mlls mRiUu izdk'k o xjeh dh izfØ;k ,d fof'k"V jklk;fud
izfØ;k gS] tks lkekU; ^vfXu* dh izfØ;k ls fHkUu gSA blds vkèkkj ij lkekU;
vfXu esa vkWDlhtu dh vfuok;Zrk dks vLohdkj ugha fd;k tk ldrkA nwljh
ckr gS cYc esa rkj ds izdk'ku gksus dhA mlesa gksus okyh izfØ;k ^vfXu* dh
lkekU; fØ;k rks gS gh ugha] lkFk gh tSls iz'udrkZ us Lo;a Lohdkj fd;k gS
^Dyksfju&¶ykfju* okyh fof'k"V fØ;k Hkh ogka ugha gSA**17 fQj ;gka ^^vkWDlhtu
ds fcuk Hkh vkx yxrh gS** dk dFku dgka rd laxr gksrk gS\ vfXu ds tks Hkh
:i crk, x, gSa] os lc fcuk vkWDlhtu ds lEHko gh ugha gSaA cYc ds lUnHkZ esa
rks Li"V gS fd ogka Dyksfju ;k ¶yksfju ls tyus okyh fØ;k gksrh gh ugha gSA oSls
rks 'kkL=kksDr ujd esa vfpÙk vfXu esa Hkh m"ek] izdk'k vkfn gS] ij vkWDlhtu
ugha gSA orZeku lUnHkZ esa ewy iz'u gSµD;k cYc esa tgka mDr inkFkks± dh izfØ;k
ugha gS] rFkk vkWDlhtu Hkh ugha gS] ogka vkx ty ldrh gS\ bldk Li"V mÙkj
gSµughaA

iz'u 9- ̂ ^nwljh ,d egÙo dh ckr ;g gS fd 'kwU;kodk'k esa Hksts tkus okys
lsVsykbV ds vUnj e'khu ds dqN foHkkx esa Arking ckj&ckj gksrk gh gSA
NksVh&NksVh fpuxkfj;ka ogka mRiUu gksrh jgrh gSaA Arking dk izek.k ;fn c<+
tkrk gS rks ok;j ty tkrk gSA ;g ckr ISRO (Indian Space Research

Organization) ds P.C.E.D. foHkkx esa dk;Zjr Lisl&'kVy ds izksxzke esa gksf'k;kj
oSKkfud Jh iadtHkkbZ 'kkg vkSj Jh fd'kksjHkkbZ nkseMh;k ¼lkbafVLV@bathfu;j
S.F.½ }kjk tkudkjh izkIr gqbZ gS] cgqr vPNh ckr gSA vkWDlhtu vkfn ls jfgr
'kwU;kodk'k esa Hkh lsVsykbV ds vUnj fpuxkjh Lo:i vfXudk; tho mRiUu gks
tkrs gSaA 'kwU;kodk'k esa Hkh lsVsykbV esa Arking de djus ds fy, oSKkfudksa dks
dBksj ifjJe djuk iM+rk gSA okLro esa mRiUu gksrk gqvk vfXudk; Loizk;ksX;
ok;q fdlh Hkh LFkku esa] fdlh Hkh izdkj ls izkIr dj gh ysrk gSA18

mÙkjµ;g ckr rks bl ckr dks fl) dj nsrh gS fd Arking ls mRiUu
fpuxkfj;ka (Spark) ewyr% vfXu gS gh ughaA ogka fo|qr~&izokg dk fMLpktZ gh
fpuxkjh ds :i esa fofdfjr gks jgk gSA 'kwU;kodk'k esa izdk'k dk fofdj.k gks

ldrk gS] bldk ;g izR;{k izek.k gSA ogka ok;q dk vHkko gS] blhfy, vfXudk;
tho dh mRifÙk lEHko gh ugha gSA ;gka ij Hkh igys vfXu dks ekudj ogka ok;q
dh mRifÙk dks tcjnLrh euokus dh dksf'k'k dh xbZ gSA LikdZ ds :i esa gksus
okyh fpuxkfj;ka EDM e'khu esa dsjkslhu esa Hkh vkx ugha yxk ldrh] D;ksafd
ogka vkWDlhtu dk vHkko gSA ISRO ds oSKkfudksa dk lUnHkZ ^^LikdZ vfXu ugha
gS] fdUrq dsoy HkkSfrd m$tkZ dk fofdj.k ek=k gS** bl ckr dks gh iq"V djrk gSA
blls Lisl esa 'kwU;kodk'k esa ^vkWDlhtu* dk vfLrRo fl) djus dk iz;Ru fdl
oSKkfudrk dk ifjpk;d gS\ vHk;nsolwfj ds dFku dks Hkh blds lkFk tksM+uk
dsoy vius iwokZxzg dh iqf"V djus dk iz;Ru gSA blfy, u tSu n'kZu ds vkèkkj
ij vkSj u gh foKku ds vkèkkj ij ;g fl) gksrk gS fd Lisl esa vkWDlhtu gSA
gok ;k vkWDlhtu dsoy ̂ okrkoj.k* tgka rd gS] ogka rd fo|eku gSA okrkoj.k
i`Foh dh lrg ls dsoy 400 fdyksehVj rd gh gSA ¼bu ckrksa dh ppkZ dh tk
pqdh gSA½19

iz'u 10- oSKkfud n`f"Vdks.k ls fopkj djsa rks o"kkZ_rq esa vkdk'k esa mRiUu
gksus okyh fctyh vkSj ok;j esa ls izlkfjr gksus okyh fctyh ds Lo:i esa dksbZ
vUrj ugha gSA nksuksa fo|qr~ dk vkUrfjd Lo:i ,d tSlk gSA o"kkZ_rq esa cknyksa
ds ?k"kZ.k ls mRiUu gksus okyh fctyh rks vkxekuqlkj lfpÙk gh gS] ltho gh gSA
;g rks fufoZokn lR; gSA rFkk Ñf=ke iz;Ru ds }kjk Vjckbu vkfn ds ekè;e ls
mRiUu dh tkus okyh fctyh dk Lo:i dqnjrh fctyh tSlk gh gSA vkdk'kh;
fctyh vkSj bysDVªhlhVhµbu nksuksa dk fuekZ.k] nksuksa ds dk;Z] nksuksa dk Lo:i
leku gh gSA lkbUl dh n`f"V ls vkdk'k esa gksus okyh fctyh] Vjckbu ds ekè;e
ls mRiUu gksus okyh fctyh] csVjh&lsy ls mRiUu gksus okyh fctyh vFkok vU;
fdlh Hkh izfØ;k }kjk mRiUu gksus okyh fctyh] lHkh dk Lo:i ,d tSlk gh gSA

Kite & Key experiment djus okys csUtkehu Ýsadyhu uke ds oSKkfud
us 1752 ds o"kZ esa 'kksèk djds t+kfgj fd;k gS fd vkdk'k esa mRiUu gksus okyh
fctyh vkSj ok;j esa ls ilkj gksus okyh bysDVªhlhVhµ;s nksuksa ,d gh gSaA ;g
tkudkjh baVjusV }kjk izkIr dh tk ldrh gSA

Franklin Institute, Philadephia U.S.A. "He did make the important

discovery that lightning and electricity are the same."—[http:/

sln.fi.edu./tfi/exhibitr/Franklin.html']

Ýsadyhu ds erkuqlkj vkdk'k esa gksus okyh fctyh bysDVªhlhVh dk gh ,d
izdkj dk mRltZu gSA ;g jgh baVjusV }kjk feyrh tkudkjhA
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Info Please Encyclopedia—

'...Which proved that lightning is an electrical discharge,'—(http:/

www.info.please.com/c16/people/A0858229.html) Science Encyclopedia

iqLrd esa Electricity Chapter ¼i`"B 228½ esa crk;k gS fd 'Lightning is

a form of Electricity' vFkkZr~ vkdk'kh; fctyh ;g bysDVªhlhVh dk gh ,d
izdkj gSA

bl izdkj foKku dh n`f"V ls rks vkdk'k esa mRiUu gksus okyh fctyh vkSj
ok;j esa ls ilkj gksus okyh bysDVªhlhVh ,d gh gSA bruk fuf'pr gksrk gSA Lo-
MkW- nkSyrflagth dksBkjh us Hkh Li"V 'kCnksa esa crk;k gS fd ^foKku lfpÙk&vfpÙk
dh ifjHkk"kk ij fopkj ugha djrkA blfy, oSKkfud n`f"Vdks.k ls fo|qr~ dks
vfpÙk dgus dk dksbZ vfèkdkj ugha gSA gka] bruk vo'; dgk tk ldrk gS fd
vkdk'kh; fo|qr~ vkSj iz;ksx'kkyk dh fo|qr~µ;s nksuksa ,d gSaA ;fn 'kkL=kh; ǹf"V
ls vkdk'k dh fctyh ltho gS rks iz;ksx'kkyk bR;kfn dh fctyh Hkh ltho gSA
¼lE;Xn'kZu ekfld] rk- 5-7-2002 esa ls lkHkkj m)`r½A**20

mÙkjµewyr% fctyh ;k bysDVªhlhVh vius vkiesa D;k gSµbldk iwjk
foospu ge dj pqds gSa rFkk ;g Hkh ns[k pqds gSa fd vkdk'kh; fctyh (lightning)

dh izfØ;k esa fdl izdkj bysDVªhlhVh dk 'discharge' dk;Z djrk gSA vkSj gekjs
'kjhj esa Hkh fctyh ¼bysDVªhlhVh½ fdl izdkj dk;Z djrh gSA gesa bysDVªhlhVh]
lightning, 'kjhj esa dke djus okyh fctyh vkSj fLFkr&fo|qr~ (static electricity)

vkfn lHkh izdkj dh fctyh dh izfØ;kvksa esa jgs vUrj dks le>uk gksxkA gesa
ÝSadyhu] MkW- Mh- ,l- dksBkjh] ,Ulk;DyksihfM;k vkfn }kjk fd, x, dFku dh
vis{kk dks le>uk gksxk fd os fdl n`f'V ls nksuksa dks ,d ekurs gSaA

gekjs foospu esa ge crk pqds gSa fd dksbZ Hkh inkFkZ pkgs ltho gks ;k
futhZo] ,dsfUnz; tho dk 'kjhj gks ;k iapsfUnz; tho dk 'kjhjµlc dqN fo|qUe;
gSµbysDVªksu] izksVksu vkfn tks Lo;a fo|qr~ ds :i gSa] lHkh inkFkks± ds ewy ?kVd gSaA
rkj esa izokfgr fo|qr~&èkkjk mUgha bysDVªksuksa dk gh èkkrq ¼tks lqpkyd gS½ ds ekè;e
ls LFkkukUrj.k gSA fLFkr fo|qr~ ds :i esa Hkh ;gh fo|qr~ vpy voLFkk esa jgrh
gSA gekjh izR;sd fØ;k Hkh fo|qr~ ds ifj.keu ds }kjk gh py jgh gSA ,slh fLFkfr
esa vkdk'kh; fctyh Lightning tks lfpÙk rsmdk; gS] dh rqyuk dsoy rkj okyh
fo|qr~ ls djuk dgka rd laxr gksxk\ fQj rks lHkh inkFkks± dks lfpÙk rsmdk;
ekuuk gksxkA ij lc dqN rsmdk; ugha gS] D;ksafd vkdk'kh; fo|qr dh izfØ;k
esa tyus dh izfØ;k Li"V gS] ij vU;=k loZ=k og ugha gSA fQj rkj okyh

bysDVªhlhVh Hkh tc rd rkj esa gS] rc rd tyus dh fØ;k ls eqDr gS] blfy,
lfpÙk rsmdk; ugha ekuh tk ldrhA vkdk'kh; fctyh vkSj vU; fctyh esa
lekurk Hkh gS] fHkUurk HkhA MkW- nkSyrflag dksBkjh ds m)j.k ls dsoy ;gh Qfyr
gksrk gS fd fo|qr~ dk vius vki esa Lo:i ,d gS] ij mlds fofHkUu :iksa dks
MkW- dksBkjh dSls udkjsaxs\ ;fn lkjh fo|qr~ ,d gh gS] lfpÙk rsmdk; gh gS] rks
fQj gekjh lHkh fØ;kvksa esa mldk iz;ksx gksus ls lkjk oT;Z gks tk,xkA ,d vkSj
vusd dh vis{kkvksa dks u le>uk tSu n'kZu dks dSls eatwj gks ldrk gS\ fl)
vkRek vkSj fuxksn dh vkRek vkRe&Lo:i dh vis{kk ls ,d gSA L=kh vkSj iq#"k
thoRo dh vis{kk ls ,d gSA tho ds 'kjhj :i iqn~xy vkSj vfpÙk iqn~xy iqn~xyRo
dh vis{kk ls ,d gSA ,sls ,d eku ysus ls mudh ,dkUr ,drk eku ysuk Li"Vr%
vlaxr gSA gesa lkspuk gksxk fd ,d gksrs gq, Hkh fo|qr~ ds fofHkUu ifj.keuksa esa
dgka lfpÙk rsmdk; ;kuh tyus dh fØ;k gksrh gS vkSj dgka ugha gksrh\

iz'u 11- ^^'osrkEcj] fnxEcj] LFkkudoklh] rsjkiaFkhµpkjksa iaFk ds reke
tSu yksx vkdk'kh; fctyh dks fufoZokn :i ls rsmdk; tho Lo:i gh ekurs gSaA
egk'kfDr'kkyh vkdk'kh; fctyh tc uhps fxjrh gS rc muls gksus okys laHkkfor
uqdlku dks jksdus ds fy, cM+h&cM+h QSDVfj;ka] ma$ph bekjrsa] egkdk; efUnjksa]
fojkV gksLihVy oxSjg ds m$ij ds Nr ds Hkkx esa v²Fkx djus ds fy, f=k'kwy
vkfn vkdkj esa rkacs ds ok;j oxSjg dh fof'k"V jpuk dh tkrh gSA vkSj ml
ok;j dks tehu esa cgqr uhps rd igqapk;k tkrk gSA uhps fxjrh fctyh dks viuh
vksj [khapdj ;g okgd rkj mldks tehu esa uhps igqapkrk gSA mlls QSDVjh oxSjg
lEHkkfor uqdlku ls cp tkrs gSaA bl ckcr esa rks lHkh èkekZRek&egkRek vkSj
oSKkfud lEer gSaA rkj esa izos'k djds tehu esa tk jgh vkdk'kh; fctyh dks ml
voLFkk esa D;k futhZo ekusaxs\ ;g ckr 'kD; gh ughaA D;ksafd tSls vkdk'kh;
fctyh vius m$ij fxjus ls vkneh ty tkrk gS] dHkh&dHkh ej Hkh tkrk gS oSls
gh tc vkdk'kh; fctyh rkacs ds rkj esa ls ilkj gks jgh gks rc ml rkj dks
idM+us okyk vkneh Hkh ty tkrk gSA dHkh&dHkh ej Hkh tkrk gSA blfy, ekuuk
gh iM+sxk fd tSls vkdk'k esa mRiUu gksus okyh fctyh ltho gS mlh rjg rkj esa
ls ilkj gks jgh fctyh Hkh ml voLFkk esa ltho gh gSA

;g izfØ;k fcydqy bysDVªhlhVh tSlh gh gSA rQkor flQZ mruk gh gS fd
vkdk'kh; fctyh igys izdk'k:i gksrh gS] i'pkr~ rkj esa izos'k dj og vn`';
bysDVªhlhVh dk Lo:i èkkj.k djrh gSA tcfd Vjckbu oxSjg ds ekè;e ls
mRiUu gksus okyh fctyh igys vn`'; bysDVªhlhVh ds Lo:i esa mRiUu gksdj ckn
esa cYc ds fQykesaV esa izdk'k Lo:i esa fn[kkbZ nsrh gSA bl rjg Vjckbu oxSjg
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ds ekè;e ls mRiUu gksus okyh Ñf=ke fctyhµbysDVªhlhVh vkSj vkdk'kh;
fctyh nksuksa dk Lo:i ,d gh gSµ,slk fl) gksrk gSA vkdk'kh; fctyh rks
ltho gS ghA blfy, mlds leku Ñf=ke fctyhµbysDVªhlhVh Hkh rsmdk; tho
Lo:i gh gS ;g fl) gksrk gSA

vkdk'kh; fctyh ds uqdlku ls cpus ds fy, tSls Earthing fd;k tkrk
gS mlh izdkj dk Earthing xxupqach bekjr&QSDVjh oxSjg esa Ñf=ke fctyh ds
uqdlku ls cpus ds fy, fd;k tkrk gSA vkdk'kh; fctyh tc v²Fkx rkj esa ls
ilkj gks jgh gks rc ;fn ml rkj ds lkFk cYc dks ;ksX; Lo:i ls tksM+k tk, rks
og cYc Hkh izdkf'kr gksrk gh gSA ;g ckcr foKku us iz;ksx }kjk fl) dh gSA
bl rjg vkdk'kh; fctyh vkSj Ñf=ke fctyh (electricity) ds chp vusd
izdkjksa ls lekurk gh fn[kkbZ nsrh gSA blfy, vkdk'kh; fctyh dh Hkkafr ok;j
esa ls ilkj gksrh fctyhµbysDVªhlhVh Hkh ltho gh gSA**21

mÙkjµvkdk'kh; fctyh ;kuh vkdk'k esa pedus okyh fo|qr~ ;kuh ̂ foTtw*]
dM+ddj fxjus okyh fo|qr~ ;kuh v'kfu ;k otzikr rFkk mYdkikr ¼tks ?k"kZ.k ls
pedrs gq, fi.M i`Foh ij fxjrs fn[kkbZ nsrs gSa] ftUgsa Meteor dgk tkrk gS½µ;s
lHkh dsoy tyus dh fLFkfr esa lfpÙk rsmdk; gSaA u blls iwoZ] u i'pkr~A fctyh
dk i`Foh esa lek tkuk ;kuh fo|qr~&vkos'k dk eqDr :i tks vkWDlhtu dh lgk;rk
ls tyus dh fØ;k djrk Fkk lekIr gksdj iqu% fo|qr~&m$tkZ ds :i esa vk tkrk
gSA ̂ tyus* dh fØ;k u djrs le; fo|qr~&m$tkZ dks rsmdk; ugha ekuk tk ldrkA
;fn mls rsmdk; eku ysaxs] rks fQj lHkh bysDVªhd pktZ dks rsmdk; ekuuk
iM+sxkA fdUrq ,slk ugha gSA bysDVªhflVh vius vki esa dsoy ikSn~xfyd m$tkZ gSA
tc og rkj esa ls xqtjrh gS] rc Hkh og dsoy ikSn~xfyd m$tkZ gS] Hkys og
ikoj&gkm$l ls mRiUu gks ;k vkdk'kh; fo|qr~ ls ^MhLpktZ* ls mRiUu bysDVªhd
pktZ gksA vkdk'kh; fctyh ¼foTtw½ dks lfpÙk rsmdk; dsoy vkdk'k esa fo|eku
vkWDlhtu ds lg;ksx ls Toyu'khy inkFkks± dks tykrs le; gh ekuuk gksxkA tc
ogh pktZ xxupqach bekjr ds m$ij yxs gq, rkj ls earthing gks tkrk gS] rc mls
lfpÙk rsmdk; ugha ekuk tk ldrk] D;ksafd rkj ds Hkhrj xqtjrs le; mldk
rsmdkf;d ifj.keu ugha gksrkA u ogka tyu ;k ngu fØ;k gks jgh gS vkSj u gh
ogka izdk'k ;k ped gksrh gSA ;fn og rsmdk; gksrh] rks fQj Lo;a rkj Hkh ty
tkrkA bruk Hkkjh voltage gksus ij Hkh rkj blhfy, ugha tyrk fd ogka
ngu&fØ;k dk vHkko gSA

ikoj gkm$l ls mRiUu fctyh rc rd rkj esa gS] og Hkh ikSn~xfyd

¼futhZo½ gSA rkj ls ckgj tc [kqyh gok esa og Toyu'khy inkFkks± ds la;ksx esa
mfpr rkieku ij vkrh gS] rHkh og vfXu iSnk dj ldrh gSA bl izdkj] rkj esa
izokfgr fctyh vkSj [kqys vkdk'k esa pedus okyh fctyh dk HksnkHksn cgqr Li"V
gks tkrk gSA

ftl rkj ls fctyh xqtj jgh gS] ml rkj dks idM+us okyk O;fDr fdl
voLFkk esa gS] bl ij og tysxk ;k ughaµbldk vkèkkj gSA ;fn O;fDr insulator

ij [kM+k gS] rks rkj okyh fctyh dk djaV mlesa izos'k ugha djsxkA ;fn og
earthing dj jgk gS rks rqjar djaV mlesa vk tk,xkA

tSu n'kZu ds vusdkar dks le>us okys i;kZ;&Hksn vkSj ifj.keu&Hksn dks
ugha le>rs rFkk dsoy nzO;&vHksn ds vkèkkj ij lkoZf=kd vkSj lexz vHksn eku
ys] rks ;g dgka rd laxr gS\

iz'u 12- egkunh ij Mse ckaèkdj Vjckbu dh lgk;rk ls tks bysDVªhlhVh
mRiUu dh tkrh gS ogka izfØ;k ,slh gksrh gS fd osx ls ikuh ds izokg dks Vjckbu
ds m$ij Mkyk tkrk gS ftlls Vjckbu iwjs osx ls ?kwerk gSA ml le; Vjckbu ls
tqM+s gq, Mk;useks (Dyanamo) esa j[ks gq, esXusV okys pUnzdksa ds chp Coil Hkh osx
ls xksyxksy fQjrh gSA bl izdkj dUMDVhax jkWM (Coil) vkSj esXusVhd ykbUl ds
chp ,d izdkj dk izcy ?k"kZ.k mRiUu gksus ls ogka bysDVªhlhVh iSnk gksrh gSA ikuh
dk osx c<+us ls Vjckbu T;knk rsth ls ?kwerk gSA tSls&tSls Vjckbu T;knk osx ls
?kwerk gS oSls&oSls esXusVhd fQYM esa j[kh gqbZ dUMDVhax jkWM T;knk rsth ls fQjrh
gSA tSls&tSls dUMVhax jkWM T;knk osx ls ?kwerh gS oSls&oSls esXusVhax ykbUl vkWQ
QkslZ esa izcy ?k"kZ.k gksus ds }kjk pqacdh; izsj.k js[kk,a ¼esXusVhd ykbUl½ osx ls
dVrh gSaA tSls&tSls esXusVhd fQYM esa O;ofLFkr esXusVhd ykbUl vkWQ QkslZ esa osx
ls izcy ?k"kZ.k iSnk gksus ls pqacdh; js[kk,a rsth ls dVrh gSa oSls&oSls T;knk izek.k
esa bysDVªhlhVh mRiUu gksrh gSA

;gka ,d vkSj ckr è;ku esa j[kuh gS fd pqacdh; js[kk,a (Magnetic lines)

Hkh izHkk] Nk;k] vkri] m|ksr] izdk'k] rjax] 'kCn bR;kfn dh rjg] tSuerkuqlkj
nzO;Lo:i gh gSaA pqacdh; js[kk,a HkkoLo:i&i;kZ;Lo:i ugha gSA D;ksafd Hkko
fdlh nzO; esa ls vyx gksdj ckgj ugha fudy ldrkA diM+s dk lQsn o.kZ ¼=
i;kZ;½ dHkh diM+s ¼nzO;½ dks NksM+dj ckgj ugha fudyrk] tcfd pqacdh; js[kk,a
rks esXusV ds ckgj fudyrh gSaA blfy, og i;kZ; ¼Hkko½ Lo:i ugha gksdj
nzO;kRed gh gSA tSukxekuqlkj tSls vius 'kjhj ds Hkhrj ls nzO;kRed Nk;k&ijek.kq
fudyrs gSa] ftudh otg ls izfrfcac&QksVks bR;kfn fy, tk ldrs gSa] mlh izdkj
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yksgpqacd esa ls nzO;kRed pqacdh; js[kk,a fudyrh gSa fd ftudh otg ls
yksgpqacd yksgs dks viuh vksj [khap ldrk gSA

;gka vkSj ,d ckr è;ku esa jgs fd xfr vkSj ?k"kZ.k nksuksa vyx pht gSaA
ijUrq tc dksbZ Hkh ewÙkZ ¼:iokyk½ inkFkZ xfr djrk gS rks og vius izfr?kkrh
inkFkks± ds lkFk vo'; ?k"kZ.k mRiUu djrk gh gSA iqn~xy dh xfr èkheh gks rks
?k"kZ.k de gksrk gS vkSj xfr rst gks rks ?k"kZ.k T;knk gksrk gSA mlh rjg fdlh Hkh
inkFkZ dks dkVus ds fy, fdlh Hkh izdkj dh xfr dke esa ugha vkrh] ysfdu
fuf'pr izdkj dh xfr }kjk mRiUu gksus okyk fof'k"V ?k"kZ.k gh mi;ksxh curk gSA
dUMDVhax jkWM ftruh T;knk rsth ls xfr djrk gS mruk T;knk ?k"kZ.k mRiUu gksrk
gS vkSj esXusfVd ykbUl T;knk rsth ls dVrh gS vkSj bysDVªhlhVh T;knk mRiUu
gksrh gSA dUMDVhax jkWM dh xfr] pqacdh; js[kkvksa dh dVus dh LihM vkSj
esXusfVd ikojµbu rhuksa ds xq.kkad ds vuqlkj bysDVªhlhVh mRiUu gksrh gSA

esXusV ftruk T;knk ikojQqy gksxk mruh pqacdh; js[kk,a T;knk gksrh gSaA
;fn og pqacdh; cyjs[kk,a dVrh ugha rks bysDVªhlhVh mRiUu ugha gksrhA pqacdh;
js[kk,a vkSj dUMDVhax jkWM ds chp ;fn ?k"kZ.k ugha gksrk rks pqacdh; js[kk,a dVrh
ughaA tSls djor vkSj ydM+h ds chp lgh rjhds ls ?k"kZ.k gks rHkh ydM+h dVrh
gSA mlh izdkj daMDVhax jkWM vkSj pqacdh; js[kkvksa ds chp ;ksX; ?k"kZ.k gks rHkh
pqacdh; js[kk,a dVrh gSaA mu nksuksa ds chp ?k"kZ.k vR;Ur rsth ls gksrk gS rks
esXusVhd ykbUl rsth ls dVus ds dkj.k bysDVªhlhVh T;knk mRiUu gksrh gSA ;fn
ogka ?k"kZ.k ean gksrk gS rks esXusVhd ykbUl èkhjs&èkhjs dVus ls bysDVªhlhVh de
mRiUu gksrh gSA

bysDVªhd tujsVj esa Hkh blh izdkj dh izfØ;k ls bysDVªhlhVh mRiUu gksrh
gSA 'The World Book, Encylopedia' esa fuEu tkudkjh ns[kus ls ;g ckr
T;knk Li"V gksxhA

"The stonger the magnet, the greater the number of lines of force.

If you rotate the loop of wire between the poles of the magnet, the

two sides of the loop "cut" the lines of force. This induces (generates)

electricity in the loop.

In the first half of the turn, one side of the loop of wire cuts up

through the lines of force. The other side cuts down. This makes the

electrictiy flow in one direction through the loop. Half way through the

turn, the loop moves parallel to the lines of force. No lines of force are

cut and no electricity is generated."

(Para-6, Electric-generator, Page 146, London)

lkbfdy ds ifg;s esa yxs gq, Mk;useks (Dyanamo) esa Hkh blh rjg
dUMDVhax jkWM (Coil) }kjk izcy ?k"kZ.k mRiUu gksus ls pqacdh; js[kk,a dVrh gSa
vkSj bysDVªhlhVh mRiUu gksrh gSA bl rjg ,d izdkj ds ?k"kZ.k ls mRiUu gksus ds
dkj.k Hkh bysDVªhlhVh ltho rsmdk; Lo:i fl) gksrh gSA D;ksafd iUuo.kk lw=k
ds izFke in esa cknj rsmdk; tho ds tks izdkj crk, x, gSa] muesa rFkk thokfHkxelw=k
¼izFke izfrifÙk] lw=k&25½ esa Hkh ^la?kfjlleqfë,* ,slk funsZ'k feyrk gSA

eryc vfXu ds tho ds dqN ,sls Hkh izdkj gksrs gSa tks la?k"kZ lsµ?k"kZ.k ls
mRiUu gksrs gSaA fu;r izdkj ds dqN ?k"kZ.k ls vfXudk; thoksa ds ;ksX; ;ksfu
¼=mRifÙkLFkku½ isnk gksrh gS] vkSj vfXudk; ds tho ogka mRiUu gksrs gSaA blfy,
ftl izdkj ekfpl ckWDl dh nksuksa lkbM esa ,aVheuh lYQkbM] QksLQjl lYQkbM]
jsrh vkSj xkSan ds feJ.k dh ysi okyh dkxt dh iêh ds m$ij ¼lksfM;e ukbVªsV
vFkok vWeksfu;e QksLQsV ds nzko.k esa Mkydj lq[kkbZ gqbZ rFkk flanwj] iksVsf'k;e]
DyksjsV] ,aVheuh lYQkbM vkSj xkSan dk feJ.k ftlds fljs ij yxk gqvk gksrk gS
oSlh] 1852 esa fLoMu ds yqaMLVªkseus [kksth½ fn;klykbZ ds osxiw.kZ ?k"kZ.k ls mRiUu
gksus okyh vfXu ltho gS mlh izdkj Vjckbu ds vUnj O;ofLFkr esXusV vkSj
dksby dh fof'k"V O;oLFkk ds dkj.k esXusVhd fQYM esa ?kwers gq, dUMDVhax jkWM
ds }kjk pqacdh; js[kkvksa (Magnetic Lines) dks dkVus ds fy, mRiUu gksrs gq,
izcy ?k"kZ.k }kjk mRiUu gksrh gqbZ nkgd bysDVªhlhVh Hkh cknj rsmdk; tho Lo:i
gSµ,slk Qfyr gksrk gSA

;fn ?k"kZ.k ds fcuk ogka bysDVªhlhVh mRiUu gksrh gks rks Vjckbu caèk gks rc
Hkh ogka fctyh mRiUu gksuh pkfg,A ijUrq ,slk ugha gksrkA blfy, ̂ la?kfjlleqfë,*
in }kjk iUuo.kk vkSj thokfHkxelw=k esa tks cknj ltho rsmdk; dk ,d izdkj
crk;k x;k gS mlh esa izLrqr bysDVªhlhVh dk lekos'k djuk t:jh gSA

;gka ,d ckr fo'ks"k è;ku nsus ;ksX; gS fd ^feêh ls ?kM+k mRiUu gksrk gS*
,slk dksbZ dgs mldk vFkZ ;g ugha gS fd feêh ls mRiUu gksus okyh izR;sd oLrq
?kV gh gSA D;ksafd feêh ls f[kykSuk] pwYgk] rok bR;kfn Hkh curs gSaA rFkk ^feêh
ls gh ?kM+k mRiUu gksrk gS* ,slk Hkh mi;qZDr okD; dk vFkZ ugha dj ldrs gSaA
D;ksafd feêh dh rjg lksuk] pkanh] rkack bR;kfn esa ls Hkh ?kM+k mRiUu gks ldrk
gSA ijUrq mi;qZDr okD; dk vFkZ bruk gh gks ldrk gS fd ^dqN fof'k"V izdkj
dk ?kM+k feêh ls mRiUu gksrk gSA* feêh ls mRiUu gksus okyh fof'k"V vkdkj okyh
oLrq ^feêh dk ?kM+k* dgykrh gSµ,slk gh vFkZ?kVu loZekU; gSA mlh izdkj ls
^?k"kZ.k }kjk vfXu mRiUu gksrh gS* ,slk crkus okys ̂ la?kfjlleqfë,* ,slk iUuo.kklw=k
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dk vFkZ ,slk ugha le>uk fd ^?k"kZ.k ls mRiUu gksus okyh lHkh pht ltho
vfXudk; gh gSA* D;ksafd gFksyh dks f?klus ls tks xjeh iSnk gksrh gS] og dksbZ
vfXudk; tho ugha gSA rFkk ^lHkh izdkj ds vfXudk; tho ?k"kZ.k ls gh mRiUu
gksrs gSa* ,slk vFkZ Hkh mi;qZDr 'kkL=kopu dk ugha fd;k tk ldrkA D;ksafd ?k"kZ.k
ds fcuk Hkh lw;Z izdk'k vkSj esXuhQkbax Xykl ds ekè;e ls rFkkfoèk rsmdk; ;ksfu
cuus ls rsmdk; tho ogka mRiUu gksrs gh gSaA ijUrq mi;qZDr vkxeopu dk vFkZ
bruk gh djuk vfHkizsr gS fd ^dqN izdkj ds vfXudk; ds tho ?k"kZ.k ls mRiUu
gksrs gSaA ftu inkFkks± esa ?k"kZ.k ls mRiUu gksus okys xjeh] nkgdrk bR;kfn xq.kèkeZ
ns[kus dks feyrs gSa mudks ?k"kZ.ktU; vfXudk; Lo:i ekuukµ,slk gh vFkZ?kVu
^iUuo.kklw=k* ds ̂ la?kfjlleqfë,* opu }kjk 'kkL=kdkjksa dks ekU; gSµ,slk fuf'pr
gksrk gSA

;|fi Vjckbu ds ekè;e ls ,d fof'k"V izdkj ds ?k"kZ.k ls mRiUu gqbZ
fctyh dhµrsmdk; dh iUuo.kklw=k esa vFkok thokfHkxelw=k esa uke ysdj ckr
ugha dh gSA fQj Hkh iUuo.kklw=k esa iwoZèkj ';kekpk;Zth us cknj rsmdk; ds vusd
izdkj foLrkj ls crkus ds ckn vUr esa vR;Ur Li"V 'kCnksa esa crk;k gS fd ^ts
;ko..ks rgIixkjk---* vFkkZr~ ¼;gka bruk è;ku j[kuk gS fd lw;Zizdk'k] pUnzizdk'k]
tqxuw dk izdk'k] tBjkfXu] cq[kkj dh xjeh bR;kfn rsmdk; tho Lo:i ugha gSaA
,slk mYys[k vU; 'kkL=kksa esa izkIr gksrk gSA blfy, mudk ;gka O;korZu djuk
pkfg,A mudk lekos'k ;gka b"V ugha gSA½ ^^tks nwljs Hkh inkFkZ mi;qZDr izdkj ls
m".krk] nkgdrk bR;kfn y{k.k okys gksa rks mUgsa cknj rsmdk; :i le>ukA**
fdruh nh?kZ n`f"V ls Li"V 'kCnksa esa vfXudk; tho dh igpku iUuo.kklw=k esa izkIr
gksrh gSA thokfHkxelw=k dh izFke izfrifÙk ds 25osa lw=k esa Hkh blh izdkj ds 'kCn
ns[kus dks feyrs gSaA**22

mÙkjµigys ge ?k"kZ.k ;k la?k"kZ dks le>saA

?k"kZ.k ;k la?k"kZ&leqfRFkr dk lkekU; vFkZ gSµnks Bksl inkFkks± ds chp jxM+A
iz'u esa ?k"kZ.k dk tks vFkZ djus dk iz;Ru fd;k x;k gS] og izLrqr izlax esa laxr
ugha gSA ;|fi inkFkZ ;kuh Bksl] rjy ;k ck"i :i iqn~xy ftUgsa lkekU;r% esVj
(matter) dgk tkrk gS vkSj izdk'k] èofu vkfn m$tkZ :i iqn~xy ftUgsa m$tkZ
(energy) dgk tkrk gS nksuksa ,d gh iqn~xykfLrdk; uked nzO; ds gh nks :i gSa]
fQj Hkh buds xq.kèkeks± dh fHkUurk ds vkèkkj ij esVj vkSj ,uthZ dks nks
vyx&vyx vfLrRo ds :i esa ns[kk tkrk gSA pqacdh; {ks=k (magnetic field) dh
js[kk,a esVj ds :i esa u gksdj m$tkZ ds :i esa gksrh gSa] blfy, buds lkFk gksus

okys ^b.VjsD'ku* HkkSfrd vFkZ esa laèk"kZ ;k ?k"kZ.k dh dksfV esa ugha vkrsA23

tSu vkxeksa esa of.kZr la?k"kZ&leqfRFkr vfXu Li"Vr% pded iRFkj ;k vj.kh
dh ydM+h vkfn ds jxM+ ls mn~Hkwr vkx ds :i esa cukbZ xbZ gSA

izLrqr iz'u dks ge bl izdkj j[k ldrs gSaµD;k fctyh dh mRifÙk dsoy
?k"kZ.k ls gh gksrh gS\ ?k"kZ.k ls mRiUu gksus ds dkj.k ,slh fo|qr~ dks la?k"kZ&leqfRFkr*
vfXu gh D;ksa u ekuk tk,\ fctyh mRiUu djus ds vusd rjhds gSaA bl ij nks
ǹf"V;ksa ls fopkj djuk gksxkµ

¼d½ fctyh mRiUu djus dk rjhdk Lo;a fgalk ij vkèkkfjr gh gS ;k ugha\

¼[k½ fctyh mRiUu gksus ds i'pkr~ og lfpÙk rsmdk; gS ;k ugha\

gkbMªksfyd ikoj&gkml esa fctyh Vjckbu }kjk mRiUu dh tkrh gS] mlesa
esxusV ¼pqEcd½ dks rsth ls ?kqekus ds fy, ikuh dks ma$pkbZ ls uhps fxjk;k tkrk
gSA pqacd ij vkfo"V rkj esa fo|qr~ mRiUu gks tkrh gSA bl lkjh izfØ;k esa la?k"kZ
;k ?k"kZ.k ;kuh friction dgha ij ugha gksrkA fo|qr~&izsj.k dh izfØ;k esa nwj ls gh
fo|qr~&pqEcdh; {ks=k mRiUu gksrk gSA pqEcdh; js[kk,a pqacd ds vklikl ds
vkdk'k (Space) esa mRiUu izHkko ek=k gS] dksbZ oLrq ;k inkFkZ ughaA mUgsa dkVus
dk vFkZ HkkSfrd vFkZ esa ugha gSA rhoz xfr'khy inkFkZ dh xfr ds lkFk ?k"kZ.k rc
gksrk gS tc nwljk inkFkZ Bksl] rjy ;k ck"i :i esa gks vkSj mlls Vdjk,A
pqacdh; js[kk,a ,slk inkFkZ gS gh ugha] blfy, mUgsa inkFkZ ekudj la?k"kZ ;k ?k"kZ.k
dks crkuk laxr ugha gSA Bksl] rjy ;k ck"i :i iqn~xy ;kuh ^esVj* vkSj m$tkZ
:i iqn~xy ;kuh ̂ ,uthZ*µnksuksa ds vUrj dks le>uk gksxkA nksuksa dks ,d :i esa
ekudj muds chp ?k"kZ.k ekuus dk vFkZ gSµloZ=k gh lc inkFkks± esa ?k"kZ.k gksrk gh
jgrk gSA24 ftl :i ls la?k"kZ ;k ?k"kZ.k dk vfHkizk; la?k"kZ&leqfRFkr vfXu dh
mRifÙk esa vko';d ekuk x;k gS] og rks Li"Vr% nks Bksl inkFkks± ds chp gksus okys
?k"kZ.k ls gh gSA tSlsµpded iRFkjksa dks ijLij jxM+ukA vj.kh dh ydM+h dh
jxM+ ls mRiUu gksus okyh vfXu Hkh la?k"kZ&leqfRFkr gSA

pqEcd dks xfr'khy cukus ds fy, fdlh Hkh rjhds dks viuk;k tk ldrk
gSA tujsVj lsV esa jksVj dks ?kqekus dk dk;Z vU; rjhds ls ¼Mhty vkfn tykdj½
fd;k tkrk gSA ij ?k"kZ.k ls fo|qr~ dh mRifÙk ugha dh tkrhA

tgka rd ikuh dh fgalk] rsy dks tykus dh fgalk vkfn dk lEcUèk gS] ;g
Li"Vr% fgalk gh gSA fdUrq fgalk ls fu"iUu gksus ds i'pkr~ mRiUu fo|qr~ Lo;a tho
dgka ls gks tk,xh\ jlksbZ cukrs le; fofHkUu thoksa dh fgalk dh tkrh gSA ijUrq

169 170

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



mlls fu"iUu Hkkstu Lo;a tho ugha gksrkA mlh izdkj fgalktU; gksrs gq, Hkh fo|qr~
Lo;a lfpÙk rsmdk; ugha gSA

fo|qr iSnk djus ds vU; rjhds gSa] ftuesa la?k"kZ ;k ?k"kZ.k dk izlax gh ugha
vkrk] tSlsµ

1- ,flM&;qDr csVjh esa dsoy tLrs vkSj ,flM dh jklk;fud fØ;k
fo|qr~ mRiUu djrh gSA25

2- QksVks bysDVªhd lsy esa dsoy izdk'k ds }kjk fo|qr~ izokg dks fu"ikfnr
fd;k tkrk gSA26

3- lkSj lsy esa lkSj m$tkZ dks dkap esa ls xqtkjdj fcuk ?k"kZ.k fo|qr~ m$tkZ
isnk dh tkrh gSA27

4- MªkbZ&lsy ¼tks ?kM+h vkfn esa yxrs gSa½ esa Hkh jklk;fud izfØ;k }kjk
fo|qr~ iSnk gksrh gS] la?k"kZ ls ughaA28

bu lc lsyksa esa izR;{kr% dksbZ fgalk fn[kkbZ ugha nsrhA bl izdkj fo|qr~
mRiUu djus ds lkèku fgalktU; Hkh gS] fgalk&eqDr Hkh gSA lkèku fgalktU; gks ;k
u gks] ij fu"iUu fo|qr~ Lo;a vfpÙk gS] ,slk ekuus esa dksbZ vkifÙk ugha gSA

iz'u 13- ̂ ^jk[k ls <ds gq, lqyxrs vaxkjksa esa izdk'k] xjeh bR;kfn rsmdk;
ds y{k.k Li"V :i ls ugha fn[kkbZ nsus ij Hkh og ltho cknj vfXudk; Lo:i
gS] ;g ckr fufoZokn Lo:i esa lHkh tSuksa dks ekU; gSA bl vfXu dks foè;krvfXu
¼&lq"kqIr vfXudk; tho½ ds :i esa fiaMfu;qZfDr ¼xkFkk&561½ xzUFk esa Jh HknzckgqLokehth
us crk;k gSA ogka ltho cknj vfXudk; fo|eku gksus ls ;gh jk[k ls <ds gq,
lqyxrs vaxkjksa ij ;fn ?kklysV ;k isVªksy Mkyk tk, rks rqjUr gh ogka
foLQksV&izdk'k&xjeh mRiUu gksrs gSaA

mlh izdkj rhozre D.C. (Direct Current) ;k A.C (Alternating Current)

bysDVªhlhVh ftlesa ls izlkfjr gksrh gS ml [kqys ok;j dks T;knk izek.k esa vkstksu
ok;q dk lEidZ gks rks ml [kqys ok;j esa ls Hkwjs (Blue) jax dk izdk'k dksjksuk
bQsDV ls vius vki izdV gksrk gqvk fn[kkbZ nsrk gh gSA taxy ds vklikl ds
okrkoj.k esa dqnjrh izfØ;k ls mRiUu gks jgs izpqj vkstksu ds dkj.k] fo'ks"k rkSj
ij lnhZ dh jkr esa] rhozre A.C./D.C. ikoj okys [kqys ok;j esa ls] cgqr tYnh
losjs ds le;] Hkwjs jax dk izdk'k fudyrk gqvk fn[kkbZ nsrk gSA [kqys V~ohLVsM
ok;j esa ls vR;Ur rsth ls izogeku ?k"kZ.k;qDr bysDVªhlhVh iwoksZDr foè;kr
vfXudk; tho gh gSA blhfy, vkstksu Lo:i baèku ds laidZ esa vkus ds lkFk gh

og Hkwjs izdk'k ds Lo:i esa fn[kkbZ nsrh gSA

rFkk rhoz osx ls ?k"kZ.kiwoZd A.C. ikoj ftlesa ls izlkfjr gksrk gS ml ok;j
ds ekè;e ls cYc esa jgs gq, fQykesaV esa fctyh vkrs gh ogka rqjUr m".krk&izdk'k
bR;kfn izdV gksrs gSaA 'kksVZ ljdhV ls vkx yxus ds dbZ fdLls curs gh gSaA
yhdst gq, ;k VwVs gq, nks ok;j ;fn ,d lkFk fey tk,a vkSj mlesa ls bysDVªhlhVh
ilkj gksrh gks rks mlesa ls izdk'k ds :i esa fpuxkfj;ka fudyrh gqbZ fn[kkbZ nsrh
gSaA bl izdkj bysDVªhlhVh rsmdk; thoLo:i gh fl) gksrh gSA okLro esa bu
lHkh ckcrksa }kjk rsmdk; tho dks le>us ds fy, lw{e cqf) dh vko';drk gSA

Jh vHk;nsolwfjth egkjkt us Hkxorhlw=kO;k[;k esa rFkk KkrkèkeZdFkko`fÙk
esa ^HkLePNUuks·fXu% cfgoZ`Ù;k rstksjfgrks·Uro`ZÙ;k rq Toyfr* ¼Hkkx&2/1/114]
Kk- 1/1/40 es?kdqekj½ ,slk dgus ds }kjk rFkk iz'uO;kdj.klw=kO;k[;k esa ̂ HkLePNUuks
ofºu% vUr% Toyfr] cfg%Eykuks Hkofr* ¼2@5@45½ vFkkZr~ ^jk[k ls <dh gqbZ vkx
ckgj ls fuLrst fn[kkbZ nsrh gSA fQj Hkh vUnj ls rks lqyxrh gh gS* ,slk dgdj
crk;k gS fd jk[k ls <dh gqbZ vfXu esa ckgj ls oSlh mxzrk&izdk'k&nkg&xjeh
bR;kfn y{k.k ugha fn[kkbZ nsrs gSa fQj Hkh vUnj ls lqyxus ds dkj.k og rsmdk;
Lo:i gh gSµ,slk lwfpr fd;k gSA mlh izdkj izLrqr esa dg ldrs gSa fd ok;j
esa ls izokfgr gksrh bysDVªhlhVh esa izdk'k oxSjg y{k.k ckgj ls ugha fn[kus ij Hkh
vUnj ls rks og foy{k.k izdkj ls lqyxrh gh gSA blhfy, mldks gkFk yxkrs gh
Hk;adj tyu gksrh gSA blhfy, og ltho vfXu gh gSA

cM+s&cM+s FkEHkksa ij yxs gq, gkbZVsU'ku ok;j esa ls A.C. ;k D.C. ikoj ilkj
gksrk gS rc mlds uhps ls ilkj gksus ds le; ml V~ohLVsM ok;j esa T;knk izek.k
esa yxkrkj gksrs gq, LikdZl dh vkokt gesa lqukbZ nsrh gh gSA o"kkZ gks jgh gks ml
le; rks A.C. ;k D.C. ikoj okys [kqys ok;j esa gksrs gq, LikdZ vR;Ur cM+h
vkokt esa lqukbZ nsrs gSaA ;g LikdZ vfXudk; ugha rks D;k gS\

gkbZVsU'ku okys nks [kqys ok;j utnhd esa vk, rHkh Hkh muesa ls
izdk'k&fpuxkfj;ka mRiUu gksrh gh gSaA ml voLFkk esa ftl ok;j esa oksYVst ¼fo|qr~
ncko½ T;knk gks mlesa ls de oksYVst okys ok;j esa izdk'k ds Lo:i esa bysDVªhlhVh
ilkj gksrh gqbZ fn[kkbZ nsrh gh gSA

gkbZ bysDVªhlhVh ds cM+s xqact esa Hkh ok;q ds lalxZ ls egkdk; fpuxkfj;ka
mRiUu gksrh gSaA baVjusV }kjk feyrh tkudkjh ls ;g ckr vR;Ur Li"V gks
tkrh gSA
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...show our Van de Graff producing sparks. The Sparks are going

from the big domes to one of two small spheres that are on telescoping

grounded poles.

The sparks are produced when the voltage on the domes gets large

enough that it ionizes the air, turning it from an insulator into a conductor.

This does not all happen at once, but it does happen ver quickly—a

typical spark (or lightning flash) lasts less than 1/1000 of a second!

^oku&Ms&xzkQ* fpuxkjh fdl rjg ls mRiUu djrk gS\ fpuxkjh cM+s xqact
ij ls NksVs xksys dh rjQ tkrh gSA tc xqact ij dk oksYVst ¼=fo|qr ncko½ cgqr
c<+ tkrk gS rc og vklikl dh gok dks vk;uhÑr ¼vk;ksukbTM½ dj nsrk gSA
¼ijek.kq vFkok ewyd.k] ,d vFkok T;knk bysDVªksu dks izkIr djds vFkok xqek
dj fo|qrHkkj izkIr djrk gS ml le; mRiUu gksus okyh jpuk dks vk;u dgrs
gSaA ¼foKkudks'k&jlk;.k foKku] Hkkx 5] ys- Jherh ,y- ,l- nslkbZ] i`"B 42½
ftlls gok vojksèkd esa ls okgd cu tkrh gSA ;g izfØ;k cgqr rsth ls gksrh gSA
,d lsdaM ds gtkjosa Hkkx esa og fpuxkfj;k¡ mRiUu gksrh gSA

Only one spark can be produced at a time. Although sparks can

come very quickly. Each spark drains the electricity off the domes and

the machine must then recharge itself. In this our machine differs

somewhat from a lightning storm where the cloud has such a massive

charge that most lightning strikes are actually two to ten or more strokes

using the same channel. [http://www.mus.org/slm/toe/ssparks.html]

,d le; ,d gh fpuxkjh gksrh gSA ysfdu izfØ;k cgqr rst gksrh gSA
fpuxkjh ls xqact dh fo|qr~ 'kfDr MhLpktZ gks tkrh gSA ftlls ml ;U=k dks fQj
ls pktZ djuk iM+rk gSA rwQkuh okrkoj.k esa vkdk'k esa mRiUu gksrh fctyh ls bl
;U=k esa rQkor ek=k bruk gS fd fctyh gksus ds le; ckny esa bruk T;knk pktZ
gksrk gS fd izk;% izR;sd fctyh ds dM+kds esa 2 ls 10 ckj pedkjs mRiUu gksrs gSa]
tks ,d gh izokg esa cgrs gSaA

'kkUr fpÙk ls bl ckr ij xgu fopkj fd;k tk, rks ionised gok ds
lEidZ ls fo|qr~izokg ?k"kZ.ktU; ,sls ;s egkdk; LikdZ~l] bysDVªhlhVh dks rsmdk;
tho :i esa Lohdkj djus ds fy, fu%lafnXèk cM+k lcwr gSA xqact esa jgh gqbZ
bysDVªhlhVh vUnj esa rks rsth ls tyrh gh gSA blhfy, oksYVst c<+ tkus ls ;ksX;
la;ksxksa esa vius vki fpuxkjh ds Lo:i esa ckgj fudy tkrh gSA blhfy, og
rsmdk; thoLo:i gh gSA**29

mÙkjµfoè;kr vfXuµjk[k ls <ds gq, vaxkjksa ds Hkhrj dh vfXu esa vfXu
dh fØ;k pkyw jgrh gSA ogka fujUrj ^dac'pu* pkyw gSA blfy, og okLro esa
ean vfXu gSA ml izfØ;k esa vfXu dh fØ;k can ugha gksrhA

fn;klykbZ ¼esp LVhd½ vkSj esp ckWDl esa vfXu iSnk djus dh {kerk ekStwn
gS] ij tc rd nksuksa esa jxM+ ugha gksrh] rc rd vfXu iSnk ugha gksrhA D;k esp
ckWDl esa j[kh gqbZ esp LVhd esa Hkh ^foè;kr vfXu* dk vfLrRo ekuk tk ldrk
gS\ ughaA Bhd mlh izdkj rkj esa xqtjrs fo|qr~&izokg esa Hkh ^vfXu* dk vfLrRo
ugha gSA ^bUlqysVsM* rkj dks vkWDlhtu ¼;k vkstksu½ ls lhèkk lEidZ dk volj
ugha fey ldrkA tcfd [kqys V~ohLVsM ok;j esa lhèkk gok ds lkFk lEidZ dk
ekSdk fey tkrk gS vkSj mlds lkFk gh ;fn Toyu'khy inkFkZ dk la;ksx Hkh fey
tk, rks vfXu iSnk gks tk,xhA ^vk;uhdj.k* gksdj gok esa tks m$tkZ dk fofdj.k
gksrk gS] og ^LikdZ* dk gh :i gS] ftlds fo"k; esa ge igys ppkZ dj pqds gSaA
Lej.k jgsµxqact ls gksus okys LikdZ gks vFkok 'kksVZ lfdZV ls mRiUu LikdZ gks
vFkok gkbZ oksYVst okys [kqys rkj ds }kjk vklikl dh gok ¼vkstksu vkfn ls
;qDr½ ds vk;uhdj.k ls mRiUu LikdZ gks] ;s LikdZ Lo;a rks futhZo fo|qr~&pqEcdh;
rjaxksa ds :i esa m$tkZ dk fofdj.k ek=k gS] tc buds lEidZ esa Toyu'khy inkFkZ
vkrk gS vkSj pwafd ogka vkWDlhtu ¼;k vkstksu½ ekStwn gS rc vfXu iSnk gks tkrh
gS ;k vkx yx tkrh gSA ml le; gh ogka rsmdkf;d tho dh mRifÙk gksrh gS]
vU;Fkk ughaA

rkRi;Z ;g gqvk fdµ[kqys ok;j esa pyus okyh fo|qr~&èkkjk tc vkstksu ds
laidZ esa vkrh gS rc ;fn dac'pu dh fØ;k ?kfVr gksus ds fy, vko';d lHkh
ckrksa dk la;ksx feys] rks vfXu iSnk gks ldrh gSµ

1- Toyu'khy inkFkZ
2- vkstksu ¼vkWDlhtu dk gh iq"V :i½
3- mPp rkieku ¼Toyukad½
4- izdk'k

;g rks bl ckr dks fl) djrk gS fd fo|qr~ Lo;a u vfXu gS] u foè;kr
vfXu gSA ij vuqdwy la;ksxksa esa vfXu iSnk dj ldrh gSA bldk ;g vFkZ
fudkyuk fd fo|qr~ ds Hkhrj foè;kr vfXu ds :i esa fNih vfXu jgrh gS vkSj
jk[k ls <ds gq, lqyxrs vaxkjksa esa jgh vfXu dh rjg gh og gS] Bhd ugha gSA rc
rks fQj ,slk dg ldrs gSa fd fn;klykbZ esa foè;kr vfXu Nqih gS vkSj esp ckWDl
ls jxM+ yxkus ij izdV gks tkrh gSA oLrqr% fo|qr~ dk ifj.keu vuqdwy la;ksx
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feyus ij vfXu ;k vU; m$tkZ ds :i esa gksuk lgt lEHko gSA fo|qr~&izokg vius
vkiesa ikSn~xfyd m$tkZ gS] ;g m$tkZ vuqdwy la;ksx ikdj vfXu :i esa cny
ldrh gSA

iz'u 14- ^^'kadkµvxj ok;j esa ls ilkj gksrh gqbZ bysDVªhlhVh okLro esa
vfXudk; tho gks rks tSls nkgdrk uked xq.kèkeZ mlesa gksrk gS oSls mlesa m".krk
Hkh ns[kus dks feyuh pkfg,A D;ksafd nkgdrk dh Hkkafr m".krk@xjeh Hkh rsmdk;
tho dk y{k.k gSA** ¼bl 'kadk dk lek/kku os Lo;a bl izdkj djrs gSaµ½

^^lekèkkuµok;j esa ls xqtjrh bysDVªhlhVh esa m".krk@xjeh Hkh gksrh gh
gSA blhfy, rks ,-lh-] dEI;wVj] Vh-oh- psuy] bL=kh] ykbZV oxSjg cgqr ?k.Vs rd
yxkrkj pkyw j[kus esa vk, rks nqdku] ?kj oxSjg esa fQfVax fd;k gqvk vko`Ùk ok;j
Hkh ckgj ls xje yxrk gh gSA ok;j ds vUnj rhoz xfr ls cgrh bysDVªhlhVh dh
;g m".krk Hkh ?k"kZ.ktU; gSA blfy, ;g ?k"kZ.ktU; rsmdk; tho dk gh ,d
izdkj gSA ;|fi ikojgkml okys nqdku&?kj bR;kfn esa flQZ ikap ,Eih;j ¼,Eih;j
= djaV dk ,de ;qfuV½ okyh ¼nks ihu okys Iyx ds fy,½ ;k iUnzg ,Eih;j okyh
¼rhu ihu okys Iyx ds fy,½ bysDVªhlhVh lIykbZ djrs gSaA ftlls xje gksus ij
Hkh og ok;j fi?kyrk ugha gSA ijUrq ipkl ,Eih;j okyh bysDVªhlhVh nqdku] ?kj
bR;kfn esa fQVhax fd, gq, ok;j esa ls ;fn ilkj djus esa vk, rks vo'; ml
ok;j dk buL;qys'ku rqjUr gh fi?ky tk,xkA rFkk LikdZ gksdj bUL;qys'ku ty
Hkh tkrk gSA rFkk gkbZVsU'ku okys [kqys V~ohLVsM ok;j esa ls 500 ls 800 ,Eih;j
okyh rhozre ikoj dh bysDVªhlhVh ilkj djus esa vkrh gSA vxj mls nqdku ;k
?kj esa fQVhax fd, ok;j esa ls ilkj djus esa vk, rks og rkacs dk rkj vkSj mlds
m$ij dk bUL;qysVsM doj rkRdkfyd gh ty tk,xk] foLQksV gks tk,xkA vjs!
vkB lkS ,Eih;j okyh ikojQqy bysDVªhlhVh rks 'kgj esa jkWM ij ds FkaHks ds cM+s
ok;j dks Hkh tyk nsxh@fi?kyk nsxhA ,slh Hk;adj m".krk mlesa gksrh gh gSA

blhfy, bysDVªhlhVh vfXudk; tho Lo:i gh gSA 300 ls 800 ,Eih;j
okyh bysDVªhlhVh ftlesa ls ilkj gks jgh gks ,sls [kqys V~ohLVsM ok;j dks ;fn isM+
dk Li'kZ gks tk, rks rqjUr gh og isM+ tyus yxrk gS] dks;yk cu tkrk gSA ;fn
ml gkbZVsU'ku ok;j ykbUl dh utnhd esa dksbZ cM+k isM+ gks rks ml isM+ dks [kqys
ok;j esa ls ilkj gksrh gqbZ bysDVªhlhVh vius ikl [khap ysrh gS vkSj isM+ dks tyk
nsrh gSA ,slh ckr G.E.B. lkcjerh&vgenkckn ds MsI;qVh ,Uthuh;j eqds'kHkkbZ
la?koh crkrs gSaA blls bysDVªhlhVh rsmdk; thoLo:i gh fl) gksrh gSA

mlh rjg ls ;fn [kqys gkbZVsU'ku ok;j ds uhps ;fn #bZ dk [kqyk <sj ok;j

ls 5@6 QhV nwj j[kus esa vk, rks og rqjUr tyus yxrk gSA blhfy, rks #bZ&thu
dh ehyksa esa gkbZVsU'ku ok;j ds vklikl #bZ dk <sj j[kus dh eukbZ gksrh gSA ,slh
xQyr ls vkx yxus dh vusd ?kVuk,a nkgksn oxSjg dh thuhax ehyksa esa cu pqdh
gSaA ;g gdhdr Hkh bysDVªhlhVh dks rsmdk; tho Lo:i esa fl) djrh gSaA ?kj
oxSjg esa mi;ksx esa vkus okyh flQZ ikap ;k iUnzg ,Eih;j okyh bysDVªhlhVh dh
xjeh vFkkZr~ m".krk vYi ek=kk esa gksus ls mls futhZo ugha dgh tk ldrhA
vU;Fkk rks nkokuy ;k VkVk LVhy dh Hkëh dh vis{kk vR;Ur de m".krk okyh
eksecÙkh&vxjcÙkh bR;kfn dh vkx dks Hkh futhZo ekuuh iM+sxhA

Bk.kkaxlw=k esa ̂varks varks f>;k;afr* ¼8@702½ bu 'kCnksa }kjk rFkk thokfHkxelw=k
esa ^varks varks gqgq;ek.kkb* ¼3@2@105½ ,sls 'kCnksa }kjk vUnj gh vUnj rsth ls
tyrh gqbZ vkSj baèku feys rks ckgj Hkh izdk'k&Tokyk&fpuxkjh bR;kfn dks mRiUu
djrh gqbZ vfXu dh ckr vkrh gSA Jh HknzckgqLokehth us fiaMfu;qZfDr ¼xk- 592½
xzUFk esa vfXudk; tho ds lkr izdkj crk, gSaA muesa ̂ foè;kr* ¼=lq"kqIr½ ̂ vfXu*
ds uke ls tks lcls izFke izdkj crk;k gS mldh igpku Hkh m$ij crkbZ xbZ vfXu
ds leku gh gSA vUnj ls lqyxrh gksus ij Hkh ckgj ls mlds y{k.k izdV :i ls
ugha fn[kus ls ,slk yxrk gS tSls vkx cq> xbZ gksA blfy, mls foè;kr ¼=lq"kqIr½
vfXudk; tho dgrs gSaA fdUrq vko';d baèku] okrkoj.k vkfn lkexzh feyus ij
rqjUr mlesa ls vfXu mRiUu gks tkrh gSA ;gh y{k.k ok;j esa ls ilkj gksrh gqbZ
bysDVªhlhVh esa Hkh ns[kus dks feyrk gh gSA blfy, fiaMfu;qZfDr vuqlkj ok;j esa
ilkj gksrh gqbZ fctyh dk iwoksZDr ¼i`"B 5] 43½ foè;kr uke ds vfXudk; tho
Lo:i esa Hkh Lohdkj fd;k tk ldrk gSA og vUnj esa cq>h ugha gksrhA fdUrq
vUnj&gh&vUnj èkd&èkd tyrh gh gSA blfy, rks mldks Nwus ij gh Hk;adj tyu
gksrh gSA 'kksVZ lfdZV gksus ij vkx dh fpuxkfj;ka fudyrh gh gSaA cYc ds vUnj
fQykes.V esa og izdk'k dks Hkh mRiUu djrh gSA

LdwVj vkfn ds LikdZ Iyx esa bysDVªhlhVh fpuxkfj;ka dks Hkh iSnk djrh gh
gSA LikdZIyx esa ,d ok;j ds fljs ls Nykax ekjdj bysDVªhlhVh fpuxkjh ds
Lo:i esa nwljs fljs rd tkrh gqbZ lkQ&lkQ fn[kkbZ nsrh gh gSA ;g ckr fuf'pr
:i ls fl) djrh gS fd bysDVªhlhVh vfXudk; thoLo:i gh gSA

High D.C./A.C. ikoj ftlesa ls izlkfjr gksrk gS ml [kqys ok;j ds lkFk
;fn tehu ij [kM+s gq, O;fDr dk lhèkk lEidZ gks tk, rks og rqjUr gh futhZo
gksdj dkyk iM+ tkrk gSA ;fn bysDVªhlhVh rsmdk; tho u gks rks mlls vkneh
dkyk dSls gks tkrk gS\ bysDVªhlhVh dks rstksys';k rks eku gh ugha ldrsA D;ksafd
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bysDVªhlhVh esa vkri uke deZ dk mn; ugha gSA blfy, m".kLi'kZ uke deZ ds
mn; okys rsmdk; tho ds Lo:i esa gh mldk Lohdkj djuk equkflc yxrk gSA

bl izdkj vkneh dks dks;ys tSls ';ke djrh bysDVªhlhVh vius dk;Z }kjk
rsmdk; dk gh ,d foy{k.k izdkj gSµ;g ckr fl) gksrh gS fd tks lkekU;
la;ksx esa fn[kkbZ ugha nsrhA fdUrq vkstksu ds lEidZ esa vkrs gh xfr'khy
bysDVªhlhVh dks ogu djrs gq, [kqys ok;j esa ls Hkwjs ¼=Blue½ jax dk izdk'k
fn[kkbZ nsrk gS fd tks ?k"kZ.ktU; vfXudk; tho gh gSA ;g ckr ge vHkh ns[k
x,A

blh izdkj High A.C. bysDVªhlhVh ftlesa ls izlkj gksrh gS ml [kqys
V~ohLVsM nks cM+s ok;j dks ,dne lehi j[kus esa vk, rks ,d ok;j esa ls og
bysDVªhlhVh ohthcy jsat esa vkdj izdk'k Lo:i dks èkkj.k djrh gqbZ nwljs ok;j
esa rsth ls tkrh gqbZ fn[kkbZ nsrh gSA eryc fd buohthcy jsat esa jgh gqbZ izogeku
bysDVªhlhVh ohthcy jsat esa vkus ij LikdZ] Tokyk bR;kfn Lo:i esa fn[kkbZ
nsrh gSA

ftl izdkj vR;Ur Øksèkh euq"; NksVh&NksVh ckrksa esa Øksfèkr gks tkrk gS mlh
izdkj vR;Ur rhozre xfr'khy bysDVªhlhVh Lo:i tyrk rsmdk; vR;Ur laosnu'khy
(Sensitive) gksus ds dkj.k FkksM+k&lk Hkh fufeÙk feyus ij rqjUr gh
foLQksV&vkx&izdk'k&m".krk&nkg bR;kfn izdV djds viuk rsmdk;iuk crk gh
nsrk gSA ,d izdkj ds vfXudk; }kjk nwljs izdkj dk vfXudk; dqN gh nsj esa gh
izdV gks ldrk gSµ;g ckr txr~ izfl) gh gSA ;ksX; okrkoj.k@la;ksx@lkèku
lkexzh feyrs gh vR;Ur rsth ls bysDVªhlhVh esa ls fpuxkfj;ka vkSj foLQksV gksus
dk vuqHko fdrus gh O;fDr;ksa dks gksrk gh gSA 'kksV lfdZV ls eaMi bR;kfn esa
vkx yxus dh ?kVuk,a Hkh lqizfl) gh gSaA**30

mÙkjµrkj esa tks fo|qr~&izokg cgrk gS] mldk ifjorZu m"ek ds :i esa
gks ldrk gS ;k fd;k tk ldrk gSA m".krk ds lkFk tc rd vU; lHkh rsmdk;
ds y{k.k izxV u gks rc rd rsmdk; dh mRifÙk ugha ekuh tk ldrhA rkj tc
m"ek dks lgu ugha dj ldrk] rks xje gksdj fi?ky tkrk gSA bldh ppkZ ge
dj pqds gSaA [kqys rkj esa gkbZ ikoj okyk djaV pyus ij Toyu'khy inkFkZ fey
tk, rks vfXu dh mRifÙk gks ldrh gS] fdUrq bldk vFkZ ;g dj ysuk fd rkj esa
izogeku djaV Lo;a rsmdk; gS] Bhd ugha gSA ckgj vfXu iSnk djus ds fy, pkjksa
vfuok;Z ?kVd vko';d gksaxsA foè;kr vfXu dh ppkZ ge dj pqds gSaA cq>h gqbZ
;k foè;kr vfXu igys izdV vfXu :i esa gksrh gS vkSj ckn esa m$ij ls cq>h gqbZ

yxrh gS] Hkhrj tyrh jgrh gS ¼varks varks f>;k;afr LFkk- 8@702 dk ;gh rkRi;Z
gSA½ fctyh ds rkj ds Hkhrj ;g ykxw ugha gksrk gSA

LikdZ ds fo"k; esa Hkh ge ppkZ dj pqds gSaA Øksèkh euq"; dh miek
vfrToyu'khy inkFkZ ij Hkh ykxw gksrh gS] ij isVªksy vkfn dks vfXu ds :i esa
ugha ekuk tkrkA 'kkWV lfdZV esa vkx yxus esa Hkh rsmdk; dh mRifÙk ds pkjksa
?kVd fo|eku gksrs gSaA mlds fcuk u 'kkWV lfdZV gksrk gS] u vkx yxrh gSA

ewy esa ,d gh ckr dks cgqr Li"V le>uk gksxk fd vfXu ds :i esa fo|qr~
ds ifjorZu dh izfØ;k iw.kZ gq, fcuk vfXu iSnk ugha gksrh] Hkys pkgs og fo|qr~
gkbZ oksYVst okyh gks] gkbZ ,Eih;j okyk djaV gks] LikdZ gks ;k foftcy jks'kuh ds
:i esa gksA ftrus Hkh mnkgj.k iz'u esa fn, x, gSa] mu lcesa Toyu'khy inkFkZ
¼#bZ] isM+] vkneh vkfn½ vkSj [kqyh gok ¼vkWDlhtu ;k vkstksu½ nksuksa dk lEidZ
mPp rkieku okyh fo|qr~ ds lkFk gksrk gSA tgka ,slk ugha gksrk] ogka vfXudk;
ugha gks ldrhA

m".krk tSls vfXu dk xq.k gS] oSls fcuk vfXu ¼;k rsmdk;½ esa Hkh m".krk
fo|eku gksrh gS] D;ksafd m".krk vius vkiesa ikSn~xfyd gS] futhZo gSA fo|qr~ dk
m".krk esa ifjorZu ek=k ^vfXudk;* iSnk ugha dj nsrk] tc rd fd lkFk esa
Toyu'khy inkFkZ vkSj vkWDlhtuµnksuksa dk la;ksx u gksA

Hkxorh esa vfpÙk rstksys';k ds iqn~xy dh m".krk dk bruk Li"V mnkgj.k
gS tks lksyg tuin dks tykus dh {kerk j[krs gSaA31

iz'u 15- cYc esa fctyh ds ekè;e ls mRiUu gqvk izdk'k Hkh bysDVªhlhVh
dh Hkkafr rsmdk; thoLo:i gh gSA bldk dkj.k ;g gS fd oSKkfud n`f"Vdks.k ls
djksM+ksa bysDVªksu dk lewg vR;Ur osx ls LFkwy ok;j esa ls ilkj gksdj ,dne
irys VaxLVu èkkrq ds fQykesUV esa ls ilkj gksrk gS rc txg cgqr de gksus ls
rFkk bysDVªksu dk lewg vfèkd ek=kk esa gksus ls rFkk mldk osx cgqr rst gksus ls
cYc esa j[ks gq, fQykes.V esa vR;Ur ?k"kZ.k gksrk gSA mlds ifj.kkeLo:i ogka
izdk'k vkSj xjeh dh mRifÙk gksrh gSA ,slk oSKkfud dgrs gSaA rFkk geus
iUuo.kklw=k vkSj thokfHkxelw=k ds ^la?kfjlleqfë,* ikB fn;k gSA mlds vuqlkj
cYc esa iSnk gksrk gqvk m".k izdk'k okLro esa ?k"kZ.k ls mRiUu gq, cknj vfXudk;
Lo:i gh gS] ltho gh gSµ,slk fuf'pr gksrk gSA nwljh vksj vfXudk; ds xq.kèkeZ
fo|qr~&izdk'k esa ns[kus dks feyrs gSaA izdk'k] xjeh] nkgdrk bR;kfn vfXudk; ds
y{k.k mlesa ns[kus dks feyrs gh gSaA ohMh;ks 'kqVhax ds le; tks ykbZV pkyw djus
esa vkrh gS mlds ikl esa [kM+s jgus okys dks l[r xehZ dk vuqHko gksrk gh gSA
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yEcs le; rd ;fn cYc dks pkyw j[kk tk, rks cYc] eD;qZjh ysEi bR;kfn xje
gks tkrs gSaA izdk'keku ysEi ds m$ij ;fn yEcs le; rd diM+k j[kk tk, rks
fcYykSj dkap oxSjg dh lgk;rk ds fcuk Hkh og ty tkrk gSA ;s lc y{k.k
fctyh ds izdk'k dks rsmdk; Lo:i esa fl) djrs gSaA**32

mÙkjµizLrqr iz'u esa mBkbZ xbZ 'kadkvksa dks ge Øe'k% ns[ksaµ

1- fQykesaV esa fo|qr~&izokg ds izos'k dks oSKkfud fdl izdkj le>krs gSa]
mldh foLr`r ppkZ ge dj pqds gSaA ¼ns[ksa] izFke Hkkx] uoka izHkkx½ ogka ;g Li"V
gks pqdk gS fd VaxLVu esa èkkrq ds ijek.kqvksa dks fo|qr~&izokg ds fo|qr~&vkos'k }kjk
viuh m$tkZ gLrkUrfjr dh tkrh gS] ftlls VaxLVu dk rkieku c<+rk gSA oSls rks
izR;sd inkFkZ lkekU; rkieku ij Hkh m"ek&fofdj.k Qsadrs jgrs gSa] ij tc 2500

fMxzh ls- rd rkieku c<+ tkrk gS] rks dqN izfr'kr m"ek&m$tkZ n`'; jks'kuh ds :i
m$tkZ esa fofdfjr gksrh gS] ftls ge cYc ds izdk'k ds :i esa ns[krs gSaA bl izdkj
cYc ds izdk'k dks la?k"kZ&leqfRFkr vfXu dguk Bhd ugha gSA tSls igys crk;k tk
pqdk gS vkWDlhtu ds vHkko esa ;g laHko Hkh ugha gSA izdk'k] xjeh vkfn xq.kksa
ds vkèkkj ij Hkh fo|qr~&izdk'k dks vfXu ugha ekuk tk ldrk D;ksafd ;s xq.k lw;Z
ds vkri esa Hkh gS] ij lw;Z dk vkri rsmdkf;d ugha gSA lw;Z ds vkri esa Hkh ysal
ds uhps j[kk diM+k ty tkrk gSA blls D;k lw;Z dk vkri Lo;a rsmdk; cu
tk,xk\ cYc ij j[kk diM+k ;fn cYc dh m"ek ls rFkk gok ds vkWDlhtu ls
tyrk gS] rks blls cYc dk izdk'k dgka ls rsmdkf;d gks x;k\

vr% Li"V gS fd fo|qr~&m$tkZ dk izdk'k&m$tkZ esa ifjorZu dsoy ikSn~xfyd
ifjorZu gS] ¼;fn vkWDlhtu vkfn izkIr u gks½A mls lw;Z] pUnz ;k vU; fdlh Hkh
inkFkZ ds izdk'k dh rjg ikSn~xfyd gh ekuuk gksxkA rkj esa bysDVªksu ds ?k"kZ.k dh
ckr Hkh foKku }kjk lEer ugha gSA oLrqr% èkkrq lqpkyd gksus ls bysDVªksu dk
izokg rkj esa pyrk gSA blesa dgha ?k"kZ.k dh fØ;k ugha gSA èkkrq dh vojksèkdrk
dh ppkZ Hkh ge dj pqds gSaA

vfXu vkSj izdk'k esa izdk'k dk xq.k leku gS] ij 'ks"k lkjh izfØ;k fHkUu
gS] blfy, izdk'k vkSj vfXu ,d ugha gSaA izdk'k dks tSu n'kZu us dsoy iqn~xy
dh i;kZ; ekuk gSA izdk'k dks foKku us ^fo|qr~&pqEcdh; rjax* ekuk gSA foKku
vkSj vkxe nksuksa vkèkkjksa ij izdk'k ikSn~xfyd gh gSA izdk'k esa nkgdrk dk
xq.k gksrk rks ge lc izdk'k ek=k ls ty tkrsA ,slk ekuuk vius vki esa gh lgh
ugha gSA

diM+k Toyu'khy gSA ;fn i;kZIr :i esa xje gks tk, vkSj vkWDlhtu dk

lg;ksx fey tk, rks ty ldrk gS] vU;Fkk dsoy xje gksrk gS] tyrk ughaA

iz'u 16- ̂ ^cYc esa LFkkfir fQykes.V esa rsmdk; ds thoksa dh mRifÙk ekuus
esa dksbZ 'kkL=kh; #dkoV Hkh ugha vkrh gSA D;ksafd =kl vFkok fdlh Hkh izdkj ds
thoksa ds ltho vFkok futhZo 'kjhjksa esa rFkkfoèk deZo'k rsmdk; ds tho mRiUu
gks ldrs gSaA ,slk lw;xMkax lw=k esa crk;k gSA ;g jgk ml 'kkL=k dk ikBµ^bgxfr;k
lÙkk ukukfogtksf.k;k tko dEefu;k.ks.ka rRFk oqDdek ukukfogk.ka rlFkkojk.ka
ik.kk.ka ljhjslq lfpÙkslq ok vfpÙkslq ok vxf.kdk;Ùkk, fomêafr* ¼lw;- JqrLdaèk
2@vè;;u 3@lw=k 17½ eryc fd i`Foh] ty bR;kfn ds tho fuf'pr izdkj ds
iqn~xy dks gh 'kjhj ds :i esa Lohdkjrs gsaA ijUrq ,slk fu;e vfXudk; ds fy,
vkxeekU; ugha gSA xSl] ydM+h] #bZ] dkxt] IykfLVd] isVªksy] vksby] ?kh] rSy]
feêh] iRFkj] baV] dsjkslhu] diM+k] jcj] dks;yk] ?kkl] jlk;u] eqnkZ] yksgk]
izdk'k:i ¼= mtgh :i½ QksVksu vkfn dks vius 'kjhj ds :i esa ifjofrZr djrs
gSaA mlesa rsmdk; tho mRiUu gksrs gq, fn[kkbZ nsrs gh gSaA vfXudk; ds tho xSl]
ydM+h vkfn fofoèk inkFkks± dks viuh ;ksfu Lo:i cukdj muesa mRiUu gksrs gSaA
blfy, fQykes.V bR;kfn esa rsmdk; thoksa dh mRifÙk eku ldrs gSaA okLro esa]
lw;xMkaxlw=k dh mi;qZDr ckr dks Jh egkohjLokeh Hkxoku dh loZKrk fl)
djus ds fy, ,d egÙo dk ^vax* fxu ldrs gSaA**34

mÙkjµlw=kÑrkax ds m)j.k ls rsmdkf;d tho dh mRifÙk ds fo"k; esa dsoy
bruk gh QfyrkFkZ fudyrk gS fd ̂ ^;s tho =kl] LFkkoj] thoksa ds 'kjhjksa esa] lfpÙk
esa vFkok vfpÙk esa vfXudkf;d tho ds :i esa mRiUu gks ldrs gSaA** blls ;g
rkRi;Z dHkh ugha fudyrk fd ;s tho fQykes.V esa Hkh mRiUu gks ldrs gSa] Hkys
gh vkWDlhtu u feysA ewy ckr rks ;g gS fd vfXudkf;d thoksa dh ;ksfu ds fy,
tks lkexzh visf{kr gS] mudh iwfrZ igys gksuh pkfg,A ml lkexzh ds fcuk xSl]
ydM+h vkfn Toyu'khy inkFkks± esa Hkh vfXudkf;d tho dh u ;ksfu cu ldrh
gS] u vfXudkf;d tho dh mRifÙk gks ldrh gSA

rkRi;Z ;g gqvk fd xSl] ydM+h] #bZ vkfn dks rsmdk; ds tho vius 'kjhj
ds :i esa rHkh ifjofrZr dj ldrs gSa] tcfd rsmdk; dh mRifÙk ds fy, vko';d
lkjh 'krs± iwjh gksaA tc rd ;g 'krs± iwjh ugha gksrh] ge xSl] ydM+h] #bZ vkfn dks
rsmdk; ugha eku ldrsA ;kuh Toyu'khy inkFkZ esa tyus dh {kerk gS] ij tc
rd dac'pu ¼ngu½ fØ;k iw.kZ ugha gksrh rc rd os futhZo inkFkZ gSa] fdUrq ;g
ckr Toyu'khy inkFkZ ij gh ykxw gksrh gS] vToyu'khy inkFkZ ij ugha] D;ksafd
vToyu'khy inkFkZ dac'pu ds fy, v;ksX; gSaA tks Toyu'khy inkFkZ gSa] os Hkh
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tc rd ignition point' izkIr ugha gksrk] ngu&fØ;k ugha dj ldrsA35 gok
¼vkWDlhtu½ dh vkiwfrZ Hkh vko';d lhek esa gksus ij gh os Toyu'khy gksrs gSa]
lhek ds ckgj os vToyu'khy cu tkrs gSaA36

iz'u 17- ̂ ^rÙokFkZ lw=k dh O;k[;k esa Jh fl)lsux.khojJh rks Li"V :i ls
dgrs gSa fd ^rst%&izdk'k;ksjsdRokH;qixekr~A* ¼5@24½ vFkkZr~ rsmdk; ¼= nh;s dh
T;ksr vkfn½ vkSj mldk izdk'k ¼= jks'kuh ¼mtkyk½ = Ñf=ke izdk'k½ nksuksa ,d
gh oLrq gSaµ;g 'kkL=kekU; gSA blfy, ^cYc esa rks ek=k izdk'k iqat gh gSA cYc
ds ckgj Hkh ek=k vtho izdk'kiqat gh QSyrk gS* ,slk ugha ekuk tk ldrkA bl
rjg 'kkL=kkuqlkj] rdkZuqlkj] vuqHkokuqlkj rFkk foKku ds vuqlkj fopkj djds
ijLij leUo; fd;k tk, rks cYc dk fo|qr~&izdk'k fctyh dh rjg ltho
vfXudk; Lo:i gh fl) gksrk gSA37

mÙkjµrÙokFkZ dh O;k[;k esa ^izdk'k;ksjsdRokH;qixekr~* dk vFkZ rsmdk;
vkSj mlds izdk'k dh ,dkfUrd ,drk vfHkizsr ugha gSA ;g ,drk lkis{k gSA
rstksoxZ.kk ds iqn~xy vkSj izdk'k ds iqn~xy nksuksa gh iqn~xynzO; dh i;kZ; gSaµbl
vis{kk ls ,d gSa] ,slk ekuk gS] u fd vfXu vkSj izdk'k ,d gSaA rÙokFkZ lw=k ewy
esa gh izdk'k dks iqn~xy dh i;kZ; crk;k gSA38 bl fo"k; dh foLr`r ppkZ vkxs iz'u
28 ds mÙkj esa dh tk,xhA

iz'u 18- vkpkjkax&fu;qZfDr esa Jh HknzckgqLokehth us dgk gSµ

^ng.ks i;ko.k&ixkl.ks ls, ; HkÙkdj.ks ;A
ck;j rsmdk, miHkksxxq.k e.kqLlk.ka Ï* ¼xk- 121½

bl izdkj ls cknj rsmdk; ds mi;ksx dks crk;k gSA tykuk] rikuk]
izdkf'kr djuk] ilhuk gksuk] idkuk bR;kfn Lo:i esa euq"; ds mi;ksx esa ftl
izdkj izfl) vfXu mi;ksxh curh gS] mlh izdkj fctyh&bysDVªhlhVh Hkh mu
dk;ks± esa T;knk mik;sxh fl) gksrh gSA bl izdkj rsmdk; vkSj Ñf=ke fctyh ds
xq.kèkeZ] Lo:i] LoHkko] dk;Z] y{k.k bR;kfn ijLij egn~ va'k esa leku gksus ls
Ñf=ke fctyh&bysDVªhlhVh ltho rsmdk; Lo:i gh fl) gksrh gSA rFkk fo|qr~&izdk'k
rks ¼ì"B 51½ esa crk, vuqlkj vius y{k.k }kjk rsmdk; Lo:i fl) gks gh pqdk
gSA rsmdk; dk dkj.k ok;q gSA blfy, mi;qZDr dk;Zdkj.kHkko gh cYc esa
rFkkfoèk okq; dk vfLrRo fl) djus ds fy, i;kZIr gSA

lkekU;r;k ,d fu;e gS fd ftl oLrq dk y{k.k tgka fn[kkbZ nsrk gS ml
inkFkZ dks mlh oLrq ds Lo:i esa ekU; djuk pkfg,A tho dk y{k.k tgka fn[kkbZ
nsrk gS mldk tho ds :i esa Lohdkj djuk pkfg,A tM+ ds y{k.k tgka fn[kkbZ nsrs

gSa mu phtksa dk tM+ :i ls Lohdkj djuk pkfg,A c`gRdYiHkk";ihfBdk esa ̂ dks lq
fÙk vfXu mÙks] fdayD[k.kks\ ng.k i;.kkbZ* ¼c`-d-Hkk-ihfBdk] xk- 304½ bl izdkj
ngu&ipu&izdk'ku bR;kfn dks rsmdk; tho ds y{k.k :i esa crk;k x;k gSA
¼vusd O;k[;k xzUFkksa esa blh ckr dk izfriknu gSA½ izLrqr esa fo|qr~&izdk'k esa
rsmdk; ds mi;qZDr y{k.kksa esa ls izdk'kRo] vkrkiuk] nkgdRo rks Li"V :i esa
ns[kus dks feyrs gh gSaA blfy, mls rsmdk; tho ds :i esa gh Lohdkjuk iM+sxkA
vU;Fkk tM+&psru dh O;oLFkk gh lekIr gks tk,xhA

izFke deZxzUFk&O;k[;k esa Jh nsosUnzlwfjth egkjkt us Hkh dgk gS fd vfXudk;
dk 'kjhj gh m".k Li'kZ ds mn; ls xje gksrk gSA ;s jgs muds 'kCn ̂ rstLdk;'kjhjkf.k
,o m".kLi'kksZn;su m".kkfu* ¼xk- 44 o`fÙk½A euq"; {ks=k = v<h }hi dh vis{kk ls
;g ckr lqfuf'pr gSA blfy, 'kkL=kkuqlkj xjeh] izdk'k oxSjg vfXudk; tho
ds ,d@nks y{k.k tgka fn[kkbZ nsrs gSa fQj Hkh ftldk ¼mnkgj.k ds rkSj ij 'kjhj
dh xjeh] tqxuw dk izdk'k] tBjkfXu] cq[kkj dh xjeh] lw;Zizdk'k] ujd dh vfXu]
pUnzizdk'k] ef.k izdk'k oxSjg½ uke ysdj 'kkL=k futhZo ds Lo:i esa lwfpr djrk
gks] og inkFkZ ltho rsmdk; Lo:i ugha gSµ;g ckr cjkcj gSA fdUrq blds
vykok ftu inkFkks± esa xjeh] izdk'k vkfn rsmdk; tho ds y{k.k ns[kus dks feyrs
gSa mUgsa rks ltho ekuus esa gh le>nkjh gSA vU;Fkk y{k.k ds vkèkkj ij y{;Hkwr
inkFkZ dk izkekf.kd fuf'pr djus dh 'kkL=kksDr O;oLFkk gh VwV tk,xhA

blfy, dsoy foKku ds gh vkèkkj ij bysDVªhlhVh bR;kfn dks futhZo :i
esa crkus dk nq%lkgl NÉLFk ,sls gesa ugha djuk pkfg,A D;ksafd foKku rks txr~
ds lHkh inkFkks± dks bysDVªksu&izksVksu&U;wVªksu Lo:i esa gh ns[krk gSA rc fQj ge
tSu D;k i`Foh vkSj ty dks ltho ugha ekusaxs\ lkbUl dk izR;sd fo|kFkhZ tkurk
gS fd H

2
O = WaterA foKku ds fl)kUr ds vuqlkj cht esa ls vadqj dk QwVuk]

ouLifr iSnk gksuk bR;kfn ,d izdkj dh jklk;fud izfØ;k gh gSA vjs! iUuo.kk
oxSjg vkxeksa esa rsmdk; tho ds Lo:i esa iznf'kZr dh xbZ vkdk'kh; fctyh Hkh
vkèkqfud lkbUl ds fl)kUr ds vuqlkj ,d rjg ls m$tkZ dk LiUnu gh gSA bl
rjg ls ;fn loZ=k fopkj fd;k tk, rks tho dk vfLrRo ge dgka ekusaxsA foKku
ds inkFkZ ls vFkok lkbUl ds orZeku fl)kUr ds vkèkkj ij rks ty] vfXu bR;kfn
esa rks thoRo dh flf) dnkfi 'kD; ugha gSA**39

mÙkjµtSu n'kZu us ìFohdk;] vi~dk;] rsmdk;] ok;qdk; vkSj ouLifrdk;
ds thoRo dks Lohdkj fd;k gS] fdUrq ;s gh tho 'kL=k&ifj.kr gksus ij futhZo gks
tkrs gSaA H

2
O ¼ikuh½ 'kL=kifj.kr u gks rc rd ltho gS] 'kL=kifj.kr gksus ij
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ogh futhZo gSA ikuh ds H
2
O :i esa ltho ;k futhZo voLFkk esa vUrj ugha

vkrkA blfy, thoRo ds y{k.kksa ds vkèkkj ij ogh inkFkZ ltho ;k futhZo gks
tkrk gSA ^psruk* y{k.k ls ltho vkSj psruk'kwU; ogh inkFkZ futhZo cu tk,xkA
izdk'k] m"ek] nkgdrk vkfn ltho ;k futhZo ds y{k.k ugha cu ldrsA ;s dsoy
ikSn~xfyd xq.k gSaA blhfy, izdk'k] m"ek] nkgdrk gksrs gq, Hkh ujd dh vfXu
vfpÙk gSA iz'udrkZ us Hkh Lohdkj fd;k gS fd lw;Zizdk'k] ujd dh vfXu vkfn
mi;qZDr lkjs y{k.kksa ds ckotwn Hkh vfpÙk gSaA ^y{k.k* ogh gksrk gS] tks fuf'pr
:i ls oLrq dh ifgpku cusA ;fn ogh y{k.k fojksèkh inkFkZ esa Hkh gS] rks mls
y{k.k ugha dg ldrsA U;k;'kkL=k esa bls vfrO;kIr y{k.kkHkkl dgk tkrk gSA40

;fn ujd dh vfXu41] lw;Z dk izdk'k] rstksys';k ds vfpÙk iqn~xy vkfn vfXu ds
lHkh y{k.kksa ds ckotwn vfpÙk ;k futhZo gSa] rks fQj fdl vkèkkj ij bysDVªhlhVh
ds bUgha y{k.kksa okys ifj.keu dks lfpÙk eku fy;k tk;\ vkdk'kh; fo|qr~
¼foTtw½ dh lfpÙkrk mldh fdl i;kZ; esa gS] mldh ppkZ ge dj pqds gSaA mlls
iwoZ vkSj i'pkr~ og lfpÙk ugha gSA bl izdkj vkxeopu dh lkis{krk dks
le>dj rFkk ^y{k.k* 'kCn dh lhek dks le>dj gh izdk'k] m"ek] nkgdrk dh
O;kfIr vfXu ds lkFk le>h tkuh pkfg,] vU;Fkk vkxeopu dks Hkh lE;x~ :i
ls le> ugha ik,axsA

bysDVªhlhVh vkSj vfXu ds y{k.kksa dh lekurk vkSj vlekurkµnksuksa dk
fo'ys"k.k t:jh gSA Nn~eLFk O;ogkj ds vkèkkj ij gh ;g fu.kZ; dj ldrk gS fd
veqd inkFkZ lfpÙk gS ;k ughaA blesa u rks nq%lkgl dh ckr gksuh pkfg, vkSj u
:f<+okfnrk dhA 2500 o"kZ iwoZ tks fLFkfr;ka Fkha] muds vkèkkj ij O;ogkj ds
èkjkry ij vkxe dk ekxZn'kZu gesa fey ldrk gSA 'ks"k rks gesa ubZ fLFkfr;ksa ds
ifjizs{; esa leh{kk djuh gksxhA42 ml ;qx esa ;fn IykfLVd Fkk gh ugha] rks ge
dSls ;g vis{kk djsa fd IykfLVd ds fo"k; esa fofèk&fu"ksèk dk izfriknu vkxe
djsA mlh izdkj bysDVªhlhVh ds fo"k; esa Hkh le>uk gksxkA foKku dh lkis{krk
dks le>dj mldks dke esa ysuk gksxk ftlls fu.kZ; rd igqapus esa gesa mldk
lg;ksx feysA

vc ge vfXu vksj bysDVªhlhVh dh rqyuk djsaµtykuk] rikuk vkfn xq.k
bysDVªhlhVh esa ugha gSa] tSls vfXu esa gSaA rkj esa izogeku fo|qr~&èkkjk fdlh dks
tyk ugha ldrh gS] tc rd mls tykus dh izfØ;k izkjEHk djus ds fy, mi;qDr
lkjh lkexzh ugha feyrhA rkj dh bysDVªhlhVh dks mi;qDr la;ksx feyus ij B.Mk
djus ds fy, Hkh dke esa fy;k tk ldrk gSA vius vki esa og u tykrh gS] u

B.Mk djrh gSA bysDVªhlhVh ds gtkjksa mi;ksx gksrs gSa] tks vfXu }kjk ugha fd,
tkrsA

y{k.k ds vkèkkj ij Hkh bysDVªhlhVh dks vfXu fl) ugha fd;k tk ldrkA
;fn ngu] ipu] izdk'ku vkfn bysDVªhlhVh ds y{k.k eku fy;k tk, rks lnSo
mudh izkfIr mlesa gksuh pkfg,] ij ,slk ugha gSA dsoy veqd&veqd ifjfLFkfr esa
gh bu dk;ks± esa mldk mi;ksx fd;k tk ldrk gSA 'ks"k dk;ks± esa mldk mi;ksx
djrs le; bysDVªhlhVh u tykrh gS] u idkrh gS] u izdk'k djrh gSA izR;qr]
A.C., fÝt“ vkfn esa og BaM iSnk djrh gSA fo|qr~&m$tkZ dk xfr&m$tkZ] /ofu&m$tkZ
vkfn esa ifjorZu Li"V gSA vfXu dh O;k[;k esa tks crk;k x;k gS] og bysDVªhlhVh
ij rHkh ykxw gksrk gS tc bysDVªhlhVh dks vfXu ds :i esa :ikUrfjr fd;k tk,
¼tSlsµfo|qr~ ds pwYgs ds :i esa½] vU;Fkk ughaA

iz'u 19- ^^;gka ,d nwljh ckr è;ku esa j[kus ;ksX; gS fd dksbZ Hkh oLrq
iqn~xy ls cuh gS blfy, futhZo gSµ;g fl) ugha gks ldrkA gekjk 'kjhj Hkh
vkSnkfjd oxZ.kk ds iqn~xyksa ls cuk gSA rks D;k og loZFkk futhZo gS\ ;k fQj og
iqn~xyksa dk ,d tho;qDr lewg gS] blfy, o.kZ bR;kfn iqn~xy ds y{k.kksa ls ;qDr
gksus ds dkj.k fo|qr~&izdk'k ikSn~xfyd gSµ,slk Lohdkj fd;k tk, rc Hkh mldh
futhZork fl) ugha gksrhA blds foijhrµ^mu iqn~xyksa dks cYc esa fdlus bdëk
fd;k\* ;g iz'u [kM+k gksrk gSA mldk drkZ tho gh gks ldrk gSA blfy, ogka
tho dh gktjh vo'; gS ghA

blh izdkj tqxuw dk izdk'k pkgs futhZo gks] fdUrq tqxuw Lo;a rks tho gh
gSA ojuk e`r tqxuw D;ksa ltho tqxuw dh Hkkafr ugha pedrk\ rFkk pUnzizdk'k
¼vFkkZr~ pUnzek dk izdk'k½ futhZo gksrs gq, Hkh pUnzfcEcxr i`Fohdk; ds thoksa ds
vèkhu gSA B.Mh pkanuh pUnzfcEcxr i`Fohdk; thoksa ds mn~|ksrukedeZ dks
vkHkkjh gSA iUuo.kklw=k O;k[;k esa Jhey;fxfjlwfjth us crk;k gS fdµ^;nqn;kr~
tUrq'kjhjkf.k vuq".kizdk'k:ia m|ksra dqoZfUr] ;Fkk ;fr&nsoksÙkjoSfØ;&pUnz&
u{k=k&rkjd&foeku&jRukS"kèk;% rn~ mn~|ksruke* ¼in&23@mís'k&2@lw=k&540½

blls fuf'pr gksrk gS fd pUnz] u{k=k] rkjk] jRu] vkS"kfèk bR;kfn dk izdk'k
Hkh tholkis{k gS] m|ksr&ukedeZ lkis{k gSA blfy, Lo;a izdkf'kr ef.k bR;kfn dk
Hkh izdk'k ìFohdk; ds tho ds vkèkkj ij gSµ,slk fl) gksrk gSA iUuo.kklw=k ds
izFke in esa ^ejx; elkjxYys Hkq;eks;x banuhys ;* ¼1@15½ ,slk dgdj bUnzuhy
bR;kfn ef.k cknj i`Fohdk; tho ds Hksn :i esa crk, x, gSaA blfy, mn~|ksr
ukedeZ ds mn; ls jRu bR;kfn esa izdk'k izdV gksrk gSµ,slk fuf'pr gksrk gSA
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bl izdkj lk{kkr~ ;k ijEijk ls tho ds lgdkj dk Lohdkj fd, fcuk rks dgha
Hkh izdk'k ugha vk ldrkA izdk'k bR;fkn 'kfDr vkRek ds fo'ks"k izdkj ds iz;Ru
ls izdV gksrh gSµ,slk vkpkjkaxlw=ko`fÙk esa Jh'khykadkpk;Zth us lqfuf'pr vuqeku
izek.k }kjk crk;k gSA ;s jgs muds 'kCn ^izdk'kkfn'kfDrjuqeh;rs
thoiz;ksxfo'ks"kk··foHkkZfork* ¼vk- fu;qZfDr- xk- 118 o`fÙk½A

lw;Zizdk'k 100 izfr'kr futhZo gS] fdUrq og tgka ls fudyrk gS og rks
lw;ZeaMyxr ltho ìFohdk; gh gSµ,slk izFke deZxzUFk dh ¼xk- 44½ Vhdk esa Jh
nsosUnzlwfjth egkjkt us Li"V :i ls crk;k gSA lw;Z ds vUnj ls fudyrk gqvk
m".k izdk'k rks lw;ZeaMyxr i`Fohdk; ds thoksa ds vkriukedeZ ds foikdksn; dks
vkHkkjh gSA vkriukedeZ dk mn; lw;ZeaMyxr i`Fohdk; ds thoksa esa gh gksrk gSA
;g iUuo.kklw=k O;k[;k esa Jh ey;fxfjlwfjth us Li"V :i ls crk;k gSA ;s jgs os
'kCnµ^fr}ikd'p Hkkuqe.Myxrs"kq i`fFkohdkf;os$"oso ¼23@2@540 òfÙk½

tBjkfXu pkgs futhZo D;ksa u gks\ fdUrq O;fDr rks ftUnk gS u! e`r O;fDr
dks rks tBjkfXu ugha gksrhA tc rd 'kjhj esa tho gS rc rd og [kqjkd dks gte
dj ldrk gSA 'kjhj esa tBjkfXu dh m"ek gks vFkok cq[kkj dh xjeh gks] ;s nksuksa
thfor 'kjhj esa gh gksrh gS] e`r 'kjhj esa ughaA blfy, os tho ds gh vkHkkjh gSaA
;g ckr vkpkjkaxlw=k dh O;k[;k esa Jh 'khykadkpk;Zth us uhps vuqlkj crkbZ
gSµ^Tojks"ek thoiz;ksxa ukfrorZrs] thokfèkf"Br'kjhjdkuqikR;so Hkofr* ¼vè;;u&1]
fu;qZfDr xk- 118 o`fÙk½ vFkkZr~ cq[kkj dh xjeh tho ds iz;Ru ds fcuk ugha gksrh
gSA tho ds iz;Ru dh og vis{kk j[krh gh gSA D;ksafd og tho;qDr 'kjhj esa gh
ns[kus dks feyrh gSA

;fn dsoy iqn~xy ds vkèkkj ij gh tBjkfXu bR;kfn gks rks eqnsZ esa Hkh
tBjkfXu] cq[kkj bR;kfn fn[kkbZ nsus pkfg,A vkpkjkaxVhdk esa Jh'khykadkpk;Zth us
rks Li"V :i ls crk;k gS fd ^losZ"kkekReiz;ksxiwoZda ;r m".kifj.kkeHkkd~Roa
rLekUukusdkUr%* ¼izFke vè;;u&fu;qZfDr xk- 118 o`fÙk½ vFkkZr~ lHkh m".kifj.kke
tho ds iz;Ru ds gh vkHkkjh gSA ;s iz;Ru lk{kkr~ gks vFkok ijaijk ls gksµ;g ckr
vyx gSA

^ujd esa vfXudk; ugha gS*µ,slh mudh ckr lR; gSA fdUrq nzO; yksdizdk'k
ds ikaposa lxZ esa mikè;k;Jh fofu;fot;th egkjkt us Li"V :i ls crk;k gS fd
^i`FO;kfniqn~xykuka ifj.kke% l rkn`'k%* ¼yksdizdk'k] lxZ&5@xk-182½ vFkkZr~ ujd
esa vuqHko gksus okyh m".krk i`Fohdk; bR;kfn thoksa dk ifj.kke gSA

Hkxorhlw=k dh O;k[;k esa Jh vHk;nsolwfjth egkjkt us Hkh dgk gS fd ^bg

rstLdkf;dL;so ijekèkkfeZdfufeZrToyulǹ'koLrwuka Li'kZ%µrstLdkf;dLi'kZ% vFkok
HkokUrjkuqHkwrrstLdkf;di;kZ;i`fFkohdkf;dkfnLi'kkZis{k;k O;k[;s;e~* ¼Hk-'k-
13@mís'kks&4 o`fÙk i`"B 607½A

eryc fd ^ijkeèkkeh }kjk fodqfoZr vfXurqY; oLrq dk Li'kZ gks rc
vfXudk; dk gh Li'kZ fd;kµ,slk ukjdh dks yxrk gSA vFkok fdlh iwoZHko esa
vuqHko fd, gq, vfXudk; ds i;kZ; okys i`Fohdk; bR;kfn thoksa dk m".k Li'kZ
ujd esa gksrk gS* Hkxorhlw=k dh O;k[;k esa Jh vHk;nsolwfjth egkjkt ds mi;qZDr
'kCn }kjk Qfyr gksrk gS fd ujd esa ukjdh thoksa dks tks xjeh dk vuqHko gksrk
gS mlesa ijekèkkeh nsoksa dk iz;Ru dke djrk gS vFkok i`Fohdk; tho dk gh og
m".k Li'kZ gSA

;gk a uk s a è kik=k ckcr ;g g S fd Hkxorhl w=k dh O;k[;k e s a
^i`fFkohiqn~xykfnLi'kkZis{k;k---* ,slk dgus ds cnys ^i`fFkohdkf;dkfnLi'kkZis{k;k-
--* ,slk dgk x;k gSA bldk vFkZ ;g gqvk fd futhZo i`Foh ds iqn~xyksa dk m".k
Li'kZ ugha cfYd ltho i`Fohdk; bR;kfn thoksa dk m".k Li'kZ ujd esa gksrk gSA bl
izdkj ^ujd esa vuqHko esa vkus okys m".k Li'kZ dk vkJ; tho gh gS vkSj tho
ds iz;ksx ls gh ;g m".k Li'kZ mRiUu gksrk gS* ,slk fl) gksrk gSA bl m".k Li'kZ
dk vkJ; tho gks rHkh rks ̂ HkokUrjkuqHkwrrstLdkf;di;kZ;* ,slk fo'ks"k.k ìFohdk;
dks yxk;k tk ldrk gSA

ujd dh xjeh dk o.kZu djus ds izlax esa oknhosrky 'kkafrlwfjth egkjkt
us mÙkjkè;;u c`gn~ o`fÙk esa ̂ vXukS nsoek;kÑrs* ¼15@48½ ,slk dgdj ̂ ujd esa tks
m".k Li'kZ vuqHko esa vkrk gS og nsoek;kÑr gksrk gS*µ;g crkdj ^ogka Ñf=ke
m".k Li'kZ ijekèkkeh nso ds iz;Ru dks vkHkkjh gS*µ,slk lwfpr fd;k gSA rFkk ogh
vkxs ^r=kks".k% i`fFkO;uqHkko* ¼19@50½ ;g dgdj ujd esa tks LokHkkfod xjeh
gksrh gS og ìFohdk; thoksa dk m".k Li'kZ gSµ,slk crk;k gSA

iUuo.kklw=k dh O;k[;k esa Jhey;fxfjlwfjth egkjkt Hkh ^ujdkokls"kq
m".kLi'kZifj.kkekfu miikr{ks=kkf.k* ¼in&9] lw- 150] i`"B 225½ ;g dgdj ̂ ujd
dh xjeh ogka ds {ks=k dk ifj.kke gS*µ,slk lwfpr fd;k gSA blls fl) gksrk gS
fd ujd dh LokHkkfod m".krk i`Fohdk; thoksa dk xq.kèkeZ gSA

Hkxorh lw=k ds 10osa 'krd ds nwljs mís'kd dh Vhdk esa JhvHk;nsolwfjth
egkjkt us Hkh dgk gS fd ^ukjdk.kka ;nqiikr{ks=ka rnq".kLi'kZifj.kre~* ¼ì- 496½
vFkkZr~ ujd esa miikr {ks=k dh m".krk gksrh gSA bl izdkj i`Fohdk; tho dk gh
og m".k ifj.kke lkfcr gksrk gSA fdUrq tho ds lg;ksx fcuk rks ogka m".k
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Li'kZ&nkg bR;kfn ugha gks ldrkA ;g ckr fcydqy fuf'pr gh gSA

;gka ,d vkSj ckr djuh vko';d gS fd Hkxorhlw=k esa ^d;js .ka Hkars!
vfpÙkk fo iksXxyk vksHkklafr mTtksosafr rosafr iHkklsafr\ dkyksnkbZ! dq)Ll vuxkjLl
rs;ysLlk fulëk lek.kh nwja xark nwja fuirb] nsla xark nsla fuirb] tfga tfga p .ka
lk fuirb rfga rfga p .ka rs vfpÙkkfn iksXxyk vksHkklafr tko iHkklafr* ¼Hkxorh
1@10@380½ ,slk dgus ls tks Lo;a izdk'k nsrk gks] nwljksa dks izdkf'kr djrk gks]
nwljksa dks rikrk gks rFkk vius mRifÙkLFkku ls nwj tkdj fxjs vkSj nwljksa dks tyk,
fQj Hkh Lo;a futhZo gks ,sls inkFkZ ds :i esa rstksys';k dk mYys[k fd;k x;k gS
fdUrq fctyh bR;kfn fdlh nwljs inkFkZ dk mYys[k ugha fd;k x;kA ;fn fctyh
bR;kfn inkFkZ dHkh futhZo gksus dh lEHkkouk gksrh rks Hkxorhlw=k esa loZK Hkxoar
us mldk funsZ'k vo'; fd;k gksrkA ijUrq fctyh bR;kfn dk oSls futhZo iqn~xy
:i esa mYys[k ugha fd;kA ;g ckr mYys[kuh; gSA

vkSj ,d ckr] rstksys';k futhZo gksrs gq, Hkh rstksys';k ds iqn~xyksa dks
,df=kr djds NksM+us okyk rks tho gh gSA ijUrq cYc esa u rks rstksys';k gksrh gS
vkSj u gh rstksys';k dks NksM+us okyk tho] fd ftuds izHkko ls ogka futhZo
izdk'k&xjeh bR;kfn mRiUu gks ldsA izLrqr esa tho ds lgdkj ds fcuk rks cYc
esa izdk'k vFkok xjeh bR;kfn dSls iSnk gks ldrs gSa\ D;ksafd ^lHkh m".k ifj.kke
tho ds iz;Ru ls gh mRiUu gksrs gSa* ,slk vHkh geus ¼i`"B&59½ vkpkjkax O;k[;k
ds vuqlkj ns[kk gSA cYc esa rks tqxuw bR;kfn dh Hkkafr vFkok ujd esa i`Fohdk;
oxSjg dh Hkkafr fdlh tho ls lg;ksx izkIr gksus dh dksbZ lEHkkouk rks gS gh ughaA
lw;Z ds foeku esa jgrs gq, i`Fohdk; tho dh rjg vkri&ukedeZ dk mn;] vFkok
jRu] ef.k] pUnz ds foeku ;k tqxuw bR;kfn dh rjg m|ksr&ukedeZ dk mn; fdlh
cYc esa ugha gksrkA blfy, lw;Zizdk'k] pUnzizdk'k] tqxuw dk izdk'k bR;kfn dh
rjg cYc ds izdk'k dks futhZo ugha ekuk tk ldrkA

vkriukedeZ] m|ksrukedeZ] rstksys';k vFkok m".kLi'kZukedeZ ds mn;
ds fcuk vU; fdlh izdkj ls rks xjeh&izdk'k bR;kfn dh mRifÙk lEHko ugha gSA
cYc esa flQZ foòlkifj.kketU; xjeh] izdk'k bR;kfn dks eku ugha ldrsA
¼izLrqr esa vkxefon~ izkK iq#"kksa dks ,d ckr t:j uksV djus ;ksX; gS fd
vkdk'kh; fctyh Hkh ek=k foòlkifj.kketU; ugha gSA D;ksafd og iUuo.kk]
Hkxorhlw=k bR;kfn ewy vkxe ds vuqlkj rsmdk; thoLo:i gksus ls fctyh dh
mRifÙk esa tho dk iz;Ru Hkh lfEefyr gh gSA Hkxorh lw=k vkBosa 'krd ds izFke
mís'k esa feJifj.kke ;qDr ¼oSòfld + izk;ksfxd½ tks nzO; crk, x, gSa muesa gh

vkdk'kh; fctyh bR;kfn dks lfEefyr djuk mfpr gSA½ vU;Fkk rks og euq";
ds iz;Ru ds fcuk ijek.kq xfr dh rjg dHkh Hkh vFkok ckny dh rjg fuf'pr
le; ij cYc esa vius vki mRiUu gks tk,axs vkSj pys tk,axsµ,slk Lohdkj djuk
iM+sxkA fdUrq okLrfodrk ;g ugha gSA blfy, ikfj'ks"kU;k; ls m".kLi'kZ ukedeZ
ds mn; okys cknj vfXudk; thoksa dk gh ogka Lohdkj djuk jgkA D;ksafd
^m".k&Li'kkZfnukedeksZn;kn~ nhI;rs* bl izdkj c̀gRdYiHkk";òfÙk ¼Hkkx&3@xk- 2146

o`fÙk½ ds opu vuqlkj m".kLi'kkZfn ukedeZ ds mn; ls vfXu izdkf'kr gksrh
gSµ;g ckr 'kkL=k&fl) gSA**43

mÙkjµge bl ys[k ds izFke Hkkx ds nwljs izHkkx esa ^tho vkSj iqn~xy dk
lEcUèk*µds vUrxZr bl fo"k; dh foLr̀r ppkZ dj pqds gSaA ogka ;g Li"V gks
x;k Fkk fd ckny] fctyh vkfn lHkh lkfn oSòfld caèk&ifj.kke gSaA44 mlh
lUnHkZ esa bl izdkj mÙkj le>uk gksxkA

loZizFke rks ;g le>uk gS fd lkjh l`f"V gh ewyr% rks tho vkSj iqn~xy
ds fofoèk la;ksxksa ls gh pyrh gSA tSu n'kZu ds vuqlkjµ^^tho vkSj iqn~xyksa ds
fofoèk la;ksxksa ls ;g yksd fofoèk izdkj dk gSA yksd dh bl fofoèk:irk dks gh
l`f"V dgk tkrk gSA tho vkSj iqn~xy dk la;ksx vi'pkuqiwfoZd ¼ikSokZi;Z'kwU;½ gSA
la;ksx rhu izdkj dk gSµ1- deZ] 2- 'kjhj] 3- mixzgA mixzgµvkgkj] ok.kh] eu]
mPN~oklfu%'okl vkfn midkjd 'kfDr;kaA45 ijEij ;k vuUrj :i esa l`f"V dh
lHkh fØ;kvksa esa tho vkSj iqn~xy dk la;ksx fufeÙkHkwr curk gSA bl ekus esa rks
dksbZ Hkh inkFkZ futhZo ugha ekuk tk ldrkA euq"; }kjk fu%l`r rstksys';k ds
iqn~xy ds m"ek ,oa izdk'k ds fy, euq"; dk vkriukedeZ ;k m".kukedeZ dgka
rd ftEesnkj gks ldrk gS\ tho ds tks ukedeZ mn; esa vkrk gS] og mlds 'kjhj
ds lkFk tqM+rk gSA rstksys';k ds iqn~xy ds izdk'k vkSj m".krk NksM+us okys euq";
ds ukedeZ ls dSls tqM+sxk\ ;fn tqM+rk gh gS rks fQj bysDVªhlhVh dh izfØ;k esa
iz;qDr iqn~xy Hkh ijEij :i esa lqpkyd inkFkZ ¼èkkrq½ ;kuh i`Fohdkf;d tho ds
}kjk eqDr iqn~xy ekus tk ldrs gSaA fo|qr~ dk mRiknu euq"; }kjk fufeZr ;U=kksa
ls gS] blfy, D;k euq"; dk ukedeZ mlds fy, ftEesnkj ekuk tk,xk\ ;fn
ugha] rks fQj rstksys';k esa euq"; ds ukedeZ dks dSls ftEesnkj ekuk tk,xk\ tc
tSu n'kZu foòlk ifj.keu }kjk vfpÙk ¼futhZo½ iqn~xyksa ds ifj.keu dks LohÑfr
ns jgk gS] rks fQj mlds fy, dsoy tho dks gh loZ=k ftEesnkj ekuuk dgka rd
laxr gksxk\

tgka&tgka tho dk 'kjhj Lo;a vkri] m|ksr vkfn ds :i esa gS] ogka&ogka og
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ukedeZ dk mn; gS] ,slk vfHkizk; fofHkUu m)`r opuksa dk le>uk pkfg,A
fdUrq tgka&tgka iqn~xy ,sls :i esa gSa] ogka mUgsa ikSn~xfyd ifj.keu gh Lohdkj
djuk pkfg,A

tSu n'kZu ds vuqlkj cryk, x, rhu izdkj ds ifj.keuksa esa izk;ksfxd vkSj
feJ ifj.keuksa esa vuUrj :i esa tho dk drZ̀Ro gksrk gS] fdUrq oSòfld ifj.keu
esa vuUrj :i esa dsoy ikSn~xfyd ifj.keu gh dkj.kHkwr gksrk gSA m$ij m)`r
fVIi.k la[;k 41 esa lw=kÑrkax pwf.kZ ¼i`"B 128] 129½ ds tks ikB fn, x, gSa] muesa
ukjd dh vfXu dks LoHkko ls m".k ,oa vpsru cryk;k x;k gSA bUgsa vuUrj :i
esa tho Ñr ugha ekuk tk ldrkA iz'u esa ijEij vkSj vuUrj ds Hksn dks le>us
dh dksf'k'k ugha dh xbZ] blhfy, loZ=k tho ds lkFk lhèks gh ikSn~xfyd ifj.keuksa
dks tksM+k gSA fQj rks ckny] tks vi~dkf;d tho dk ifj.keu gS vkSj tks
vkdk'kh; fctyh ds mRiknd gS] dks Hkh feJ ifj.keu ekuuk pkfg,A ij ckny
dks rks oSòfld ifj.keu esa ekuk gSA rc fQj vU; ikSn~xfyd ifj.keuksa dks
oSòfld ekuus esa dgka vkifÙk gS\ "kV~[kaMkxe esa lkfn oSòfld caèk dh ppkZ esa
bUgsa oSòfld gh ekuk x;k gS] ftldh ppkZ ge dj pqds gSaA ¼ns[ksa izFke Hkkx]
izFke izHkkx½

blfy, ;g fu;e crykuk mfpr ugha gS fd tho ds }kjk ifj.kr gksus ij
gh iqn~xy izdk'k vkfn djrs gSaA

iz'u esa m)`r Hkxorh 1@10@380 ds ikB ls Li"V gS fd vtho iqn~xyksa esa
Lo;a ;g 'kfDr gSA ̂ ^rStl oxZ.kk dks rStl 'kjhj rd lhfer djuk laxr ugha gSA
tho rStl oxZ.kk ds leLr iqn~xyksa dk tho ds }kjk lnk&loZnk xzg.k vkSj
ifj.keu vko';d ugha gSA**46

;gka ,slk dguk fd ^^fctyh bR;kfn fdlh nwljs inkFkZ dk futhZo ds :i
esa mYys[k ugha gS** rdZ&laxr ugha gSA

vkpk;Z Jh egkizKth us fy[kk gSµ^^rdZ dh viuh e;kZnk gksrh gSA bl
fo"k; esa gfjHknz lwfj ds "kM~n'kZu dh òfÙk esa m)̀r 'yksd cgqr egÙoiw.kZ gSµ

vkxzgh cr fuuh"kfr ;qfDr%] r=k ;=k efrjL; fufo"VkA
i{kikrjfgrL; rq ;qfDr%] ;=k r=k efrjsfr fuos"ke~ Ï

vfpÙk iqn~xy izdk'k djrs gSaA blesa fo|qr~ dk mYys[k ugha gS] ;g iz'u
;gka izklafxd ugha gSA izklafxd bruk gh gS fd vfpÙk iqn~xy izdk'k djrs gSaA os
tho ds }kjk x̀ghr gks pqds gSa] blfy, izdk'k djrs gSaµ;g rdZ Hkh laxr ugha gSA

izdk'k] vkri] mn~|ksr] Nk;kµ;s lc iqn~xy ds y{k.k gSaA

'kCn&caèk&lkS{E;&LFkkSY;&laLFkku&Hksn&re'Nk;kriksn~|ksroUr'pA

¼rÙokFkZokfrZd 5/24½

líaèk;kjmTtksvks igk Nk;k ros b okA
o..kjlxaèkQklk iqXxyk.ka rq yD[k.ka Ï ¼mÙkjT>;.kkf.k 28/12½

vUèkdkj iqn~xy dk y{k.k gSA og tho ds }kjk x`ghr gksdj vUèkdkj ugha
curkA izdk'k iqn~xy dk y{k.k gSA og tho ds }kjk x`ghr gksdj izdk'k curk
gS] ;g dksbZ fu;e ugha gSA iqn~xyksa dk ifj.keu tho ds iz;ksx ls Hkh gksrk gS vkSj
LoHkko ls Hkh gksrk gSA**47

;fn mDr rdZ dks ekuk tk,] fQj rks vkxeksa esa orZeku ;qxhu foKku
vkfn dh lkjh ckrsa vkuh pkfg, FkhA loZK gksus ds ukrs muls orZeku dh lkjh
?kVuk,a fNih ugha gSaA fQj mu lcdk o.kZu D;ksa ugha feyrk\

iz'u 20- bysDVªhlhVh dks futhZo crkus okyk vkxe ikB dkSu&lk gS\48

mÙkjµ;fn fdlh vkxe esa tc ;g ikB ugha gS fd ^bysDVªhlhVh* lfpÙk
rsmdk; gS] rc ;g vis{kk djuk fd mls futhZo fl) djus okyk vkxe ikB
dkSu&lk gS] dSls lEHko gS\ blh izdkj ^^;fn bysDVªhlhVh futhZo gksrh] rks loZK
}kjk t:j ;g ckr vkxe esa izfrikfnr gks tkrh ¼ns[ksa iz'u½**µbl rdZ ds
izfri{k esa D;k ;g ugha dgk tk ldrk gS fd ^^;fn bysDVªhlhVh ltho gksrh] rks
vkxe esa ;g rF; t:j izfrikfnr gks tkrk**\ bl izdkj ds O;FkZ rd&fordZ ls
D;k ge fdlh urhts ij igqap ldrs gSa\

gesa tks fpUru djuk gS og ;g gksuk pkfg, fd vkxe esa ,sls dkSu&ls rF;
miyCèk gSa ftuds vkèkkj ij ;g cgqr Li"V vuqeku fd;k tk lds fd bysDVªhlhVh
ltho gS ;k bysDVªhlhVh futhZo gSA

geus izkjEHk esa gh bysDVªhlhVh vkSj fLuXèkRo&:{kRo uked ¼iqn~xy&xq.kksa
dk foLrkj ls tks foospu fd;k Fkk] og vkxe vkèkkfjr gh gSA ¼ns[ksa] izFke Hkkx
dk izFke izHkkx½A

mlh foospu ds ifjizs{; esaµfLuXèk&:{k&Li'kZ vkSj bysDVªhlhVh dh lekurk
ls ;g Li"V gksrk gS fd bysDVªhlhVh ewyr% iqn~xy dk ekSfyd xq.k gSA tSu vkxeksa
esa fLuXèk&:{k&Li'kZ ds vkèkkj ij gh ijek.kq ls LdUèk cuus dh izfØ;k dks crk;k
x;k gSA ;g ckr cgqr gh egÙoiw.kZ gS fd tSu n'kZu vkSj foKku nksuksa us lHkh
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inkFkks± dh jpuk esa fLuXèk&:{k&Li'kZ vFkok _.k (Negative) vkSj èku (Positive)

bysDVªhd pktZ dks gh vkèkkjHkwr ekuk gSA blls c<+dj vkSj D;k vkxe izek.k
bysDVªhlhVh dks futhZo ekuus ds fy, gks ldrk gS\ tSu n'kZu us 'kjhj esa nl izk.k
ds :i esa tSo fo|qr~ dh m$tkZ dks Lohdkj dj rFkk vc oSKkfudksa us tSo fo|qr~
dks leLr 'kkjhfjd fØ;k dk vkèkkj cukdj Li"V :i ls fu:i.k fd;k gS fd ;g
ikSn~xfyd 'kfDr fdl izdkj tho }kjk iz;qDr gksrh gS vkSj lHkh izk.kh bl izk.k
;kuh tSo fo|qr~ dh m$tkZ ls gh thfor gSA bu vkèkkjksa ij dgha ij Hkh dksbZ 'kadk
ugha jg tkrh fd ewyr% vius vki esa bysDVªhlhVh HkkSfrd ;k ikSn~xfyd ifj.keu
gS] m$tkZ gSA blh ds fofHkUu ifj.keu èofu] izdk'k] xfr] pqEcdRo] m"ek vkfn
ds :i esa gksus dk rkRi;Z ;gh gS fd ;s lkjs HkkSfrd m$tkZ ds :i esa bysDVªhlhVh
ds :ikUrj.k&Lo:i mRiUu gks ldrs gSaA tc rd bysDVªhlhVh dk :ikUrj.k
dac'pu }kjk vfXu dk :i èkkj.k ugha djrk] rc rd og ikSn~xfyd gh gSA
inkFkZ esa fo|eku fLFkr fo|qr~ (static electricity)] èkkrq ds rkj esa izogeku izokg
:i fo|qr~ rFkk vkWDlhtu vkSj Toyu'khy inkFkZ ds vHkko esa gksus okys ̂ MhLpktZ*
:i fo|qr~ vkfn vius vki esa futhZo gSaA

iz'u 21- ^^gkykafd vks?kfu;qZfDr oxSjg esa futhZo rsmdk; ds uke feyrs
gSaA ijUrq mu futhZo rsmdk; ds ukeksa esa dgha Hkh fctyh dk uke rks ns[kus dks
ugha feyrkA blds foijhr fctyh dk fu'p; ls ltho gksus dk mYys[k vks?kfu;qZfDr
esa ^foTtq;kb fuPNbvks* ¼xk- 358½ bu 'kCnksa ls rFkk fiaMfu;qZfDr esa ^foTtq;kb
fuPN;vks* ¼xk- 36½ bu 'kCnksa }kjk feyrk gSA vks?kfu;qZfDrO;k[;k esa nzks.kkpk;Zth
fy[krs gSa fdµ^fo|qnkfndks uS'pf;dks Hkofr* ¼xk- 359 òfÙk½ rFkk fiaMfu;qZfDrO;k[;k
esa leFkZ Vhdkdkj Jhey;fxfjlwfjth egkjt us Hkh vR;Ur Li"V 'kCnksa esa fy[kk
gS fd ^fo|qnqYdk&izeq[k% rstLdk;ks fu'p;r% lfpÙk%* ¼xks- 42 o`fÙk½

T;knk egÙo dh ,d ckr ;g gS fd vR;Ur yky ris gq, egkdk; yksgs ds
xksys ds ,dne vUnj 'kq) vfXudk; ds tho rFkk b±V dh Hkëh ds uhps ds eè;
Hkkx esa fu'p; ls cknj rsmdk; ds tho gksrs gSaµ;g ckr vkxeKksa ds fy, izfl)
gSA JhKkrkèkeZdFkkO;k[;k esa JhvHk;nsolwfjth egkjkt us ̂ 'kq)kfXu% v;fLi.MkUrxZr%
vfXu%* ¼1@16@163½ ,slk crk;k gS rFkk thokfHkxelw=kO;k[;k esa vkSj iUuo.kkO;k[;k
esa Jh ey;fxfjlwfjth egkjkt us crk;k gS fd ^'kq)kfXu% v;%fi.MknkS* ¼thok-
1@33 + iUu- in&1@31 o`fÙk½ vFkkZr~ ,dne yky ris gq, yksgs ds xksys bR;kfn
esa 'kq) vfXudk; tho gksrs gSaA* eyèkkjh Jh gsepUnzlwfjth egkjkt us tholeklO;k[;k
esa ^v;fLi.Mk|uqfo)ks Tokykfnjfgr% vfXu%* ¼xk- 32½ ,slk dgdj xje yksgs ds
xksys esa vfXudk; tho dk Lohdkj fd;k gSA n'koSdkfydo`fÙk esa Jh gfjHknzlwfjth

egkjkt us ^vfXua v;%fi.Mkuqxre~* ¼n-oS- 8@18 o`fÙk½ ,slk dgdj vR;Ur rIr
vkSj ,dne yky cu pqds yksgs ds xksys ds Hkhrj esa cknj vfXudk; tho gksrs
gSaµ,slk lwfpr fd;k gSA blhfy, ogka ,sls xje yksgs ds xksyksa dk la?kêk ¼Li'kZ½
u gks tk, bl vk'k; ls lkoèkkuh j[kus dh lwpuk lkèkq Hkxoarksa dks nh gSA

fiaMfu;qZfDr esa vR;Ur Li"V :i ls Jh HknzckgqLokehth }kjk dgk x;k gS
fd ^bëxikxkbZ.k cgqeT>s] foTtq;kb fuPNbvks* ¼xk- 36½ vFkkZr~ b±V dh Hkëh ds
eè; Hkkx esa fu'p; ls ltho cknj rsmdk; gksrs gSaA vks?kfu;qZfDr esa Hkh Jh
HknzckgqLokehth us ^bêxikxkb.ka cgqeT>s] foTtq;kb fuPNbvks* ¼xk- 359½µ,slk
crk;k gSA rnuqlkj xPNkpkji;UukO;k[;k esa Jhokuf"kZx.kh us Hkh ̂ b"Vdkikdkfneè;xks
fo|qnkfnd'p uS'pf;d%* ¼xk- 75½ ,slk dgdj ^b±V dh Hkëh oxSjg ds eè; Hkkx
esa fLFkr vfXu rFkk fctyh bR;kfn uS'pf;d ltho vfXudk; tho gS*µ,slk
Li"V :i ls crk;k gSA

^tRFk baxkyk dTtfr lk baxkydkjh] rRFk ; okm$Ddkrks* ¼16@1@662½ bl
rjg Hkxorhpwf.kZ ds opukuqlkj tgka vaxkjs cukus esa vkrs gSa ogka ok;qdk; gksrk
gS* bl izdkj ds fl)kUr vuqlkj rFkk Hkxorhlw=k esa ̂ u fo.kk ok;qdk,.ka vxf.kdk,
mTtyb* ¼'krd&16@mís'kks&1@lw=k&662½ bl izdkj crk, vuqlkj ^ok;q ds fcuk
vfXu ty ugha ldrh* bl fu;e ds eqrkfcd ,dne yky gks pqds xje yksgs ds
egkdk; xksys ds eè;Hkkx esa] b±V dh Hkëh ds vUnj ds eè; Hkkx esa] dqEgkj dh
Hkëh ds eè; Hkkx esa cknj ok;qdk; dk vfLrRo------ekU; djuk iM+sxk ghA ogka
ok;qdk; fdl izdkj igqapsxk\ vius vuqHko esa vkus okys ok;q dk rks fnoky
bR;kfn }kjk izfr?kkr@izfrcaèk@vojksèk gksrk gSA blfy, vR;Ur rIr uDdj yksgs
ds cM+s xksys ds eè; Hkkx esa rFkkfoèk vizfr?kkrh ¼yksgs vkfn uDdj èkkrq,a Hkh
ftlds vkokxeu esa vojksèk&vVdko u djsa ,sls½ ok;q dk vfLrRo fl) gksrk gSA

lkr yk[k ;ksfu okys fofoèk ok;q ds lkis{k Hkko ls izfr?kkrh&vizfr?kkrh
bR;kfn izdkj ekuus esa fdlh Hkh izdkj dk vkxe fojksèk ugha vkrk gSA vR;Ur
yky ris gq, uDdj ¼Bksl½ yksgs ds cM+s xksys esa fdlh Hkh izdkj ls ftldk
izfr?kkr@vojksèk ¼:dkoV½ ugha gks ldrk] ,sls ok;q dk izos'k gks ldrk gS rks
[kks[kys@iksys cYc esa rFkkfoèk vizfr?kkrh ok;q dk izos'k D;ksa ugha gks ldrk\

^iq<oh nx vxf.k ek#v bfDdDds lÙktksf.k yD[kkvks* ¼xk- 968½ ,slk
dgdj izopulkjks)kj xzUFk esa ekuuh; Jh usfepUnzkpk;Zth us vfXudk; dh rjg
ok;qdk; dh Hkh lkr yk[k ;ksfu crkbZ gSA blfy, fofoèk izdkj ds ok;q esa ls dqN
fuf'pr izdkj ds ok;q dk vfLrRo vkSj izos'k rks yky ris gq, yksgs ds xksys] Hkëh
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ds vUnj ds eè;Hkkx] cYc bR;kfn esa vkxekuqlkj Hkh Lohdkj fd, fcuk ugha py
ldrkA**49

mÙkjµvks?kfu;qZfDr] fi.Mfu;qZfDr rFkk O;k[;k xzUFkksa ¼tSlsµfi.Mfu;qZfDr
O;k[;k] KkrkèkeZ dFkk O;k[;k] i..ko.kk O;k[;k] tho lekl O;k[;k] n'koSdkfyd
òfÙk] xPNkpkji;Uuk O;k[;k vkfn½ esa tks mYys[k gS] muesa ewy i..ko.kk] n'koSdkfyd
vkfn vkxeksa esa izfrikfnr vfXu ds Lo:i dks gh iq"V fd;k x;k gS] u;k dqN Hkh
ugha gSA

'kq)kfXuµv;fLi.MkUrxZr Tokyk&fojfgr vfXu ;k fufjUèku vfXu ds :i
esa izfrikfnr gSA ;g Hkh vU; vfXu dh rjg gh vfXu esa yksgs vkfn dks rikus ij
mRiUu gksrh gSA

MkW- ts- tSu ds vuqlkjµ^^vfHkèkku jktsUnz dks'k ì"B&2347 ij rsmdk; dh
O;k[;k esa bUgha lc xzUFkksa ds vkèkkj ij vfXudk; ds rhu izdkj crk, gSaµ

1- lfpÙk
2- vfpÙk
3- feJ

lfpÙk ds nks izdkj gSaµ1- fu'p;] 2- O;ogkj

fu'p; ls lfpÙk ds mnkgj.k gSaµb±V dh Hkêh ;k dqEgkj dh Hkêh dk eè;
Hkkx vFkok vkdk'kh; fo|qr~ lightning)A ;s vfXu;ka mRdV rki] izdk'k]
Toyu'khy inkFkks± dh fo|ekurk rFkk vkWDlhtu ds iz;ksx ls izdV gksrh gSaA
budk vfXudkf;d Lo:i Li"V gh gSA

O;ogkj lfpÙk vfXu esa vaxkjsa] Tokyk&jfgr vfXu vkfn dk lekos'k gSA

feJ rsmdk; esa eqeqZj ¼vfXu esa ls fudyus okyh fpuxkfj;ka½ vkfn gSaA

vfpÙk rsmdk; esaµvfXu }kjk ids gq, Hkkstu] rjdkfj;ka] is; inkFkZ ,oa
vfXu }kjk rS;kj dh xbZ yksgs dh lwbZ vkfn oLrq,a rFkk jk[k] dks;yk vkfn vfpÙk
rsmdk; gSA Hkxorh lw=k] 'krd 5] mís'kd 2 ds vuqlkjµ

^^HkUrs! vksnu] dqYek"k vkSj lqjkµbUgsa fdu thoksa dk 'kjhj dgk tk
ldrk gS\**

^^xkSre! vksnu] dqYek"k vkSj lqjk esa tks l?ku nzO; gSa] os iwoZ i;kZ;&izKkiu
dh vis{kk ls ouLifr&thoksa ds 'kjhj gSaA mlds i'pkr~ os 'kL=kkrhr vkSj 'kL=k&ifj.kr
rFkk vfXu ls ';key] vfXu ls 'kksf"kr vkSj vfXu&:i esa ifj.kr gksus ij mUgsa

vfXu&thoksa dk 'kjhj dgk tk ldrk gSA lqjk esa tks nzo nzO; gSa] os iwoZ i;kZ;&izKkiu
dh vis{kk ls ty&thoksa ds 'kjhj gSaA mlds i'pkr~ 'kL=kkrhr ;kor~ vfXu:i esa
ifj.kr gksus ij mUgsa vfXu&thoksa dk 'kjhj dgk tk ldrk gSA**

^^HkUrs! yksgk] rkack] jkaxk] lhlk] ik"kk.k vkSj dlkSVhµbUgsa fdu thoksa dk
'kjhj dgk tk ldrk gS\**

^^xkSre! yksgk] rkack] jkaxk] lhlk] ik"kk.k vkSj dlkSVhµ;s iwoZ i;kZ;&izKkiu
dh vis{kk ls i`Foh&thoksa ds 'kjhj gSaA mlds i'pkr~ 'kL=kkrhr ;kor~ vfXu:i esa
ifj.kr gksus ij mUgsa vfXu&thoksa dk 'kjhj dgk tk ldrk gSA**

^^HkUrs! vfLFk] nXèk vfLFk] peZ] nXèk peZ] jkse] nXèk jkse] lhax] nXèk lhax]
[kqj] nXèk [kqj] u[k vkSj nXèk u[kµbUgsa fdu thoksa dk 'kjhj dgk tk ldrk gS\**

^^xkSre! vfLFk] peZ] jkse] lhax] [kqj vkSj u[kµ;s =kl izk.k&thoksa ds 'kjhj
gSaA nXèk vfLFk] nXèk peZ] nXèk jkse] nXèk lhax] nXèk [kqj vkSj nXèk u[kµ;s iwoZ
i;kZ;&izKkiu dh vis{kk =kl&izk.k thoksa ds 'kjhj gSaA mlds i'pkr~ 'kL=kkrhr
;kor~ vfXu&:i esa ifj.kr gksus ij bUgsa vfXu&thoksa dk 'kjhj dgk tk ldrk gSA**

^^HkUrs! vaxkj] jk[k] cqlk vkSj xkscjµbUgsa fdu thoksa dk 'kjhj dgk tk
ldrk gS\**

^^xkSre! vaxkj] jk[k] cqlk vkSj xkscjµ;s iwoZ&i;kZ;&izKkiu dh vis{kk ls
,dsfUnz; thoksa }kjk Hkh 'kjhj&iz;ksx esa ifj.kfer Hkh gS] ;kor~ iapsfUnz; thoksa }kjk
Hkh 'kjhj&iz;ksx esa ifj.kfer gSA mlds i'pkr~ os 'kL=kkrhr ;kor~ vfXu&:i esa
ifj.kr gksus ij mUgsa vfXu&thoksa dk 'kjhj dgk tk ldrk gSA**50

Hkxorh&Hkk";51 esa vkpk;Z Jh egkizK us bu lw=kksa dh O;k[;k bl izdkj
dh gSµ

^^izLrqr vkykid esa ifj.kkeokn vFkkZr~ rn~:i vFkok rUe; i;kZ;okn dk
fu:i.k gSA bl fl)kUr dk iz;ksx n'kZu vkSj è;ku nksuksa {ks=kksa esa gksrk gSA vkpk;Z
dqUndqUn ds vuqlkj nzO; ftl Hkko esa ifj.kr gksrk gS] rRdky og rUe; cu
tkrk gSA52 vkRek ftl Hkko esa ifj.kr gksrk gS] og ml Hkko ds lkFk rUe; gks
tkrk gSA ;g è;ku dk fl)kUr gSA53

iwoZ i;kZ; esa tks ouLifr&tho dk 'kjhj Fkk] og vfXu:i esa ifj.kr gksdj
vfXu&tho dk 'kjhj cu tkrk gSA ;g mÙkjorhZ i;kZ; gSA ;g i;kZ;&izokg dk ,d
fun'kZu gSA dksbZ Hkh nzO; ,d :i esa ugha jgrkA mlesa i;kZ; dk izokg lrr~
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xfr'khy gSA blh fl)kUr ds vuqlkj ouLifr&tho] vIdk;&tho] i`Foh&tho vkSj
=kldk;&tho ds 'kjhj vfXu&tho ds 'kjhj&:i esa cny tkrs gSaA

i;kZ;&ifjorZu ls gksus okys HkkokUrj dh ppkZ U;k; vkSj oS'ksf"kd n'kZu esa
Hkh feyrh gSA vfXu ds la;ksx ls i`Foh esa dqN xq.k&fo'ks"k dk izknqHkkZo gksrk gSA
bls ^ikdtxq.k* dgk tkrk gSA muds vuqlkj ty] ok;q vkSj vfXu esa ikdt xq.k
ugha gksrkA

ikdt xq.k ijek.kqvksa ds Hkhrj iSnk gksrk gS ;k vo;oh nzO; esa\ bl iz'u
dks ysdj uS;kf;dksa vkSj oS'ksf"kdksa esa erHksn gSA oS'ksf"kdksa dk er gS fd vfXu dk
la;ksx gksus ij ?kV ds leLr ijek.kq i`Fkd~&i`Fkd~ gks tkrs gSa vkSj fQj uoxq.kksisr
gksdj ¼iddj½ os layXu gksrs gSaA bl er dk uke ^ihyqikd* gSA

uS;kf;d bl er dk fojksèk djrs gSaA mudk dguk gS fd ;fn ?kV ds lHkh
ijek.kq vyx&vyx gks x,] rc rks ?kV dk fouk'k gh gks x;kA nqckjk ijek.kqvksa
ds tqVus ls ,d nwljs gh ?kV dk vfLrRo ekuuk iM+sxkA fdUrq id tkus ij ?kV
ds Lo:i esa jax ds flok vkSj dksbZ vUrj ugha ik;k tkrkA mls ns[krs gh ge rqjUr
igpku tkrs gSaA blfy, ?kV dk uk'k vkSj ?kVkUrj dk fuekZ.k ugha ekuk tk
ldrkA ?kV&ijek.kq mlh rjg layXu jgrs gSa] fdUrq muds chp&chp esa tks
fNnz&LFky jgrs gSa] muesa fotkrh; vfXu dk izos'k gks tkus ds dkj.k ?kV dk :i
ifjorZu gks tkrk gSA bl er dk uke ^fiBjikd* gSA54

tSu n'kZu esa i;kZ;kUrj vFkok ifj.kkekUrj dk fl)kUr ekU; gSA o.kZ]
xUèk] jl vkSj Li'kZ iqn~xy ds xq.k gSaA buesa iz;ksxtfur vkSj LokHkkfod nksuksa
izdkj dk ifjorZu gksrk gSA vksnu vkfn esa vfXu ds la;ksx ls gksus okyk ifjorZu
izk;ksfxd ifjorZu gSA ijek.kq rFkk ijek.kq&LdUèkksa esa lHkh o.kks± dh lÙkk gS]
blfy, dkyh feêh ds ijek.kqvksa ls cuk ik=k vkx esa idkus ij yky jax dk gks
tkrk gSA bldh O;k[;k ds fy, fdlh u, fl)kur dh LFkkiuk djuk vko';d
ugha gSA**

Hkxorh lw=k] 'krd 7] mís'kd 10] lw=k 229] 230 esa vfpÙk iqn~xyksa }kjk
izdk'k] rki mn~|ksr fdl izdkj gks ldrk gS] mldk Li"V fun'kZu gSµ

^^HkUrs! D;k vfpÙk iqn~xy Hkh oLrq dks voHkkflr djrs gSa\ mn~|ksfrr
djrs gSa\ rIr djrs gSa\ izHkkflr djrs gSa\**

^^¼dkyksnk;h½! gka djrs gSaA**

^^HkUrs! os dkSu&ls vfpÙk iqn~xy Hkh oLrq dks voHkkf"kr djrs gSa\ mn~|ksfrr

djrs gSa\ ri djrs gSa\ izHkkflr djrs gSa\**

^^dkyksnk;h! Øq) vuxkj us rstksys';k dk fultZu fd;k] og nwj tkdj
nwj ns'k esa fxjrh gS] ik'oZ esa tkdj ik'oZ ns'k esa fxjrh gSA og tgka&tgka fxjrh
gS] ogka&ogka mlds vfpÙk iqn~xy Hkh oLrq dks voHkkflr djrs gSa] mn~|ksfrr djrs
gSa] rIr djrs gSa vkSj izHkkflr djrs gSaA bl izdkj ;s vfpÙk iqn~xy Hkh oLrq dks
voHkkflr djrs gSa] mn~|ksfrr djrs gSa] rIr djrs gSa vkSj izHkkflr djrs gSaA**55

ehekalkµ

^^b±V dh Hkêh] dqEgkj dh Hkêh bR;kfn Hkfê;ksa ds eè; dks vfXu vkSj
vkdk'kh; fo|qr~ dh vfXu dks fu'p; lfpÙk dgk gSA vkèkqfud foKku ds
vuqlkj ̂ vfXu* ¼dac'pu½ ;kuh ̂ ngu* dh fØ;k gS ftlesa vkWDlhtu ¼izk.k ok;q½
ds lkFk tyus dh jklk;fud izfØ;k gksrh gS] mDr lHkh blh ds vUrxZr gSA

O;ogkj u; esa lkjh lfpÙk vfXu;ksa esa blh izfØ;k dks ns[kk tkrk gSA blls
Li"V gS fd vfXu dks lfpÙk cus jgus ds fy, izk.kok;q ls gksus okyh vkWDlhdj.k
;k ngu fØ;k ¼dac'pu½ dh ,d vfuok;Z vis{kk gksrh gh gSA

feJ rsmdk;µeqeqZj vkfn esa Hkh tyrh vfXu ls fNVdk;k gqvk ,d ty
jgk Bksl inkFkZ gS] ewyr% ;g vaxkjs dk gh NksVk :i gSA**56

vfpÙk rsmdk;µtks inkFkZ vfXu }kjk ids gSa] ;kuh tks inkFkZ lfpÙk
rsmdk; ds lk{kkr~ lEidZ ls rS;kj gksrs gSaA os inkFkZ tc rd vfXudk; dk lEidZ
jgrk gS] rc rd lfpÙk cus jgrs gSaA budks Hkh ^vkWDlhtu* dh vkiwfrZ gks] rc
rd ;s lfpÙk jg ldsaxs] ckn esa vfXu dk lEidZ VwV tkus ij vfpÙk gks tk,axsA

lfpÙk vfXu ds e`r 'kjhj dks ^eqDdsyxk* ;kuh vfXu thoksa }kjk eqDr
'kjhj ds :i esa ^vfpÙk vfXu* ds iqn~xy ds :i esa crk, x, gSaA bl vkèkkj ij
vfXu ij ids gq, Hkkstu] is; vkfn rFkk vfXu }kjk rS;kj dh xbZ yksgs dh lwbZ
dks vfpÙk rsmdk; dgk x;k gSA D;ksaafd tc os lfpÙk vfXu ds lalxZ esa Fks] rc
muesa lfpÙk vfXu dk izos'k gqvk FkkA blls ;g rkRi;Z gksrk gS fd T;ksagh lfpÙk
vfXu dk lEidZ VwV tkrk gS] ;s vfpÙk rsmdk; ds :i esa jg tkrs gSaA budk
lfpÙk gksuk vfXu ds lEidZ ds dkj.k gh gSA ;s Lo;a vius vki esa lfpÙk vfXu
ugha cursA ;fn Lo;a vfXu ds thoksa dk lEidZ u gks] rks ;s xje gksus ij Hkh
lfpÙk vfXu ugha gksrsA tSlsµlw;Z ds rki dks vfpÙk gh ekuk tkrk gSA mlds rki
ls xje gqvk Hkkstu ;k yksgs dh lwbZ vfXu ugha cu ldrkA nwljs 'kCnksa esa lw;Z dk
rki ikSn~xfyd gS vkSj mlls xje gksus okys inkFkZ Hkh ikSn~xfyd gh gSaµvfpÙk gSaA

195 196

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



rki] izdk'k Lo;a lfpÙk ugha gSaA lfpÙk gSa tyus okys inkFkZµydM+h] b±èku] yiVsa]
vaxkjs vkfnA tSls lw;Z dk izdk'k] rki vfpÙk iqn~xy gSa] oSls mlds rki ls xje
fd, gq, inkFkZ Hkh vfpÙk gh gSaA lw;Z ls rIr gksus okyh i`Foh dh lrg ;k vU;
inkFkZ vfpÙk xje iqn~xy gh jgrs gsa] vfXu ugha cursA

yksgs dh lwbZ ;k xksyk tks vfXu esa xje fd, tkrs gSa] vfXu ds lhèks lEidZ
esa vkrs gSaA ;|fi ;g xje gksus ls yky cu tkrs gSa] fQj Hkh os rki dks dsoy
lks[krs gSa] mRiUu ugha djrsA

bldk rkRi;Z gqvk fd buesa lfpÙk rsmdk; ds tho vfXu esa ls laØkar gksrs
gSaA tgka bu thoksa dks vkWDlhtu ;k izk.kok;q feyrh gS] ogka os thfor jg ldrs
gSa] fdUrq tgka bUgsa vkWDlhtu ugha feyrh] os thfor ugha jg ldrs gSa( blfy,
xje yksgs dk vfXu ds :i esa thfor jguk rc rd lEHko gS tc rd vfXu dk
lEidZ cuk jgs rFkk tc rd mUgsa izk.k&ok;q izkIr gksrh jgsA bu nksuksa esa ,d dk
Hkh vHkko gksus ij ;s vfXu ds :i esa thfor jg ugha ldrsA yky xeZ yksgs ds
Hkhrj rsmdk; dk vfLrRo blh vis{kk ls le>uk gksxk rFkk lEidZ VwV tkus ds
i'pkr~ mls vfpÙk rsmdk; ds :i esa crk;k x;k gSA eè; Hkkx rd igqaps gq,
rsmdk; ds tho Hkh vkWDlhtu u feyus ij vfXu dk lEidZ cus jgus ij] nwljs
tho eè; rd igqap ldrs gSa ij vkWDlhtu ds vHkko esa rqjUr thfor ugha jg
ldrsA bldk rkRi;Z gqvk fd yksgs dk xksyk tc rd vfXu esa iM+k jgsxk] rc rd
;g Ükà[kyk pkwy jgsxh] laidZ VwVrs gh Ükà[kyk VwV tk,xh] xksyk vfpÙk cu
tk,xkA

vkxe ds O;k[;kdkjksa }kjk mls 'kq)kfXu ekuuk rFkk vfXu ds lEidZ ls
jfgr gksus ij vfpÙk crkuk bl rF; dks gh fl) djrs gSa fd gesa lfpÙk rsmdk;
ds bl y{k.k dks Lohdkj djuk gh gksxk fd lfpÙk rsmdk; ds tho vkWDlhtu
ds vHkko esa thfor ugha jg ldrsA xje xksys ds eè; Hkkx rd rsmdkf;d thoksa
dk izos'k gksuk ,d ckr gS] mudk thfor jguk nwljh ckr gSA u,&u, tho izfo"V
gksrs jgsa] rks eè; Hkkx lfpÙk rsmdk; ds :i esa crk;k tk ldrk gS] ij og dsoy
bl vis{kk ls fd rsmdkf;d thoksa dk èkkrq ds eè; Hkkx rd izos'k gksrk jgs] tks
dsoy vfXu esa èkkrq dk jguk gks rHkh lEHko gSA T;ksagh yksgs ds xksys dks vfXu
ls ckgj fudkyk tk,xk] thoksa dk izos'k cUn gks tk,xk] xksyk iqu% vfpÙk gks
tk,xkA

vc iz'u gksrk gSµeè; Hkkx rd vkWDlhtu ¼ok;q½ tk ldrh gS ;k ugha\
bl fo"k; esa fuf'prrk ds lkFk dgus esa dksbZ fgpd ugha fd ;g lEHko ugha gSA

dsoy xksys dk lrgh fgLlk gh vkWDlhtu ds lEidZ esa jgsxk] 'ks"k Hkkx esa
vkWDlhtu dk izos'k gks gh ugha ldrkA tc dkap ds xksys esa Hkh ckgj ls
vkWDlhtu dk izos'k ugha gksrk] rks yksgs ds xksys esa mldk izos'k u foKku Lohdkj
djrk gS] u tSu n'kZuA foKku vkSj tSu n'kZu ;g rks Lohdkj djrs gSa fd Bksl ls
Bksl inkFkZ esa lw{e iqn~xy LdUèkksa dk izos'k lEHko gS] fdUrq vkWDlhtu ;k
izk.k&ok;q dk izos'k blfy, ugha gks ldrk fd yksgs ds ijek.kq&xqPNksa (Molecules)

ds chp fjDr LFkku esa vkWDlhtu dk ijek.kq&xqPN izfo"V ugha gks ldrkA ;g
rHkh lEHko gS tc jklk;fud fØ;k gks] tks lkekU; fLFkfr esa ugha gksrhA tax
yxus dh fØ;k esa gksus okyh jklk;fud fØ;k esa vknzZrk dk eksyhD;wy (H

2
O)

yksgs ds eksyhD;wy ds lkFk jklk;fud fØ;k djrk gS] rc yksgs dk vkWDlhtu ds
lkFk jklk;fud caèk gksrk gS ftlls tax ;kuh Qsjl vkWDlkbM ds :i esa ifj.keu
gksrk gSA fdUrq ;g izfØ;k Hkh dsoy lrgh gksrh gSA xksys ds Hkhrj vknzZrk dk
izos'k lEHko ugha gSA

Bksl] rjy vkSj ok;q ;k ck"i :i esa inkFkks± dk foHkktu blh vkèkkj ij
gS fd Bksl inkFkZ ds Hkhrj nwljs LFkwy inkFkZ ¼Bksl] rjy ;k ok;q½ dk izos'k ugha
gksrkA ;gka rd fd yksgs tSls Bksl vkSj vikjn'khZ inkFkks± esa fdj.kksa dk Hkh izos'k
Hkhrj ugha gksrk] dsoy lrg ij gh mudk izos'k gksrk gSA57 dsoy HkkSfrd izfØ;k
ls ;g lEHko ugha gSA loZ=k vkxe&opu dh vis{kk dks le>uk t:jh gSA yksgs
ds eè; Hkkx esa vfXu thoksa dk vfLrRo fujis{k :i esa ekudj fQj ;g dYiuk
djuk fd ok;q dk izos'k mlds Hkhrj gksrk gh gksxk] u vkxe&lEer gS] u foKku&
lEer] vkSj u rdZ&lEerA

U;wVªhuks ;k m$tkZ&rjax ;k ikjek.kfod (sub-atomic) d.kksa dk izos'k Bksl
ls Bksl inkFkZ esa Hkh lEHko gks ldrk gSA blhfy, bysDVªksu] izksVksu] U;wVªhuks vkfn
d.k vFkok m"ek] izdk'k] bysDVªhlhVh] èofu vkfn m$tkZ&rjaxksa ds Bksl inkFkks± esa
izos'k ;k fuxZe dh lEHkkouk lcdks ekU; gS] fdUrq buls vfXu dh fØ;k ftlesa
vkWDlhtu dh vfuok;Zrk gS] ugha gks ldrhA vkWDlhtu dks NksM+dj vU; ok;q
¼ukbVªkstu vkfn½ dgha gks] rks Hkh os fuf"Ø; gSa] blfy, vfXu tykus dh fØ;k
esa v{ke gSA vkxe ds opuµok;q ds fcuk vfXu ugha gksrh] dh vis{kk dks u
le>us ds dkj.k gh vlaxr dYiuk djus dh vko';drk iM+rh gSA blh izdkj
vfXu esa rik, yky xje yksgs ds xksys dks ^'kq)kfXu* ds :i esa fu:i.k dks Hkh
lkis{krk ds lkFk le>uk t:jh gSA

vR;fèkd mPp rkieku ij vkWDlhtu dk la;ksx feyus ij tyus dh
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jklk;fud fØ;k ;k dac'pu dh izfØ;k gks ldrh gSµbl lkekU; fu;e ds
vkèkkj ij lfpÙk rsmdk; vkSj vfpÙk ;k ikSn~xfyd izfØ;kvksa dk i`Fkd~dj.k
vklkuh ls gks ldrk gSA

lfpÙk rsmdk; ;k vfXu tyus dh izfØ;k esa rki ¼ToyufcUnq rd½]
izdk'k] Toyu'khy inkFkZ vkSj vkWDlhtuµ;s pkjksa vfuok;Z gSaA vc ;fn dksbZ
,slk inkFkZ gks] ftlesa rki gks] ij izdk'k u gks rks mls lfpÙk rsmdk; dh x.kuk
esa ugha eku ldrsA ;gh vUrj fctyh ds ghVj vkSj fctyh ds okgd rkacs ds rkj
esa gSA fctyh ds ghVj esa iz;qDr yksgs dk rkj fo|qr~&izokg ds dkj.k xje Hkh gksrk
gS] yky gksdj izdk'k Hkh djrk gS] rFkk [kqyh gok ds vkWDlhtu ds lkFk feydj
Toyu'khy inkFkZ dh miyfCèk gks rks vfXu iSnk dj ldrk gS] ij rkacs ds rkj ¼tks
lqpkyd gS½ esa fo|qr~&izokg cgus ij lkekU; rki Hkh cgqr de  gksrk gS vkSj
izdk'k ugha gksrkA Hkhrj vkWDlhtu dk Hkh izos'k ugha gks ldrkA blfy, ogka
lfpÙk rsmdk; ds tho mRiUu ugha gks ldrsA

vfpÙk ds mnkgj.kµ

1- tgka rki ,oa izdk'k gSµlw;Z dh jks'kuh esa rki Hkh gS] izdk'k Hkh gS] ij
og ikSn~xfyd ;kuhµvfpÙk gh gSA

2- lw;Z dh jks'kuh ls rIr i`Foh vfpÙk gSA

3- dks;yk vkfn tyus ds ckn cph gqbZ jk[k xje gS] ij vfpÙk gSA

4- xje rok ;k xje yksgk vfXu dk lEidZ NwV tkus ds ckn vfpÙk gSA

5- xjekxje Hkkstu vfXu dk lEidZ NwVus ds ckn vfpÙk gSA

6- ckny dh voLFkk esa fLFkr fo|qr~ static electricity ;kuh _.k fo|qr~
vkos'k okys ckny] ?ku fo|qr~ vkos'k okys ckny lfpÙk rsmdk; ugha gSaA

7- cYc ds vUnj fo|eku fuf"Ø; xSl ;k fuokZr esa fLFkr rUrq&dq.Myh
(filament coil) esa fo|qr~&izokg izokfgr gks rc rki o izdk'k iSnk gksrk gS] ij
vkWDlhtu ds vHkko esa og vfpÙk gSA tyrs vaxkjs ;k vkdk'kh; fctyh ls ;g
fHkUu gSA

8- MkW- ts- tSu ds vuqlkjµ^^Hkêh esa idrh gqbZ b±V ;k yksgs ¼yksg&v;Ld½
esa lkèkkj.kr;k vip;u (reduction) gksrk gS] vkWDlhMs'ku ughaA lfpÙk vfXu esa
vkWDlhMs'ku gksrk gSA Hkêh esa tks yksg v;Ld gS og foKku esa FeO ;k Fe

2
O

3
 gS]

mlesa fo|eku vkWDlhtu mlesa ls fudydj dks;ys dks tyk ldrh gSA ysfdu

bl izfØ;k esa dsoy dks;ys ds tyus esa gh lfpÙk rsmdk; ekuk x;k gS] ftl rjg
lkèkkj.k pwYgs ;k Hkêh esa lfpÙk rsmdk; gSA**58

^^bldk dkj.k gS fd dqN inkFkZ ,sls gksrs gSa tks mPp rkiØe ij Hkh
fi?kyrs ugha gSaA tSls&tSls mudk rkieku c<+rk gS] mudh xjeh c<+rh tkrh gS] jax
cnyrk gS] vojDr fdj.kksa ls c<+dj n`'; izdk'k dk mRltZu 'kq: gksrk gSA Hkêh
esa rks mldh fjÝsDVjh (refractory) Hkh yxHkx mlh rkieku rd xje gksrh gS]
ysfdu mlesa ls izdk'k iSnk ugha gksrkA og Bksl :i esa gh cuh jgrh gSA tSls pwYgs
ij [kkuk curk gS] oSls gh Hkêh esa yksgk curk gS@idrk gSA yksgk cukus ds fy,
Hkêh esa mPp rkieku ij dqN jklk;fud izfØ;k,a gksuh t:jh gS] tks mlesa pwuk
o vU; inkFkZ yksg v;Ld ds lkFk Mkydj lEiUu dh tkrh gSA vkx Hkh tyrh
gSµdks;ys vkSj gok] ysfdu lfpÙk rsmdk; rks dks;ys ds tyus esa gh gSA
yksg&v;Ld dk vip;u (reduction) gksrk gSµu fd vfXu tyus esa gksus okyk
vkWDlhdj.kA blfy, ;g fØ;k yksg&v;Ld dk tyuk ugha dgykrhA**59

^^bl rjg ls curk yksgk mlh rjg lfpÙk rsmdk; ugha gS tSlsµbaVk&Hkêh
esa curh baVsa lfpÙk rsmdk; ugha gSA izkphu dky esa Hkh yksgk&Hkêh esa yksgk cuk;k
tkrk FkkA vr% bldh tkudkjh j[krs gq, dgk x;k gS fd Hkêh ds eè; dh vfXu
gh lfpÙk rsmdk; gSA mlesa cuus okys yksgs dks ;k xje v;Ld dks lfpÙk
rsmdk; ugha crk;k x;k gS] D;ksafd ,slk mYys[k ugha gSA

^^;fn yky xje curs yksgs dk lfpÙk rsmdk; ds :i esa o.kZu ugha feyrk
gS] rks mldks dqEgkj ds Hkês esa idrs feêh ds crZu dh rjg gh le>k x;k gSµ,slk
ekuk tk ldrk gSA dqEgkj ds Hkês ds eè; esa tks vfXu ty jgh gS] mlh dks lfpÙk
vfXudk; ekuk x;k gSA ¼;g vfXu tyuk blhfy, lEHko gS fd mlesa vkWDlhtu
dh miyfCèk gS½ ;kuh vkWDlhtu ¼gok½ ls tyus dh izfØ;k dks gh lfpÙk rsmdk;
dh mRifÙk ds fy, ,d vko';d 'krZ ds :i esa ekuk x;k gS] Toyu&fcUnq ds
m$ij vkWDlkbM cukukA** bls Hkxorh esa crk;k gSµ^^ok;q ds fcuk vfXu ugha
gksrhA** Toyu&fcUnq ds m$ij rkieku dk gksuk rFkk vkWDlkbM dk cuukµ ;s
lfpÙk rsmdk; ¼vfXu½ ds vfuok;Z vax gSaA vr% vkWDlhtu ¼gok ;k izk.k&ok;q½
dh izfØ;k ¼dk gksuk½ lfpÙk rsmdk; iSnk gksus ds fy, vfuok;Zrk n'kkZrk gSA**61

^^tSls lw;Z dh jks'kuh ls [kkuk curk gS ;k idrk gSµfcuk vfXudk; dks
dke esa fy, ¼lkSj&pwYgk½ mlh izdkj cYc dk fQykes.V rkj xje gksdj izdk'k
iSnk djrk gSA fctyh (electricity) ds izokg dkj.kµ;kuh fcuk vfXudk; ds
iz;ksx ds ¼D;ksafd izk.kok;q ls tyus okyh vfXu dk blesa vHkko gSA½ blls fopkj
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gksrk gS fd tyrk cYc vfpÙk gh gS] tc rd mldk fQykesaV izk.kok;q ds lUnHkZ
esa vkdj tyrk ugha gSA**62

lw;Z dh jks'kuh vkSj bysDVªhlhVh ds rkj esa pyrk izokgµ;s nksuksa dsoy
ikSn~xfyd m$tkZ,¡ gSaA xSl&fQYM cYc esa Hkh dksbZ izk.kok;q ugha gSA fuokZr cYc esa
Hkh izk.kok;q jgus ugha fn;k tkrkA

'kq) vY;wfefu;e èkkrq dh lrg lhèks izk.kok;q ds lEidZ esa vkus ij Lor%
ean xfr ls vkWDlhÑr gksrh jgrh gS rFkk yksgk Hkh vknzZrk dh mifLFkfr esa ean
xfr ls vkWDlhÑr gksrk jgrk gS] ftls ̂ tax yxuk* dgk tkrk gSA ysfdu ;g lkjh
fØ;k ^tyus dh fØ;k* ugha gSA lkèkkj.k vkWDlhMs'ku vkSj ngufØ;k :i
dac'pu esa vUrj gSA dac'pu ^,DlksFkfeZd* fØ;k gS ;kfu m"ek dk mRiknu
gksrk gSA

9- MkW- ts- tSu ds vuqlkj] ^^vkxe esa ,slk dksbZ mnkgj.k ugha feyrk
lfpÙk rsmdk; dk ftlesa izk.kok;q dk mi;ksx u gksrk gksA ftrus mnkgj.k fn,
x, gSa muesa ;k rks tyus dh fØ;k ds eqrkfcd izk.k&ok;q dk lhèkk mi;ksx gksrk
gS ¼tSlsµvfXu] vaxkjs] Tokyk] eqeqZj vfpZ] vykr] 'kq)kfXu] la?k"kZ&leqfRFkr vfXu½
vFkok vkdk'kh; fo|qr~] v'kfu] mYdk ftuesa izk.kok;q lgpkjh ds :i esa mifLFkr
gksrh gSA IykT“ek ;k vk;uhdj.k dh izfØ;k esa MhLpktZ gksdj Hkh ^izk.kok;q* dh
mifLFkfr ds dkj.k rFkk vR;Ur rhoz rkieku ij Toyu'khy inkFkks± dk ;ksx
feyus ds dkj.k lfpÙk rsmdk; dh mRifÙk dh fLFkfr cu tkrh gSA

^^;g è;ku nsus ;ksX; gS fd Hkêh esa yksg&v;Ld ls yksg ml le; Hkh curk
Fkk] fdUrq mldk uke lfpÙk rsmdk; ds mnkgj.k esa ugha feyrk gSA dqEgkj vkSj
b±V dh Hkêh dk mnkgj.k feyrk gS] mlesa Hkh ogka curs gq, inkFkZ ;kuh b±V o
crZu dks lfpÙk rsmdk; ugha cryk;k x;k gSµdsoy mlds eè; esa tyrh vfXu
dks gh lfpÙk rsmdk; crk;k x;k gSA xje gqbZ lwbZ dks Hkh vfpÙk rsmdk; esa
crk;k x;k gSA

^^blls ;gh fu"d"kZ fudyrk gS fd rsmdk; ;k vfXudk; esa dsoy izdk'k
dk mn~xe LFkku gksuk&Hkj gh mldks lfpÙk rsmdk; ugha cuk nsrkA izk.kok;q dk
iz;qDr gksuk ,d vko';d 'krZ gSA oks Hkh tyus dh rjg jklk;fud fØ;k ds :i
esaA**63

10- MkW- ts- tSu fQj vfèkd Li"V djrs gq, fy[kk gSµ^^;fn izk.kok;q&'kwU;
okrkoj.k esa xje fi?kys gq, yksgs dks ¼tks yky rks gksrk gh gS½] nwljh vfXu ls ;k

vU; rki&'kfDr ls xje djrs tk,a rks og igys rki dks lks[ksxk fQj oks rki o
izdk'k nsrk jgsxk] ysfdu ;g rki o izdk'k [kqn iSnk ugha djrk gSA ;g mldk
viuk Self-sustaining ¼Loiks"kh½ rki&izdk'k ugha gSA ;g rks mldks vU; vfXu
ls feyrk jgk] rks mldks og xzg.k djds NksM+rk jgrk gSA ;g rki dk feyuk@izkIr
djuk tSls vU; vfXu ls gksrk gS] oSls lw;Z dh xjeh ls Hkh gks ldrk gSA**64 vr%
og fiaM vfpÙk dh Js.kh esa gh gSA

iz'u 22- Hkxorhlw=k esa rks Li"V :i ls ok;qdk; dks vfXudk; dh rqyuk
esa vYi voxkguk okyk ¼dn okyk½ crk;k gS rFkk ok;qdk; ls vfXudk; LFkwy
gh gSA ;s gSa Hkxorhlw=k ds 'kCn ^HkUrs! rsmDdkb;Ll okmDdkb;Ll d;js dk,
lOock;js d;js dk, lOock;jrjk,\ xks;ek! rsmDdk, lOocknjs rsmDdk,
lOocknjrjk,* ¼Hkx- 19@3@763½ bl izdkj ris gq, yksgs ds xksys esa LFkwy
vfXudk; vkSj ok;q dk izos'k 'kkL=k fl) gksus ls izdk'keku cYc esa vko';d
ok;q dk izos'k gksus esa dksbZ 'kkL=kfojksèk fn[kykbZ ugha iM+rkA**65

mÙkjµ1- ok;qdk; dh voxkguk rsmdk; ls vYi gS rFkk og rsmdk; dh
vis{kk lw{e gSA bl ckr ls rks ;gh fl) gksrk gS fd fo|qr~izokg rsmdk; ugha gS]
D;ksafd fo|qr~&izokg fuf'pr :i ls ok;q ls lw{e gSA fo|qr~&izokg esa tks bysDVªksu
d.k gSa] og ok;q ;kuh vkWDlhtu ds eksyhD;wy (O

2
) dh vis{kk lw{e gSaA ;fn

bysDVªksu&izokg dks rsmdk; ekuk tk, rks vkxe&fo#) opu gksrk gSA

2- tyrs gq, nhid ij dkap dk xksyk <dus ij nhid FkksM+h nsj esa cq>
tkrk gS] D;ksafd ok;q ¼vkWDlhtu½ dk izos'k xksys esa ugha gksrkA ;fn lw{e ok;q
xksys esa izos'k ugha dj ldrh rks mlls LFkwy rsmdk; dk izos'k ;k fuxZe mlesa
dgka ls gksxk\ fdUrq tks nhid ds izdk'k dks Hkh rsmdk; ekurs gSa] og rsmdk;
ok;qdk; ls LFkwy gSa] fQj Hkh og izdk'k dkap ds xksys ls ckgj izlkfjr gksrk gS]
ij ok;q dk izos'k tks lw{e gS vUnj ugha gksrkA

3- mDr vkxe&opu dh laxfr rc gksrh gS tcµ

¼i½ bysDVªksu ds :i esa fo|qr&izokg dks rsmdk; u ekuk tk,A

¼ii½ nhid ds izdk'k dks rsmdk; u ekuk tk,A

¼iii½ ok;qdk; dh lw{erk dks vfXu dh vis{kk ls bl vkèkkj ij le>k
tk, fd vaxkjk vkfn dh vfXu p{kq%xzká gS] tcfd gok ;k vkWDlhtu ds :i esa
ok;q p{kq dk fo"k; ugha gSA

Hkxorh esa tho dh voxkguk dh rqyuk dh xbZ gSA bu LFkkoj thoksa dh
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voxkguk ,d vaxqy ds vla[;krosa Hkkx ftruh izfrikfnr gS vkSj muesa rqyukRed
n`f"V ls ok;qdk; ds tho dh voxkguk ls rsmdk; ds tho dh voxkguk vfèkd
crkbZ gSA

iz'u 23- ^^'kk;n fdlh dks 'kadk gks ldrh gS fd ^pwYgk] nh;k] ykyVsu]
xSl bR;kfn esa tks vfXu iSnk gksrh gS og baèku ds vkèkkj ij mRiUu gksrh gS rFkk
baèku dh de ;k T;knk ek=kkuqlkj og Hkh de ;k T;knk gksrh gSA blfy, mls
ltho ekuk tk ldrk gSA fdUrq bysDVªhlhVh esa rks fdlh Hkh izdkj ds baèku dh
vko';drk ugha jgrhA rks fQj mls fdl izdkj ltho ekuk tk ldrk gS\ baèku
¼[kqjkd½ fcuk rks tho dh mRifÙk&fLFkfr&o`f) fdl izdkj ls lEHko gS\

ijUrq ;g 'kadk mfpr ugha gSA D;ksafd reke izdkj dh vfXu dks baèku
¼O;Dr [kqjkd½ dh vko';drk gksµ,slk dksbZ fu;e ugha gSA pwYgs bR;kfn esa
mRiUu gksus okyh vfXu dks baèku dh vko';drk gksrh gSA ijUrq vkdk'kh;
fctyh] bysDVªhlhVh] cYc&izdk'k bR;kfn Lo:i rsmdk; ds thoksa ds fy, baèku
dh vko';drk izrhr ugha gksrhA D;ksafd og 'kq) vfXu gSA

Jh n'koSdkfyd pwf.kZ esa Jh ftunklx.kh egÙkj us ^baèkujfgvks lq)kxf.k*
¼4@12½ ,slk dgdj baèkujfgr vfXu dks 'kq) vfXu :i esa crk;k gSA Jh
n'koSdkfydlw=kO;k[;k esa Jh gfjHknzlwfjth egkjkt us Hkh ^fufjUèku% = 'kq)%
vfXu%* ¼vè;;u 4@12 o`fÙk½ ;g dgdj baèkujfgr vfXu dks 'kq) vfXudk;
tho crk;k gSA 'osrkEcjekU; tholekl xzUFk esa rFkk fnxEcjekU; ewykpkj xzUFk
esa ^baxky&tky&vPph eqEeqj&lq)kx.kh ; vx.kh ;* ¼th-l 32 + ewyk- xk- 221½
bR;kfn :i esa tks vfXudk; tho ds izdkj crk, gSa muesa vkdk'kh; fctyh dks
'kq) vfXuLo:i crk;k x;k gSA eyèkkjh JhgsepUnzlwfjth egkjktk us
tholeklO;k[;k esa ̂ 'kq)kfXu%= fo|qnfXu%* ¼xk- 32½ fctyh Lo:i vfXu dks 'kq)
vfXuLo:i gh Li"V :i ls crk;k gSA blfy, vkdk'kh; fo|qr] bysDVªhlhVh]
cYc ds fQykes.V esa mRiUu gksus okyk izdk'k] cYc&izdk'k dh T;ksfr [&jks'kuh
¼mtkyk½]] nwj rd QSyrh nh;s dh T;ksfr bR;kfn baèku'kwU; gksus ds dkj.k 'kq)
vfXu:i fl) gksrh gSA bl izdkj baèku ds fcuk mldh mRifÙk] fLFkfr] o`f)
bR;kfn fn[kkbZ nsus ds dkj.k vkxekuqlkj fctyh oxSjg 'kq) vfXudk; tho
Lo:i fl) gksrs gSaA**66

mÙkjµftls ftunklegÙkj us n'koSdkfyd pwf.kZ esa baèku&jfgr vfXu ;k
'kq)kfXu dgk gS] og vkx esa izfo"V yksgs ds xksys dks crk;k gSA tholekl O;k[;k
esa eyèkkjh gsepUnzlwfj }kjk 'kq)kfXu% fo|qnfXu% dgk x;k gS] og vkdk'kh;

pedus okyh fctyh gh gSA vkdk'kh; pedus okyh@dM+dus okyh fo|qr~ vkSj
bysDVªhlhVh ds :i esa izokgeku fo|qr~&izokg dh fHkUurk ds fo"k; esa igys gh
Li"Vrk dh tk pqdh gSA bl dFku ls rks ;gh fl) gksrk gS fd bysDVªhlhVh ;k
cYc&izdk'k vfXu ugha gSµu fufjUèku vfXu gS] u fo|qr~ (Lightning) :i vfXu
gS] u baèku ds vkèkkj ij tyus okyh vfXu gSA

iz'u 24- ̂ ^nwljh egÙo dh ckr ;g gS fd thol`f"V dh mRifÙk vkSj fLFkfr
Hkh fofHkUu izdkj ls ns[kus dks feyrh gSA rFkk gok] ikuh] [kqjkd dh vko';drk
Hkh vusd izdkj ls fn[kkbZ nsrh gSA mnkgj.k ds rkSj ij euq";] eNyh vkSj exj
bR;kfn izk.kh vkWDlhtu ds vkèkkj ij thfor jgrs gSaA ijUrq mlesa Hkh rQkor
gSµ¼1½ euq"; gok esa ls vkWDlhtu ysrk gSA ¼2½ tcfd eNyh ikuh esa ls
vkWDlhtu ysdj thfor jgrh gSA ikuh ds ckgj gok esa vkWDlhtu i;kZIr ek=kk
esa gksus ij Hkh ;fn eNyh dks ikuh ls ckgj fudkyh tk, rks og ej tkrh gSA
ikuh esa vkWDlhtu gksrs gq, Hkh ;fn lkekU; O;fDr dks ikuh esa Mqck;k tk, rks
og eNyh dh Hkkafr thus ds ctk; ej tkrk gSA ¼3½ tcfd esa<d bR;kfn mHk;pj
izk.kh lkxj vkSj tehu nksuksa txg ij vkWDlhtu ysdj thfor jgrs gSaA blh izdkj
ls vfXudk; dh ckcr Hkh le>h tk ldrh gSA

iUuo.kklw=k esa vfXudk; dh lkr yk[k ;ksfu crkbZ xbZ gSaA lkr yk[k ;ksfu
okys rsmdk; thoksa esa ls ¼1½ eksecÙkh] vxjcÙkh] nhid] xSl] ydM+h bR;kfn dk
vfXu rks [kqys okrkoj.k esa ls Mk;jsDV izkIr gks lds oSlh gok ds vkèkkj ij viuk
vfLrRo fVdk, j[k ldrh gSA blfy, izLrqr esa ^tyrh gqbZ eksecÙkh] vxjcÙkh
bR;kfn ds m$ij ;fn dkap dk Xykl myVk j[kk tk, rks dqN le; esa og D;ksa cq>
tkrh gS\ ;fn rkj ds ekè;e ls cYc esa ok;q igqap ldrk gS rks Xykl vkSj tehu
ds chp esa ls vUnj tk lds ,sls ok;q ls eksecÙkh D;ksa tyrh gqbZ ugha jg ldrh\*
,sls iz'u dks dksbZ vodk'k gh ugha jgrkA D;ksafd lc izdkj dh i)fr ls feyrs
lHkh cknj ok;qdk; vfXu&mRiknd gksrs gh gSaµ,slk vkxe dh ekU;rk ds vuqlkj
ugha yxrk gSA vU;Fkk [kqyh gok esa jgs gq, vkWDlhtu ds vkèkkj ij ikuh ds
ckgj yEcs le; rd eNyh D;ksa thfor ugha jg ldrh\ rFkk ikuh esa jgs
vkWDlhtu ds vkèkkj ij leqnz esa Mqck gqvk euq"; D;ksa yEcs le; rd thfor ugha
jg ldrk\µ,slh leL;k,a eqag QkM+dj [kM+h jgsaxhA leL;k dk lekèkku rks nksuksa
i{kksa dks leku :i ls ekU; ,d gh gksuk pkfg, u! rFkkfoèk 'kkjhfjd jpuk =

>kyj;qDr QsQM+s rU=k dh fof'k"V jpuk ds vuqlkj eNyh thus ds fy, ikuh esa
ls vkWDlhtu dks vyx djds xzg.k djrh gSA tcfd euq"; [kqyh gok esa ls gh
ukbVªkstu fefJr vkWDlhtu ysdj ftUnk jgrk gSA blh izdkj eksecÙkh vkfn [kqys
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okrkoj.k esa vkWDlhtu ds ekè;e ls tyrh gSA tcfd cYc ds fQykes.V esa
mRiUu gq, izdk'k ¼= cknj rsmdk;½ ds fy, ;g dgk tk ldrk gS fdµ

¼2½ cYc] eD;qZjh ysEi oxSjg ds fQykes.V esa mRiUu gq, vfXudk; ds tho
[kqyh gok ds cnys bysDVªhlhVh ftl ok;j esa ls ilkj gksrh gS ml ok;j ds ekè;e
ls vFkok vU; dksbZ izdkj ls ogka vkus okys ok;q ds }kjk vFkok cYc esa fLFkr
ok;q ds }kjk viuk vfLrRo fVdk ldrs gSaA viuh lthork cuk, j[kus ds fy,]
thou&fuokZg ds fy, cYcizdk'k vius izk;ksX; ok;q dks foy{k.k i)fr ls izkIr
dj gh ysrk gSµbruk rks lqfuf'pr gh gSA vR;Ur xje ykyHkHkwds yksgs ds
BkslµfufPNnz xksys esa jgh gqbZ vfXu vius ;ksX; ok;q dks fdlh Hkh izdkj ls izkIr
djrh gh gS u!

¼3½ blh izdkj ghVj dh vfXu] bysDVªhd lxM+h dh vfXu bR;kfn [kqys
okrkoj.k vkSj LFkwy osD;weµnksuksa esa viuk vfLrRo cuk, j[krh gSaA bl rjg
vfXudk; ds Hkh LFkwy n`f"V ls rhu Hksn rks le> gh ldrs gSaA blfy, cYc VwV
tkus ij] fQykes.V ds ty tkus ds dkj.k] [kqyh gok esa iSnk u gksus dh otg ls
cYcizdk'k dks futhZo ugha dg ldrsA

dqN yksxksa dh ekU;rk ,slh gS fd ^vfXu dks tyus ds fy, vkWDlhtu ok;q
t:jh gSA blfy, tyrh gqbZ eksecÙkh bR;kfn ds m$ij Xykl myVk j[kus ij cq>
tkrh gSA ;|fi iwoZ esa ¼ì"B 32½ geus vkWDlhtu fcuk Hkh vkx yx ldrh gS]
mlds vusd mnkgj.k fn[kk, gh gSaA fQj Hkh ^vkWDlhtu ds fcuk vkx ugha
yxrh* bl ckr dks ge ,d ckj lR; eku ysa] rks izLrqr esa ,slk dg ldrs gSa fd
eksecÙkh] vxjcÙkh] rSy dk nh;k] dks;yk bR;kfn esa tks vfXu mRiUu gksrh gS og
baèku okyh gSA og vkWDlhtu uked ok;q }kjk viuk vfLrRo cuk, j[k ldrh
gSA blfy, ml ij Xykl vkfn <adus esa vk, rks og iqjkuk vkWDlhtu [kykl gks
tkus ij u;k vkWDlhtu ugha feyus ds dkj.k cq> tkrh gSA ijUrq vkdk'kh;
fctyh] bysDVªhlhVh] fo|qr~izdk'k oxSjg rks iwoZ ¼i`- 68½ esa crk, vuqlkj
baèkujfgr = fufjUèku vfXudk; gSA fufjUèku vfXudk; dks viuk vfLrRo cuk,
j[kus esa vkWDlhtu gh t:jh gSµ,slk ekuus dh vko';drk ugha gSA vkWDlhtu
ds vykok nwljs mi;ksxh ok;q ls Hkh og viuk vfLrRo cuk, j[k ldrh gSµ,slk
ekuk tk ldrk gSA 'kkL=k esa rks ^tgk¡ vfXu gksrh gS ogk¡ ok;q gksrk gS* bruk
crk;k gSA ̂ tgk¡ vfXudk; gksrk gS ogk¡ vkWDlhtu uked ok;q gksrk gS*µ,slk ugha
crk;k gSA blfy, ̂ vkWDlhtu ugha gksus ls cYc esa vfXudk; tho mRiUu ugha gks
ldrs*µ,slk ugha dgk tk ldrkA

,d vksj egÙo dh ckr ;g gS fd ukbVªkstu] vkxksZu oxSjg menk ok;q esa
vkWDlhtu ok;q dk izek.k dqN u dqN ek=kk esa gksrk gh gSA ;g ckr
^foKkudks'k&jlk;u foKku* ¼foKkudks'kµjlk;.k foKku] Hkkx 5] xqtjkr ;wfuoflZVh
vkWQ vgenkckn½ uke ds iqLrd esa MkW- lh- ch- 'kkg (M.Sc., Ph.D.) }kjk crkbZ
xbZ gSA ml vkWDlhtu dk 'kks"k.k gks ldrk gSµog ckr vyx gSA

ukbVªkstu oxSjg ok;q menk&fuf"Ø; gksus ds dkj.k fdlh Hkh mPp rkieku
ij Hkh Lo;a ds bysDVªksu ugha xqekrs rFkk ydM+s oxSjg dh rjg u"V ugha gksrs]
blfy, gh og yEcs le; rd cYc esa izdk'k&xjeh oxSjg dks mRiUu djus esa
mi;ksxh cu ldrs gSaA ;g ckr foKkudks'k ¼Hkkx&5@ì"B 412½ iqLrd esa MkW-
¼Jherh½ ,e- ,l- nslkbZ us Li"V :i ls crykbZ gSA blds iwoZ ¼i`"B 28½ esa crk,
vuqlkj fQykes.V esa vkx u yx tk,] ty u tk,] blds fy, cYc esa ukbVªkstu
oxSjg menk ok;q dk vfLrRo rks foKku ds fl)kUr ds vuqlkj Hkh fl) gksrk
gh gSA

bl izdkj ls fopkj djus esa vk, rks ukbVªkstu vkSj vkxksZu uke ds ok;q
cYc esa vfXudk; dks izdV djus esa@mRiUu djus esa lgk;rk djrs gSaA dksbZ nwljk
LFkwy ok;q ;g dk;Z ugha dj ldrk ,slk eku ldrs gSaA eNyh vkWDlhtu ds
vkèkkj ij thfor jgrh gS fdUrq ikuh esa ls vkWDlhtu feys rc gh og mls
Lohdkj djrh gSA mlh izdkj ^tgka vfXu gS ogka ok;q gS*µ;g ckr lPph gSA
fdUrq cYc oxSjg esa bysDVªhlhVh ds ekè;e ls tks vfXudk; ds tho m".krk vkSj
izdk'k ds :i esa mRiUu gksrs gSa muds vfLrRo ds fy, ckgj dh [kqyh gok izfrdwy
gSA ij ,dne iryh gok] ok;j oxSjg ds ekè;e ls feyus okyh gok vFkok
ukbVªkstu] vkxksZu Lo:i ok;q gh mi;ksxh cu ldrs gSaµ,slk dg ldrs gSaA ,slk
ekuus esa dksbZ 'kkL=kfojksèk] lkbUlfojksèk] vuqHkofojksèk ;k ;qfDrfojksèk ugha
vkrk gSA

foK okpd oxZ dks ;gka ,d ckr fo'ks"k è;ku esa j[kuh pkfg, fd ̂ foKku
ds vuqlkj] cYc esa jgh gqbZ gok ds dkj.k cYc izdkf'kr gksrk gS* ,slk eSa ugha
dgrkA ̂ cYc dks izdkf'kr djus esa ok;q mi;ksxh gSµ,slk vkèkqfud lkbUl ekurh
gS*µ,slk Hkh eSa ugha dgrkA exj ^vkxekuqlkj] vfXudk; ds fy, ok;q t:jh gS*
,slk eSa crk jgk gwaA rFkk fQykes.V ty u tk, blds fy, vkèkqfud lkbUl ds
fl)kUr ds vuqlkj] cYc esa izfo"V fd, x, ukbVªkstu ok;q vkSj vkxksZu ok;q ogka
gkftj gSa ghA vr% vfXudk; ds y{k.k cYc izdk'k esa fn[kkbZ nsus ls rFkk cYc
esa ok;q fo|eku gksus ls ogka vkxekuqlkj ltho rsmdk; ds mRiUu gksus esa fdlh
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Hkh izdkj dk vkxefojksèk ugha vkrkA ;gh crkus dk gekjk vk'k; gSA**67

mÙkjµpkgs euq"; gks ;k eNyh] pkgs QsQMksa ls 'okl xzg.k djs ;k
>kyj&;qDr QsQM+ksa lsµlHkh thoksa dks ^vkWDlhtu* xzg.k djuk gh iM+rk gSµbl
lR; ds vkèkkj ij iz'u ;gh gS fd D;k vkWDlhtu ds fcuk Hkh vfXu ds tho cYc
esa iSnk gks ldrs gSa ;k thfor jg ldrs gSa\ fuf"Ø; ok;qvksa }kjk vfXu dh izfØ;k
foKku }kjk vLohÑr gksrs gq, Hkh ml lEcUèk esa ;g vkxzg dgka rd laxr gksxk
fd ̂ ^;s ok;q vfXu izdV djus esa lgk;rk djrs gSaA** cYc dh lexz iz.kkyh bruh
Li"V gS fd 'kadk dk dksbZ vodk'k gh ugha gSA izLrqr iz'u esa mBkbZ xbZ ckrksa ij
ge foLr`r ppkZ dj pqds gSaA ok;j ds ekè;e ls fdlh Hkh izdkj dh ok;q cYc
rd ugha igqap ldrhA

nwljh ckr gSµcYc dks fufjUèku vfXu ekudj mls vkWDlhtu dh t:jr
ugha gS] ,slk ekuus dk dksbZ vkèkkj ugha gSA igys rks cYc dks fufjUèku vfXu
ekuuk gh xyr gSA fQj mlds fy, vkWDlhtu ds flok vU; dksbZ ok;q dh vis{kk
ekuuk rFkk ml ok;q dh iwfrZ rkj ds ekè;e ls ekuukµ;s lkjh folaxr ckrsa gSaA
fQj okfil vkxksZu ;k ukbVªkstu esa vkWDlhtu dk dqN&u&dqN ek=kk esa gksuk
ekudj vkWDlhtu ls gh mldh iwfrZ djokukµbldh D;k vko';drk gS\

fo'kq) n'kk esa fuf"Ø; xSlksa esa vkWDlhtu dk 'kks"k.k 'kr&izfr'kr djus dh
v{kerk dks eku Hkh fy;k tk, rks vkf[kj og vkWDlhtu dc rd cYc ds
fQykesaV dks tyk,xk\ vkWDlhtu ds lkFk Toyu&fØ;k gksrs gq, Hkh cYc dk
fQykes.V D;k v{kq..k jg ik,xk\

iqu% vkxksZu ;k ukbVªkstu dks gh cYc ds fQykes.V dks tyus esa lgk;d
crkuk dSls lEHko gksxk\ tcfd ;s ok;q fuf"Ø; gSaA lR; rks ;gh gS fdµ

1- u iryh gok dk vfLrRo cYc esa gSA

2- u ok;j ds ekè;e ls dksbZ gok ogka igqap ldrh gSA

3- u vkxksZu] ukbVªkstu vkfn dks xzg.k dj cYc tyrk gSA

iz'u 25- ^^foKku rks feujy okVj dks futhZo dgdj nsa] v.Mksa dks
'kkdkgkjh dgdj nsa] yglqu&I;kt dks Hk{; ¼= [kkus ;ksX;½ dgdj nsa] isIlh dks
is; ¼= ihus ;ksX;½ dgdj gedks nsa rks D;k ge mldk mi;ksx dj ldrs gSa\ D;k
foKku ds ikl ltho&futhZo] Hk{;&vHk{;] is;&vis;] xE;&vxE; oxSjg dh
rkfÙod O;oLFkk gS\ foKku }kjk bu lHkh iz'uksa dk tokc dgka ls feysxk\

o"kks± ls tks fujUrj ifjorZu'khy gS] ftlds fl)kUrksa esa fnu&izfrfnu

ifjorZu gksrs jgrs gSa] tks Lo;a laiw.kZ lR; dks izkIr ugha dj ldus dk Lohdkj
djrk gS] ,sls vkt ds foKku dks vkWFksfUVd ekudj mlds lehdj.k vuqlkj
'kkL=kh; lR; dks ukius ds ctk; loZK Hkxoar us fu%LokFkZ Hkko ,oa d#.kk n`f"V
ls crk, gq, 'kkL=kksa dks] 'kkL=kh; rF;ksa dks] vrhfUnz; inkFkks± dks lR; ds :i esa
ân; ls Lohdkj djds loZK dfFkr rÙoksa ds lkFk vkèkqfud lkbUl fdruh gn
rd fdl izdkj ls 'ksd&gs.M djrh gS\ bl fo"k; dh lw{e n`f"V ls [kkst djuk
ogh lPpk&lyker vkSj ljy ekxZ gSA**68

mÙkjµvkxe vkSj foKku esa ijLij dgka rd leUo; gksrk gS] dgka rd
ughaµ;g vius vki esa ,d LorU=k vUos"k.k dk fo"k; gSA ijUrq fdlh Hkh fo"k;
dh ehekalk dks lR;ijd cukus ds fy, ;g vko';d gS fd vusdkUr n`f"Vdks.k
dk iz;ksx gks vkSj ,dkfUrd vkxzg ds vkèkkj ij fpUru u gks] Hkys ;g fo"k;
fo|qr~ ds lfpÙk&vfpÙk dk gks ;k inkFkks± ds Hk{;&vHk{; vkfn dkA tc ge
fdlh fcUnq ij foKku dh n`f"V ls fopkj djrs gSa] rks bldk vFkZ ;g dj ysuk fd
^ge mlds ¼foKku ds½ lehdj.k vuqlkj 'kkL=kh; lR; dks ukius dk iz;Ru dj
jgs gSa*] Bhd ugha gSA

geus izkjEHk esa gh bl fo"k; esa dkQh Li"V dj fn;k Fkk fd tks ckr
vkxe&izek.k }kjk Li"V gS] mls foKku dh vksFksUVhlhVh dh vis{kk ugha gS] ij
ftu fo"k;ksa ij vkxe esa Li"Vrk ugha gS] mUgsa foKku ds lUnHkZ esa le>us dh
dksf'k'k djus esa dksbZ vkifÙk ugha gksuh pkfg,A lkFk esa ftu vis{kkvksa ls tks rF;
vkxeksa esa fufnZ"V gS] mu vis{kk ;k n`f"V dks Li"V djus esa tgka foKku gesa
lgk;d gksrk gS] ogka mldks ;g dgdj vLohdkj djuk fd ^^og fujUrj
ifjorZu'khy gS] mlds fl)kUrksa esa fnu&izfrfnu ifjorZu gksrs jgrs gSaA og Lo;a
iw.kZ lR; dks izkIr ugha dj ldus dks Lohdkj djrk gS** dgka rd Bhd gS\

tgka rd LFkkoj&dk; ds thoRo dk iz'u gS] foKku us dsoy ouLifrdk;
ds thoRo dks Lohdkj fd;k gS] 'ks"k LFkkojdk;ksa ds thoRo dks ughaA blfy, ge
foKku ds vkèkkj ij LFkkoj thoksa ds thoRo&vthoRo dh ehekalk dSls dj ldrs
gSa\ ij i`Foh] ikuh] vfXu] ok;q ds Lo:i le>us esa ;fn gesa oSKkfud fl)kUr
lgk;d gksrs gSa] rks Hkh mudk ijgst djuk ;g dgka rd Bhd gS\

nwljh ckr gS ,d vksj foKku dks viw.kZ crkdj mldh vksFks.VhlhVh dks
vLohdkj djuk vkSj nwljh vksj mlh ds vkèkkj ij fo|qr~ dks lfpÙk fl) djus
dh dksf'k'k djukµD;k ;s nksuksa vlaxr ugha gSa\

ge u foKku dks vksFksfUVd ekudj mlds lehdj.k vuqlkj 'kkL=kh; lR;
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dks ukirs gSa vkSj u gh vrhfUnz; inkFkks± dks vLohdkj djus dh ckr dgrs gSa] u
ge vkxe&izèkkurk dh vis{kk foKku&ijLrrk ds gkeh gSaA geus vkxe ds vkèkkj
ij gh fo|qr~ dh vfpÙkrk rFkk foKku ds vkèkkj ij gh mldh iqf"V djus dk
iz;Ru fd;k gSA vkxelEer oSKkfud rF;ksa dks >qBykdj voSKkfud ¼eux<+Ùk½
dYiukvksa ds vkèkkj ij fo|qr~ dh lpsrurk dks fl) djus dk iz;Ru djukµ;g
fl) djus ds fy, i;kZIr gS fd HkzkfUr;ksa ,oa iwokZxzgksa ds tky ls eqDr gq, fcuk
u vkxe dh lgh J)k dh iqf"V gks ldrh gS vkSj u foKku dh vkxe&vfojksèkh
rF;ksa dh lgh tkudkjhA

iz'u 26- ^^D;k f=kdkyvckfèkr vkxeksa esa 'kksèk dk vodk'k gS\ vkSj og
Hkh foKku ds }kjk vkxe dks 'kq) djus dk\ D;k loZKdfFkr vkxe detksj gSa
fd mUgsa viuh lR;rk lkfcr djus ds fy, foKku dk lgkjk ysuk iM+s\ foKku
ds vkèkkj ij vkxe esa 'kksèk&[kkst dh vko';drk gks rks eq[;rk foKku dh
lkfcr gksxh ;k vkxe dh\ rhFk±dj HkxoUr loZK gksus ls lk{kkr~ izR;{k :i ls
rhuksa txr~ ds reke inkFkks± dks tkurs gSaµns[krs gSaA tcfd foKku ds ikl rks
tkuus ds lkèku Hkh detksj gSaA foKku ds lkèku fdrus Hkh l{ke D;ksa u gksa fQj
Hkh muds }kjk vrhfUnz; inkFkks± dk lk{kkRdkj gks lds] ,slh dksbZ lEHkkouk Hkh
ugha gSA

,d rjQ foKku ds lkèkuksa dks iaxq Lohdkj djuk vkSj blds ckotwn Hkh
foKku ds vkèkkj ij vkxe esa Nkuchu djuh ;g rks Ýse ds uki vuqlkj
,sfrgkfld fp=k dks dkVus tSlk gqvkA blesa fo}Ùkk Hkh fdl izdkj ls dgh tk
ldrh gSA

okLro esa rks Ýse ds uki vuqlkj QksVks dks dkVdj nhokj ij yVdkus ds
ctk; QksVks ds uki ds vuqlkj Ýse rS;kj djuh ;gh cqf)eÙkk dh fu'kkuh gSA
QksVks ;kuh loZK&ohrjkxdfFkr rÙo vkSj Ýse ;kuh vkèkqfud lkbUl ds lehdj.kA
vkRek] deZ] LoxZ] ujd] fuxksn esa vuUr tho] eks{k] vkJo] laoj] caèk] futZjk]
oxSjg esa ls ,d Hkh rÙo dks ukius dh QqViêh ftl vkèkqfud lkbUl ds ikl ugha
gS] mlds vkèkkj ij loZKdfFkr vkè;kfRed vrhfUnz; rÙoksa dks ukiuk&tkapuk
;g rks tUekaèk O;fDr }kjk fn, x, 'osr&';ke vkfn :i ds QSlys dks ekU; j[kus
tSlh ckr gqbZA 'osr vkfn :i ls lEcfUèkr fu.kZ; djus esa gtkjksa tUekaèk
O;fDr;ksa ds QSlys dh rqyuk esa fdlh ,d ,sls O;fDr dk QSlyk] tks vka[k ls ns[k
ldrk gS] mls ekU; djus esa T;knk cqf)eÙkk gSA NÉLFk tho cqf)'kkyh gksa fQj
Hkh vrhfUnz; ckcr esa rks dsoy loZK ohrjkx HkxoUr dk gh fu.kZ; ekU; gks

ldrk gSA**69

mÙkjµtgka vkxe }kjk Li"V izfriknu miyCèk gks] ogka foKku ds vkèkkj
ij vkxe dh Nkuchu dh vis{kk ugha gksrh] ij ftl fo"k; esa vkxe Li"Vr%
dksbZ foèkku&fu"ksèk ugha djrk] ogka foKku }kjk izLrqr voèkkj.kk ls fcydqy
ijgst djuk lR;&lfUèkRlq ds fy, dgka rd mfpr gksxk\

vkt foKku ds {ks=k ds ,sls foospu gesa miyCèk gks jgs gSa] tks lkekU;
bfUnz;&Kku ls tkuuk lEHko ugha gSA muds vkèkkj ij ge lR; dh [kkst dh fn'kk
esa vkxs c<+sa] rks mlesa dgka vkxe ds izfr gekjh J)k esa deh vkrh gS\ cfYd
cgqr&ls ,sls fo"k; tks vkxeksa esa dsoy ladsr :i esa ;k vKkr vis{kk ls
izfrikfnr gSa] mUgsa foKku }kjk Li"V djuk gekjh vkxe&J)k dks vkSj vfèkd
ǹ<+ djrk gSA tgka tSukpk;ks± }kjk ;gka rd dh mnkjrk O;Dr gSµ

i{kikrks u es ohjs] u }s"k% dfiykfn"kqA
;qfDren~ opua ;L;] rL; dk;Z% ifjxzg% Ï

^^u esjk ohj ds izfr i{kikr gS] u dfiy vkfn ds izfr }s"k gSA ftldk
opu ;qfDrlaxr gS] mldk gh xzg.k djuk pkfg,A** ogka ;fn dksbZ foKku ds
;qfDrlaxr gh ugha] Li"V iz;ksxksa ls izekf.kr lkaO;kogkfjd izR;{k ij vkèkkfjr
vkSj vkxe vfojksèkh rF;ksa dks HkyhHkkafr dldj dke esa ysrk gS] rks Hkh mls ,slk
ekuuk fd og Ýse ds vuqlkj QksVks dh dkaVNkaV dj jgk gS] D;k vkxzg&cqf) dk
gh izn'kZu ugha gS\

tc ^bysDVªhlhVh* dk fo"k; lhèks :i esa vkxe esa pfpZr gh ugha gS] ogka
vkxe }kjk iznÙk vU; ladsr rFkk foKku }kjk iznÙk loZekU;@loZxzká voèkkj.kk
dks vkèkkj ekudj mlds Lo:i dk foospu gh gekjs fy, ^O;ogkj* dk loZJs"B
ekxZ cprk gSA vkpk;Z egkizK gh ugha] vusd vU; tSu fo}kuksa rFkk nwljs fo}kuksa
us lSdM+ksa ,slh ckrksa dks foKku ds vkèkkj ij Li"V dj tSu n'kZu dh oSKkfudrk
dks ^O;ogkj* ds èkjkry ij lqLi"V fd;k gS] ogka vxj ,slk ekuk tk, fd
loZK&iz.khr rÙo dks foKku ds }kjk ukius dh dksf'k'k gks jgh gS ;k loZK ds izfr
vJ)k gks jgh gS] rks og mfpr ugha gSA tSls igys Hkh crk;k x;k gS loZK&iz.khr
cgqr lkjs rF; lgh ifjizs{; esa le>us ds fy, vFkok mlds ihNs jgh lkis{krk
D;k gS] mls HkyhHkkafr xzg.k djus ds fy, foKku dh voèkkj.kk,a tgka lgk;d
curh gSa] ogka mudk mi;ksx gekjs lE;x~ cksèk dks gh Li"V djsxk] loZK&iz.khr
rÙo ds izfr vJ)k ughaA
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vLrq] izLrqr izlaxµbysDVªhlhVh D;k gS\ ltho gS ;k futhZo\ vkdk'kh;
fo|qr~ (lightning)] rkj esa izokgeku fo|qr~ izokg (electric current) vkSj euq";
rFkk vU; izkf.k;ksa ds thfor 'kjhj esa dk;Zjr fo|qr~ (bio-electricity) dgka rd
lǹ'k gS] dgka rd folǹ'k vkfn fo"k; rks fuf'pr :i ls foKku dh voèkkj.kkvksa]
fl)kUrksa vkSj iz;ksxksa ls ftrus Li"V le>s tk ldrs gSa] mrus ,dkaxh Kku ls
ughaµ;g vius vki esa gh fufoZokn gSA mnkgj.kkFkZµouLifr tho gS] ;g tSu
vkxeksa esa izfrikfnr gSA vkt foKku us vusd iz;ksxksa ls ouLifrdk; esa gksus okys
laosnu] Hkko vkfn dks Li"V dj fn;k gSA blls mu thoksa esa fo|eku vkgkj&laKk]
Hk;&laKk] eSFkqu&laKk] ifjxzg&laKk vkfn LFkkukax lw=k esa izfrikfnr nl laKkvksa
dks HkyhHkkafr le>us esa vkSj lqfoèkk gksrh gSA70 rks D;k ge ,sls oSKkfud rÙoksa
dh mikns;rk dks vLohdkj djsa\ izR;qr bu iz;ksxksa ls rks loZK&iz.khr Kku ds izfr
gekjh J)k vkSj lqn`<+ gksxhA blh izdkj ;fn dksbZ oSKkfud 'kksèk vkfn }kjk i`Foh
vkfn thoksa ds thoRo dks le>us esa lqfoèkk gksxh] rks D;k ge mUgsa ugha ekusaxs\

iz'u 27- ^^nwljh ,d egÙo dh ckr ;g gS fd vks?kfu;qZfDr] vkpkjkaxlw=k
oxSjg vkxeksa esa crk, vfpÙk vfXudk;] vfpÙk vIdk; oxSjg inkFkks± dks futhZo
ekuus esa vkSj gekjs izLrqr fo'ys"k.k esa dksbZ Hkh fojksèkkHkkl ugha gSA lw=kÑrkax
¼JqrLdUèk&1@vè;- 5@mís'kks&1@xk- 10 ls 39½ vkSj mÙkjkè;;u ¼92@24&44&45½
lw=k esa crk, eqrkfcd ujd esa vfXudk; tho ugha gksus ij Hkh ogka ij l[r xjeh
gksus dk ge Lohdkj djrs gSaA lw;Z ds xje fdj.kksa dks ge 'kkL=k vuqlkj futhZo
gh ekurs gSaA ;s lHkh ckrsa fufoZokn :i ls gesa ekU; gh gSaA ge tqxuw dks vfXu
ugha ekurs rFkk 'kjhj dh xehZ vFkok pUnzek ds fdj.kksa dks ;k Lo;a izdk'kd
ef.k&jRu bR;kfn ds m|ksr dks ltho vfXudk; ugha ekursA fdUrq ̂ fctyh futhZo
vfXudk; gS* ,slk dksbZ Hkh 'kkL=k&ikB crk, fcuk mls vfpÙk = futhZo ds :i
esa fdl izdkj ls tkfgj fd;k tk ldrk gS\ 'kkL=kkèkkj fcuk viuh ejth ds
eqrkfcd fo|qr~&izdk'k dks futhZo :i ls tkfgj djus dk vfèkdkj vloZK dks
fdl izdkj ls fey ldrk gS\**71

mÙkjµtSls lw;Z dk vkri 'kkL=kkèkkj ls futhZo ekuus esa dksbZ vkifÙk ugha
gS] oSls gh bysDVªhlhVh ¼;kuh fLuXèk&#{k xq.kèkeZ½ dks Hkh ikSn~xfyd ifj.keu dh
fØ;k&:i Lohdkj djus esa dgka vkifÙk gS\ 'kCn] vkri vkfn dh Hkkafr gh ;g
,d lkoZHkkSe ikSn~xfyd ifj.keu gh gS] tks oSòfld] izk;ksfxd vkSj feJµrhuksa
:i esa lEHko gSA 'kkL=kksa esa iqn~xy ds ifj.keu ds vUrxZr tks fLuxèk&:{k dh
ppkZ gS] og ̂ bysDVªhlhVh* dh gh gSA dsoy 'kCnkUrj ;k Hkk"kk&iz;ksx dk vUrj gSA
blh izdkj rstksys';k ¼;k rStl~ oxZ.kk ds iqn~xyksa½ ds lEcUèk esa miyCèk 'kkL=kh;

ppkZ ls Hkh bysDVªhlhVh dh ikSn~xfydrk Hkyh&Hkkafr fl) gks tkrh gSA bl fo"k;
dh ppkZ Hkh ge iz'u 20 ds mÙkj esa dj pqds gSaA izkphu lkfgR; dh Hkk"kk dks
le>uk t:jh gSA fLuXèk&:{k dk vFkZ _.k&èku fo|qr~ ds :i esa LohÑr gksus ls
;g Li"V gks tk,xk fd bysDVªhlhVh Lo;a iqn~xy ds ewy Li'kZ xq.k dh |ksrd gSA
:{k&fLuXèk ls vkdk'kh; fo|qr~ dh mRifÙk crkus okys izkphu ikB ¼ftldks m)`r
fd;k tk pqdk gSA½ bl rF; ds izek.k gSaA tSu n'kZu esa of.kZr iqn~xy ijek.kq vkSj
iqn~xy&LdUèk ds fuekZ.k esa ewy Hkwfedk fLuXèk&#{k dh gS] oSls foKku ds vuqlkj
lHkh ewyHkwr rÙo (element) ds ijek.kq dh lajpuk esa _.k vkSj èku fo|qr~ dh
gh eq[; Hkwfedk gSA tc bruk Li"V izek.k gesa fey tkrk gS] rc fQj D;ksa ge
mls Lohdkj u djsa\ blesa dgha Hkh la'k; ;k vfu'p; ugha gSA

izk.k] ys';k vkfn dk 'kkL=kh; foospu Hkh Hkyh&Hkkafr crkrk gS fd _.k&èku
fo|qr~] fo|qr~&pqEcdh; rjaxksa dk fofdj.k vkfn dks vkxedkjksa us viuh 'kCnkoyh
esa izLrqr fd;k gSA

nwljh vksj tc foKku izR;{kr% bu tSu voèkkj.kkvksa dk gh leFkZu djrk
gqvk tSfod izfØ;kvksa ds fy, tSo fo|qr~] vkHkke.My vkfn dks O;k[;kf;r djrk
gS] rc tSu n'kZu esa J)k'khy ds fy, rks cgqr gh xkSjo dk fo"k; curk gS fd
dSls gekjs izkphu Kkfu;ksaa us brus lw{e fo"k;ksa dks vius izdkj ls Li"V fd;k FkkA
vkt rks foKku ds {ks=k esa izk.k&izfØ;k] vkHkke.Myh; ifj.keu ¼;kuh ys';k ds
jaxksa ds izHkko½ ds {ks=k esa gksus okys vuqlaèkku tSu voèkkj.kkvksa dks vkSj vfèkd
mtkxj djrs n`f"Vxkspj gks jgs gSaA

iz'u 28- ^^izdk'k pkgs nhid vkfn vfXu dk gks ;k fo|qr~ ¼bysDVªhlhVh½
ds midj.kksa dk gks] mls gh dqN tSu xzUFk lfpÙk rsmdk; crkrs gSaA ,slk ekuus
esa D;k vkifÙk gS\72

mÙkjµizdk'k dks tSu vkxeksa esa dgha ij Hkh vfXudk; ;k rsmdk; ugha
crk;k gSA mldks ikSn~xfyd ifj.keu ;k i;kZ; ds :i esa gh izLrqr fd;k gSA izdk'k
pkgs lw;Z dk gks] pUnzek dk gks] rkjk dk gks] vkdk'kh; fo|qr~ dk gks ;k vfXu&vaxkjksa
dk gksµog futhZo gSA mlds Li'kZ dks vkxeksa esa dgha oT;Z ugha crk;k gSA ,slh
fLFkfr esa dqN mÙkjdkyhu xzUFkdkjksa dh ekU;rk ds vkèkkj ij mls lfpÙk rsmdk;
eku ysuk rFkk oSKkfud voèkkj.kkvksa dh dkYifud O;k[;k dj vius i{k esa izLrqr
djukµdgka rd mfpr gS\ bl fo"k; dh lEiw.kZ 'kkL=kh; ehekalk ,oa oSKkfud
fl)kUrksa dh okLrfodrk izLrqr djuk cgqr t:jh gSA ¼ns[ksa ifjf'k"V&1½

ftu mÙkjdkyhu xzUFkksa ds lUnHkZ m)`r gSa] os lHkh tSu ijEijkvksa esa ekU;
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xzUFk ugha gSaA blh izdkj iapkaxh vkxe dk izkek.; Hkh dsoy lEiznk;&fo'ks"k esa
gh LohÑr gS] 'ks"k vU; lEiznk;ksa }kjk os vkxe ds :i esa ekU; ugha gSaA73

foKku us bysDVªsku] QksVksu vkfn ds lEcUèk esa cgqr Li"V :i ls vius
fl)kUrksa dks izLrqr fd;k gSA QksVksu&izdk'kk.kq fdl izdkj izdk'k&m$tkZ dh bdkbZ
gS rFkk fdl izdkj mldk d.k:i ,oa rjax&:i izdV gksrk gS] bls Hkyh&Hkkafr
le>us ds ckn dgha ij Hkh ;g vk'kadk ugha jgrh fd og ltho gksA QksVks&bysDVªhd
izfØ;k esa QksVksu dh ikSn~xfyd m$tkZ dk gh :ikUrj.k bysDVªksu ds fofdj.k dk
fufeÙk curk gSA74 vkxeksa esa tc lw;Z dh fdj.kksa ds QksVksu dks futhZo&ikSn~xfyd
crk;k gS rFkk mldk Li'kZ ;fn oT;Z ugha gS] rks mls ¼QksVksu dks½ mÙkjdkfyd
xzUFkksa ds vkèkkj ij ltho ekudj bysDVªksu dks Hkh mlds vkèkkj ij ltho crkuk
vkxe dh ekU;rk dk gh [k.Mu djuk gSA lw;Z&fdj.kksa okys QksVksu vkSj eksecÙkh]
nh;s ;k vfXu ds izdk'k ds QksVksu dks foKku 'kr&izfr'kr ,d:i&leku ekurk
gSA fQj rks lw;Z ds izdk'k dk Li'kZ Hkh oT;Z ekuuk pkfg,A

iz'u 29- ^^vè;kRe ekxZ dk vkèkkj vfgalk gSA blfy, vkjEHk&lekjEHk
NksM+uk izR;sd lkèkd dk egÙo dk dÙkZO; cu tkrk gSA lHkh vkjEHk NwV u ldsa
fQj Hkh egkvkjEHk dks rks NksVs&cM+s izR;sd lkèkd dks NksM+uk vko';d gSA
mi;qZDr vusd vkxe izek.kksa dh lk{kh ls fo|qr~ izdk'k ltho fl) gksus ls
mldh fojkèkuk dks NksM+uk izR;sd lkèkd dk drZO; cu tkrk gSA rnqijkUr
"kM~thofudk; dh fojkèkuk esa Hkh vfXudk; dh fojkèkuk egkvkjEHk Lo:i gksus
ls t:j R;kx djus ds ;ksX; cu tkrh gSA

Hkxorhlw=k esa Hkxoku Jhegkohj Lokehth dkyksnk;h dks crkrs gSa fdµ

^ts ls iqfjls vxf.kdk;a mTtkysb ls .ka iqfjls egkdEerjk, pso] egkfdfj;rjk,
pso egklorjk, pso egkos;.krjk, psoA---ts ls iqfjls vxf.kdk;a mTtkysb ls .ka
iqfjls cgqrjkxa iq<fodk;a lekjaHkfr] cgqrjkxa vkmDdk;a lekjaHkfr] vIirjk;a
rsm$dk;a lekjaHkfr] cgqrjkxa okm$dk;a lekjaHkfr] cgqrjkxa o.kLlbdk;a lekjaHkfr]
cgqrjkxa rldk;a lekjaHkfr* ¼Hkxorhlw=k 'krd 7] mís'kks 10] lw=k 307½

vFkkZr~ ̂ ^vfXudk; dks tykus okys tho cgqr ls i`Fohdk;] tydk; bR;kfn
thoksa dks u"V dj Mkyrs gSaA blhfy, os egkdeZ caèk djrs gSa] egkvkjEHkfØ;k
djrs gSa] egkvkJo dk Hkksx curs gSa] "kM~thofudk; dks egkosnuk nsrs gSaA**
blls vfXu dks tykus okys rFkk cYc oxSjg dks pkyw djus ds }kjk fo|qr~izdk'k
dks mRiUu djus okys O;fDr okLro esa egkvkjEHk gh djrs gSaµ,slk fl)
gksrk gSA**75

blh izdkj vkpkjkax] n'koSdkfyd] mÙkjkè;;u] fu'khFkHkk";] fu'khFklw=kpwf.kZ]
iz'uO;kdj.klw=k vkfn esa Hkh vfXudk; ds egkvkjEHk lEcUèkh lUnHkZ izkIr gSaA76

mÙkjµvfXudk; rsmdk; dh fgalk dks ftl :i esa egkvkjEHk crk;k gS]
ml :i esa mls egkvkjEHk Lohdkj djus esa dgka vkifÙk gS\ mlh izdkj rsmdk;
dks vkpkjkax esa nh?kZyksd'kL=k] mÙkjkè;;u esa lOoHkD[kh] n'koSdkfyd esa rh{.k
'kL=k ds :i esa tks izfrikfnr fd;k gS] mls dkSu vLohdkj djrk gS\ ;fn fo|qr~
¼bysDVªhlhVh½ Hkh rsmdk; ¼vfXu½ :i fl) gks tk,] rks ml ij Hkh ogh ckr ykxw
gks tk,xhA bysDVªhlhVh fdl :i esa rsmdk; cu ldrh gS vkSj fdl :i esa ugha]
bldh foLr`r ppkZ ge dj pqds gSaA blfy, tgka bldk rsmdkf;d :i izxV gksrk
gS] ogka mldks vfXu dh Hkkafr gh egk&vkjEHk ekuk gh tk,A ij tgka&tgka dsoy
ikSn~xfyd ifj.keu ds :i esa gh gS] ogka&ogka vkjEHk okyh ckr ykxw ugha gksrhA

iz'u 30- ^^izdk'keku cYc dh xjeh ds dkj.k mldh ckgj dh Li'kZ esa
vkus okys ok;qdk; ds thoksa dh Hkh fgalk gksrh gS rFkk jkf=k esa ykbZV ds dkj.k
vkus okys vusd =kldk; ds thoksa dh Hkh fojk/kuk gksrh gSA**77

mÙkjµ;fn cYc dh xjeh ds dkj.k ckgj dh lrg ij Li'kZ esa vkus okys
ok;qdk; ds thoksa dh fgalk gks] rks fQj fdlh Hkh xje inkFkZ ds dkj.k ik=k vkfn
xje gksus ij Li'kZ esa vkus okyh ok;qdk; ds thoksa dh fgalk ekuuh iM+sxh!

ykbZV ij vkus okys =kl thoksa dh fgalk ykbZV txkus okys ds izekn ls lac)
gSA mlesa Hkh Ñr] dkfjr] vuqeksfnr] eulk] okpk] dk;su tqM+us okyk nks"kh gksxkA
¼tSlk ia[ks ds fo"k; esa crk;k x;k] oSls ;gka ij Hkh ykxw gksxk½µns[ksa iz'u 33 dk
mÙkj] i`"B 216A

iz'u 31- tgka fo|qr~&izokg ls u izdk'k gksrk gS ;k u rkieku rhoz gksrk
gS] cfYd dsoy fo|qr~&m$tkZ dk xfr m$tkZ esa :ikUrj.k gksrk gS] ogka lfpÙk
rsmdk; dh fojkèkuk ;k fgalk gksrh gS] ,slk ekuuk dgka rd laxr gS\ mnkgj.kkFkZµ
lsy ls pkfyr gkFk ?kM+hA

mÙkjµgkFk ?kM+h esa lsy ls fo|qr~&izokg ?kM+h dh bysDVªksfud flLVe dks
lapkfyr djrk gSA blesa dgha Hkh vfXu ;k rsmdk; dk dksbZ y{k.k izxV ugha
gksrkA ml fLFkfr esa ;g Li"V gS fd ;g dsoy ¼dksjk½ ikSn~xfyd ifj.keu gh gSA
lkekU; ?kM+h tks Lizhax dh ;kfU=kd m$tkZ ls pyrh gS] og lsy okyh ?kM+h esa fo|qr~
dh m$tkZ ls pyrh gSA ;fn fo|qr~ dk ;kfU=kd m$tkZ ls ifj.keu ek=k gh lfpÙk
rsmdk; gS] rks fQj 'kjhj esa Hkh gksus okyh ;kfU=kd fØ;k dks lfpÙk rsmdk;
ekuuk gksxkA
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'kjhj esa fo|qr~&m$tkZ ls lapkfyr xfr vkfn ;kfU=kd fØ;k esa tSls dgha Hkh
rsmdk; dh fojkèkuk ugha gS] oSls gh ?kM+h esa Hkh dgha ,slh fojkèkuk ugha gksrh] ;g
Li"V gSA

iz'u 32- ^^ekbZd ds ,EIyhQk;j ds m$ij yxh gqbZ ykbZV] vkokt ds
vkjksg&vojksg ds lkFk tyrh&cq>rh gS vkSj mlesa vkSj Hkh nwljh ykbZVsa pkyw gksrh
gSaA blds vykok VªkaftLVlZ] jsftLVlZ] Mk;ksM~l bR;kfn Hkh mlesa yxs gq, gksrs gSaA
rFkk ekbZd pkyw gks rc mlesa ls dqN ikV~Zl rks cgqr xje gks gh tkrs gSaA ;g ckr
flQZ ekbZd ds ,EIyhQk;j ds fo"k; esa gh ugha fdUrq bysDVªhlhVh vkèkkfjr Qksu
¼eksckby Hkh½] QSDl] dEI;wVj] dsYD;qysVj bR;kfn reke phtksa esa leku :i ls
ykxw iM+rh gSA blesa VªkaftLVj fdruk Hkh NksVk D;ksa u gks fQj Hkh og xjeh dk
mRltZu djrk gh gSA isaVh;e oxSjg dEI;wVlZ dh eq[; phi Hkh xje gksrh gh gSA
blfy, mldks B.Mh djus ds fy, ghVflad vkSj ia[ks dk mi;ksx fd;k tkrk gSA
blfy, ogka Hkh tho fojkèkuk gksrh gS] ;g Li"V gh gSA**78

mÙkjµbysDVªhlhVh Lo;a futhZo gS] ,slk Li"V fl) gksus ij Hkh bu lc
lkèkuksa dk lkèkq Lo;a lapkyu dj ldrs gSa] ,slk ekuuk mi;qDr ugha gSA ftu
lkèkuksa ds iz;ksx esa fdlh Hkh izdkj dh fgalk Ñr] dkfjr] vuqeksfnr :i esa u gks
rFkk egkozrksa] lfefr] xqfIr dh fojkèkuk u gks] ,sls lkèkuksa dk mi;ksx lkèkq Lo;a
djs ;k u djs] ;g O;ogkj dk iz'u gSA mnkgj.kkFkZµlsy }kjk lapkfyr ?kM+h dk
iz;ksx djus esa ,slk dgha ij ugha gksrk] blfy, og oT;Z ugha gSA ekbd ;k ykbZV
x`gLFkksa ds mi;ksx ds fy, x`gLFk iz;qDr djs] blesa lkèkq dks nks"k dSls yxsxk\
Qksu] QSDl] Vsys{k vkfn Hkh O;ogkj ds fo"k; gSaA tks&tks phtsa dYiuh; gSa] os lkjs
djuk lkèkq ds fy, t:jh ugha gSaA nzO;] {ks=k] dky] Hkko dh vis{kkvksa ds vkèkkj
ij budk iz;ksx&viz;ksx fufnZ"V gks ldrk gSA

blh izdkj ekbd vkfn dk iz;ksx Hkh x`gLFk yksx viuh lquus dh lqfoèkk
ds fy, djrs gSaA tSls i.Mky] LVst vkfn lHkk dh lqfoèkk ds fy, fufeZr gksrs gSa
oSls gh ekbd] ykmMLihdj] ,EiyhQk;j vkfn dk iz;ksx Hkh x`gLFk yksx viuh
lqfoèkk ds fy, djrs gSaA ;fn i.Mky] LVst vkfn dk mi;ksx lkèkq djrs gSa] rks
mUgsa nks"k ugha yxrk] rks ekbd esa lkèkq dh vkokt pyh tkus ls mldk nks"k lkèkq
dks dSls yxsxk\ ¼VsyhQksu dh izfØ;k esa fo|qr~&m$tkZ dk èofu ds :i esa ifjofrZr
gksuk Hkh ikSn~xfyd ifj.keu gSA tgka rd rsmdk; dh fojkèkuk dk lEcUèk gS]
VsyhQksu esa ckr djus ls ,slk gksus dh lEHkkouk ugha gSA½

lkSj lsy esa lkSj m$tkZ ls fo|qr~&m$tkZ iSnk dh tkrh gSA blesa Hkh dsoy

ikSn~xfyd ifj.keu gh gS] lfpÙk rsmdk; dk izlax ugha curkA

tgka ekbZd vkfn esa xehZ gksrh gS] rks D;k og thoÑr ugha gS\ bl iz'u
dk mÙkj gSµcgqr lkjs ikSn~xfyd ifj.keu ,sls gSa] tgka xehZ ;k m"ek iSnk gksrh
gS( tSlsµfoòlk ifj.keu dsoy ikSn~xfyd gSa] mUgsa tho }kjk Ñr ugha ekuk tk
ldrkA ijEij :i esa l`f"V ds lHkh ifj.keuksa esa tho vkSj iqn~xy dk la;ksx
fdlh&u&fdlh :i esa tqM+k gqvk gSA fdUrq mldk rkRi;Z ;g ugha gS fd vuUrj
:i esa lHkh ifj.keu esa tho dk ;ksx vo'; gSA ¼foLr`r ppkZ iz'u 23 ds mÙkj
esa dh tk pqdh gSA½

iz'u 33- ^^,d egÙoiw.kZ iz'u ;g gS fd rsjkiaFkh lkèkq&lkèoh ia[ks dk
mi;ksx djrs gSaA mlesa mudk vk'k; 'kklu dh izHkkouk djus dk gS ;k 'kjhj dh
lq[k'khyrk dks iq"V djus dk gS\ ia[ks ds mi;ksx esa ok;qdk; dh fojkèkuk rks Li"V
gS ghA rnqijkar fdruh ckj mM+rs gq, iaNh oxSjg dh Hkh ogka fojkèkuk gksrh gSA
rc fQj ia[ks dk mi;ksx rsjkiaFkh lkèkq fdl fy, djrs gSa\ ;g ckr le> esa ugha
vkrhA D;k blls thouHkj "kM~thofudk; dh fgalk dk R;kx djus dk egkozr
nwf"kr ugha gksrk\

14 iwoZèkj Jh Lo;aHkolwfjth egkjkt us rks n'koSdkfydlw=k esa ^psys.k ok
psyd.ks.k ok gRFks.k ok eqgs.k ok vIi.kks ok dk;a ckfgja ok fo iqXxya u QqesTtk u
oh,Ttk* ¼n-oS- 4@4½ ,slk dgdj ^oL=k }kjk ;k oL=k ds vapy ls] vFkok gkFk
}kjk] ;k eqag }kjk] Lo;a ds 'kjhj dks vFkok ckgj dh fdlh Hkh pht dks Qwadus
dk] cq>kus dk dk;Z lkèkq eu&opu&dk;k ls djuk&djkuk&vuqeksnuk ^NksMs*µbl
izdkj dh ok;qdk; dh j{kk dh ckr crkbZ gSA 14 iwoZèkj Jh HknzckgqLokehth
egkjkt us Hkh vkpkjkax fu;qZfDr esaµ

^fo;.ks v rky;aVs lqIifl;iÙk psyd..ks ;A
vfHkèkkj.kk ; ckfga xaèkXxh okmlRFkkba Ï*

¼vk-fu-Jq- 1@v- 1@3-7@xk- 170½ ,slk dgdj mUgksaus oht.kkµia[kk
oxSjg dh] ok;qdk; dh fgalk ds lkèku ds :i esa] igpku djkdj muls nwj jgus
dh lykg nh gSA**79

mÙkjµia[ks ds pyus ls ok;qdk; dh fojkèkuk gksrh gS] tks lkèkq ds fy, Ñr]
dkfjr] vuqeksfnr] eulk] okpk] dk;su oT;Z gSA fdUrq tgka ia[kk pyrk gks] ogka
cSBus ls ok;qdk; dh fojkèkuk dk dksbZ izlax ugha gksrkA ;fn ia[ks dks lkèkq
pyok, ;k pyrs gq, dk vuqeksnu djs] rks vo'; og nks"k dk Hkkxh cusxkA tgka
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fo|qr~ mRiUu dh tkrh gS ogka Vjckbu ds rh{.k nkarksa ls yk[kksa eNfy;ksa dh fgalk
gksrh gSA Vjckbu ds nkarksa esa Qaldj dVh gqbZ eNfy;ksa ds Fkksdcan ekal ls
Vjckbu caèk u gks tk, blfy, izR;sd N%&vkB ?k.Vksa ds vUrj esa mlds nkarksa dks
lkQ djrs gSaA mlesa ls Vucaèk ekal fudyrk gSA Vjckbu ds ikl esa cgqrk gqvk
ikuh Hkh eNfy;ksa ds [kwu ls yky gks tkrk gSA bruh ?kksj fgalk ds ckn
bysDVªhlhVh mRiUu gksrh gSA bl izdkj dh fgalk dk iki bysDVªhlhVh dk mi;ksx
djus okys dks vo'; yxrk gSA blfy, bysDVªhlhVh ds mRiknu esa fgalk vkSj
og ltho gksus ds dkj.k mlds mi;ksx esa Hkh fgalk dk nks"k Li"V :i ls fn[kkbZ
nsrk gSA

okLro esa =kl&LFkkoj nksuksa izdkj ds <sj lkjs thoksa dh fgalk ls dyafdr gq,
ekbd&ykbZV&Qksu&QsDl oxSjg dk mi;ksx thoui;ZUr loZ fgalk ds R;kxh ,sls
tSu lkèkq&lkèohth HkxoUr fdl izdkj ls dj ldrs gSa\ ,slk djsa rks mudk
vfgalk egkozr fdl izdkj ls fueZy jg ldrk gS\80

mÙkjµtSu lkèkq ,slh dksbZ pht dk iz;ksx ugha dj ldrk] ftlesa egkvkjEHk
rks D;k] vYi vkjEHk Hkh gksA blhfy, vkgkj vkfn Hkh lgt&fu"iUu gksus ls gh
lkèkq xzg.k djrs gSaA vkgkj dh Hkkafr gh oL=k] ik=k] midj.k] LFkku] vkS"kèk vkfn
lHkh phtsa fcuk vkjEHk dgha ugha curhA buds vkjEHk esa Hkh fctyh dk iz;ksx
vuUrj ;k ijEij :i esa gksrk gh gSA ;fn fctyh dh mRifÙk esa egkvkjEHk ds
vkèkkj ij mlds mi;ksx dks lnks"k ekuk tk, rks fQj fctyh dh lgk;rk ls
fu"iUu mDr phtksa dk Hkh mi;ksx lkèkq dSls dj ldrs gSa\ ftl izdkj lgt
fu"iUu mi;qDr phtksa dk mi;ksx lkèkq ds fy, fofgr gS] mlh izdkj ekbd]
ykbZV vkfn x`gLFkksa dh lqfoèkk ds fy, x`gLFkksa }kjk iz;qDr gks rks mldk nks"k lkèkq
dks dSls yxsxk\ Vjckbu esa eNyh vkfn ds dVus dh fgalk dh fØ;k mUgsa yxsxh
tks Ñr] dkfjr] vuqeksfnr :i esa mlesa tqM+rs gSa] fQj Hkys gh os lkèkq gks ;k
x`gLFkA x`gLFk dh viuh lqfoèkk ds fy, yxs ekbd] ykbZV vkfn dk nks"k ;fn
lkèkq dks Hkh yxsxk rks fQj x`gLFkksa ds fy, fufeZr iaMky] LVst] edku ¼mikJ;½
vkfn dk nks"k lkèkq dks D;ksa ugha yxsxk\ tgka rd èkeZ&izpkj dk lEcUèk gS fgalk
ds ekè;e ls èkeZ izpkj djuk gh tc vèkeZ gS rks fgalk ds }kjk èkeZ&izpkj djuk
fofgr dSls gksxk\ ij tSls iqLrd&eqnz.k vkfn esa yxus okyh fØ;k lkèkq dks ugha
yxrh oSls gh ekbd vkfn dh fØ;k Hkh lkèkq dks dSls yxsxh\ ;fn èkeZ&izpkj ds
fy, iqLrd vkfn dk ys[ku lkèkq dj ldrs gSa rks fQj viuh ;rukiwoZd mins'k
nsus esa lkèkq dSls nks"kh gksxk\ ekbd vkfn x`gLFk viuh lqfoèkk ds fy, yxkrs gSa]
;g ckr oSlh gh gS tSls iqLrd dk eqnz.k vkfn x`gLFk viuh lqfoèkk ds fy, djrs

lkèkq cSBs gksa ogka vU; dksbZ O;fDr viuh lqfoèkk ds fy, ia[kk pyk,] rks mlesa
lkèkq dks nks"kh Bgjkuk laxr ugha gSA ml fLFkfr esa lkèkq dk drZO; gS fd og vius
Hkkoksa dk la;e djsµia[ks ls feyus okys lq[k dh dkeuk u djs] eu ls Hkh
vuqeksnuk u djsA ;fn dksbZ ,slk djrk gS] rks mls fuf'pr gh nks"k yxsxk] ;g
Li"V gSA tSls x`gLFk fgalk dj vius fufeÙk ls Hkkstu] ikuh] oL=k] edku] vkS"kèk
vkfn dk fuekZ.k djrk gS vkSj lkèkq dks nsus ij lkèkq mls 'kq) ¼funksZ"k½ vkgkj]
ikuh vkfn ds :i esa xzg.k djrk gS] rks lkèkq dks dksbZ nks"k ugha yxrk] ij ;fn
lkèkq ds Hkkoksa esa bu lcds izfr fdlh izdkj dh Hkkouk gks ;k ekufld vuqeksnu
Hkh gks] rks lkèkq nks"k dk Hkkxh curk gSA oSls gh ia[ks ds lEcUèk esa gSA ia[ks dh
gok yxus ek=k ls mldh fgalk esa lkèkq dks laHkkxh eku ysus dk dksbZ vkSfpR;
fn[kkbZ ugha nsrkA

blesa dgha nks jk; ugha gS fd lkèkq dks u Lo;a fo|qr~ lapkfyd ia[kk pykuk
dYirk gS] u pyokuk vkSj u vuqeksnu djukA blesa Hkys gh fo|qr~ futhZo gS( gkFk
ia[kk Hkh rks futhZo gh gS] ij mldk iz;ksx lkèkq ds fy, f=kdj.k&f=k;ksx ls oT;Z
gSA mlh izdkj fo|qr~ pkfyr ia[ks esa Hkh gSA

vc ;fn x`gLFk viuh lqfoèkk ds fy, ia[kk pykrk gS] ogka lkèkq dks jguk
dYirk gS ;k ugha\ bl iz'u dk xaHkhj fpUru t:jh gSA ;fn lkèkq x`gLFk }kjk
pkfyr ia[ks dk vuqeksnu ¼eulk] ok;k] dk;su½ u djs vkSj ekè;LFk Hkko ls ogka
fLFkr gks] rks ok;qdk; dh fojkèkuk dk nks"k lkèkq dks dSls yxsxk\ D;ksafd ia[ks
}kjk gks jgh ok;qdk; dh fgalk esa lkèkq dh mifLFkfr fdlh Hkh :i esa fufeÙkHkwr
ugha gSA bl fo"k; dh ppkZ igys Hkh dh tk pqdh gSA ;fn tgka ia[kk pyrk gks
ogka lkèkq dks jguk gh ugha dYirk rks fQj iaMky vkfn esa jguk dSls dYisxk\

blfy, Li"V gS fd ftl fØ;k esa lkèkq f=kdj.k&f=k;ksx ls tqM+k gqvk ugha
gS] mldk nks"k lkèkq dks ugha yxrkA x`gLFk vius mi;ksx ds fy, ftu lkèkuksa dk
iz;ksx djrk gS vkSj muesa ogka ok;qdk; ;k =kldk; ;k vU; dksbZ Hkh thoksa dh
fgalk gksrh gS] rks mldk iki x`gLFk dks yxrk gSA ;fn lkèkq mldks u djrk gS]
u djkrk gS] u vuqeksnu djrk gS rks mldk nks"k ugha yxsxkA

ekbd] ykbZV vkfn dh ppkZ Hkh ge dj pqds gSaA

iz'u 34- ^^nwljh ,d egÙo dh ckr ;g gS fd fo|qr~&izdk'k ds mi;ksx esa
ek=k LFkkojdk; vkSj =kldk; thoksa dh fojkèkuk dk nks"k yxrk gSµ,slk ugha gSA
bysDVªhlhVh dh mRifÙk esa Hkh cgqr lkjs =kldk; iapsfUnz; thoksa dh fgalk dk
egknks"k ykxw iM+rk gh gSA ftu egkufn;ksa esa Mse ckaèkdj Vjckbu ds ekè;e ls
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gSaA u iqLrd&eqnz.k esa lkèkq Ñr] dkfjr] vuqeksfnr :i esa layXu gks ldrk gS] u
ekbd vkfn ds iz;ksx esaA

tSu lkèkq ikap egkozrksa dk ikyu djrs gq, gh èkeZ&izpkj djrs gSaA blhfy,
os iqLrd&eqnz.k tSlh lko| izo`fÙk;ksa dks u dj ldrs gSa] u djok ldrs gSa] u
mudk vuqeksnu dj ldrs gSaA ;fn bl lEcUèk esa os egkozrksa dk ikyu oQknkjh
ls dj ldrs gSa rks fQj èkeZ&mins'k ,oa izpkj ds dk;Z dks ml izdkj D;ksa ugha
dj ldrs\ iqLrd&eqnz.k vkSj ekbd] ykbZV vkfn ds lkFk lkèkq dh layXurk leku
gSA fuf'pr gh la;e&èkeZ dks fo'kq) j[kdj gh tSu lkèkq èkeZ&izpkj djs] ;gh
okaNuh; gSA

vkpk;Z rqylh us rsjkiaFk dh uhfr dks Li"V djrs gq, ^ekbd vkfn fo"k;*
dh ppkZ bl izdkj dh gSµ

^^rVLFkrk dh uhfr

la'kksèku vkSj ifjorZu dh uhfr ds lkFk dqN fo"k;ksa esa geus rVLFkrk dh
uhfr viukbZ gSA QksVks] VsifjdkW²Mx] fctyh vkfn dqN ,sls fo"k; gSaA x`gLFk
vius iz;kstuksa ls budk iz;ksx djrk gS] mlesa lkèkq rVLFk jgs rks dksbZ nks"k izrhr
ugha gksrkA rVLFkrk dh uhfr ls esjk vfHkizk; gSµfu"ksèk vkSj vuqeksnu] bl }U}
ls cpdj vizeÙk Hkko ls O;ogkj djus dh uhfrA

izekno'k dqN Hkwysa gks tkuk vlEHko ugha gSA Hkwy dk leFkZu Hkh ugha fd;k
tkuk pkfg,A ;fn bu dk;ks± esa lkèkq dh izsj.kk ;k yxko gks rks og okaNuh; ugha
gSA blds lkFk&lkFk ;g ekudj Hkh ugha cSBuk pkfg, fd bu dk;ks± esa izsj.kk ;k
yxko gq, fcuk dksbZ jg gh ugha ldrkA O;ogkj dh ,slh vusd izo`fÙk;ka gSa]
ftuls lkèkq dks rVLFk jguk t:jh gksrk gSµleFkZu vkSj fu"ksèk] bu nksuksa ls
cpdj viuh fLFkfr esa jguk gksrk gSA

ekbd dk iz;ksx eq[;r% lquus okyksa dh mi;ksfxrk gS lkèkq bl ij cksys rks
mldh Hkh iwjh rVLFkrk cjruh gksrh gSA bldk fu"ksèk u djs rks mldh izsj.kk Hkh
ugha djuh pkfg,A fu"ksèk vkSj izsj.kk ds chp dk jkLrk vo'; gh cgqr ladjk gSA
fdUrq] ml ij pyk ugha tk ldrk] ,slk ugha ekuk tk ldrkA

mDr izo`fÙk;ksa esa eqfu fufeÙk curk gSA vkSj] fufeÙk cuus ls cpuk nsg
èkkj.k vkSj O;ogkj dh fLFkfr esa lEHko Hkh dgka gS\ ;fn eqfu mu izo`fÙk;ksa esa
fyIr u gks rks og mudh vklfDr ls vius vkidks cpk ldrk gSA**81

iz'u 35- ^^,d vkSj egÙo dh ckr rks ;g gS fd lfpÙk ¼= ltho½
rsmdk; ds y{k.k ftlesa fn[kkbZ nsrs gSa oSlh bysDVªhlhVh vkSj cYcizdk'k esa
futhZork dk fu'p; vloZK dks fdl izdkj ls gks ldrk gS\ vloZK O;fDr
rks ,slk O;ogkj ugha dj ldrkA ;fn Lo;a ds ikl miyCèk lkèku lkexzh }kjk
fdlh pht dh futhZork dk vHkzkUr fu.kZ; ugha gks ldrk rks NÉLFk lkèkq&lkèohth
Hkxoar ml pht dk mi;ksx&miHkksx mRlxZ ekxZ ls ugha dj ldrsµ;g crkus
ds fy, rks Je.k Hkxoku egkohj us dsoyKku ds cy ls rkykc ds ikuh dks
futhZo tkurs gq, Hkh vR;Ur I;kl ls O;kdqy lkèkqvksa dks ml izklqd&futhZo
ty dks ihus dh vuqKk ugha nhA D;ksafd dsoyKku }kjk futhZo fn[kkbZ nsus
okyk og ikuh NÉLFk thoksa ds ikl jgus okyh Kku&lkexzh ls futhZo Lo:i
fuf'pr gks lds ,slk lEHko ugha FkkA ,slk gksus ij Hkh I;kl ls O;kdqy lkèkqvksa
dks ;fn oSls ikuh dks ihus dh NwV nsa rks Hkfo";dky esa vusd lkèkq vius ikl
miyCèk lkèku&lkexzh ls futhZo Lo:i ugha tku ikus okyh pht oLrqvksa dk
Hkh izLrqr ǹ"VkUr ds vkyEcu }kjk mRlxZ ekxZ ls mi;ksx djus yxsaxsµ;g izcy
laHkkouk FkhA ,slh xyr ijaijk dk izkjaHk gks tk,xkA ijeÑikyq ijekRek dSls
gksus nsrs\ blfy, mUgksaus og ikuh futhZo gksrs gq, Hkh ml ikuh dks ihus dh
vkKk ugha nhA ;g leLr ?kVuk vkpkjkaxo`fÙk esa Jh'khykadkpk;Z us bl izdkj
ls crkbZ gSµ

^^dkyrLRofpÙkrk LoHkkor% Lok;q%{k;s.k okA lk p ijekFkZrks·fr'k;KkusuSo
lE;d~ ifjKk;rs] u NkÉfLFkdKkususfr u O;ogkj&iFkeorjfrA vr ,o p
r`"kk·frihfMrkukefi lkèkwuka LoHkkor% Lok;q%{k;s.kk·fpÙkhHkwrefi rMkxksnda ikuk;
oèkZekuLokeh Hkxoku~ ukuqKkroku~] bRFkaHkwrL;k·fpÙkhHkouL; NÉLFkkuka nqYyZ{;Rosu
ek Hkwr~ loZ=kk·fi rMkxksnds lfpÙks·fi ik'pkR;lkèkwuka izo`fÙkizlú bfr ÑRok*
¼vkpkjkaxfu;qZfDr vè;;u&1 i`Fohdk;@xk- 13 dh o`fÙk½

bl vfr mÙke ,sfrgkfld vkSj vkxfed vkn'kZ dks utj le{k j[kdj]
izdk'k&nkgdrk bR;kfn rsmdk; ds y{k.k ftlesa fn[kkbZ nsrs gSa oSlh bysDVªhlhVh
dk] fo|qrizdk'k dk] bysDVªhlhVh ij vkèkkfjr leLr lkèkuksa dk vkSRlfxZd
mi;ksx] loZ fgalk dk thouHkj R;kx djus okys lkèkq&lkèohth Hkxoar fdl izdkj
ls dj ldrs gSa\

blls fu"d"kZ fudyrk gS fd dsoyKku }kjk futhZo Lo:i esa fuf'pr gqvk
ikuh Hkh JqrKku dh n`f"V ls futhZo :i fl) u gks rc mldk ltho ds :i esa
O;ogkj djuk ;gh loZK rhFk±dj HkxoUrksa dks ekU; gSA eryc fd ltho&futhZo
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dk O;ogkj rFkk fu.kZ; djus ds fy, gekjs fy, dsoyKku dh rqyuk esa JqrKku
cyoku izek.k fl) gksrk gSA bl vis{kk ls dsoyKku dh rqyuk esa JqrKku
cyoku fl) gksrk gS rks eancqf) ;k 'kq"d rdZ dh rqyuk esa rks JqrKku T;knk
cyoku curk gh gSA gekjs fy, rk s JqrKku dh gh lcls T;knk
fo'oluh;rk&mikns;rk&izek.k:irk gSµ,slk lwfpr djus ds fy, rks ^Jqrèkj
xos"k.kk djds] Jqr ds mi;ksx ls funksZ"k Lo:i tkuus ds ckn] tks xkspjh ykrs gSa]
og xkspjh dsoyh dks nksf"kr fn[kkbZ ns rc Hkh dsoKkuh ml xkspjh dk mi;ksx
djrs gSaA vU;Fkk Jqr vizkekf.kr gks tkrk gS*µ,slk HknzckgqLokehth us fiaMfu;qZfDr
esa crk;k gSA ;g jgh og xkFkkµ

^vkgks lqvksomÙkks lq;uk.kh tb fo fx.gb vlq)aA
ra dsoyh fo Hkqatb viek.ka lq;a Hkos bg jk Ï* ¼xk- 524½

blhfy, rks fdlh Hkh izdkj ds vrhfUnz; inkFkZ ds Lo:i oxSjg fo"k; esa
gekjs lHkh la'k; nwj djus ds fy, JqrKku gh vR;Ur vknj.kh; ije fo'oluh;]
n`<+ vkèkkjHkwr vkSj izcy izek.kHkwr gSA

orZeku esa miyCèk iapkaxh vkxe vkSj vkxekoyach Jqr ds ekè;e ls
mi;qZDr izdkj ls fopkj&foe'kZ djrs gq, gesa rks ^bysDVªhlhVh vkSj cYcizdk'k
oxSjg ltho vfXudk; gh gSa*µ,slk fuf'pr :i ls ekywe iM+rk gSA HkoHkh#&ikiHkh#
eqfu&eqeq{kq&J)kyq vkjkèkd O;fDr bl ckcr esa eè;LFkrk ls vkxekuqlkj fu.kZ;
dj ldsa bl vk'k; ls vkxekfn ds opu] rFkk foKku dks Hkh vknj dh n`f"V ls
ns[krs gq, vkjkèkd] foKku vkSj vkxe ds leUo; ls fuf'pr dj ldsa blfy,
vkèkqfud lkbUl ds fl)kUrksa dks Hkh izLrqr fopkj.kk esa vkèkkj :i ls crk, gSaA
nksuksa ǹf"V ls fopkj djus ls gesa ^bysDVªhlhVh vkSj fo|qr cYc dk izdk'kµ;s
nksuksa ltho vfXudk; gSaA* ,slk fulfUnXèk :i ls Kkr gksrk gSA**82

mÙkjµfdlh pht dh lthork&futhZork dks loZK }kjk fofgr funsZ'kksa ds
vkèkkj ij vloZK tku ldrk gSA tSls m".k ty ;k 'kL=kifj.kr ty lkèkq xzg.k
djrk gS] ml le; og loZK }kjk fufnZ"V dlkSfV;ksa dks vkèkkj cukrk gS] oSls gh
vfXudk; ds fy, loZKksa }kjk fufnZ"V dlkSfV;ksa dks dldj ;g fu.kZ; ysuk
vloZK ds fy, dksbZ dfBu ugha gS fd fo|qr~ ¼bysDVªhlhVh½ vius vki esa futhZo
gSA mlds dkSu&ls iz;ksx esa vfXudk; ;k ok;qdk; ;k =kldk; ;k vU; dksbZ tho
dh fgalk gks ldrh gS ;k ugha gks ldrhµmldk fu.kZ; Hkh loZK }kjk fufnZ"V
dlkSfV;ksa ds vkèkkj ij HkyhHkkafr fd;k tk ldrk gSA tSlsµgkFk&ia[kh ;k ia[ks dk
iz;ksx ok;qdk; dh fojkèkuk esa Li"Vr% dkj.kHkwr curk gS] oSls gh fctyh }kjk

pkfyr ia[kk Hkh ok;qdk; dh fojkèkuk dk dkj.k curk gh gSA blhfy, tSu lkèkq
u Lo;a fctyh ds ia[ks dks pyk,] u vkSjksa ls pyok, vkSj u gh pyrs gq, dk
vuqeksnu djsa] fdUrq x`gLFkksa }kjk viuh lqfoèkk ls pyk, x, ia[kksa ds uhps cSBs
gq, lkèkq dks ok;qdk; dh fojkèkuk dk nks"kh dSls ekuk tk,xk\ ;fn eu ls Hkh
mldk vuqeksnu og dj nsxk] rks nks"k yxsxk ghA

tSu lkèkq tks Hkh phtsa xzg.k djrs gSa] os vfpÙk ¼futhZo½ gSa] ,slk fu.kZ;
vkxe] Jqr] vkKk] èkkj.kk vkSj thrµbu ikap O;ogkjksa ds vkèkkj ij djrs gSaA
bl fo"k; esa JheTt;kpk;Z us cgqr Li"V :i ls izfriknr fd;k gSA ¼ns[ksa] fVIi.k
la[;k 42½

blh vkèkkj ij rsjkiaFk èkeZla?k esa jk[k ;k pwuk ls ifj.kr ikuh dks vfpÙk
ekudj xzg.k fd;k tkrk gSA Qy vkfn lUnHkZ esa Hkh dkSu&lk Qy fdl fLFkfr
esa lfpÙk gS] fdl fLFkfr essa vfpÙk gS] bldk fu.kZ; djus gsrq vyx&vyx
dlkSfV;ka fuèkkZfjr dh xbZ gSaA mlh rjg lSy }kjk lapkfyr ?kM+h dk iz;ksx fofgr
ekuk x;k gSA cgqr lkjh izo`fÙk;ka lnks"k u gks] fQj Hkh tc rd mUgsa oT;Z ekuk
tkrk gS] dksbZ Hkh lkèkq rsjkiaFk èkeZla?k esa mu izo`fÙk;ksa dks ugha dj ldrkA blh
vkèkkj ij ekbd] ykbZV vkfn dk iz;ksx lkèkq Lo;a ugha djrsA x`gLFk viuh
lqfoèkk ds fy, djrs gSa( fdUrq ekbd esa lkèkq dk 'kCn tkus ls lkèkq dks nks"k ugha
yxrk] lgt&fu"iUu ykbZV vkfn dk izdk'k dke esa ysus ls Hkh lkèkq dks nks"k ugha
yxrk] blfy, bl izdkj ds dk;ks± dk foèkku rsjkiaFk dh e;kZnk esa fparuiwoZd
fd;k x;k gSA

^^Jqrèkj ¼eqfu½ xos"k.kk djds Jqr ds mi;ksx ls funksZ"k Lo:i tkuus ds
ckn tks xzg.k djrk gS] og dsoyh dks v'kq) ¼nks"k;qDr½ fn[kus ds ckn Hkh dsoyh
mldk mi;ksx djrs gSa] vU;Fkk Jqr vizekf.kr gks tkrk gSA**µ;g m)j.k gh
cgqr Li"Vr;k JqrKku ds fu.kZ; dks dlkSfV;ksa ij dlus ds i'pkr~ 'kq) crkrk
gSA fo|qr~&fo"k;d voèkkj.kk ij tks fpUru izLrqr fd;k x;k gS] og futhZo :i
esa mls fl) djrs gSaA bl JqrKku dk vkèkkj gh O;ogkj esa Lohdk;Z gSA ¼;g
igys Hkh Li"V dj pqds gSa fd tgka rd izkek.; dk lEcUèk gS] rsjkiaFk ewy 32

vkxeksa dks gh izek.k ds :i esa Lohdkj djrs gSaA iapkaxh dk izkek.; ekU; ugha
gSA½83

iz'u 36- ^^fiaMfu;qZfDr esa ^ta lafd;ekoUuks i.kohlk* ¼xk- 521½ ,slk
dgdj JhHknzckgqLokehth }kjk crkbZ xbZ ,d vkSj ckr ;gka vfuok;Z :i ls ;kn
vk tkrh gSA xkspjh ysus x, lkèkq dks ^lkeus iM+h gqbZ Hkkstukfn lkexzh lfpÙk gS
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vFkok vfpÙk\* bl ckr dh ;fn 'kadk gks tk, vkSj mldk lekèkku u gksus ij
;fn og ml pht dks xzg.k djrk gS rks ml lkèkq dks lfpÙkHk{k.kfufeÙkd deZcaèk
gksrk gS] ugha fd vfpÙkHk{k.kfufeÙkdykHkA bl n`f"Vdks.k ls fopkj djrs gq, dg
ldrs gSa fd mi;qZDr vusd vkxe izek.k bR;kfn }kjk fdlh O;fDr dks ̂ bysDVªhlhVh
vkSj fo|qr~ izdk'kµnksuksa ltho gSa* ;g fu.kZ; u gksus ij Hkh ^;g ltho gS ;k
futhZo\* bl izdkj dh 'kadk Hkh gks rks ,sls 'kadkxzLr lkèkd dks ekbd&ykbZV
bR;kfn dk mi;ksx djus ls rsmdk; fojkèkuk&fufeÙkd deZcaèk gh gksrk gSA bruh
ckr rks fuf'pr gh gSA vHkh rd tks ;gka fopkj fd, x, gSa muls izkKksa dks
bysDVªhlhVh vkSj cYcizdk'k bR;kfn dh lthork ds lEcUèk esa 'kadk Hkh mRiUu
u gks] D;k ;g laHko gS\**84

mÙkjµloZizFke rks 'kadk ds fy, LFkku gh ugha gSA mi;qZDr lexz foospu
ls tc ;g Hkyh&Hkkafr Li"V gS fd bysDVªhlhVh vius vki esa dsoy ikSn~xfyd
ifj.keu gh gS] rc fQj 'kadk ds fy, vodk'k dgka gS\ tgka rd ykbZV&ekbd
vkfn dk lEcUèk gS] mlds fy, tSls m$ij Li"V fd;k x;k gS fd ;fn lkèkq
Ñr&dkfjr&vuqeksfnr ls eqDr jgrk gS rks fQj mls dSls mldk nks"kh ekuk
tk,xk\

vius O;ogkj esa vius fu.kZ; dk vkèkkj viuk foosd ,oa la;e gh curk
gSA Hkkstu vkfn ds xzg.k esa Hkh 'kadk dk fuokj.k dk vkèkkj viuk foosd ,oa
la;e gh gksrk gSA mlds vkèkkj ij 'kadk&jfgr gksdj gh lkèkq Hkkstu vkfn xzg.k
djrs gSaA mlh izdkj izLrqr izlax esa Hkh tc ;g 'kadk ugha gS fd ^^bysDVªhlhVh
'kk;n ltho gks**] rks mlh vkèkkj ij fu.kZ; fd;k tk,xkA bysDVªhlhVh ds
dkSu&ls iz;ksx esa ;g lEHkkouk gS] bldk fu.kZ; djds gh 'kadkeqDr gksdj gh ml
lEcUèk esa O;ogkj fd;k tk,] rks dgka vkifÙk gS\
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Hkkx&2

fVIi.kh&Øe

1- eqfu ;'kksfot;th] fo|qr~ ltho ;k futhZo ¼f}rh; vko`fÙk½] i`"B 15

2- ogh] ì"B 17] 18] 19

3- cYc esa VaxLVu ds rkj dh ilanxh D;ksa dh tkrh gS] og fuEu m)j.k ls
Li"V gks jgk gS ¼baVjusV ls izkIr½µ

"How does a regular lamp (light bulb) work?

A normal incandescent lamp contains a double-wound tungsten

filament inside a gas-filled glass bulb. By "double-round", I mean

that a very fine wire is first wound into a long, thin spiral and then

this spiral is again wound into a wider spiral. While the final filament

looks about 1 or 2 centimeters long, it actually contains about 1

meter of fine tungsten wire. When the bulb is on, an electric current

flows through the filament from one end to the other. The electrons

making up this current carry energy, both in their motion and in the

forces that they exert on one another. As they flow through the fine

tungsten wire, these electrons collide with the tungsten atoms and

transfer some of their energy to those tungsten atoms. The tungsten

atoms and the filament become extremely hot, typically about 2500°

Celsius. Tungsten wire is used because it tolerates these enormous

temperatures without melting and because it resists sublimation

longer than any other material. Sublimation is when atoms

"evaporate" from the surface of a solid. The gas inside the bulb is

there to slow sublimation and extend the life of the filament.

Once the filament is hot, it tends to transfer heat to its colder

surroundings. While much of its heat leaves the filament via

convection and conduction in the gas and glass bulb, a significant

fraction of this heat leaves the filament via thermal radiation. For

any object that is hotter than about 500° Celsius, some of this thermal

raidiation is visible light and for an object that is about 2500° Celsius,

about 10% is visible light. The light that you see from the bulb is the

visible portion of its thermal radiation. However, most of the

filament's thermal radiation is invisible infrared light. While you

can feel this infrared light warming your hand, you can't see it.

Because only about 80% of the electric power delivered to the bulb

becomes thermal radiation and only about 12% of that thermal

radiation is visible, an incandescent light bulb is only about 10%

energy efficient. Other types of lamps, including flourescent and

gas discharge lamps, are much more energy efficient."

4- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 19] 20

5- izFke Hkkx dk fVIi.k 44 (a), (b), (c) nz"VO; gSA

6- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 102

7. (a) Satish K. Gupta, op. cit., p. 736—

"Hertz's experimental arrangement consists of two metal plates

P
1
 and P

2
 held parallel to each other and connected to two metal

spheres, S
1
 and S

2
 through thick metallic rods R

1
 and R

2
. The

distance between the metal plates was about 60 cm and the

separation between the two spheres was about 2–3 cm. The

spheres can be slided over the rods, so as to adjust the gap

between them. An induction coil is used to apply a high voltage

of several thousand volt across the two metal plates. When the

discharge of metal plates takes place in the form of a spark in

the gap between spheres S
1
 and S

2
, eelctromagnetic waves are

radiated. The waves so radiated can be detected with the help of

a detector made of a circular coil and two metal spheres S
1
' and

S
2
'
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Explanation. The high potential difference across the metal

plates ionises the air between the sphers S
1
 and S

2
 and allows a

path for discharge of plates. During the discharge of plats, a

sparks is produced between the spheres due to the high potential

difference.

(= 5 × 107 Hz). It results in oscillations of charges on the plates

at such a high frequency. Therefore, a highly ascillating

electricfied is produced acrass the vertical gap between the tow

sphers. It, in turn, produces a highly oscillating magnetic field

of same frequency in horizontal plane and perpendicular to the

gap between the spheres. The oscillating electric and magnetic

fields constitute electromagnetic waves of the same frequency (

5 × 107 Hz.) and these waves are radiated from the spark gap."

(b) Text-book of Physics (Std. XII), part II, Pages 95-97—

Here, Q
1
 and Q

2
 are two metallic spheres. Joined to them are

two metallic rods M and N with some space between called

spark gap S. The rods are connected to the two terminals of an

induction coil to provide high intermittant voltage. The spheres

Q
1
 and Q

2
 act as capacitors and the rods acts as inductors. This

arrangement threfore, acts as an oscillagling circuit in which

atternately Q
1
 and Q

2
 acquire positive and negative charges

which reverse in their polarity each time a spark passes across

the gap S. The process repeats itself rapidly with a difinite period.

The electromagnetic waves generated in the process are detected

by another spark gap arrangement R placed at some distance

from S. The spheres Q
1
 and Q

2
 which can be adjusted along the

rods M and N are slided so that the circuit of the gap S is in

resonancw with R. The electromagnetic waves generated at S

are then detected as sparks occuring across the gap R.

When a spark passes across S, a stream of electrons pass across

the spark gap from the negatively charged sphere to the positively

charged sphere, reversing their polarities. In this situation the

direction of the electric field at C and D will be reversed. Thus,

at each passage of spark the polarity of charges on Q
1
 and Q

2

reverses and the electric field dirction in the surrounding region

also reverses; i.e. the electric field oscillates.

Further, the stream of electrons crossing the spark gap constitutes

a current. This alternating current in the spark gap generates

an alternating magnetic filed in the neighbourhood. Application

of Ampere's right hand rule readily shows that the resulting

magnetic field is perpendicular to the electric field.

According to Maxwell's electromagnetic field theory, these

electric and magnetic fields in the neighbourhood do not appear

instantaneously. The influence of the oscillations of S spread to

the neighbouring region with velocity of light. Thus, at various

points in the region around S, the oscillations have phases which

depend upon their distance from S.

7. (c) ns[ksa] izFke Hkkx] fVIi.k 54] 55

8- ns[ksa] izFke Hkkx] fVIi.k 61

9. http://www.edmtt.com/articles reports/edmprocesses.html. by Dean

Brink, President and Technical Director, EDM Technolgoy Transfer.

EDM: Principles of operation, Part I, Different types of machining

processes that use EDM. Pages 1, 2, 3

10. G.E.C. Type K Oil Circuit Breakers, by The General Electric

Company of India Ltd.

Circuit Breaker

Type K range of oil circuit breakers have been designed for use on

systems upto 660 volts and for normal current ratings upto 1200 A.

The circuit breakers are of fabricated sheet steel construction and

specially designed for installations in situation where reliability and

robust construction are essential.
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All circuit breakers are subjected to a series of routine mechanical

and electrical tests to ensure proper and reliable working in service.

The circuit breaker has double break contacts, the contacts being of

spring loaded multifinger type engaging with a moving crossbar

and giving high pressure line contact.

The trip free operating mechanism is self contained and all working

parts are adequately electroplated. Gaskets are provided to prevent

oil throw and to seal off dirt and dust.

Mechanical ON/OFF indication of the breaker is provided and

connections are available for electrical indication.

All circuit breakers of the same rating are interchangeable.

Isolating contacts

The main isolating finger contacts are of the self aligning multiple

plug-and-socket type with silver to silver contact faces, and designed

to ensure high-pressure multi-line contacts; they are mounted on

robust insulation bases. Secondary isolating plugs and sockets which

are spring mounted to ensure self-alignment are provided for

auxiliary and control circuit connections.

Interlocks

A system of mechanical interlocks ensures that it is not possible to

make or break the load on the isolating contacts or remove the breaker

tank and top plate while the circuit breaker is ON.

Trip Coils

Any combination of over current, earth fault, under voltage and shunt

trip coils, upto a maximum of four, can be incorporated.

Over current coils are adjustable from 75% to 200% of the full load

current and are fitted with oil dashpot time lags having an inverse

time characteristic. The settings of the overload trip coils can be

adjusted from the front of the circuit breaker. The dashpots are fitted

with a padlocking device to prevent unauthorised alteration of the

settings.

Earth fault trip coils are available with tappings to suit individual

requirements.

Current Transformers

The current transformers are of air cooled ring type and comply

with the appropriate British & Indian Standard Specifications and

are fitted on each phase within the circuit breaker.

11- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 24

12- ogh] ì"B 25
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13- ogh] ì"B 26] 27µ

"A light bulb also has most of the air sucked out of it. If it did not,

wire would actually burn up instantly. When a light bulb 'burns out',

it is because the filament slowly vaporizes." [url:http.//

www.madsci.org/posts/archives/May 97/864507907.ph.r.h tme.]"

14- ogh] ì"B 27µ

"Inert gases such as nitrogen and argon were later added to the bulbs

to reduce tungsten evapouration, or sublimation."

[url.http//www.geocities.com/bio-electrochemistry/coolidge.html.)"

15- ogh] i`"B 27&30

16- ogh] ì"B 31] 32

17- ogh] i`"B 26 ¼iwoZ iz'u 7 esa m)̀r½

18- ogh] ì"B 32] 33

19- ns[ksa] izFke Hkkx dk lkroka izHkkx ¼i`"B 42½A

20- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 33&35

21- ogh] ì"B 36] 37

22- ogh] i`"B 37&43-

23. (a) Satish K. Gupta, op.cit., p. 502—

“Magnetic Field and Magnetic Field lines

Magnetic field. The space around a magnet (or a conductor

carrying current), in which its magnetic effect can be

experienced, is called the magnetic field.

The magnetic field in a region is said to be uniform, if the

magnitude of its strength and direction is same at all the points

in that region.

A uniform magnetic field is represented by equidistant parallel

arrows.

The  magnetic field of a bar magnet can be plotted by using a

small compass needle. It is found that the magnetic field

produced by a bar magnet and a current carrying straight

solenoid are identical. Fig. shows the magnetic field produced

by a bar magnet. It follows that magnetic field produced by a

current carrying straight solenoid is identical to that produced

by a bar magnet. The magnetic field lines do not exist in reality.

This hypothetical concept has been developed in order to

visualize the strength of magnetic field in different regions and

the effect of magnetic field. The regions, where the magnetic

field lines are close enough (crowded), the magnetic field is

considered as quite strong there.

2. Usually, the strength of magnetic field B is simply called

magnetic field.

Magnetic field line. The magnetic field line is the path along

which an isolated north pole will tend to move, if it is free to do

so.”

(b) Text-book of Physics (Std. XII) Part 2, Pages 39-42, 48, 49—

“The large scale supply of electrical power for the household

and the industrial uses is through a different process—

conversion of mechanical energy to the electrical energy by

means of suitable generators (turbines) in power houses. In this

chapter we will learn about the principles involved in generation

of power in this way, viz. the electromagnetic induction.

1. Electromagnetic Induction and Faraday' Experiments

A scientist named Michel Faraday discovered in the year 1831

that a change in the value of the magnetic flux linked with a

conducting coil give rise to the induction of an electron motive

force in the coil. The emf generated this way is called the induced

emf. Fig. 1 illustrates simple experiment which demonstrates

the electromagnetic induction. In this experiment, a sensitive

galvenometer is connected in series with a conducting coil.

In fig. 1(a), a bar magnet is held stationary with respect to the
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coil. No deflection of galvenometer is observed under this

situation. Now if the bar magnet is quickly moved towards the

coil, with one of its poles facing the coil, the galvenometer

records a deflection, showing that some current flows through

the coil. It is also seen that faster the magent is moved, greater

is the deflection of the galvenometer. Similiar effects are also

observed if the coil is moved keeping the magnet fixed. Again,

deflection in opposite direction is observed. When the magnet

is moved away, to that recorded when the magnet is moved

towards the coil. If the galvenometer deflects on one side when

a particular pole is facing the coil (say north pole), delection of

the opposite sense is recorded if the other pole is made to face

the coil; when the magnet is brought near the coil. Also

whenever, the coil and the magnet are stationary with respect

to each other, no deflection is observed.

The above results can be understood as follows. When the bar

magnet is near the coil some of the magnetic lines of force are

passing through the coil; that is "some magnetic flux is linked

with the coil". Now when there is relative motion between the

coil and the magnet, the amount of flux linked with the coil is

changing. When the relative motion stops, there is no further

chang in the amount of the flux linked. So we conclude that,

“when there is a change in the flux linked with the coil, there is

an emf generated in the coil". The observation that a faster

motion of the magnet gives rise to a larger defiection, shows

that the emf generated depends upon the rate of change of the

flux linking the coil. The current resulting from this "induced

emf" is called the "induced current". To cause the change in the

flux linked with the coil, it is not necessary to have a bar magnet.

If two coils S and P are placed near each other as shown in fig.

2; and a key connected in the circuit of the coil P is switched on

and off so that current alternately flows and stops flowing

through the coil P, the galvenmeter connected in the circuit

with the coil S alternately shows a deflection on one and the

other side. Further, if a steady current is maintained in the coil

P and the two coils are moved relative to each other, then also a

current is induced in the coil S. Here, it is the flux generated by

the current in the coil P that links with the coil S and a change

in that flux causes an induced emf in the coil S.

2. Lenz's Law

We have yet not said anything regarding the magnitude and the

direction of the inducted emf. This direction of emf and the

resultig direction of the induced current can be inferred from

the considerations based on the principle of conservation of

energy and this leads us to Lenz's law.
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When a current flows in a coil, magnetic flux is produced due

to this current and the coil now acts as a magnet. Which face of

the coil acts like a north pole and which face becomes a south

pole depends upon the direction of the current in the coil.

Fig. 3 shows a cross section of the coil. Looking at the coil if

the currentappears to be flowing through, it in a counterclockwise

direction, then the side of the coil facing the observer is its

north pole. If the current appears Clockwise then the side towards

the observer is the south pole. This is made clear in fig. 3.

Consider moving a bar magnet with its north pole towards the

coil. When the magnet is moved towards the coil, if the induced

current is such that the side of the coil facing the magnet becomes

a south pole, then there would be a force of attraction between

the magnet and the coil, and due to this force magnet would be

further drawn nearer. Thus, the induced current would be

generated without doing work. Heat2 energy can now be obtained

by connecting a resistance to its circuit, without spending any

mechanical energy. One can see that this violates the

conservation of energy. So, when a north pole of the magnet is

brought near the coil, the side of the coil towards the magnet

must become the north pole, so that the induced current resists

the motion of the magnet. It is the work done is moving the

magnet against this force, that gets converted to the electrical

energy and can be used, for example to generate the heat energy

as I2Rz. Thus, we see that the direction of the induced current

and the corresponding direction of the resulting magnetic field

is a consequence of the conservation of energy. This leads us to

Lenz’s law which states :

“If an agency generates an induced emf through its action (such

as motion of the magnet as illustrated) the induced emf would

be such that the current produced by this emf would generate a

magnetic field such as to oppose the action of the agency.”

3. Faraday's Law

Faraday gave the law relating the induced emf in a circuit with

the rate of change of the flux as "the negative time rate of change

of magnetic flux linked with a circuit is equal to the induced

emf in the circuit.”

4. Self Induction

We have learnt that when a current passes through a coil, some

magnetic field is created so that the coil itself behaves like a

magnet. The magnetic flux prroduced by the current in the coil

is linked with the coil itself (fig. 8), and when the current in the

coil changes, this flux linked with the coil also changes.Under

such circumstances also, there would be an emf induced in the

coil which is called the "self induction". If the number of turns

in a coil is N and the flux linked with each turn is φ, then the

total flux linked with the coil is Nφ.

The parameter L (i.e., total flux due to unit current) here is

called the self inductance of the coil. Its value depends upon the

size and shape of the coil as well as the number of turns. It also

depends upon the magnetic property of the medium of the space

within the coil, e.g., if the coil is wound around a soft iron core

(after ensuring proper insulation) it attains a very large value.

24- tSls QksVksu d.k vkSj rjax nksuksa :i esa O;ogkj djrs gSa] oSls gh bysDVªksu Hkh
d.k vkSj rjax nksuksa :i esa O;ogkj djrs gSaA bl rF; dks HkkSfrd'kkL=k esa bl
izdkj le>k;k x;k gSµ

Satish K. Gupta, op.cit., pp. 1093, 1094—
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“Dual Nature of Radiation

The phenomena such as interference, diffraction and polarisation

were successfully explained on the basis of wave nature of light. On

the other hand, photoelectric effect, Compton effect, etc. can be

explained on the basis of quantum nature of radiation. For instance,

in photoelectric effect, when a photon of radiation strikes a metal

surface, it gives up all its energy to a single electron in an atom and

the electron is knocked out of the metal. It carries a part of the

energy of the incident photon. In Compton effect, when an X-ray

photon is incident on a free electron, the electron recoils along a

definite direction with some energy depending upon the direction

along which incident photon is scattered. From these two effects, it

appears as if  a particle (photon of radiation) is colliding against

and another particle (electron). Hence, it became necessary to assume

that in photoelectric effect and Compton effect, radiation exhibits

particle nature.

The various phenomena concerning radiation can be divided into

three parts :

(i) The phenomena such as interference, diffraction, polarisation,

etc. in which interaction of radiations takes places with

radiation itself. Such phenomena can be explained on the basis

of electro-magnetic (wave) nature of radiation only.

(ii) The phenomena such as photoelectric effect, Compton effect,

etc. in which interaction of radiation takes place with matter.

Such phenomena can be explained on the basis of quantum

(particle) nature of radiation.

(iii) The phenomena such as rectilinear propagation, reflection,

refractin, etc. in which the interaction of radiation takes place

neither with itself, nor with matter. Such phenomena can be

explained on the basis of either of the two natures of the

radiation.

It may be pointed out that in a particular experiment, radiation has

a particular nature i.e. either it possesses wave nature or particle

nature.

De-Broglie Waves

Radiation behaves both as wave and particle. In 1924, Loius de-

Broglie put forward a bold hypothesis that matter should also possess

dual nature.

The folloowing observations led him to the duality hypothesis for

matter :

1. The whole energy in this universe is in the form of matter and

electromagnetic radiation.

2. The nature loves symmetry. As the radiation has got dual nature,

matter should also possess dual nature.

Thus according to de-Broglie, a wave is associated with every moving

particle. These waves are called de-broglie waves or matter waves.

According to quantum theory of radiation, energy of a photon is

given by E = hv

Therefore, the wavelength of the photon is given by

λ = (p is momentum).

  de-Broglie asserted that the equation is completely a general formula

and applies to photons as well as other moving particles. The

momentum of a particle of mass m moving with velocity v is m v.

Hence, de-Broglie wavelength is given by

λ = 

This is called de-Broglie relation. It connects the momentum, which

is characteristic of the particle with the wavelength, which is

characteristic of the wave.

25. (a) rjy inkFkks± esa fo|qr~&izokg dks izokfgr dj jklk;fud izHkko ls
^bysDVªksykbfll* ds }kjk jklk;fud csVfj;ksa esa fo|qr~ mRiUu fd;k
tkrk gSA bls le>us ds fy, ns[ksa] Satish K. Gupta, op. cit. p.

346—

“Chemical Effect of Electric Currents

If electric current is passed through a liquid, it may or it may

not alllow even the passage of current through it. In fact, on the

basis of their electric behaviour, the liquids may be divided into

three classes :

(i) The liquids which do not allow current to pass through

them. Form example, distilled water vegetable oil, etc.

(ii) The liquids which allow current through them but do not

dissociate into ions. For example, mercury.
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(iii) The liquids which allow current through them by

dissociating into ions. For exmaple, salt solutions, acids

and bases. Such liquids are called electrolytes.

The process of dissociation of a liquid into ions on passing

current through it, is called electrolysis.

Therefore, passage of electric current through the electrolytes

produces chemical effect.

Electrolyte

The substances, which dissociate into ions and when in solution

form, allow electric current to pass through them, are called

electrolytes. For example, acids, bases, acidulated water, salt

solution, such as copper sulphate, silver nitrate, etc.

On the basis of their behaviour towards the passage of electric

current, the electrolytes are of the following two types :

1. Strong electrolytes. Those electrolytes, which are more or

less completely ionised in their solutions, are called strong

electrolytes. For example, HCl, NaOH and NaCl.

2. Weak electrolytes. Those electrolytes, which are ionised to

a small extent in their solutions, are called weak electrolytes.

For example, NH
4
Cl, CH

3
COOH and H

2
CO

3
.

Electrolysis

The process of liberating free elements from an electrolytic

solution, when electric current is passed through it, is called

electrolysis.

When an electrolyte, such as copper sulphate (CuSO
4
) is

dissolved in water, it dissociates into ions.

Consider that the copper sulphate solution is taken in a vessel

and current is passed through it by sing two electrodes and a

source of e.m.f. The electrode, through which the current enters

the electrolytic solutions, is called anode, while the other

electrode, through which current leaves, is called cathode.

On passing current, Cu++ ions drift to the cathode, while SO
4

– –

ions towards this anode. At the cathode, Cu++ ions discharge

themselves and copper atoms are liberated at the cathode.”

(b) Satish K. Gupta, op. cit. Pages 212-216 (Voltaic Cell, Daniel

Csu, Lechanche Cell) "In voltaic cell, for each Zn++ ion so

produced, two electrons (2 e–) are left on the zinc rod. As more

and more Za++ ions enter the electrolyte, the zinc rod becomes

more and more negative. Also, the concentration of Za++ ions

in the electrolyte goes on increasing. The H+ drift to the copper

rod. On reaching the copper rod, the H+ ions extract electrons

from the rod and form neutral hydrogen atoms. Asa result of it

copper rod acquires positive charge. As more and more H+ ions

ions discharge at the copper rod, it becomes more and more

positive. Due to positive charges building up on copper rod and

negative charge on the zinc rod, the potential difference between

the two rods goes on increasing. It continues, till the potential

gradient along the electrolyte between copper and zinc rod just

restricts the drift of H+ ions to the copper rod.

Daniel Cell

It was developed by Daniel in the year 1836.

Construction. It consists of  a copper vessel containing copper

sulphate (CuSO
4
) solution. The copper vessel itself acts as the

positive pole of the cell, Inside the CuSO
4
 solution, a porus pot

containing an amalgamated zinc rod and dilute H
2
SO

4
 acid is

placed. Whereas the porus pot prevents the dilute H
2
SO

4
 and

the CuSO
4
 solution from mixing with each other, it allows the

H+ ions produced in the porous pot to diffuse through its walls

into the CuSO
4
 solution. The amalgamated zinc rod is used in

order to avoid the defect of local action from occuring in the

cell. The amalgamated zinc rod acts as the negative role of the

cell and both the CuSO
4
 solution and dil, H

2
SO

4
 serve as the

electrolyte. However, the CuSO
4
 solution serves as depolariser

also.

When the cell functions, the concentration of CuSO
4
 solution

falls. In order to keep the concentrate of CuSO
4
 solution constant,

the crystals of CuSO
4
 are placed on the perforated shelf provided

along walls of the copper vessel.

Action. Inside the porus pot, the dilute H
2
SO

4
 acid disociates

into H+ and SO
4

– – ions. As them rod is dipping inside the dilute

H
2
SO

4
 acid, some of the zinc atoms go into the solution as Zn++

ions. In each Zn++ ion going into the solution, two electrons are

left on the zind rod. As the concetration Zn++ ions in the solution

increases, zinc rod becomes more and more negative and the
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H+ ions dilute through the walls of the porus pot into the CuSO
4

solution.

The formation of ZnSO
4
 on the porus pot does not affect the

working of the cell, until crystals of ZnSO
4
 are deposited along

its walls.

As the Cu++ ions deposit on the copper vessel, it acquires

positive charge. Due to building up of the positive charge on

the copper vessel and negative charge on the zinc rod, the

potential difference between the two poles of the cell goes on

increasing.

Leclanche Cell

It was invented by George Leclanche in the year 1865.

Construction. It consists of a glass vessel con (NH
4
Cl) as

electrolyte. An amalgamated zinc rod dipping in the NH
4
Cl

solution acts as the negative pole of the cell. The use of

amalgamated zinc rod avoids the defect of local action from

occurring in the cell. A porus pot containing the carbon rod is

placed inside the NH
4
Cl solution. The carbon rod acts as the

positive pole of the cell. The empty space in the porus pot is

filled with manganese dioxide (MnO
2
) and charcoal powder

Manganese dioxide is used as depolariser. The use of charcoal

powder makes MnO
2
 conduction and thus, decreases the internal

resistance of the cell.

Action. The electrolyte HN
4
Cl solution dissociates into NH

4

+

and Cl– ions. As zinc rod is dipping inside the NH
4
Cl solution,

some of the atoms go into the solution as Zn++ ions. For each

Zn++ ion so produced, two electrons are left on the zinc rod and

hence it becomes negative pole of the cell. The NH
4
 ions are

repelled by Zn++ ions and they diffuse into the MnO
2
 and charcoal

mixture through the walls of the porus pot. Inside the glass

vessel, Zn++ ions combine with Cl– ions to form ZnCl
2
.

On diffusing into porus pot, NH
4

+ ions extract electrons from

the carbon rod making carbon rod as positively charged and

producing ammonia and hydrogen gas.

Whereas the ammonia gas escapes from the cell, hydrogen gas

is neutralised by MnO
2
 producing manganese trioxide (Mn

2
O

3
)

and water.

Secondary Cells

A secondary cell is one in which chemical energy is converted

into electrical energy but they do so when they are charged by

passing current through them by some source.

These are also called accumulators or storage cells. These are

of two types :

1. Lead acid cell or lead accumulator, 2. Edison alkali cell

Lead Accumulator

It is a secondary cell and is the most common type of storage

battery used in automobiles. It is known as lead acid cell. It was

invented by French Physicist, Gaston Plante in the year 1859.

Construction. It consists of a hard rubber, glass or celluloid

container containing dilute sulphuric acid as the electrolyte.

Each of the two electrodes consists of a set of alternate parallel

mesh type perforated plates made of lead. The set of plates to be

made the positive pole is filled with a paste of lead dioxide

(PbO
2
), while the set of plates to be made the negative pole is

filled with a paste of spongy lead (Pb). The positive and negative

plates are kept separated and insulated from each other by porus

separators made of rubber, plastic or glass fibre. This

arrangement of positive and negative plates is placed inside the

dilute sulphuric acid and connected to the lead terminals

provided on the hard and rigid cover of the container [Fig.].
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The e.m.f. of each cell of a fully charged lead accumulator is

2.05 V and a lead accumulator of each six cells produces an

e.m.f. of nerarly 12 V. The specific gravity of the electrolyte

(dilute sulphuric acid) is a fully charged lead accumulator is

1.28. However, when discharged, both the e.m.f. of the cell and

the specific gravity of the electrolyte fall. Whereas, e.m.f. of a

cell of the accumulator should not be allowed to fall below 1.8

V, the specific gravity of the elctrolyte should not drop below

1.12.”

26. Satish K. Gupta. op. cit., pp. 1092, 1093—

"Photoelectric Cells

A photoelectric cell is an arrangment which converts light energy

into electrical energy.

Photoelectric cells are of the following three types :

1. Photoemissive cells, 2. Photovoltaic cells, 3. Photoconductive

cells.

A photoemissive cells may be of vacuum type or gas filled type. Let

us discuss the working of a photoemissive cell.

Photoemissive cell. It consists of two electrodes, a cathode C and

an anode A enclosed in a highly evacuated glass bulb. The cathode

C is a semi-cylindrical plate coated with a photosensitive material,

such as a layer of cesium deposited on silver oxide. The anode A is

in the form of a wire, so that it does not obstruct the path of the light

falling on the cathode.

When light of frequency above the threshold frequency for the

cathode surface is incident on the cathode, photoelectrons are emitted.

If a potential difference of about 10 V is applied between the mode

and cathode, the photoelectrons are attracted towards the anode and

the microammeter connected in the circuit will record the current.

The chief advantagen of this type of photocell are that there is no

time-lag between the incident light and the emission of

photoelectrons and that the photoelectric current is proportional to

the intensity of light. The cell is extremely acccurate in response.

Hence, it is used in television and photometry.

The current may be increased by a factor of about 5 by filling the

tube with an inert gas at a pressure of a few mm of mercury. When

the potential difference between the electrodes exceeds the ionisation

potential of the gas, the emitted photoelectrons ionise the gas atoms

and now a larger current flows.

Applications of Photoelectric Cells

Photoelectric cells have a variety of application in industries and

the daily life. A few important applications of photoelectric cells are

as given below :

1. It is used for the reporduction of sound from the sound track

recorded on one edge of the cinema films.

2. It is used in a television studio to convert the light and shade of

the object into electric currents for transmission of picture.

3. It is used in a photographic camera for the automatic adjustment

of aperture.

4. It is used to compare the illuminating powers of two sources of

light and to measure the illumination of a surface.

5. It is used for automatic counting of the number of persons entering

a hall, a stadium, etc.

6. It is used for automatic switching of street lights and traffic signals.

7. It is used for raising a fire alarm in the event of accidental fire in

buildings, factories, etc.

8. It is used in burglar's alarms for houses, banks and treasuries.

9. A photo cell is also used in industries to locate flaws in metal

sheets.

10. It is also used to control the temperature during a chemical

reaction and that of a furnace.

11. A photocell can be used in determining the opacity of solids and

liquids."

27- (a) MkW- ts- tSu] iwoZ m)̀r ys[k] ì"B 13µ

^^izdk'kh; fo|qr~ % ¼lkSj&csVjh½ %

QksVks oksfYVd lsy esa fo|qr~µe.m.f. dsoy n`'; izdk'k dh fdj.kksa ls
iSnk gks ldrk gSA ;s fcuk nwljh csVjh ds gh fo|qr~ èkkjk iSnk dj ldrs
gSaA**

(b) ogh] ì"B 28] 29µ

^^vfXu ls tks rki&m$tkZ ;k izdk'k&m$tkZ iSnk gksrh gS] oks fctyh&m$tkZ
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ls iSnk gksus okyh rki o izdk'k m$tkZ ds leku rks t:j gS] ysfdu nksuksa
ds mn~xe vyx&vyx gSaA

^^igys esa ;kuh ^vfXu* esa jklk;fud&izfØ;k ¼vkWDlhdj.k ;k tyuk½
gksuk t:jh gSA mlh tyus dh izfØ;k ls rki o izdk'k dh m$tkZ iSnk
gksrh gSA

^^ysfdu fo|qr~&m$tkZ fdlh pqEcdh; {ks=k esa lqpkyd (conductor½ ds
?kweus ls iSnk gksrh gS ¼tsusjsVj½] ;k fdlh vU; rjhdksa ls ^ncko&varj*
(potential-difference) iSnk fd;k tkrk gS] tSls ?k"kZ.k ls ¼,Ecj@
,cksukbV½ ;k nks inkFkks± ds chp rkiØe ds varj ls ¼FkeksZdiy½ vkfnA

^^;gka ;g Hkh fopkj djuk mfpr gksxk fd ^lfpÙk vfXu* ds rki dh
Hkkafr gh ^izdk'k&m$tkZ* ;k vU; m$tkZ&òksrksa ls Hkh mijksDr dke gks
ldrs gSa D;k! tSls lw;Z ds izdk'k ls rki iSnk gksrk gS] mlls [kkuk lsdk
o cuk;k tkrk gS ¼lkS;Z m"ed½] e'khusa pyrh gSa vkfnA lw;Z dh jks'kuh
ls lhèks fo|qr~&m$tkZ cukbZ tk ldrh gSµ¼lkSj lsy½ ftlls bysDVªksfud
lsy ?kM+h ;k dsydqysVj pyrs gSaA rks D;k ;g ^lw;Z dk izdk'k* lfpÙk
gS\ mijksDr fo'ys"k.k ds vkèkkj ij rks bldk mÙkj gksxk ^ugha*A mlh
izdkj fctyh ds izokg ls rki iSnk gks ldrk gS] ;kuh inkFkZ dk rkiØe
c<+ ldrk gS] rks Hkh lw;Z dh izdk'k&m$tkZ ds ekfQd ;g Hkh vfpÙk
m$tkZ gks ldrh gSA

dsoy bl dkj.k ls fd ^lfpÙk vfXu* esa ^xje* djus dh {kerk gS ;k
izdk'k iSnk djus dh {kerk gS] nwljs izdkj dh m$tkZ] tks nwljksa dks xje
dj ldrh gS] ^lfpÙk vfXu* dh Js.kh (category) esa gksuk t:jh ugha
gSA tSls lw;Z dh jks'kuh ls i`Foh] ikuh vkSj gok xje gks tkrh gS] o"kkZ
gks ldrh gS] fctyh iSnk gks ldrh gSA

^^mlh ¼lw;Z½ fofdj.k esa tks vojDr fdj.ksa ;gka igqaprh gSa] oks i`Foh]
ok;q vkSj ty dks xje djrh gSaA ysfdu ;g fofdj.k ;kuh lw;Z dk
izdk'k o vojDr fdj.ksa Lo;a lfpÙk vfXudk; ugha gSaA**

^^bl rjg fctyh vfXu dk ^egkiqat* gS] vkSj lkèkkj.k vfXu ls Hkh
egku dk;Z djus okyh m$tkZ gksrs gq, Hkh ¼gkykafd rki&fctyh ?kjksa esa
rki&m$tkZ dk 60&70 izfr'kr gh fctyh dh m$tkZ esa ifjorZu gks ikrk
gSµ;kuh fctyh&m$tkZ iSnk djus ds fy, dgha T;knk rki m$tkZ O;; dh

tkrh gSA½ ;s m$tkZ,a fdlh inkFkZ dks dsoy rHkh lfpÙk cukrh gS] tc
dqN vko';d 'krs± iwjh gks tkrh gSaA vU;Fkk mijksDr lanHkZ esa [kqn dk
vfpÙk m$tkZ gksuk gh fl) gksrk gSA**

28. Satish K. Gupta, op. cit., pp. 215, 216—

“Dry Cell

It is portable form of a Leclanche cell.

Construction. In a dry cell, a moist paste of ammonium chloride

containing zinc chloride is used as an electrolyte. Zinc chloride being

highly hydroscopic, it is added to ammonium chloride in order to

keep moistened. The paste of NH
4
Cl and ZnCl

2
 is containd in a

small cylindrical zinc vessel, which acts as the negative pole of the

cell. A carbon rod fitted with a brass cap is placed in the middle of

the zinc vessel. It acts as the positive pole of the cell. The carbon rod

is surrounded by a closely packed mixutre of MnO
2
 and charcoal

powder in a muslin bag. While the MnO
2
 acts as depolariser, the

charcoal powder reduces the internal resistance of the cell by making

MnO
2
 electrically conducting. The zinc container and its contexts

are sealed at the top with pitch of shellac. A small hole is provided

at the top, so as to ammonia gas formed during chemical reaction to

help escape the cell.

Action. A dry cell is only a modification of a wet Leclanche cell.

Therefore, the action of a dry as regards the chemical reactions that

take place are same as in case of Leclanche cell.

The dry cells are manufactured in different sizes and shapes to suit

particular needs. Irrespection the size of the cell, the e.m.f. of the

cell is nearly 1.5 V. Its internal resistance may vary from 0.10 to

10 Ω. Further, an electric current of about 0.25 A can be continuously

drawn from a dry cell.

29- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 43&47

30- ogh] i`"B 47&51

31- (a) vkpk;Z Jh egkizKth] fo|qr~ % lfpÙk ;k vfpÙk] tSu Hkkjrh ¼ekfld½]
fnlacj] 2002] i`"B 15] 16 ij Hkxorh 7@229] 230 ls m)̀rµ

vfpÙk iqn~xy % izdk'k vkSj rki

vfRFk .ka Hkars! vfPpÙkk fo iksXxyk vksHkklafr\ mTtksosafr\ rosafr\
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iHkklsafr\

gark vfRFkA

d;js .ka Hkars! rs vfPpÙkk fo iksXxyk vksHkklafr\ mTtksosafr\ rosafr\
iHkklsafr\

dkyksnkbZ! dq)Ll v.kxkjLl rs;&ysL;k fulëk lek.kh nwja xrk nwja
fuirfr] nsla xrk nsla fuirfr] tfga tfga p .ka lk fuirfr rfga&rfga p
.ka rs vfpÙkk fo iksXxyk vksHkklafr] mTtksosafr] rosafr] iHkklsafrA ,rs.ka
dkyksnkbZ!

rs vfpÙkk fo iksXxyk vksHkklafr] mTtksosafr] rosafr] iHkklsafrA ¼HkxobZ
7@229] 230½

Hkars! D;k vfpr iqn~xy Hkh oLrq dks voHkkflr djrs gSa\ m|ksfrr djrs
gSa\ rIr djrs gSa\ izHkkflr djrs gSa\

gka] djrs gSaA

Hkars! os dkSu&ls vfpÙk iqn~xy oLrq dks voHkkflr djrs gSa\ m|ksfrr
djrs gSa\ rIr djrs gSa\ izHkkflr djrs gSa\

dkyksnkbZ! Øq) vuxkj us rstksys';k dk fultZu fd;k] og nwj tkdj
nwj ns'k esa fxjrh gS] ik'oZ esa tkdj ik'oZ ns'k esa fxjrh gSA og tgka&tgka
fxjrh gS] ogka&ogka mlds vfpÙk iqn~xy Hkh oLrq dks voHkkflr djrs gSa]
m|ksfrr djrs gSa] rIr djrs gSa vkSj izHkkflr djrs gSaA dkyksnkbZ! bl
izdkj os vfpÙk iqn~xy Hkh oLrq dks voHkkflr djrs gSa] m|ksfrr djrs
gSa] rIr djrs gSa vkSj izHkkflr djrs gSaA**

dqN fopkjd gksrs gSaµblesa fo|qr~ dk uke ugha gSA iz'u uke gksus dk
ugha gSA ewy izfrik| ;g gSµ^vfpÙk iqn~xy izdk'k djrs gSa] rIr djrs
gSaA* ml fLFkfr esa ;g O;kfIr ugha curh fd ftlesa nkgdrk gS] izdk'k
gS] rki gS] og lfpÙk gh gksrk gSA**

(b) Hkxorh lw=k] 'krd 15] lw=k 121µ

^^vTtksfr! le.ks Hkxoa egkohjs le.ks fuXxaFks vkearsÙkk ,oa
o;klhµtkofr, .ka vTtks! xkslkys.ka ea[kfyiqÙks.ka ee ogk, ljhjxafl
rs;s fulës ls .ka vykfg iTtÙks lksyl.ga t.ko;k.ka] ra tgkµ1- vaxk.ka]
2- caxk.ka] 3- exgk.ka] 4- ey;k.ka] 5- ekyoxk.ka] 6- vPNk.ka]

7- oPNk.ka] 8- dksPNk.ka] 9- ik<k.ka] 10 yk<k.ka] 11- oTth.ka] 12-
eksyh.ka] 13- dklh.ka] 14- dkslyk.ka] 15- vokgk.ka] 16- lqaHkqÙkjk.ka
?kkrk, okg, mPNkn.k;k, Hkklhdj.k;k,A**

(c) vkpk;Z egkizK] iwoZ m)`r ys[k] i`"B 19µ

^^banHkwrh uke v.kxkjs xks;elxksrs---laf[kÙkfomyrs;ysls---A
¼Hkxorh 1@9½

laf{kIrkµ'kjhjkUryhZuRosu ÐLorkaxrk] foiqyk&foLrh.kka vusd;kstuizek.k&
{ks=kkfJroLrqnguleFkZRokÙkstksys';kµfof'k"VrikstU;yfC/k fo'ks"kizHkok
rstksTokyk ;L; l rFkkA ¼Hk-o`- 1@9½

o`fÙkdkj us rstksys';k dk vFkZ rstks&Tokyk fd;k gSA ;gka rstksys';k dk
iz;ksx ,d _f) ¼yfCèk ;k ;ksxt foHkwfr½ ds vFkZ esa gqvk gSA

Bk.ka ds vuqlkj ;g _f) rhu dkj.kksa ls miyCèk gksrh gSA bldh rqyuk
gB;ksx dh dqaMfyuh ls dh tk ldrh gSA dqaMfyuh dh nks voLFkk,a
gksrh gSaµlqIr vkSj tkx̀rA rstksys';k dh Hkh nks voLFkk,a gksrh gSaµlaf{kIr
vkSj foiqyA blds }kjk gtkjksa fdyksehVj esa vofLFkr oLrq dks HkLe
fd;k tk ldrk gSA blh izdkj cgqr nwj rd vuqxzg Hkh fd;k tk
ldrk gSA blds }kjk vuqxzg vkSj fuxzg nksuksa fd, tk ldrs gSaA**

^^Hkxorh o`fÙk esa rstksys';k dks vfXuln`'k nzO; dgk x;k gSA ¼Hk-o`-
i=k 642µrnfXulǹ'k&nzO;kUrjk·is{k;kols;a laHkofUr rFkkfoèk'kfDr&
efUr nzO;kf.k rstksys';knzO;ofnfrA½**

32- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 51] 52

33- vkpk;Z egkizK] iwoZ m)`r ys[k i`"B 15] 16µ

^^Hkxorh dk ,d vkSj mYys[k gS fd fnu esa iqn~xy 'kqHk :i esa ifj.kr gks
tkrs gSa vkSj jkf=k esa os v'kqHk :i esa ifj.kr gksrs gSaA uS;kf;d vkfn vaèkdkj
dks vHkko :i esa ekurs gSaA tSu n'kZu ds vuqlkj og iqn~xy dk ifj.kke gSA
tSls vaèkdkj iqn~xy dk ifj.kke gS] oSls gh izdk'k Hkh iqn~xy dk ifj.kke gSA
Hkxorh dk iw.kZ ikB bl izdkj gSµ

µ^ls uw.ka Hkars! fn;k mTtks,\ jkba vaèk;kjs\
gark xks;ek! fn;k mTtks,A jkba vaèk;kjs Ï

ls ds.kës.ka\
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TABLE 3.8

Limits of Inflammability of Gases in Air

(At ordinary temperatures and at atmospheric pressure)

Gas Limits as per cent by volume

in air

Per cent Per cent

lower limit upper limit

mixture mixture

Hydrogen (H
2
) 6.2 71.4

Carbon monoxide (CO) 16.3 71.2

Coal gas 77. 217.

Coke-Oven gas 77. 217.

Blue water gas 127. 677.

Blast-furnace gas 367. 657.

Methane (CH
4
) 5.8 13.3

Ethane (C
2
H

6
) 3.3 10.6

Ethylene (C
2
H

4
) 3.4 14.1

Ethyl alcohol (C
2
H

5
OH) 3.7 13.7

Benzene (C
6
H

6
) 1.4 5.5

Pentane (C
5
H

12
) 1.3 4.9

Ether (C
2
H

5
)

20
1.6 7.7

37- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 53] 54

38- rÙokFkZ lw=k] 5@24µ

^^'kCn&cUèk&lkS{E;&LFkkSY;&laLFkku&Hksn&re'Nk;k&··riks|ksroUr'p Ï**

['kCn&cUèk&lkS{E;&LFkkSY;&laLFkku&Hksn&re%&Nk;k&vkri&m|ksroUr'p iqn~xyk
HkofUrA]**

39- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 54&57

40- vkpk;Z rqylh] fHk{kqU;k;df.kZdk] 1@5] 6] 8µ

^^O;oPNsndèkeksZ y{k.ke~ Ï5Ï

¼òfÙkµoLrquks O;oLFkkiugsrqHkwrks èkeksZ y{;a O;ofPNufÙkµlkadh.;Zeiu;rhfr
y{k.ke~½

vO;kIr&vfrO;kIr&vlaHkfouLrnkHkklk% Ï6Ï

xks;ek! fn;k lqHkk iksXxyk lqHks iksXxyifj.kkes] jkba vlqHkk iksXxyk vlqHks
iksXxyifj.kkeA ls rs.kës.ka Ï* ¼HkxobZ 5@237&238½

^Hkars! D;k fnu esa m|ksr vkSj jkf=k vaèkdkj gS\*

^gka] xkSre! fnu esa m|ksr vkSj jkf=k esa vaèkdkj gSA*

^;g fdl vis{kk ls\*

^xkSre! fnu esa 'kqHk iqn~xy gksrs gSa vkSj iqn~xyksa dk ifj.keu 'kqHk gksrk gSA
jkf=k esa v'kqHk iqn~xy gksrs gSa vkSj iqn~xyksa dk ifj.keu v'kqHk gksrk gSµ;g
bl vis{kk lsA*

fnu esa lw;Zjf'e;ksa ds laidZ ls iqn~xyksa dk ifj.keu 'kqHk gksrk gSA blfy,
fnu esa m|ksr gksrk gSA jkf=k esa lw;Zjf'e rFkk vU; izdk'kd oLrqvksa ds vHkko
esa iqn~xyksa dk ifj.keu v'kqHk gks tkrk gSA

izLrqr vkykid esa m|ksr vkSj vaèkdkj dk vusd vis{kkvksa ls fu:i.k fd;k
x;k gSA ujd esa iqn~xyksa dk v'kqHk ifj.keu gksus ds dkj.k fujarj vaèkdkj
jgrk gSA o`fÙkdkj ds vuqlkj iqn~xy dh 'kqHk ifj.kfr ds fufeÙkHkwr lw;Zfdj.k
vkfn izdk'kd oLrq dk vHkko gSA fnols 'kqHkk% iqn~xyk HkofUr] fdeqDra
Hkofr\µ'kqHk% iqn~xyifj.kke% l pkdZdjlEidkZr~A ¼Hk-ò- 5@238½**

34- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 52] 53

35- A.K. Shaha, op. cit., pages 121, 122

¼iwjs m)j.k ds fy, ns[ksa blh ys[k dk izFke Hkkx] NBk izHkkx] fVIi.k
vad 10.½

36- ogh] pages 120, 121—

"The limits of inflammability

There is a particular limit to excess air or oxygen in combustion of

each kind of the gas and when this limit is surpassed the gas becomes

non-inflammable. Similarly there is also a particular lower limit of

deficient air or oxygen required for combustion of each kind of the

gas and when this limit is transgressed, the gas becomes non-

inflammable. Table 3.8 illustrates both the upper and the lower limits

of inflammability.
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¼òfÙkµvrr~ rfno vkHkklrs bfr rnkHkkl%½ y{;ky{;òfÙkjfrO;kIr% Ï8Ï

¼òfÙkµ;Fkkµok;ks xZfreÙoe~½

vuqoknµ^^,d oLrq dks nwljh oLrqvksa ls ìFkd~ djus okyk èkeZ y{k.k gS Ï5Ï

¼òfÙkµoLrq ds O;oLFkkiu esa gsrqHkwr èkeZ] tks y{; dks 'ks"k ls O;ofPNUu
djrk gSµnwljksa ls mls ìFkd~ djrk gS] og y{k.k gSA½

^^vO;kIr] vfrO;kIr vkSj vlaHkohµ;s rhu y{k.kkHkkl gSaA** Ï6Ï

¼òfÙkµtks y{k.k ugha gS ij y{k.k tSlk izrhr gksrk gS] mls y{k.kkHkkl dgk
tkrk gSA½

^^tks y{k.k y{; vkSj vy{; nksuksa esa feyrk gS og vfrO;kIr y{k.kkHkkl
gSA** Ï8Ï

¼òfÙkµtSlsµok;q dk y{k.k xfr'khyrkA½**

41- vkpk;Z egkizK] iwoZ m)`r ys[k] i`"B 14&19µ

fo|qr~ % lfpÙk ;k vfpÙk

orZeku ;qx fctyh dk ;qx gSA bl fo"k; esa nks iz'u mifLFkr gksrs gSaµ

1- fctyh vfXu gS ;k ugha\
2- fctyh lfpÙk gS ;k vfpÙk\

bl fo"k; ij foHkT;oknh 'kSyh ls fopkj djuk vko';d gSA

vfXu ds eq[; èkeZ ikap gSaµ1- Toyu'khyrk] 2- nkgdrk] 3- rki] 4-
izdk'k] 5- ikd'kfDrA

ujd esa tks vfXu gS og Toyu'khy Hkh gS lw;xMks 1@5@11½] nkgd Hkh gS
¼lw;xMks 1@5@12½] mlesa rki ¼lw;xMks 1@5@13½ vkSj izdk'k Hkh gSA ¼lw;xMks
1@5@14½] ikd&'kfDr Hkh gS ¼lw;xMks 1@5@15½µfQj Hkh og futhZo gS]
vfpÙk gSA

ltho vfXudk; flQZ euq";&{ks=k esa gksrh gSA euq";&{ks=k ls ckgj ltho
vfXu ugha gksrhA lw=kÑrkax esa mls vdk"B vfXuµbaèku ds fcuk gksus okyh
vfXu crk;k x;k gSA ¼lw;xMks 1@5@38½**

^^ujd esa gksus okyh vfXu] rstksys';k ds iz;ksx ds le; fudyus okyh Tokyk
tSls vfpÙk vkSj futhZo vfXu gS] oSls gh fo|qr~ Hkh vfpÙk vkSj futhZo vfXu
gSµ;g Lohdkj djus esa dksbZ dfBukbZ ugha gSA okLro esa vfpÙk vfXuµrStl
m$tkZ gS] rStl oxZ.kk ds iqn~xy gSaA "kM~thofudk; esa vkus okyk ltho

vfXudk; ugha gSA**

^^vfXu ugha] vfXu ln`'k nzO;

rRFk .ka ts ls foXxgxfr lekoUu, usjb, ls .ka vxf.kdk;Ll eT>aeT>s.ka
ohbo,TtkA ¼HkxobZ 14/54, 55½

ukjd{ks=ks cknjkfXudk;L;kHkkokr~] euq";{ks=ks ,oa rn~Hkkokr~] ;PpksÙkjkè;;ukfn"kq
J w;r sµ^g q;kl.k s  ty ar a f Ee nïi q Ook s  v.k sxlk sA* bR;k fn
rnfXuln`'knzO;kUrjkis{k;;kols;a] laHkofUr p rFkkfoèk'kfDrefUr nzO;kf.k
rstksys';knzO;ofnfrA ¼HkxobZ Vhdk 14/54, 55½

vfpÙk vfXu

baxkyjkfla tfy;a ltksba] rvksoea Hkwfee.kqDdearkA
rs MT>ek.kk dyq.ka Fk.kafr] mlqpksb;k rRFk fpjfëbZ;k Ï ¼lw;xMks 5/1/7½

os tyrh gqbZ T;ksfr lfgr vaxkjjkf'k ds leku Hkwfe ij pyrs gSaA mlds rki
ls tyrs gq, os fpYyk&fpYykdj d#.k Øanu djrs gSaA os fpjdky rd ml
ujd esa jgrs gSaA

baxkyjkfla

tèkk baxkyjklh tfyrks èkxèkxsfr ,oa rs ujdk% LoHkkoks".kk ,o .k iq.k rRFk
cknjks vxz.kh vfRFk] .k·..kRFk foXxgxfr leko..k,fgaA rs iq.k mfl.kifj.krk
iksXxyk tarok·pqYyhvks fo mfl.krjk ¼lw=kÑrkax pwf.kZ] i`- 128½

r=k cknjkXusjHkkokÙknqieka HkwfefeR;qDre~] ,rnfi fnXn'kZukFkZeqDre~] vU;Fkk
ukjdrkiL;sgR;kfXuk uksiek ?kVrs] rs p ukjdk egkuxjnkgkfèkdsu rkisu
náekukA ¼lw=kÑrkax o`fÙk] i=k 129½

foèkweks ukekfXujso] foèkwexzg.kkn~] fufjUèkuks·fXu% Lo;a izTofyr% lsUèkuL;
áXusjo';eso èkweks HkofrA ¼pwf.kZ] i`- 136½

oSfØ;dkyHkok vXu;% v?kfêrk ikrkyLFkk vI;uoLFkkA ¼pwf.kZ] i`- 137½

ujd esa cknj vfXu ugha gksrhA ogka ds dqN LFkkuksa ds iqn~xy Lor% m".k gksrs
gSaA os Hkêh dh vkx ls Hkh vfèkd rki okys gksrs gSaA os vfpÙk vfXudk; ds
iqn~xy gSaA gekjh vfXu ls ml vfXu dh rqyuk ugha dh tk ldrh] D;ksafd
ogka vfXu dk rki egkuxjnkg dh vfXu ls mRiUu rki ls cgqr rhoz
gksrk gSA

iSarhlosa rFkk vM+rhlosa 'yksd esa Hkh fcuk dkB dh vfXu dk mYys[k gSA
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mldh mRifÙk oSfØ; ls gksrh gSA ;g vfpÙk vfXu gSA

d sfla p cafèkÙkq xys flykvks] mnxafl cksysafr egky;aflA
dyacq;kokyq;eqEeqjs ;] yksysafr iPpafr ; rRFk v..ks Ï ¼lw;xMks 5/1/10½

dqN ijekèkkfeZd nso fdUgha ds xys esa f'kyk ckaèkdj mUgsa vFkkg ikuh esa Mqcks
nsrs gSaA ¼ogka ls fudkydj½ rq"kkfXu dh Hkkafr ¼oSrj.kh ds½ rhj dh rih gqbZ
ckyqdk esa mugsa yksViksV djrs gSa vkSj Hkwurs gSaA

vlwfj;a .kke egkfHkrkoa] vaèka req nqIirja egaraA
mïa vgs ;a frfj;a fnlklq] lekfgvks tRFkx.kh f>;kb Ï     ¼lw;xMks 5/1/11½

vlw;Z uke dk egku larkidkjh ,d ujdkokl gSA ogka ?kksj vaèkdkj gS]
ftldk ikj ikuk dfBu gksµbruk fo'kky gSA ogka ma$ph] uhph vkSj frjNh
fn'kkvksa esa fujarj vkx tyrh gSA

vx.kh&vkx

rRFk dkyksHkklh vps;.kks vxf.kDdk;ksA ¼pwf.kZ] i`- 129½

pwf.kZdkj us bldk vFkZ dkyh vkHkk okyk vfXudk; fd;k gSA og vpsru
gksrk gSA

talh xqgk, ty.ks·froês] vfotk.kvks MT>b yqÙki..kksA
l;k ; dyq.ka iq.k /kEeBk.ka] xk<kso.kh;a vbnqD[kèkEea Ï ¼lw;xMks 5/1/12½

mldh xqQk esa ukjdh; tho <dsyk tkrk gSA og izKk'kwU; uSjf;d fuxZe}kj
dks ugha tkurk gqvk ml vfXu esa tyus yx tkrk gSA uSjf;dksa ds jgus dk
og LFkku lnk rkie; vkSj d#.kk mRiUu djus okyk gSA og deZ ds }kjk
izkIr vkSj vR;ar nq[ke; gSA

pÙkkfj vx.khvks lekjHksÙkk] tfg dwjdEek fHkrosafr ckyaA
rs rRFk fpêar·fHkrIiek.kk] ePNk o thoarq o tksbiÙkk Ï ¼lw;xMks 5/1/13½

ØwjdekZ ujdiky ujdkokl esa pkjksa fn'kkvksa esa vfXu tykdj bu vKkuh
ukjdksa dks rikrs gSaA os rki lgrs gq, ogka iM+s jgrs gSa] tSls vfXu ds lehi
ys tkbZ xbZ thfor eNfy;kaA

v;a o rÙka tfy;a ltksba] rvksoea Hkwfee.kqDdearkA
rs MT>ek.kk dyq.ka Fk.kafr] mlqpksb;k rÙktqxslq tqÙkk Ï ¼lw;xMks 5/2/4½

rIr yksg dh Hkkafr tyrh gqbZ vfXu tSlh Hkwfe ij pyrs gq, os tyus ij
d#.k #nu djrs gSaA os ck.k ls chaèks tkrs gSa vkSj ris gq, tq, ls tqrs

jgrs gSaA

¼1½ rvksoeaµvfXu tSlh

lk rq Hkwfe---u rq dsoyesoks".kkA
TofryT;ksfr"kk·fi v.karxq.ka fg m".kk lk] rnL;k vkSiE; rnksiekA

¼lw=kÑrkax pwf.kZ] i`- 135½

,ok rnsoa:ika rnqieka ok Hkwfee~A ¼lw=kÑrkax o`fÙk&i=k 135½

;g Hkwfe dk fo'ks"k.k gSA bldk laLÑr :i gS ^rnqieke~*A og Hkwfe dsoy
m".k gh ugha gS] fdarq vfXu ls Hkh vuar xq.k vfèkd m".k gSA

¼2½ rs MT>ek.kkµos tyus ij

rs ra baxkyrqYya Hkwfea iq.kks iq.kks [kqankfoTtafrA ¼lw=kÑrkax pwf.kZ] i`- 135½

ujdiky èkèkdrs vaxkjs tSlh m".k Hkwfe ij uSjf;dksa dks tkus&vkus ds fy,
foo'k djrs gSaA

lewfl;a .kke foèkweBk.ka] ta lks;rÙkk dyq.ka Fk.kafrA
vgksflja dV~Vq foxfÙkm$.ka] v;a o lRFksfg lewlosafr Ï ¼lw;xMks 5/2/8½

ogka ,d cgqr ma$pk foèkwe vfXu dk LFkku gS] ftlesa tkdj os uSjf;d 'kksd
ls rIr gksdj d#.k&#nu djrs gSaA ujdiky mUgsa cdjs dh Hkkafr vkSaèks flj
dj] muds flj dks dkVrs gSa vkSj 'kwy ij yVdk nsrs gSaA

foèkweBk.ka

¼1½     foèkweks ukekfXujso] foèkwexzg.kkn~ fufjUèkuks·fXu% Lo;a izTofyr% lsUèkuL;
áXusjo';eso èkweks Hkofr vFkok foèkweon~] foèkwekuka fg vúkjk.kkerho rkiks
HkofrA ¼lw=kÑrkax pwf.kZ] i`- 136½

pwf.kZdkj us crk;k gS tks vfXu baèku ls gh izTofyr gksrh gS] mlls èkqvka
vo'; gh fudyrk gSA ujd dh vfXu fufjaèku gksrh gSA

l;ktya Bk.k f.kga egara] talh tyarks vx.kh vdëksA
fpëafr rRFkk cgqdwjdEek] vgLljk dsb fpjfëbZ;k Ï ¼lw;xMks 5/2/11½

lnk tyus okyk ,d egku oèkLFkku gSA mlesa fcuk dkB dh vkx tyrh gSA
ogka cgqr Øwj deZ okys uSjf;d tksj&tksj ls fpYykrs gq, yacs le; rd
jgrs gSaA

tgk bga vx.kh m.gks] ,Ùkks.karxq.ks rfgaA
uj,lq os;.kk m.gk] vLlk;k osb;k e, Ï ¼mÙkjT>;.kkf.k 19/47½
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tSls ;gka vfXu m".k gS] blls vuar&xquk vfèkd nq[ke; m".k&osnuk ogka
ujd esa eSaus lgh gSA

danarks danqdqaHkhlq] mïikvks vgksfljksA
gq;kl.ks tyarfEe] iDdiqOoks Fk.karlks Ï ¼mÙkjT>;.kkf.k 19/49½

idkus ds ik=k esa] tyrh gqbZ vfXu esa iSjksa dks ma$pk vkSj flj dks uhpk dj
vkØanu djrk gqvk eSa vuUr ckj idk;k x;k gwaA

gq;kl.ks

r=k p cknjkXusjHkkokr~ i`fFkO;k ,o rFkkfoèk% Li'kZ bfr xE;rsA ¼c`gn~o`fÙk]
i=k 459½

vfXudkf;d tho nks izdkj ds gksrs gSaµlw{e vkSj cknjA vfXu ds cknj tho
ujd esa ugha gksrsA ;gka tks vfXu dk mYys[k gS] og ltho vfXu ds fy,
ugha] fdarq vfXu tSls rkioku vkSj izdk'koku iqn~xyksa ds fy, gSA

egknofXxladkla] e#fEe objokyq,A
dyacckyq;k, ;] nïiqOoks v.karlks Ï ¼mÙkjT>;.kkf.k 19/50½

egk nokfXu rFkk e#&ns'k vkSj otz&ckyqdk tSlh dnac unh ds ckyq esa eSa
vuar ckj tyk;k x;k gwaA

gq;kl.ks tyarfEe] fp;klq efglks fo oA
nïks iDdks ; volks] ikodEesfg ikfovks Ï ¼mÙkjT>;.kkf.k 19/57½

iki&deks± ls f?kjk vkSj ijo'k gqvk eSa HkSals dh Hkkafr vfXu dh tyrh gqbZ
fprkvksa esa tyk;k vkSj idk;k x;k gwaA**

^^fu"d"kZ

mDr fooj.k dk fu"d"kZ ;g gSµfo|qr~&m$tkZ gSA bls dk"Bfoghu vfXu Hkh
dgk tk ldrk gSA tSls rstksys';k ds iz;ksx ds le; rstksyfCèk&laiUu O;fDr
ds eq[k ls fudyus okyh Tokyk dks vfXu dgk tk ldrk gS] oSls gh fo|qr~
dks vfXu dgk tk ldrk gSA

tSls ujd esa gksus okyh m$tkZ dks vfXu dgk x;k gS oSls gh fo|qr~ dh m$tkZ
dks vfXu dgk tk ldrk gSA tSls rstksys';k ds rStl ijek.kqvksa ls mRiUu
m$tkZ vfpÙk gS vkSj tSls ujd esa gksus okys rStl ijek.kqvksa dh m$tkZ vfpÙk
gS oSls gh fo|qr~ dh rStl ijek.kqvksa ls mRiUu m$tkZ vfpÙk gSA**

42- rsjkiaFk ds prqFkZ vkpk;Z JheTt;kpk;Z us bl fo"k; esa cgqr gh Li"V fd;k

gS] ftlds fy, nz"VO; gSµijaijk dh tksM+] tks ^rsjkiaFk % e;kZnk vkSj
O;oLFkk*] i`"B 341-362 esa izdkf'kr gSA mlesa vkxe] Jqr] vkKk] èkkj.kk
vkSj thrµbu ikap O;ogkj dks le>k;k x;k gSA ;gka dqN i| m)̀r gSa
¼i`"B 341&346µ

<ky 1

nwgk
1- ijaijk uka cksy cgq] xf.k cqf)oar jh FkkiA

nks"k ufga NS rsgesa] thr oogkj feyki Ï

2- vkxe] Jqr] vk.kk] èkkj.kk] thr] iapeks tks;A
, iap oogkjs oÙkZrka] Je.k vkjkèkd gks; Ï

3- Bk.kkax1 Bk.ksa ikap esa] rFkk lw=k oogkj2A
Hkxorh3 v"Ve 'krd esa] v"Veqís'ks lkj Ï

4- fr.k lwa thr oogkj esa] nks"k ufga NS dks;A
uhfroku x.kifr r.kksa] ckaè;ks thr lqèk tks; Ï

5- lqèk vkyksph eqfu djs] vlE;d~ fi.k lE;d~ dfgok;A
vkpkjkax4 vè;;uiapesa] iaped mís'ks ok; Ï

11- rFkktksM+fdokMîkr.kha] pksiuSa dhèkh LokeA
fr.k ekagS fi.k Fkkfi;ks] thr oogkj lqèkke Ï

vkpk;Z fHk{kq Ñr fdokfM;k jh <ky] xk- 21 ls 24

rFkkµ

lwrj ekagh rks ewy u ojT;ks] ijaijk esa fi.k cjT;ks ukafgA
fr.k lwa thr oogkj funksZ"k FkkI;ka jh] ladk e djks eu ekafg Ï

tks dokfM;k jh ladk iMS rks] ladk NS Bkae&BkaeA
rs dfg dfg us fdrjk,d dsgwa] ladk jk fBdk.kk rkae Ï

lk/kq rks fgalk jk fBdk.kk Vkys] Nn~eLFk r.ksa oogkjA
lq/k oogkj pkyrka tho ej tk;s rks] fojk/kd ugha NS fyxkj Ï

bgka Hkh[k.kth Lokeh vki.kk oogkj esa thr oogkj FkkiS fr.k esa nks"k u
dáksA lqèk oogkjs pkyrka tho ej tkoS rks fi.k fojkèkd ugha] fre lqèk
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1- Bk.ka 5@124] 2- oogkj 10@6] 3- HkxobZ lra 8@301] 4- vk;kjks 5@96

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



oogkj tk.k usa FkkI;ks fr.k esa fi.k nks"k ughaA vuS rs thr oogkj esa ikNyk
us nks"k H;klS rks NksM+ ns.kksA vkxs funksZ"k tk.k usa lsO;ks R;kaus nks"k u dfg.kksA

rFkk lq;xMk;ax JqrLaèk nwtks vè;;u ikapek esa ,goh xkFkk dghµ

vgkdEefk.k Hkqatafr] ^v..ke..kLl dEeq.kk*A
mofyÙks fÙk tkf.kTtk] v.kqofyÙks fÙk ok iq.kks Ï

,,fga nksfga Bk.ksfga] oogkjks .k foTtbZA
,,fga nksfga Bk.ksfga] v.kk;kja fotk.k, Ï [lw;xMks 2] ] ] ] ] v- 5] ] ] ] ] xkFkk 8] ] ] ] ] 9]

vFk bgka fi.k dáks vkèkkdehZ fi.k lqèk oogkj esa funksZ"k tk.kh usa Hkksxosa rks
iki desZ dfj u fyikoSA fre vkpk;Z cqf)oar lkèkq vki.kk oogkj esa funksZ"k
tk.kh usa thr oogkj Fkkis fr.k esa fi.k nks"k u dfg.kksA rFkk Hkxorh] Bk.kkax]
oogkj lw=k esa ikap oogkj dák rs ikBµ

dfrfogs .ka Hkars! oogkjs i..kÙks\ xks;ek! iapfogs oogkjs i..kÙks] ra tgk
vkxes] lqra] vk.kk] èkkj.kk] th,A

tgk ls rRFk vkxes fl;k vkxes.ka oogkja iV~BosTtkA .kks ; ls rRFk vkxes
fl;k] tgk

ls rRFk lq, fl;k] lq,.ka oogkja iëosTtkA

.kks ; ls rRFk lq.k fl;k] tgk ls rRFk vk.kk fl;k] vk.kk, oogkja iëosTtkA

.kks ; ls rRFk vk.kk fl;k] tgk ls rRFk èkkj.kk fl;k] èkkj.kk, oogkja
iëosTtkA

.kks ; ls rRFk èkkj.kk fl;k] tgk ls rRFk th, fl;k] th,.ka oogkja iëosTtkA

bPp,fgaipfgaoogkja iëosTtk] ra tgk vkxes.ka] lq,.ka vk.kk,] èkkj.kk,] th,.kaA

tgk&tgk ls vkxe lq, vk.kk èkkj.kk th, rgk&rgk oogkja iëosTtkA

ls fdekgq Hkars! vkxecfy;k le.kk fuXxaFkk\

bPpsra iapfoag oogkja tnk&tnk tfga&tfga ̂ rnk&rnk* rfga&rfga vf.kfLl&vksofLlra
lEea oogjek.ks le.ks fuXxaFks vk.kk, vkjkg, HkobÏ

[HkxobZµlr 8@@@@@301] oogkja m- 10] Bk.ka 5@@@@@124]

bgka ikap oogkj esa èkkj.kk oogkj vuS thr oogkj fi.k dáksA lqèk ljèkk
vkpkj oar lkèkq uks ckaè;ks thr oogkj esa nks"k ughaA rs thr oogkj uk dsryk
,d cksy dgS NSµ

nwgk
12- thr oogkj uk cksy uks] vk[kwa Nwa vfèkdkjaA

n`< len`f"V fuiq.k rs] uk.ks lad fyxkj Ï

28- bR;kfnd vusd cksy lqèk] tk.kh vkpk;Z FkkiSA
thr oogkjrkl ftu vk.kk] cqf)oar ukfga mFkkiS Ï

29- vkxe Jqr usa vk.kk èkkj.kk] thr iapeks lkèkdA
iap oogkj i.ks izoR;k±] vkKk r.kksa vkjkèkd Ï

30- , Bk.kkax Hkoxrh oogkjlw=ks] vk[;ks ,e ft.kankA
rks thr oogkj mFkkiS rs rks] izxV tSu jk ftank Ï

31- fHk{kq Loke r.kha , ckaèkh] mÙke oj e;kZnksA
foey fpr vkjkèks lqx.kka] esVh HkeZ mikèkks Ï**

¼èkkso.k ikuh vfpÙk gS] bl fo"k; esa fVIi.k la[;k 81B esa m)j.k fn,
x, gSaA½

43- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 57&63

44- ns[ksa izFke Hkkx dh fVIi.k la[;k 8(B)

45- vkpk;Z rqylh] tSu fl)kUr nhfidk] 1@9&11µ

^^thoiqn~xy;ksfoZfofèkla;ksxS% l fofoèk:i% Ï9Ï

¼òfÙkµb;a fofoèk:irk ,o l̀f"Vfjfr dF;rsA½

la;ksx'pki'pkuqiwfoZd% Ï10Ï

deZ&'kjhjksixzg:is.k f=kfofèk% Ï11Ï

¼òfÙk%µmixzg%µvgkj&ok³~µeu%&mPN~oklfu%'oklkn;%A½

vuqoknµ^^tho vkSj iqn~xyksa ds fofoèk la;ksxksa ls og ¼yksd½ fofoèk izdkj
dk gS Ï9Ï

¼yksd dh bl fofofèk:irk dks gh l`f"V dgk tkrk gSA½

tho vkSj iqn~xy dk la;ksx vi'pkuqiwfoZd ¼ikSokZi;Z'kwU;½ gS Ï10Ï

la;ksx rhu izdkj dk gSµ
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1- deZ

2- 'kjhj

3- mixzg Ï11Ï

¼mixzgµvkgkj] ok.kh] eu] mPN~okl&fu%'okl vkfn midkjd 'kfDr;kaA½

46- vkpk;Z egkizK] iwoZ m)`r ys[k] i`"B 16

47- ogh] ì"B 15

48- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 64

49- ogh] i`"B 65&67

50- Hkxorh lw=k ¼HkxobZ½] vaxlqÙkkf.k [kaM 2] 5@2@51&54

51- ^^vg .ka Hkars! vksn.ks] dqEekls] lqjkµ,, .ka fdaljhjk fr oÙkOoa fl;k\

xks;ek! vksn.ks] dqEekls] lqjk, ; ts ?k.ks nOos ,, .ka iqOoHkkoi..ko.ka
iMqPp o.kLlbtholjhjkA rvks iPNk lRFkkrh;k] lRFkifj.kkfe;k]
vfx.kT>kfe;k] vxf.k>wfl;k] vxf.kifj.kkfe;k vxf.ktholjhjk fr
oÙkOoa fl;kA lqjk, ; ts nos nOosµ,, .ka iqOoHkkoi..ko.ka iMqPp
vkmtholjhjkA rvks iPNk lRFkkrh;k tko vxf.ktholjhjk fr oÙkOoa
fl;k Ï

52- vg .ka Hkars! v;s] racs] rm,] lhl,] moys] dlfê;kµ,, .ka fdaljhjk
fr oÙkOoa fl;k\

xks;ek! v;s] racs] rm,] lhl,] moys] dlfê;kµ,, .ka iqOoHkkoi..ko.ka
iMqPp iq<ohtholjhjkA rvks iPNk lRFkkrh;k tko vxf.ktholjhjk fr
oÙkOoa fl;k Ï

53- vg .ka Hkars! vëh] vfëT>kes] pEes] pEeT>kes] jkses] jkseT>kes] flaxs]
flaxT>kes] [kqjs] [kqjT>kes] u[ks] u[kT>kesµ,, .ka fdaljhjk fr oÙkOoa
fl;k\

xks;ek! vëh] pEes] jkses] flaxs] [kqjs] u[ksµ,, .ka rlik.ktholjhjkA
vfëT>kes] pEeT>kes] jkseT>kes] flaxT>kes] [kqjT>kes] u[kT>kesµ,,
.ka iqOoHkkoi..ko.ka iMqPp rlik.ktholjhjkA rvks iPNk lRFkkrh;k
tko vxf.ktholjhjk fr oÙkOoa fl;k Ï

54- vg .ka Hkars! baxkys] Nkfj,] Hkqls] xkse,µ,, .ka fdaljhjk fr oÙkOoa
fl;k\

xks;ek! baxkys] Nkfj,] Hkqls] xkse,µ,, .ka iqOoHkkoi..ko.ka iMqPp
,fxafn;tholjhjIi;ksxifj.kkefe;k fo tko iafpafn;tholjhjIi;ksx&
ifj.kkfe;k foA rvks iPNk lRFkkrh;k tko vxf.ktholjhj fr oÙkOoa
fl;kA**

51- vkpk;Z egkizK] Hkxorh Hkk"; ¼[kaM 2½] ì"B 141] 142

52- izopulkj] xkFkk 8µ^^ifj.kefn ts.k nOoa] rDdkya rEe;fÙk i..kÙkaA**

53- rÙokuq'kklu] xkFkk 190µ

ifj.kers ;sukRek Hkkosu lrsu rUe;ks HkofrA
vgZn~ è;kukfo"Vk HkkokgZu~ L;kr~ Lo;a rLekr~ Ï

54- izks- gfjeksgu >k] Hkkjrh; n'kZu ifjp;] f}rh; [kaM] oS'ksf"kd n'kZu] i`"B
121

55- ^^vfRFk.ka Hkars! vfPpÙkk fo iksXxyk vksHkklafr\ mTtksosafr\ rosafr\ iHkklsafr\
gark vfRFkA

^^d;js .ka Hkars! vfPpÙkk fo iksXxyk vksHkklafr\ mTtksosafr\ rosafr\ iHkklsafr\
dkyksnkbZ! dq)Ll v.kxkjLl rs;&ysLlk fulëk lek.kh nwjaxrk nwjafuirfr]
nsla xrk nsla fuirfr] tfga&tfga p .ka lk fuirfr rfga&rfga p .ka rs vfpÙkk
fo iksXxyk vksHkklafr] mTtksosafr] rosafr] iHkklsafrA ,rs.k dkyksnkbZ! rs vfpÙkk
fo iksXxyk vksHkklafr] mTtksosafr] rosafr] iHkklsafr Ï**

56- MkW- ts- tSu] iwoZ m)̀r ys[k] ì"B 23

57- Prof. A. K. Shaha, op. cit., p. 286—

"It is to be noted that solid bodies and the majority of liquid bodies

can be considered as impenetrable to rays, i.e. are opaque. Rays

cannot penetrate inside these bodies and cannot be emitted from

within. In the opaque bodies, radiation, absorption and reflection of

rays occur only on the surface. Gases are permeable to rays and rays

can pass through them freely. Some of the gases such as CO
2
, H

2
O,

CH
4
 etc. are endowed with the property of radiation and emit grey

radiation. However gases exhibit the property of radiation and

absorption in respect of the rays of particular wavelengths only."
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58- MkW- ts- tSu] iwoZ m)`r ys[k] i`"B 50 esa Hkêh dh izfØ;k dks oSKkfud vkèkkjksa
ij le>k;k x;k gSA os Lo;a blh fo"k; ds fo'ks"kK gSaA

59- ogh] ì"B 49

60- ogh] ì"B 50

61- ogh] ì"B 50

62- ogh] ì"B 51

63- ogh] ì"B 55] 56

64- ogh] ì"B 59] 60

65- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 67] 68

66- ogh] ì"B 68] 69

67- ogh] i`"B 69&74

68- ogh] ì"B 74] 75

69- ogh] ì"B 75] 76

70- ¼d½ Bk.ka ¼LFkkukax lw=k½] 10@105&107µ

^^nl l..kkvks i..kÙkkvks] ra tgkµvkgkjl..kk] Hk;l..kk] esgq.kl..kk]
ifjXxgl..kk] dksgl..kk] ek.kl..kk] ek;kl..kk] yksHkl..kk] yksxl..kk]
vksgl..kkA

.ksjb;k.ka nl l..kkvks ,oa psoA
,oa f.kjarja tko osekf.k;k.ka Ï**

¼[k½ foKku ds vUos"k.kksaa ds fy, mnkgj.kkFkZ ns[ksaµ“Sectret Life of Plants”

71- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 77

72- ;g iwjk iz'u eqfu ;'kksfot;th us vius xzUFk ^fo|qr~ % ltho ;k futhZo\*
esa ì"B 78&99 esa foLrkj ls izLrqr fd;k gSA bl iz'u ds foLr`r mÙkj ds fy,
eqfu uanh?kks"kfot;th }kjk fyf[kr ^tSu n'kZu % oSKkfud n`f"V,* esa i`"B
61&68 nz"VO; gSA ¼bls geus izLrqr iqLrd ds vUr esa ifjf'k"V&1 esa m)`r
fd;k gSA½

73- Jhen~ t;kpk;Z] iz'uksÙkj&rÙo cksèk] izdj.k 15] ̂ 45] cÙkhl vkxe vfèkdkj*]
ì"B 60] 61µ

568- ^^iap vuS pkyhl esa] ts pmlj.k fopkjA
uke HkDrifjKk] cyh] Qqu ibUuks laFkkj Ï1Ï

569- thrdYi] fiaMfu;qZfDr] ip[kk.k&dYi voyks;A
, "kV~ uha uanh fo"ks] lk[k ugha NS dks; Ï2Ï

570- egk&fu'khFk fo"ks dáqa] f}fr; vè;;u e>kjA
dqfy[kr nks"k nsoks ugha] rlqa dkj.k voèkkj Ï3Ï

571- ,fgt egkfu'khFk esa fdgka d v)Z flyksxA
fdgka flyksx] fdgka v{kj uh] iafDr vksyh iz;ksx Ï4Ï

572- fdgka;d ikuks v)Z gh] fdgka i=k cs rhuA
xG~;ks xzUFk be vkfn cgq] bg foèk dáqa lqphu1 Ï5Ï

573- cfy dáqa r`fr; vè;su esa] , iqLrd jS ekafgA
pSaBks bd ikuk Fkdh] chtks ikuks rkfg Ï6Ï

574- rs ekVs , lw=k uk] vykok2 u ikesgA
frgka Hk.k.kgkj lw=kka r.kk] R;ka v'kq) fy[;qa gqoS tsg Ï7Ï

575- nks"k u nsoks rsguh] [kaM&[kaM Fkb ,gA
i=k lM+îk [kkèkh cfy] tho mísfg3 tsg Ï8Ï

1- egkfu'khFk] vè;;u 2] i=k 7 ¼gLrfyf[kr½ %
,;Ll ; dqfyfg;nkslks u nk;Ooks lq;gjsfga fdarq tks pso ,;Ll iqOok;fjlks vkfl rRFks oA
dRFkb flyksxks dRFkb flyksx)a dRFkb i;D[kja dRFkb vD[kjiafr;k dRFkb iUuxiqfë;
dRFkb osfrfUu iUuxkf.k ,oekb cgqxaFka ifjxfy;a frA

2- vkykid
3- nhed
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576- gfjHknz fut efr djh] lkaèkh fy[;qat rkeA
be dáqa egk&fu'khFk esa] cfy vU; vkpkjt uke1 Ï9Ï

577- fr.k lwa egkfu'khFk fi.k] Mksgyk.kks2 NS ,gA
loZ ewyxks ufg jáks] fuiq.k fopkjh ysg Ï10Ï

578- 'ks"k ják "kV rsg esa] dkabd dkabd ck;A
vax lwa u feyS rsg op] fde ekuhtS rk; Ï11Ï

579- Vhdk pwf.kZ nhfidk] Hkk"; fu;qZDrh tk.kA
fda.kfgd jh nhlS uFkh] fr.k lwa ,g vizek.k Ï12Ï

580- ,dkn'k ts vax Fkh] feyrk opu lqtk.kA
loZ ekuok tksX; eq>] ibUuk izeq[k fiNk.k Ï13Ï

581- èkqj os vax uh o`fÙk ts] 'khykpkjt dhèkA
vHk;nso lwjh djh] uo vax o`fÙk izlhèk Ï14Ï

582- Qqu vHk;nso lwjs jfpr] izFke miax izcaèkA
panz lwfj fojfpr o`fÙk] fujkofy;k JqrLdaèk Ï15Ï

583- 'ks"k miax # Nsn uha] ey;fxfj Ñr tks;A
gsekpk;Z o`Ùkh djh] vuq;ksx}kj uha lks; Ï16Ï

584- gfjHknz lwjs djh] n'koSdkfyd o`ÙkA
Hkk"; vuS cfy pwf.kZ fi.k] iwokZpk;Z jfpÙk Ï17Ï

585- fre , "kV uh ufo djh] iwokZpkjt tks;A
fr.k lwa fr.ks u ekfu;k] ,gowa nhlS lks; Ï18Ï

586- 'ks"k ják cÙkhl ts] eku.k tksX; vjksX;A
,g Fkh feyrk vU; fi.k] NS eq> eku.k tksX; Ï19Ï

74. Satish K. Gupta, op. cit., pp. 1085-1088

‘‘Photon

A photon is a packet of energy. It possesses energy given by

E = h v

where h = 6.62 × 10–34 J s is the Planck's constant and v is the

frequency of the photon. If λ is the wavelength of the photon, then

c = v λ

Here, c = 3 × 108 m s–1 is velocity of light.

Therefore, E = h v =

Photoelectric effect

Hallwach discovered that an insulated zinc plate connected to a gold

leaf electroscope and charged negatively lost its charge, when a beam

of ultraviolet light was directed on the plate. In order to explain this

observation, Haliwach suggested that the metal surface loses negative

charge due to ejection of electrons from its surface by the ultraviolet

light. The effect was termed as photoelectric effect.

The phenomenon of ejection of electrons from a metal surface, when

light of sufficiently high frequency falls upon it, is known as the

photoelectric effect.

The electrons so emitted were called photoelectrons. J. J. Thomson

showed that the photoelectrons were not different from the ordinary

electrons.

Laws of photoelectric emission. The various experimental

observation led to the various conclusions, which became known as

the laws of photoelectric emission, as explained below :

1. The emission of photoelectrons takes place only when the

frequency of the incident radiation is above a certain critical value,

characteristic of that metal. The critical value of frequency is known

as the threshold frequency for the metal of the emitting electrode.

2. The emission of photoelectrons starts as soon as light falls on

metal surface.

It has been found that the time lag between the incidence of photon

and the emission of electron is less than 10–8 s.

1- egkfu'khFk] vè;;u 3] i=k 25 ¼gLrfyf[kr½ %
,RFk ; tRFk tRFk i..kk.kqyXxa lqrkykoxa u laiTtb rRFk rRFk lq;gjsfga dqfyfg;nkslks u
nk;Ooks fÙkA fdarq tks lks ,;Ll vfparfparkef.kdIiHkw;Ll egkfulhglq;D[kaèkLl iqOok;fjlks
vkfl rfga pso [kaMk[kaMh, mísfg;k,fga gsm$fga ogos iÙkxk ifjlfM;k rgkfo
vPparlqgeRFkkbl;afrA bea egkfulh;lq;D[kaèka dfl.kio;.kLl ijelkjHkw; ija rÙka egRFka
fr dfym$.k io;.koPNYyÙks.ka cgqHkOolÙkkso;kfj;a p dkma rgk ; vk;fjvë;k, vk;fjv
gfjHkís.ka ta rRFkk;fjlks fnëa ra lOoa lerh, lkfgm$.k fyfg;a frA vUusfga fi fl)ls.kfnok;j
oq)okb tD[kls.k nsoxqÙk tlo).k[kekle.k lhljfoxqÙk .ksfepan ftunkl x.k[kex
lOofjfla ieqgsfga tq.kIigk.klq;gjsfga cgqef..k;fe.kafrA [i=k 25]

2- feykoVh

h c

λ
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3. The maximum kinetic energy with which an electron is emitted

from a metal surface is independent of the intensity of the light and

depends only upon its frequency.

4. The number of photoelectrons emitted i.e. the photoelectric

current is independent of the frequency of the incident light and

depends only upon its intensity.

Einstein's Photoelectric Equation

To explain photoelectric effect, Einstein postulated that the energy

carried by a photon of radiation of frequency v is hv. According to

him, the emission of a photoelectron was the result of the interaction

of a single photon with an electron, in which the photon is completely

absorbed by the electron. We know that to remove an electron from

a metal, a certain minimum amount of energy w, called work function

of the metal, is required. Thus, when a photon of energy hv is

absorbed by an electron, an amount of energy at least equal to w

(provided hv > w) is used up in liberating the electron free and the

differeace hv – w becomes available to the electron as its maximum

kinetic energy.”

75- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 100

76- ogh] i`"B 101] 102 ij ;s m)j.k foLrkj ls fn, x, gSaA

77- ogh] i`"B 103

78- ogh] i`"B 103] 104

79- ogh] i`"B 116] 117

80- ogh] i`"B 104] 105

81- rsjkiaFk ;qod ifj"kn~ t;iqj }kjk izdkf'kr ^t; 'kklu t; vuq'kklu* esa
vkpk;Z rqylh dk Hkxoku egkohj ds 2500osa fuokZ.k egksRlo ds volj ij
fn, x, ,d mn~cksèku ds vkèkkj ij ^fodkl dk vkèkkjµvkRekuq'kklu*
uked ys[k] i`"B 7

81- (a) LFkkudoklh vkSj rsjkiaFk èkeZla?k esa crZuksa dk èkkso.k ikuh vfpÙk
ekudj xzg.k djus dh ijEijk izkphu dky ls izpfyr FkhA tc bl ij
dqN yksxksa us ;g dgdj vkifÙk dh fd blesa nks ?kM+h esa }hfUnz; vkfn
tho iSnk gks tkrs gSa] rks vkpk;Z fHk{kq us mldk Li"Vhdj.k fd;kA
mUgksaus Li"V fd;k fd èkksou ikuh vfpÙk gS rFkk mlesa }hfUnz; thoksa
dh mRifÙk dh ckr vkxe&ekU; ugha gSA ns[ksa] vkpk;Z fHk{kq Ñr J)k

dh pkSikbZ <ky 31] Jh fHk{kq&xzUFk&jRukdj ¼[kaM&1½] izdk'kd rsjkiaFkh
egklHkk] dydÙkk] lu~ 1960] i`"B 772&777] vkpk;Z fHk{kq] J)k dh
pkSibZ] <ky 32µ

<ky % 31

nqgk
dsbZ tsauh ukae èkjk; usa] cksys >wB vrhoA
lkèkq èkkso.k cgjs rsg esa] dgs csbanzh tho Ï1Ï

rs iksrsa rks èkkso.k ihosa ugha] fi;s R;kausa fuans fnu jkrA
rs vUgk[kh Fkdk cdoks djs] R;kajk ?kV ekagsa ?kksj feF;kr Ï2Ï

ftH;k jks Lokn rT;ka fcuka] èkkso.k fi;ks fde tkrA
fr.klwa èkkso.k mFkkisa cgj.kks] >wBh dj dj eq[k lwa ckr Ï3Ï

dsbZ dgs oklh vkgkj esa] ,d.k jkr js ekafgaA
tho csbanzh mitsa] fr.k lwa lkèkka us ogj.kks ukafg Ï4Ï

iksrsa BaMks vkgkj Hkkos ugha] fr.k lwa maèkh i:isa ,eA
,gok fgalkèkE;kZ jk y{k.k cqjk] rs lq.kT;ks èkj izse Ï5Ï

<ky
dlkbZ fops rks dqxqj cqjk ,] R;kajs n;k ugha yoys'kA
N dk;k ekj.k r.kks ,] ns ikih mins'kA
ik[kaMh xqj ,gok ,] mUgksa ika.kh èkjkos djs vkeuk , Ï1Ï

iNsa Hkj Hkj Y;kos Bkae] vkèkkdehZ Hkksxos ,A
R;kajk nq"V ?k.kk fij.kkae] Hkfod fuj.kks djks , Ïik- 2Ï

djMks dkBks èkkso.k Hkkos ugha ,] mUgksa ika.kh ykxs LoknA
fr.k lwa vUgk[kh Fkdk ,] djs dwMh fo"kokn Ï3Ï

dgs èkkso.k esa mits ?k.kk ,] nks; ?kMh ikNsa thoA
, maèkh i:iusa ,] ns Nsa dqxfr uha uhao Ï4Ï

èkkso.k bdohl tkfr uksa ,] lkèkq usa ys.kks dáks ft.k vkiA
vkpkjkax lwrj1 esa ,] rs dqxqjka nh;ks mFkki Ï5Ï

1- vk;kjpwyk] 1@6@99&104
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bdohl tkfr lwa feyrks Fkdks ,] ?k.kh tkfr jks èkkso.k tka.kA
rs fi.k ys.kks dáks ,] fr.kjh u djs ew< fiNka.k Ï6Ï

vusjks lL=k ifj.kE;ka Fkdka ,] o.kZ us jl fQj tk;A
rs èkkso.k ys.kks lkèkq usa ,] rs fodyka usa [kcj u dk; Ï7Ï

dgs èkkso.k esa tho mitsa ,] nks; ?kMh esa vk;A
rs fi.k lwrj esa ugha ,] >wBk Fkdk cksys ewlkck; Ï8Ï

rrdky jks èkkso.k ugha osagj.kksa ,] ?k.kh cksyka jks èkkso.k ys.kks tka.kA
nloSdkyd1 esa dáks ,] rksgh djs vX;kauh rka.k Ï9Ï

dgs /kkso.k esa tho mitsa ,] rs vu r.ks ijos'kA
,goks >wB cksyusa ,] dj ják dwM dys'k Ï10Ï

tks èkkso.k esa tho mitsa ,] rks jksVh esa bZ mits vka.kA
nks; ?kMh e>s ,] , ys[kks cjkscj tka.k Ï11Ï

befgt nky [khp ?kkV esa ,] bR;kfnd lxyh vu tka.kA
lxyka esa tho mitsa ,] èkkso.k lwa ;kausa Y;ks fiNka.k Ï12Ï

dBs ika.kh FkksMks usa vu ?k.kks ,] dBs vu FkksMks ika.kh vR;UrA
iak.kh usa vu loZ esa ,] ;ka lxyka jks ,d fojrar Ï13Ï

nwèk jh tko.kh jk èkkso.k e>s ,] ;kaesa mitsa csbanzh vk;A
rks nwèk esa fi.k mitsa ,] ika.kh feys Nsa fr.k eka; Ï14Ï

oys ngh usa NkN jk èkkso.k e>s ,] ;kaesa mitsa csbanzh vk;A
rks mitsa ngh NkN esa ,] ika.kh feys Nsa ;kajs bZ eka; Ï15Ï

ft.k ft.k njc jk èkkso.k e>s ,] tks mitsa csbanzh vk;A
rks njc esa bZ mitsa ,] ika.kh feys Ns njc js eka; Ï16Ï

brjk dky iNsa tho mitsa ,] rs lwrj esa u dáks HkxoarA
mitrk tho tka.k usa ,] cgjsa ugha efroar Ï17Ï

81- (b) rsjkiaFk èkeZ&la?k esa vkpk;ks± }kjk lfpÙk&vfpÙk ds fo"k; esa tks fu.kZ;
fd, tkrs gSa] mUgsa e;kZnkoyh esa e;kZnk ds :i esa ekU; fd;k tkrk gSA
mnkgj.kkFkZ ns[ksaµ

JheTt;kpk;Z Ñr e;kZnkµògn~ e;kZnk ¼cM+h e;kZnk½ la- 1908 dk
ek?k lqnh 15 ds fnu t;kpk;Z ikV fcjkT;k iNs R;ka fo'ks"k ca|kscLrh
dhèkh rs fy[;rsµ

¼vkpk;ks± }kjk le;&le; ij O;ogkj ds vkèkkj ij Ñr e;kZnk,aµ½

¼4½ lsD;k eksF;k rFkk R;kjs la?kVS fi.k cfgj.kks ughaA vuS fx.kok nk.kk
oh[kj;k lsD;k nhlSA fr.kjs la?kVs cfgj;ka vVdko ughaA

¼5½ eksxjh èkwaxkjh ys.kh ughaA be Qyh lkaxjh dSj Qksx /kwaxkj~;k yS.kk
ughaA eka gS fejP;ka jk cht jh rFkk dkpj;ka jk cht jh Q';k± jh
ladk rs ekVSA

¼6½ dsyk Qqarjk lfgr rFkk R;kaj S la?kVs cfgj.kks ughaA Qqarjk fcuk ysoS
rks vVdko ughaA

¼7½ fejpk jkrh dwVh ?kkal vFkSZ rsy ?kkY;ksMh rs cht lfgr yS.kh ughaA

¼8½ fla?kksMk lwdk Hkkxk cht lfgr ys.kk ughaA

¼9½ vkackjks Nwanks Qksarjk ns'kh vkac dhlkxka lkxka [kkaM dk Qjl fouk
yS.kh ughaA ijns'kh vkac dh ckr U;kjhA

¼17½ dkpk ik.kh eSa rsy jk gkFk ?kkY;ka phxj jk rjkokjk nhls rs ys.kks
ughaA

¼18½ yw.k fejp thjks gynh ?kkY;ksMks elkyks ys.kks ughaA

¼24½ [kjcwtk jks [kkaM ?kkY;ksMkS iq.kks cht lfgr ys.kks ugha] cht fouk
vVdko ughaA

¼25½ cky.k dkdMh jks iq.kks ys.kks ughaA

¼26½ erhjk dks ik.kh ys.kks ughaA

¼27½ m$Ugks ikuh rFkk xkscjkfnd dks èkkso.k jks ikyks tE;ks rs ys.kks ughaA

¼28½ nfj;k uhyk nkfMejk dqfy;k ywa.k fejp yxk;ksMk ys.kk ughaA

, 36 cksykajh ca/kkscLrh fo'ks"k dhèkhA [kksijk cht lfgr otZ.kk
rks vkxs bZ gwarhA fi.k ew.kjk [kksijk cht xfy;k tk.k us ysrk rs
NksM~;kA---vkpk;Z jh ckaèkh e;kZnk vkpk;Z js gkFks NsA

¼49½ nhokjS pku.kS ikuk okap.kk ughaA

¼57½ ik.kh lfpr jh ikj[kk vFksZ gkFk ?kky.kks ughaA oogkj esa vfpr
tk.ksa rks cfgj ys.kksaA1- n'koSdkfyd lw=k] v- 5] mís'kd 1] xkFkk 75&77
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81- (c) e;kZnkoyh] O;oLFkk lw=k 16 ¼vizdkf'kr½ %

^^lsy] csVjh okyh ?kM+h dh rjg d.kZ;a=k Hkh lsy&lapkfyr gSA mlesa
rstLdk; dh vt;.kk dh laHkkouk ugha yxrh] vr% dke esa fy;k tk
ldrk gSA**

82- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 106&108

83- ns[ksa] fVIi.k la[;k 73

84- eqfu ;'kksfot;th] iwoZ m)`r xzUFk] i`"B 109
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ifjf'k"V 1

izdk'k ltho&futhZo&ehekalk

fo|qr~ dk izdk'k] vkdk'kh; fctyh dk izdk'k] nhid dk izdk'k vkfn
lHkh ltho rsmdk; gS] ,slh ekU;rk ds leFkZu esa rFkk mlds [kaMu esa tks fopkj
O;Dr fd, x, gSa] mldh ehekalk ;gka dh xbZ gSA

1- izdk'k ltho gS

^izdk'k ltho gS*µbl ekU;rk dks eqfu ;'kksfot;th us fuEukafdr fopkj
}kjk izdV fd;k gS1µ

^^vH;arj ri esa vafre vkSj mRÑ"V izdkj dk;ksRlxZ lkèkuk gSA rFkkfoèk
ladYi djus ds lkFk dk;k dk R;kx djds vkRek dks fo'kq) vkyacu esa tksM+s
j[kus dh vn~Hkqr lkèkuk Lo:i dk;ksRlxZ esa 16 izdkj ds vkxkj ¼= viokn =

NwV½ vko';dlw=k esa crk, gSaA mlesa ,d viokn gS nh;s dh jks'kuh ¼mtkyk½
¼= nhizdk'k½A vko';dfu;qZfDr esa Jh HknzckgqLokehth usµ

^vx.khvks fNafnTt o cksfg;[kksHkkb nhgMDdks okA
vkxkjsfga vHkXxks mLlXxks ,oekbZfga Ï* ¼xk- 1516½
bR;kfn :i esa dk;ksRlxZ ds vkxkj ¼= viokn½ crk, gSaA mlesa ^vx.khvks*

in }kjk tks vkxkj crk;k gS mldh O;k[;k esa Jh gfjHknzlwjh'ojth egkjkt crkrs
gSa fdµ

^;nk T;ksfr% Li`'kfr rnk izkoj.kk; dYixzg.ka dqoZrks u dk;ksRlxZHkax%*
¼xk- 1516½

eryc fd dk;ksRlxZ pkyw gks rc dksbZ O;fDr eksecÙkh] ykyVsu] nh;k]
ykbZV oxSj pkyw djs vkSj mldk izdk'k = jks'kuh ¼mtkyk½ ;fn dk;ksRlxZ djus
okys lkèkd ds m$ij iM+s rks dk;ksRlxZ djus okyk vius 'kjhj dks m$u dh dEcy
ls <ds] dEcy dks 'kjhj ij vks<+us ls dk;ksRlxZ dk Hkax ugha gksrkA

;fn nh;s dh jks'kuh ¼mtkyk½] ykbZV ¼= rsmdk;½ dk izdk'k futhZo gks rks
pkyw dk;ksRlxZ esa dEcy vks<+us dh tks ckr dh gS mlls fl) gksrk gS fd 'kjhj
ij vkus okyk ykbZV dk izdk'k = Ñf=ke rsmdk; dk izdk'k] eksecÙkh&ykyVsu&nh;s
oxSjg dk izdk'k lfpÙk] ltho gSA blfy, mudh j{kk djus ds mís'; ls pkyw
dk;ksRlxZ esa m$u dh dEcy vks<+us dh 'kkL=kdkj ijef"kZ;ksa us QtZ crkbZ gSA cM+s
nks"k ls cpus ds fy, izLrqr esa vfuok;Z :i ls NksVs nks"k dk lsou {kE; curk gSA

nsgkè;kl dks nQukus ds fy, fd, tkus okyh dk;ksRlxZ tSlh egku lkèkuk
esa thofgalk u gks tk, mldh lkoèkkuh j[kus dh ckr gekjs ân; esa vafdr gks]
bl n`f"Vdk.sk ls fd;k x;k ;g foèkku fctyh ds nh;s ds izdk'k dks = cYc
izdk'k dks Hkh ltho fl) djrk gSA D;ksafd fctyh Hkh nh;s dh rjg rsmdk; gh
gSA blh izdkj ls rsmdk; ¼nh;s dh T;ksr½ vkSj mldk izdk'kµ;s nksuksa rÙokFkZòfÙkdkj
ds er ds vuqlkj ,d gh gSA ftukxe vuqlkj vkdk'kh; fctyh] nh;s dh T;ksr]
nh;s dk izdk'k ltho gSA foKku vuqlkj rSy ds nh;s dk nwj rd QSyrk gqvk
izdk'k vkSj bysDVªhd cYc dk izdk'kµ;s nksuksa QksVksu ¼rstk.kq½ Lo:i gSa] vFkkZr~
nksuksa ,d gSaA blfy, mi;qZDr ckr dks lehdj.k ds :i esa le>us ds fy, ,slk
dg ldrs gSa fdµ

1- rSy ds nh;s dh T;ksr = lfpÙk ¼= ltho½ rsmdk;µ
µthokfHkxelw=k ¼izfr -1@25½

nh;s dh T;ksr (Flame) = nhidizdk'k ¼jks'kuh [mtkyk]½
µrÙokFkZo`fÙk ¼5@24½

rSyh;nhid dk izdk'k = bysDVªhd cYcizdk'k

¼= QksVu = rstk.kq½µlkbUl

∴ cYcizdk'k Hkh ltho rsmdk; :i fl) gksrk gSA

¼2½ vkdk'kh; fctyh = ltho rsmdk;&iUuo.kklw=k ¼1@31½

vkdk'kh; fctyh = bysDVªhlhVhµcsUtkehu Ýsadyhu

∴ bysDVªhlhVh Hkh ltho rsmdk; :i fl) gksrh gSA

bl izdkj vkxe vkSj foKku dk leUo; djus ls bysDVªhlhVh vkSj
cYcizdk'k ltho gh fl) gksrs gSaA

^vUuRFk* lw=k ds foospu ds izlax ij yfyrfoLrjk xzUFk esa Hkh JhgfjHknzlwfjth
egkjkt us crk;k gS fd ^;nk T;ksfr% Li`'kfr rnk izoj.kk; dYixzg.ka dqoZr% vfi
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u dk;ksRlxZHkax%* vFkkZr~ dk;ksRlxZ esa nh;s dk izdk'k tc 'kjhj ij iM+rk gS rc
vks<+us ds fy, dEcy dks ysus ij dk;ksRlxZ dk Hkax ugha gksrk gSA

U;k;fo'kkjn U;k;kpk;Z egksikè;k; Jh ;'kksfot;th xf.koj }kjk la'kksfèkr
vkSj izekf.kr dh gqbZ èkeZlaxzgòfÙk esa ̂ vUuRFk* lw=k ds foospu ds izlax ij egksikè;k;
Jh ekufot;th xf.ko;ZJh us Hkh ^vXus% fo|qrks ok T;ksfr"k% Li'kZus izkoj.ka
x`º.krks·fi u Hkú%* ¼Hkkx 2@xk- 61 o`fÙk@i`"B 61½ ,slk dgus ds }kjk crk;k gS
fd ^vfXu dk izdk'k ¼jks'kuh ¼mtkyk½½ vFkok fctyh dk izdk'k 'kjhj ij iM+s
rks 'kjhj dks <dus ds fy, dEcy dks xzg.k djus ij Hkh dk;ksRlxZ dk Hkax ugha
gksrkA

;fn rsmdk; dk izdk'k tc mRifÙkLFkku ls nwj QSyrk gS rc lfpÙk
¼= ltho½ ugha gksrk rks vius 'kjhj ij nh;s djus ij Hkh izdk'k iM+us dh voLFkk
esa pkyq dk;ksRlxZ esa dEcy iguus dh vko';drk gh ugha jgrhA blfy, nh;s
dk izdk'k] mtsgh] ykbZV izdk'k] cYc izdk'k oxSjg Lo;a ds mRifÙkLFkku esa vkSj
mRifÙkLFkku ls nwj tgka os QSyrs gSa ogkaµnksuksa LFkkuksa esa lfpÙk = ltho gSµ,slk
gh fl) gksrk gSA

'kadkµvko';dfu;qZfDro`fÙk] yfyrfoLrjk vkSj èkeZlaxzgo`fÙk xzUFk esa pkyw
dk;ksRlxZ esa jks'kuh ¼mtkyk½ ¼izdk'k½ vkus ds le; dYi izkoj.k dh ¼dEcy
iguus dh½ tks ckr dh gS og rsmdk; ds thoksa dh j{kk djus ds fy, gS] mldk
dksbZ vU; iz;kstu ugha gSµ,slk ekuus dk izek.k D;k gS\ dksbZ nwljk iz;kstu ogka
D;ksa ugha ekuk tk ldrk\

lekèkkuµiwoZ esa ¼ì- 53½ rÙokFkZlw=ko`fÙk ds vkèkkj ij ge ns[k pqds gSa fd
rsmdk; ¼nh;s dh T;ksr½ vkSj mldk izdk'k nksuksa ,d gh gSaA vFkkZr~ rsmdk; ¼nh;s
dh T;ksr½ tSls ltho gS mlh izdkj mldk izdk'k = jks'kuh ¼mtkyk½ Hkh ltho gh
gSA rFkk iwoZèkj egf"kZ Jh ftuHknzx.kh {kekJe.k us fo'ks"kko';dHkk"; esa
^j;kbjD[kkfufeÙk* ¼fo-vk-Hkk- 2576½ bl izdkj ls dEcy j[kus dk tks iz;kstu
crk;k gS mldh O;k[;k esa Jh gsepUnzlwfjth egkjkt us ̂ jtks·fi lfpÙka b"knkrkezuHkl%
irfr izrhresoA vkfn'kCnkr~ iznhirst%izHk̀rhuka ifjxzg%A ,rs"kka p egkokrkfn&xrkuka
j{kkfufeÙka dYik% l×tk;Urs* ¼fo-vk-Hkk- eyèkkjo`fÙk½ ,slk dgdj dEcy j[kus
dk ,d iz;kstu nh;s dh jks'kuh ¼mtkyk½ ds tho vkfn dh j{kk djuk crk;k gSA

egkrkfdZd U;k;kpk;Z egksikè;k; Jh ;'kksfot;th xf.koj us Hkh L;k}kn
dYiyrk ¼'kkL=kokrkZleqPp;O;k[;k½ ds uoesa Lrcd esa ^'kq)kgkjkfno
'kq)ksidj.kknusdxq.klEHkoLrq fujik; ,oA---lfpÙk&ìfFkoh&èkwfedk&òf"V&vo';k;&

jt%&iznhirst%izHk`rhuka j{kk vfi rS% ¼oL=kS%½ Ñrk HkofrA* ¼L;k-d-yrk Lrcd
9@xkFkk 4@i`"B 46½ ,slk dgdj dEcy iguus dk ,d iz;kstu nh;s dh jks'kuh
¼mtkyk½ ds thoksa dh j{kk djuk crk;k gSA

vè;kReerijh{kko`fÙk esa Hkh egksikè;k; Jh;'kksfot;th egkjkt us
^lfprìfFkoh&?kwfedk&ò"V~;o';k; jt%µiznhirst%izHk̀rhuka j{kkfi rS% ¼ = oL=kS%½
Ñrk Hkofr* ¼xkFkk 13 o`fÙk½ ,slk dgdj nh;s oxSjg dh jks'kuh ¼mtkyk½ ds thoksa
dh j{kk dEcy oxSjg ds }kjk gksrh gS ,slk crk;k gSA bl rjg pkyw dk;ksRlxZ
esa nh;s dh jks'kuh ¼mtkyk½ vkus ij dEcy vks<+us ls ftruh gks lds mruh
rsmdk; ds thoksa dh ;ruk&j{kk gks ogh eq[; iz;kstu fn[kkbZ iM+rk gSA blls nh;s
dh jks'kuh ¼mtkyk½ ltho gh fl) gksrh gSA

egkfu'khFklw=k ds prqFkZ vè;;u esa ikiHkh: lqefr vkSj ukfxy uke ds nks
Hkkb;ksa dh dgkuh vkrh gSA ogka f'kfFkykpkjh lkèkq dks ns[kdj Kkuh lqefr muds
f'kfFkykpkj dk o.kZu djrs gq, dgrk gS fdµ^,lks vTt j;.kh, v.kksomÙkks
ilqÙkks foTtqdk, QqflvksA .k ,rs.ka dIixg.ka d;a* ¼i`"B 101½ vFkkZr~ ;g lkèkq
jkr dks fcuk mi;ksx ds lks;k gqvk FkkA blls rsmdk; dk ¼fo|qr~dk; dk½ la?kêk
¼Li'kZ½ gqvkA fQj Hkh mlus vks<+us ds fy, dEcy ugha yhA* ;gka ^rsmdk; dk
la?kêk* 'kCn dk ^ml lkèkq ds 'kjhj ij fdlh us tyrk gqvk dks;yk j[kk*µ,slk
vFkZ ugha dj ldrsA D;ksafd ,slk gks rks og lkèkq mB gh tkrkA ijUrq ^rsmdk;
dk la?kêk* dk vFkZ ;g gS fd 'kjhj ds m$ij nh;s dk izdk'k ¼jks'kuh] mtkyk½
iM+uk vFkok fctyh dh ped dk 'kjhj m$ij iM+ukA vkdk'k esa fctyh ped
jgh gks] f[kM+dh&njokts [kqys gksa] 'kjhj ij mldk izdk'k iM+rk gks] fQj Hkh lkèkq
dEcy u vks<+sa rks oSlh ykijokgh f'kfFkykpkj ds :i esa ekuh tkrh gSA bldk
dkj.k cgqr Li"V gS fd mlls rsmdk; thoksa dks ihM+k gksrh gSA dEcy ugha vks<+us
ls rsmdk; ds thoksa dh ;ruk&j{kk ugha djuh ;g ,d izdkj dk f'kfFkykpkj
gSµ,slk egkfu'khFklw=k dk rkRi;Z gSA blls Hkh fl) gksrk gS fd dEcy rsmdk;
ds thoksa dh j{kk dk lkèku gS] midj.k gSA

blh izdkj fu'khFklw=k uke ds NsnxzUFk esa Hkh fo|qr~&izdk'k ds ltho gksus ds
vusd izek.k ns[kus dks feyrs gSaA fu'khFklw=kihfBdk dh pwf.kZ esa crk;k gS fd
^vfXx fÙk ,rkf.k isgknhf.k djsarLl vXxh fojkgTtfr* ¼fu-Hkk";- 209 pwf.kZ½
vFkkZr~ ftl edku esa] mikJ; esa nh;s dk izdk'k QSyk gqvk gks] ykbZV vkrh gks]
ogka ;fn oL=kkfn dk ifMysg.k oxSjg djus esa vk, rks vfXudk; tho dh
fojkèkuk gksrh gSA blfy, [kqyh ykbZV&nh;k oxSjg pkyw gks ogka lkèkq&lkèohth
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Hkxoar ifmysg.k ugha dj ldrs gSaA ;fn jks'kuh ¼mtkyk½ esa oL=kkfn dk ifMysg.k
djus esa vk, rks rsmdk; dk la?kêk ¼= Li'kZ½ gksus ls fo'ks"k izdkj dk izk;f'pÙk
fu'khFkpwf.kZ esa ̂ ltksfr;k, midj.ka ifMysgsfr eklygq;a* ¼xk- 209½ bu 'kCnksa }kjk
crk;k x;k gSA

mlh izdkj edku esa] mikJ; esa vius m$ij nh;s dk izdk'k vkrk gS] ykbZV
vkrh gks rks mikJ; ds ckgj fudyrs le; ;k vUnj izos'k djrs le; Hkh
vfXudk; dh fojkèkuk u gks] blds fy, lkèkq HkxoUr mikJ; esa izektZu u djsa]
eqag ls ^vkoLlfgfulhfg* oxSjg u cksysaA mikJ; esa vius ij ykbZV vkrh gks rc
lkèkq Hkxoar rsmdk; ds thoksa dh j{kk gsrq oanu Hkh u djsaµ,slk fu'khFkihfBdk dh
pwf.kZ esa crk;k x;k gSA ;s jgs os 'kCnµ

^f.kXxPNark ifolark ok olfga u ieTtafr fÙk oqÙka gksbA
ewxk lafr ok;k, v.kqPpj.ka] oan.kxgh.ka&oanua u nnkrhR;FkZ%*

¼fu'khFkHkk"; 223 pwf.kZ½

vkpkjkaxlw=k dh izFke pwfydk esa ^vxf.kdk, ok mTtkfy;iqOos Hkob---
v;ekmls! egklkoTtfdfj;k ;kfo Hkob* ¼vè;k; 2@mís'k 2½ ,slk dgdj vfXu
tyh gks oSlh txg ¼= mikJ;kfn½ dh igpku ^egk lko|fØ;k* uke ls djkbZ gS
rFkk c`gRdYilw=k esa ̂ moLl;Ll varks oxMk, lOokjkbZ, tksbZ f>;k,Ttk] uks dIibz
fuXxaFkk.k ok fuXxaFkh.k ok vgkyanefo oRFk,* ¼lw=k 56½ ,slk dgdj lkjh jkr nh;k
tyrk gks oSls mikJ; esa {k.kHkj Hkh jgus dh lkèkq&lkfèo;ksa dks euk dh gSA rFkk
jks'kuh ¼mtkyk½ okys mikJ; esa ¼edku esa½ lkèkq&lkèohth Hkxoar jgsa rks mudks
izk;f'pÙk vkrk gS] ,slk c`gRdYiHkk"; dh 3433oha xkFkk esa Li"V :i ls crk;k gSA
blls fl) gksrk gS fd rsmdk; ds thoksa dh lEiw.kZ j{kk rks ml LFkku dk R;kx djus
ij gh gks ldrh gSA fQj Hkh vU; LFkku u fey ldrk gks rks jks'kuh ¼mtkyk½ okys
LFkku esa xje dEcy vks<+dj cSBs&cSBs izfrØe.k djus dh ckr dh gSA blls fl)
gksrk gS fd dEcy ls rsmdk; thoksa dh ;Fkk'kD; j{kk gksrh gh gSA

;fn edku esa ykbZV pkyw gks vkSj vius 'kjhj ij izdk'k&ykbZV iM+s ,slh
voLFkk esa izfrØe.k djuk iM+s rks rsmdk; ds tho dh j{kk gks bl vk'k; ls
okldYi ¼LFkwy xje dEcy½ vks<+dj lkèkq&Hkxoar cSBs&cSBs izfrØe.k djsaA rFkk
izfrØe.k ds lw=k Hkh vR;ar ean Loj ls cksysa ,slk fu'khFklw=kihfBdk dh pwf.kZ esa
crk;k gSA ;s jgs os 'kcnµ

^^vkyks;.kk ra t;.kk, djsafr] okldIiikm;k f.kfoëk pso fBrk Hk.kafr]
^lafnlg* fÙk* ¼fu- Hkk"; xkFkk 224 pwf.kZ½

rFkk izfrØe.k ds ckn jkf=k&Lokè;k; Hkh tgka ykbZV&jks'kuh ¼mtkyk½ ugha
vkrh gks ogka tkdj lkèkq Hkxoar djsaA ;fn mikJ; esa ykbZV] nh;k] ykyVsu]
bR;kfn pkyw gks] ckgj ;ksX; LFkku u gks rks edku esaµmikJ; ds vUnj ijnk
Mkydj vius m$ij ykbZV u vk, bl rjg lkèkq Hkxoar Lokè;k; dk ?kks"k djsaA
mikJ; ds ckgj Lokè;k; djus ;ksX; LFkku u gks vkSj mikJ; esa jkf=k dks ykbZV
pkyw gks rFkk ijnk Mkyus dh Hkh fLFkfr u gks rks ml fLFkfr esa lkèkq Hkxoar tksj
ls cksydj Lokè;k; djus ds cnys okldYi ¼LFkwy xje dEcy½ igudj] cSBdj
eu esa fpUru djsaµ,slh ckr fu'khFklw=k dh pwf.kZ esa crkbZ xbZ gSA 'kCn bl izdkj
gS fdµ

^lqÙkRFkiksfjlhvks lfr Bk.ks ckfga djsafrA vlfr cfgëkxLl varks fpfyfefya
dkm$.ka >jafrA ok fodYisA fpfyfefyeknh.ka vlfr v.kqisgknh djsrhR;FkZ%*
¼fu'khFkHkk"; 224 pwf.kZ½

jks'kuh ¼mtkyk½ okys mikJ; esa izfrØe.k ds ckn lw=kiksjlh esa Hkax u gks
mlds fy, ;fn lkèkq&lkèohth Hkxoar cksydj Lokè;k; djrs gSa rks jks'kuh
¼mtkyk½ dh fojkèkuk gksrh gSµ,slk fu'khFkpwf.kZ esa Li"V :i ls crk;k gSA muds
'kCnksa dk voyksdu dhft,µ

^vHkaxs iq.k tksrh fojkfgTtfr* ¼xk- 209½

fu'khFklw=kpwf.kZ vkfn ds mi;qZDr mYys[kksa ds }kjk fl) gksrk gS fd cYc ;k
nh;s esa ls vius 'kjhj ds m$ij ;fn lhèkk izdk'k ¼ = Photon½ vkrk gks rks og
Hkh fctyh dh rjg] nh;s dh rjg lfpÙk ¼= ltho½ gh gSA mldh fojkèkuk u gks
blds fy, mi;qZDr fo'ks"k izdkj dh lkoèkkuh&t;.kk&fofèk 'kkL=kdkj Hkxoarksa us
crkbZ gSA

foKku ds fl)kUr eqrkfcd QksVksu 'kfDr ds iqMs ds :i esa (Packet of

energy) gSA QksVksu ¼rstk.kq½ }kjk izdk'k curk gSA QksVksu Lo;a izdk'k ds :i
esa ifj.kr gksrk gSA rFkk bysDVªksu ¼fotk.kq½ vkSj QksVksu ¼rstk.kq½ ds chp esa izxk<
lEcUèk gSA rstk.kq (Photon) ds lEidZ esa vkus ls ohtk.kq (Eelctron) vR;Ur
rsth ls vkosf'kr (Charged) gks tkrs gSa] vkosf'kr fotk.kqvksa dk xfr'khy izokg
(Flow of charged electrons) Hkh ;ksX; okrkoj.k feyrs gh izdk'k&m"ek oxSjg
ds Lo:i esa rstk.kq (Photon) dk mRltZu djrk gSA rFkk izdk'k ls pyus okys
lkèkuksa (Photo-electric instruments) ds }kjk os izdk'k Lo:i rstk.kq (Pho-

ton) fQj ls fctyh (Electricity) ds Lo:i esa :ikUrfjr gks ldrs gSaA bysDVªksu
dk izokg (Eelectricity) rks cgqr LFkwy gSA QksVksu rks mlls Hkh lw{e gSA foKku
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dh n`f"V ls ns[ksa rks e'kky esa ls fudyrk@ckgj QSykrk izdk'k QksVksue; gSA rFkk
fu'khFkpwf.kZ vkfn 'kkL=kksa dh n`f"V ls ,slk izdk'k fufoZokn :i ls ltho gh gSA
;fn y?kqre ek=kk Lo:i izdk'k ¼= Photon) ltho gS rks fQj mlh dh c`gr~ ek=kk
Lo:i ohtk.kq ¼= electron) ls cuh bysDVªhlhVh ltho D;ksa ugha gks ldrh\
mldh futhZork dk QSlyk nsus okys ge dkSu\ D;ksafd izdk'k&m".krk&nkg bR;kfn
rks vfXudk; ds y{k.k gSaA rFkk LikdZIyx@[kqys gkbVsa'ku ok;j vkfn esa ls ilkj
gks jgh bysDVªhlhVh esa izdk'k&m".krk vkfn y{k.k Li"V :i ls fn[kkbZ nsrs gh gSaA
blfy, mi;qZDr vusd n`"Vkar@rdks± ds }kjk vkxe vkSj foKku dk leUo; djus
esa vk, rks bysDVªhlhVh Hkh cknj rsmdk; tho ds Lo:i esa gh fuf'pr gksrh gSA

vkxe 'kkL=kksa dks i<+us ds fy, tSu lkèkq Hkxoarksa dks dkyxzg.k dh ,d
egÙoiw.kZ vko';d fØ;k djuh iM+rh gSA dkyxzg.k dh fofèk dk fu:i.k
vko';d fu;qZfDr&pwf.kZ] vks?kfu;qZfDr bR;kfn xzUFkksa esa foLrkj ls vkrk gSA
vko';dfu;qZfDr xzUFk esa 14 iwoZèkj JhHknzckgqLokehth egkjkt us fy[kk gS fd
^^tb iq.k xPNark.ka Nh;a tksba rrks fu;Ùkafr** ¼vk-fu-xk- 1372½ vFkkZr~ dkyxzg.k
ds fy, tk jgs lkèkqvksa dks Nhad lqukbZ nsa ;k muds m$ij nh;s dk izdk'k vk,
vFkok ykbZV iM+s ;k fctyh dk izdk'k vk, rks dkyxzg.k djus ds ctk; okfil
fQjsaA pUnzek dk izdk'k ;k ef.k dk m|ksr 'kjhj ds lEidZ esa vk, rks 'kkL=kfofgr
dkyxzg.k dh fØ;k caèk djus esa ugha vkrhA fdUrq fctyh dk izdk'k ;k nh;s dh
jks'kuh ¼mtkyk½ bR;kfn 'kjhj ds m$ij iM+us ij rks dkyxzg.k dh fØ;k caèk gh
djuh iM+rh gSA og dkyxzg.k jnckry gksrk gSA 'kjhj ds m$ij nh;s dk izdk'k]
ykbZV bR;kfn iM+rh gS rks dkyxzg.k dh ifo=k fØ;k ugha djus dk dkj.k cgqr
Li"V gS fd mlls vfXudk; ds thoksa dh fojkèkuk gksrh gSA vfXudk; ds thoksa
dh fojkèkuk dk gksuk ,d izdkj dk nks"k gSA vr% lkèkq Hkxoar rc dkyxzg.k
djus ds ctk; okfil fQj tkrs gSaA

blh izdkj ls vks?kfu;qZfDr esa Hkh dkyxzg.k dh fofèk crkrs gq, fy[kk gS fd
^tb iq.k oPpark.ka Nh;a tksba p rks fu;Ùkafr* ¼xk- 643½ vFkkZr~ dkyxzg.k ds fy,
tkrs le; ;fn chp esa Nhad lqukbZ ns ;k vfXuizdk'k gks] 'kjhj m$ij ykbZV iM+s
rks lkèkq Hkxoar okfil fQj tkrs gSaA mldh O;k[;k esa Jhnzks.kkpk;Zth Li"V :i
ls fy[krs gSa fd ^;fn iqu% oztrka {kqra T;ksfr% ok = vfXu% m|ksrks ok Hkofr rrks
fuorZUrsA* dkyxzg.k ds fy, tk jgs lkèkq HkxoUr ds m$ij ykbZV&izdk'k&jks'kuh
¼mtkyk½ iM+us ls] fojkèkuk gksus ls gh dkyxzg.k dh ifo=k fØ;k LFkfxr djus esa
vkrh gSA Jh nzks.kkpk;Zth us ^m|ksr* 'kCn ls izLrqr esa jks'kuh ¼mtkyk½ dk xzg.k
djds mldh lthork ds ckjs esa lcdk è;ku f[kapk gSA

vkSiikfrdlw=k esa Je.k ds fy, ^foTtqvarfj;k* ¼lw=k 41@i`"B 104½ ,slk
'kCn fo'ks"k.k ds :i esa crk;k gSA mldh O;k[;k esa uokaxh Vhdkdkj Jh
vHk;nsolwfjth us ^fo|qfr lR;ka vUrja fe{kkxzg.kL; ;s"kkefLr rs fo|qrnUrfjdk%A
fo|qRlEikrs fHk{kka ukVUrhfr HkkokFkZ%* ,slk dgdj ^fctyh pedrh gks rc Je.k
fnu esa Hkh xkspjh ugha tkrs gSaµ,slk crk;k gSA blls Hkh fl) gksrk gS fd fctyh
dk izdk'k gekjs 'kjhj m$ij iM+s rks rsmdk; tho dh fojkèkuk gksrh gSA bldk vFkZ
;g gqvk fd fctyh] nh;k] ykbZV cYc bR;kfn ds ewyHkwr mRifÙkLFkku esa tks
izdk'k gksrk gS og rks ltho gksrk gh gSA fdUrq fctyh] cYc] nh;s bR;kfn esa ls
tks izdk'k nwj rd QSyrk gS og Hkh ltho gh gksrk gSA rkRi;Z ;g gS fd tSls
vkdk'k esa jgs gq, cknyksa esa ls ikuh dh cjlkr gksrh gS oSls gh nh;s] cYc] LVªhV
ykbZV bR;kfn esa ls vfXu dh cjlkr pkjksa rjQ gksrh gS vkSj og ltho gh gksrh
gS] futhZo ughaA*

egÙo dh ckr rks ;g gS fd thofopkj izdj.k esa vfXudk; ds vusd Hksn
crkdj ^uk;Ook fum.kcqf),* ,slk dgdj dq'kkxz cqf) ls vfXudk; ds thoksa dks
igpkuus dh Jh'kkafrlwfjth egkjkt us flQkfj'k dh gSA i`Fohdk; bR;kfn dks
le>us ds fy, lw{e cqf) dh vko';drk ugha crkbZA fdUrq vfXudk; dks tkuus
esa fuiq.k cqf) dh vko';drk crkbZA fopkj djus ls [;ky esa vkrk gS fd fctyh
rks vfXudk; thoLo:i gS gh ijUrq vius 'kjhj ds m$ij mldk tks izdk'k vkrk
gS og Hkh vfXudk; tho:i gh gSµ,slk Lohdkj djus esa cgqr lw{e cqf) dh
t:jr iM+s ,slk gh gSA

lkbUl dh ifjHkk"kk ds vuqlkj fopkj fd;k tk, rks ok;j esa ls ilkj gks
jgh bysDVªhlhVh djksM+ksa bysDVªksu ds QkslZQqy izokg Lo:i gSA rFkk cYc ds
VaxLVu Lo:i] fQykesaV esa ls mRlftZr gksrk gqvk tks izdk'k ns[kus dks feyrk gS
og QksVksu Lo:i gSA bysDVªksu ls Hkh QksVksu rks cgqr gh lw{e gksrk gSA foKku
ds vuqlkj ,sls lw{e QksVksu] tks izdk'kLo:i gSa] os Hkh ftukxe ds vuqlkj
vfXudk; tho gSaµ,slk vHkh vko';dfu;qZfDròfÙk] yfyrfoLrjk] fu'khFkpwf.kZ]
vks?kfu;qZfDr vkfn ds opuksa ds }kjk ge tku pqds gSaA bl rjg lkbUl ftldks
bysDVªksu ls Hkh vfr lw{e QksVksu Lo:i ekurk gS ml izdk'k dks Hkh tho Lo:i
igpkuus ds fy, lw{e cqf) dh vR;ar vko';drk gks ;g LokHkkfod gh gSA

mi;qZDr vkxe vkfn izek.k ds vkèkkj ij fo|qr~ dh rjg izdk'k dh
lthork fl) gksrh gSA blhfy, gh Jh gfjHknzlwfjth egkjktk tSls leFkZ fo}ku
vkpk;Z Hkxoar Hkh iapoLrqd uke ds xzUFk esa crkrs gSa fdµ
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^tEgk u èkEeeXxs eksÙkw.ka vkxea bg iek.kaA
foTtb NmeRFkk.ka rEgk ,RFkso tbZ;Ooa Ï* ¼xkFkk 1707½

vFkkZr~ vius tSls vloZK thoksa ds fy, rks èkeZekxZ dk fu.kZ; djus esa
tSukxe dks NksM+dj nwljk dksbZ izek.k ugha gSA blfy, vkxe dk vH;kl djus
esa] vkxe ds jgL; dks le>iwoZd Lohdkjus ds fy, fujUrj iz;Ru'khy jguk
pkfg,A

;|fi x.kèkj Hkxoarksa }kjk jph gqbZ }kn'kkaxh vkSj iwoZèkjksa }kjk jfpr vU;
vkxe cgqr gh xgu] xw< vkSj jgL;e; gSaA blh dkj.k ls mÙkjdkyhu rhoz
esèkkoh ijkFkZO;luh iwokZpk;ks± us Hkfo";dky ds thoksa ds dY;k.k ds fy, xgu
vkxeksa ds inkFkks± vkSj ijekFkks± dks fu;qZfDr] Hkk";] pwf.kZ] Vhdk] O;k[;k] fVIi.k]
iaftdk bR;kfn ds ekè;e ls le>kus dk HkxhjFk iq#"kkFkZ fd;k gSA iapkaxh vkxe
vkSj vkxe vkèkkfjr lkfgR; ds voyacu ls rkjd rhFk±dj Hkxoarksa vkSj x.kèkj
Hkxoarksa ds vk'k; rd igqapus esa fuf'pUrrk] fuHkZ;rk vkSj lqxerk jgrh gSA
blhfy, os Hkh ewy vkxe rqy; izek.k gSaA

rsmdk; ds fo"k; esa rÙokFkZlw=ko`fÙk esa leFkZoknh Jhfl)lsux.kh us oSlh gh
dksbZ lqUnj ckr iwoZi{k&mÙkji{k :i esa izLrqr dh gSA

f'k"; ,slk rdZ djrk gS fd ^^vujkèkkj o"kkZ gks jgh gks] jkr dk le; gks]
?kj ds >jks[ks esa nh;k j[kk gqvk gks] ml voLFkk esa og nh;k ?kj ds ckgj izdk'k
QSykrk gSA ;fn jks'kuh ¼mtkyk½ Lo:i izdk'k vkSj rsmdk; tho ,d gh gksa rks
vfXudk; vkSj ikuh dk fojksèk gksus ls ckgj cjlrh vujkèkkj ckfj'k ls rsmdk;
ds tho [kRe gks tkrs gSaA tks ,slk gks rks ckgj izdk'k (Photon) fn[kuk ugha
pkfg,A D;ksafd vkpkjkaxlw=k ds izFke vè;;u dh fu;qZfDr esa Jh HknzckgqLokehth
egkjkt usµ

^iq<oh vkmDdk, mYyk ; o.kLlbZ rlk ik.kkA
ck;j rsmDdk, ,oa rq leklvks lRFka Ï* ¼xk- 123½

bl izdkj ls tks crk;k gS] mlds vuqlkj rks vujkèkkj o"kkZ esa tydk; ds
tho vfXudk; ds thoksa dk ijdk; 'kL=k cu tkus ls vfXudk; ds tho ej gh
x, gksaxsA vfXudk; tho gh ;fn gkftj u gksa rks izdk'k dgka ls feysxk\ ,slk
ekusa rks vujkèkkj o"kkZ gksrh gks ml le; [kqys >jks[ks ds ckgj ds Hkkx esa jgs gq,
nh;s dk izdk'k ckgj ugha iM+uk pkfg,A lkeus ds edku ;k ekxZ ds m$ij mldk
FkksM+k Hkh izdk'k ugha iM+uk pkfg, u!**

;g nyhy cgqr rdZiw.kZ gSA fdUrq leFkZ ;qxiq#"k rkfdZd&f'kjksef.k Jh
fl)lsux.khth us bl nyhy dk cgqr gh lpksV] ;qfDrlaxr vkSj vkxekuqlkj
tokc fn;k gSA os dgrs gSa fd ^^>jks[ks ds ckgj ds Hkkx esa j[ks gq, nhid ds
iqn~xy Hkkjh cjlkr esa ckgj fudyrs gSa rc o"kkZ ds lEidZ esa vkus ds dkj.k Lo;a
dh rFkkfoèk ped] mxzrk] vka[kksa dks pdkpkSaèk djus dk lkeF;Z bR;kfn t:j xqek
nsrs gSaA fdUrq Lo;a ds ewyHkwr vfXudk; LoHkko&ekSfydLo:i dks rks ckgj ds [kqys
okrkoj.k esa QSykrs gq, Hkh os xqekrs ugha gSaA vfXudk; Lo:i dk vfLrRo xqek,
fcuk gh os cjlkr esa ckgj QSy tkrs gSaA rFkk [kqys cjlkr esa QSykrs le; fof'k"V
ped] mxzrk bR;kfn vius xq.kèkeks± dks os tHkh xqek nsrs gSa rHkh ml nh;s dh T;ksr
esa ls nwljs vfXudk; ds iqn~xy [kqys vkdk'k esa QSy tkrs gSaA vfrlw{e ,slh vfXu
rks LFkwy ikuh dh èkkjk esa ls rsth ls fudy tkrh gSA os rstksnzO; (Photon) dsoy
tyo`f"V ls lekIr ugha gksrsA D;ksafd budk ifj.kke fof'k"V izdkj dk gksrk gSA
vFkkZr~ ikuh ls lekIr gksus dk ifj.kke ml vfXu esa ugha gSA

izR;sd izdkj dk ikuh lHkh izdkj ds vfXudk; dks vo'; cq>k nsa ,slk
dksbZ fu;e ugha gSA mnkgj.k ds rkSj ij leqnz esa tc vkx yxrh gS rc ml
nkokuy dks nfj;k dk ikuh ugha cq>k ldrkA blds foijhr leqnz dk ikuh gh
vkx dks fodjky Lo:i èkkj.k djus esa lgk;rk djrk gSA blfy, vfXudk; ds
fy, tydk; ijdk;'kkL=k Lo:i gksus ds ckotwn Hkh nkokuy dk uk'k leqnz ds
ikuh ds }kjk ugha gks ldrkA blh izdkj ewlyksèkkj cjlkr esa jkf=k ds le; nh;s
dk tks izdk'k ckgj QSyrk gS mldk uk'k djus dk lkeF;Z cjlkr ds ikuh esa ugha
gSA vfXudk; ds fy, tydk; ijdk;'kL=k curk gSµ;g ckr lkekU; :i ls
le>us dh gSA vfXudk; dh lkr yk[k ;ksfu esa ls mRiUu gq, reke vfXudk;
thoksa ds fy, lHkh izdkj ds ikuh 'kL=k curs gh gSaµ,sls dksbZ ,dkUr fu;e dh
iz:i.kk ohrjkx loZK Hkxoarksa us ugha dh gSaA**

fdruk vn~Hkqr&lpksV&vdkVî gksus ds mijkUr 'kkL=kkuqlkjh vkSj ǹ"VkUrlaxr
tokc Jh fl)lsux.khojth us fn;k gS! ;s jgs rÙokFkZo`fÙk esa Jh fl)lsu x.khojth
ds 'kCnµ^^L;knkjsdkµfujUrjèkkja o"kZfr cykgds iznhi% vfyUndkfnO;oLFkkfir%
iz|ksrr ,o cfg%A ;fn p fojksèk% L;kr~] u cfg% izdk'kks foHkkO;sr] tyikrsu
viuhrRokfnfrA v=kksP;rsµizknhik% iqn~xyk% rkFkkRE;eifjR;tUrks fu%l`rk%
rFkkfoèkrkeqnfcUnqlEidkZn~ fotgfr rRledkya pkijs iznhif'k[kk;k fodh.kkZ%
Ñ'kkuqiqn~xyk% rekdk'ke'uqorsA u p rs tyikrsu foè;kif;rqa 'kD;k% ifj.kkeoSfp=;kn~]
oMokuyko;ok bo** ¼rÙokFkZ 5@24½
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okLro esa Jh fl)lsux.khoj dk tokc cgqr gh lpksV gSA vodk'kh;
ltho fctyh dk uk'k Hkh vujkèkkj o"kkZ ls ugha gksrkA fcuk baèku dh vfXu dk
uk'k ikuh }kjk gksuk laHko ugha gSA nh;s esa jgh vfXu dh T;ksr baèku;qDr
vfXu:i gksus ds dkj.k ikuh }kjk mldk uk'k gks ldrk gSA ;g ckr le> ldsa
,slh gSA ijUrq nh;s dk nwj rd QSyrk gqvk izdk'k = jks'kuh ¼mtkyk½ rks
baèkujfgr vfXudk; tho Lo:i gksus ls vkdk'kh; fctyh dh Hkkafr mldk uk'k
ikuh ds }kjk ugha gks ldrk gS ;g ckr ;qfDrlaxr Hkh yxrh gSA

orZeku le; esa Hkh dqN izdkj ds jlk;uksa esa tc vkx yxrh gS rc ml
ij ikuh Mkyus ls og vkx T;knk fodjky Lo:i èkkj.k dj ysrh gSA mldks
cq>kus ds fy, fo'ks"k izdkj dh ok;q dk@jlk;uksa dk iz;ksx djus esa vkrk gSA
isVªksyiEi vFkok dsehdy dh QSDVªh bR;kfn esa isVªksy] vkYdksgksy] feFksuksy]
bFksuksy] LihfjV bR;kfn esa Hk;kud vkx yxrh gS rc ;fn ml ij ikuh dk
NhaVdko fd;k tk, rks og vkx ikuh }kjk gh T;knk fodjky vkSj Hk;kud Lo:i
èkkj.k dj ysrh gSA ;g ckr rks Qk;j fczxsM ds dk;Zjr O;fDr;ksa }kjk Hkh tkuh
tk ldrh gSA blfy, ^ikuh lHkh izdkj ds cknj rsmdk; dk uk'k dj ldrk gh
gS* ,slk fu;e fl) ugha gksrkA

foKku ds erkuqlkj izdk'k rks QksVksu ¼rstk.kq½ Lo:i gSA QksVksu dk uk'k
ikuh ls ugha gks ldrkA blfy, nh;s dk izdk'k pkgs ckgj QSyrk gks fQj Hkh
vujkèkkj cjlkr }kjk mldk uk'k ugha gks ldrkµ,slh fl)lsux.khojJh dh
ckr foKku ds vuqlkj Hkh laxr gh gSA

vusd bysDVªksu&izksVksu&U;qVªksu }kjk fufeZr v.kq dks rksM+us ds fy, vkt
oSKkfud l{ke cu lds gSaA ysfdu bysDVªksu rks v.kq dk ?kVd gSA v.kq dh rqyuk
esa og cgqr NksVk gSA bysDVªksu ¼chtk.kq½ ls Hkh QksVksu ¼rstk.kq½ rks vR;ar lw{e
nzO; d.k gSA blfy, ikuh }kjk mldk uk'k ugha gks ldrkA**

2- izdk'k vfXudk; ugha

^izdk'k ltho gS*µbl vfHker ls vlgefr j[kus okys fopkj eqfu
uafn?kks"kfot;th us viuh iqLrd ^tSu n'kZu % oSKkfud n`f"V ls* esa rhljs vè;k;
esa O;Dr fd, gSa2A

;gka ge ml izdj.k dks vfody :i ls izLrqr dj jgs gSaµ

^^Hkxoku egkohj dks gq, vkt yxHkx <kbZ gtkj o"kZ chr pqds gSa] rFkkfi
mudk 'kklu vkt Hkh vfofPNUu :i esa vts; gSA mUgksaus dsoyKku ls HkkSfrdtxr

dk tks Lo:i izR;{k fd;k] mls vius èkeksZins'kksa esa HkyhHkkafr le>k;k vkSj vkt
Hkh muds crk, gq, fl)kUr foKku dh dlkSVh ij [kjs mrj jgs gSaA

tho&foKku ds {ks=k esa] tSu èkeZ&xzUFkksa ;k tSu n'kZu dk tks vuqie ;ksxnku
gS mls Lohdkj fd, cxSj ge py ugha ldrsA tSu nk'kZfud ijEijk ds vuqlkj]
izkf.k;ksa vkSj ouLifr ds vfrfjDr i`Foh] ty] vfXu vkSj ok;q esa Hkh tho ;k
vkRek gSA mu lcesa] ek=k rdZ ds vkèkkj ij ugha] oju~ oSKkfud i)fr ds vuqlkj
izk;ksfxd Lrj ij thoRo dh flf) djuk vR;Ur vko';d gSA ;qx dh bl ekax
dks rRdky iwjh djus dh ftEesnkjh ge lcdh gSA

tSu lekt esa] [kkl rkSj ij lkèkq lekt esa] ^izdk'k* ds ckjs esa fiNyh
dqNsd lfn;ksa esa dfri; HkzkfUr;ka izpfyr gqbZ gSaA mu ekU;rkvksa dks 'kkL=k dk
izcy leFkZu ugha gSA vkerkSj ij tSu mikJ;ksa vkSj LFkkudksa esa nhid ¼ySEi½ dk
mi;ksx ugha gksrk gS( D;ksafd tSu lkèkq&lekt ds fy, vfgalk dk ikyu vR;Ur
vko';d gS vkSj tSu nk'kZfud ijEijk ds vuqlkj vfXu esa Hkh vkRek gksrh gSA

vkt 'osrkEcj ewfrZiwtd tSu lkèkq&lekt esa ,slk vkpkj gS fd jkf=k esa ;fn
nhid ¼ySEi½ dk izdk'k gks rks] ml izdk'k esa ls ilkj gksus ds le; lkèkq&lkèoh
vius 'kjhj dks xje oL=k ¼m$uh½ ;k dEcy ls yisV ysrs gSaA bl ijEijk] izFkk ;k
vkpkj dk dkj.k iwNus ij crk;k tkrk gS fd izdk'k rstksdk; gS vkSj vius 'kjhj
ij iM+us ds dkj.k mldh e`R;q gks tkrh gSA vr% nhid] pkgs og eksecÙkh dk gks
;k dSjksflu dk ;k rsy dk] ?kh dk ;k fctyh dk gks mldk izdk'k vius 'kjhj
ij u iM+s] blfy, xje dEcy dk mi;ksx fd;k tkrk gSA lw;Z] pUnz] xzg] u{k=k]
rkjk bR;kfn ds izdk'k dks futhZo ekuk x;k gSA

nwljh vksj vkt foKku esa cgqr dqN [kkstsa gqbZ gSa ftuds vkèkkj ij dqN
yksx fctyh ds yV~Vw] ykyVsu] eksecÙkh bR;kfn ds izdk'k dks futhZo ekurs gSa] rks
fQj okLrfod fLFkfr D;k gS] bl ij tSu èkeZ&'kkL=kksa vkSj vkxeksa ds vkèkkj ij
fopkj djuk vko';d gSA

tSu èkeZ&xzUFkksa ds vuqlkj nzO; ds fHkUu&fHkUu oxhZdj.kksa esa ls ,d oxhZdj.k
bl izdkj gSµ

iqn~xy nzO; ds Ng Hksn gSaµ¼1½ lw{e lw{e] ¼2½ lw{e] ¼3½ lw{e cknj]
¼4½ cknj lw{e] ¼5½ cknj] ¼6½ cknj cknjA ;kfduh egÙkjklquw vkpk;Z
Jh gfjHknzlwjh'ojth us] ^n'koSdkfyd* lw=k dh o`fÙk esa thokfHkxe lw=k ds vkèkkj
ij crk;k gS fd iqn~xy nzO; dk izR;sd ijek.kq ftldk LorU=k vfLrRo gS mldk
lw{e lw{e oxZ esa lekos'k gksrk gS] nks&nks ijek.kqvksa ds iqn~xy LdUèkksa ls ysdj
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lw{e ifj.kke&;qDr vuUr ijek.kqvksa ds iqn~xy LdUèkksa dk lekos'k lw{e uked
f}rh; oxZ esa gksrk gS] lw{e cknj Js.kh esa xUèk ¼lqxUèk vkSj nqxZUèk½ ds ijek.kq
iqn~xy LdUèkksa dks lekfo"V fd, x, gSaA

ok;qdk; ds thoksa dk 'kjhj cknj lw{e gSA ty ds thoksa ds 'kjhj dks cknj
Js.kh esa j[kk x;k gS gkykafd vfXudk;] ouLifrdk;] i`Fohdk;] }hfUnz;] =khfUnz;]
prqjhfUnz; vkfn vU; lc =kl thoksa ds 'kjhj dks ^cknj cknj* ekuk x;k gSA
^rÙokFkZlw=k* dh o`fÙk esa Jhfl)lsu xf.k us ok;qdk; dks rstksdk; ¼vfXu½ ls
vfèkd lw{e crk;k gSA dkj.k crkrs gq, os dgrs gSa fd rstksdk; izR;{k gks ldrs
gSa] ok;qdk; izR;{k ugha gks ldrs gSaA

nwljh vksj vkèkqfud foKku Li"V :i esa crkrk gS fd izdk'k ds d.k
¼ikfVZdYl½] ftUgsa ̂ QksVksu* dgk tkrk gS] bysDVªksu dh rjg cgqr lw{e gSa( gkykafd
ok;q] tSlk fd gkbMªkstu] vkWDlhtu vkfn muls cgqr dqN ek=kk esa LFkwy gSa]
D;ksafd gkbMªkstu ds ,d v.kq esa ,d bysDVªkWu] ,d izksVksu vksj ,d U;wVªksu gksrs
gSaA vkWDlhtu ds ,d v.kq esa 16 bysDVªkWu] 16 izksVksu vkSj 16 U;wVªksu gksrs gSa vkSj
ok;q lnSo nks&nks v.kqvksa ds ;qXe esa gh miyCèk gksrh gS] ftls oSKkfud ifjHkk"kk
esa ^eksyhD;wy* dgk tkrk gSA

bl n`f"V ls izdk'k ds d.k ¼QksVksu½ dks vfXudk; ugha dgk tk ldrk(
fdUrq izdk'k mRiUu djus okys inkFkZ] mudh T;ksfr vkfn dks vfXudk; ekuuk
pkfg,( vr% fctyh ds cYc esa tc ge fo|qr~&izokg izlkfjr djrs gSa] rc VaxLVu
èkkrq ds rkj xje gksdj izdkf'kr gks mBrs gSa] mlh le; mu rkjksa esa vfXu dh
mRifÙk gksrh gS( vr% mu xje rkjksa dks gh ltho dgk tkrk gS] Bhd mlh rjg
izTofyr vaxkjs] vfXu dh Tokyk] T;ksfr] vkdk'k esa dkSaèkrh fctyh] jk[k esa <ads
vfXu&d.k bR;kfn dks gh vfXudk; dgk tkrk gS] fdUrq muesa ls izdV gksrs izdk'k
dks vfXudk; ugha dgk tk ldrkA

^vkpkjkax* ds izFke JqrLdUèk ds izFke vè;;u ds prqFkZ mís'kd dh
fu;qZfDr esa cknj vfXu ds ikap izdkj crk, gSaµ

¼1½ vaxkj] dks;ys vkfn( ¼2½ fo|qr~ vkfn vfXu( ¼3½ Tokyk vFkkZr~ vfXu
mRiUu djus okys inkFkZ esa fofPNUu Tokyk( ¼4½ vfXu mRiUu djus okys inkFkZ ls
layXu Tokyk] ftls vfpZl~ dgk tkrk gS( vkSj ¼5½ jk[k ¼j{kk½ esa <ads gq, vfXu
ds d.k ftls eqeZqj dgk tkrk gSA

bu izdkjksa esa dgha Hkh izdk'k dks ltho ugha crk;k x;k gS( fdUrq izdk'k
vkSj mlds m".k Li'kZ dks] vfXu ds ltho gksus ds y{k.k vFkkZr~ vfXu ds lthoRo

dk lwpd crk;k gSA blh lUnHkZ esa vkpkjkax&fu;qZfDrdkj ̂ [ktqvk* dk n`"VkUr nsrs
gSa vkSj crkrs gSa fd ftl rjg [ktqvk tc rd thfor gksrk gS] rc rd gh izdk'k
nsrk gS( fdUrq og mldh e`R;q gks tkus ds ckn izdk'k ugha nsrk vFkkZr~ mldk
izdkf'kr gksuk] mlds pSrU; dk lwpd gS] Bhd mlh rjg rstksdk; ¼rsmdk;½ tc
ltho gksrk gS] rc gh izdkf'kr gksrk gSA blh rjg ltho izk.kh ;k euq"; dk
'kjhj gh m".k gksrk gS] fdUrq e`R;q ds ckn ogh B.Mk iM+ tkrk gS] blh Hkkafr vfXu
ltho gksus ls m".k Li'kZ ls ;qDr gS vFkkZr~ m".k Li'kZ mlds lthoRo dk izek.k
;k |ksrd gS( vr% vfXu dh jks'kuh vFkkZr~ izdk'k dks ltho ekuuk mi;qDr
ugha gSA

^n'koSdkfyd* esa n'kiwoZ?kj Jh 'k¸;aHkolwfjth crkrs gSa fd fdlh Hkh lkèkq
;k lkèoh dks vfXu] vaxkj] eqeZj] vfpZ%] Tokyk] 'kq) vfXu] fctyh] mYdk
bR;kfn dks tykuk ugha pkfg,] ,slh vfXu esa ?kh] baèku bR;kfn dk m¯Rlpu u
djuk] ,slh vfXu dk Li'kZ u djuk] fHkUu&fHkUu izdk'k dh vfXu dk feJ.k u
djuk] mls ia[kk bR;kfn ls izTofyr u djuk vFkkZr~ o`f) u djuk vkSj fdlh Hkh
izdkj dh vfXu dks cq>kuk Hkh ugha] mi;qZDr lHkh fØ;k,a nwljksa ls ugha djkuk
vkSj tks Hkh ,slh fØ;k,a dj jgk gks] mls vPNk ugha ekuuk( vFkkZr~ bu lHkh fØ;k
djus okyksa dks vfXu dh fojkèkuk ;k fgalk dk iki yxrk gSA

;gka dgha Hkh ,slk funsZ'k ugha gS fd rsmdk; }kjk mRlftZr izdk'k euq";
¼lkèkq&lkèoh½ ds 'kjhj ij iM+us ls rsmdk; dh fojkèkuk gksrh gSA blds vfrfjDr
;gka ,slk funsZ'k izkIr gksrk gS fd vfXu ;k nhid ¼ySEi½ tyrk gks rks] lkèkq ;k
lkèoh mls cq>kus dk vkns'k ;k izsj.kk ;k mins'k Hkh ugha ns ldrs] nhid tyrk
gks rks lkèkq&lkèoh dk fufeÙk ikdj mls cq>kuk ;ksX; ugha gSA ;fn nhid }kjk
mRlftZr izdk'k esa vkRek gksrh vkSj ml izdk'k ds euq"; ds 'kjhj ij iM+us ls e`R;q
gksrh] rks vfgalk dk lEiw.kZ ikyu djus ds fy, ,slh vfXu dks cq>kus dh izsj.kk
nsus ;k ,sls LFkkuksa ls nwj jgus dk lqLi"V foèkku 'kkL=kksa esa feyrk( fdUrq ,sls
foèkku dh vizkfIr bl ckr dk funsZ'k djrh gSa fd vfXu] ftlesa ls izdk'k vkSj
m".krk iSnk gksrh gS] ltho gS] mls cq>kus dk mins'k nsus ;k cq>kus ls mldh fgalk
gksrh gS( fdUrq izdk'k ds ltho u gksus ds dkj.k mlds lkèkq&lkèoh ds 'kjhj ij
iM+us ls fgalk ugha gksrh gSA

;gka iz'u mifLFkr gksrk gS fd m$ij tks crk;k x;k gS] mldk ¼izdk'k dk½
vkxfed lkfgR; esa dgha Hkh rsmdk; esa lekos'k ugha gqvk gS vFkkZr~ og ltho
ugha gS fQj mls ltho ekuus dh ijEijk dc vkSj dSls 'kq: gqbZ\ bl ij xgjkbZ
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ls fopkj djuk gksxkA

'osrkEcj ewfrZiwtd rikxPNh; ijEijk ds lkèkq vkSj Jkod ds vfrpkjksa esa
vkSj lsuiz'u esa bl ckr dk lUnHkZ izkIr gksrk gS %

iz'u % ;fn pkrqekZl esa izfrØe.k vkfn esa fctyh dk izdk'k gks rks
vfrpkj yxsxk ;k ugha\

mÙkj % iwT;ikn Jh fot;nkulwjh'ojth rFkk iwT; Jh fot;ghjlwjh'ojth ls
,slk lquk gS fd 'ks"k dky esa vkSj pkrqekZl esa izfrØe.k] ;ksx ds vuq"Bku bR;kfn
fØ;k esa fctyh dk izdk'k gks rks vfrpkj yxrk gS] fØ;k vfrpkj&;qDr gksrh gS]
dkyxzg.k dk Hkax gksrk gSA

iz'u % pUnz ds izdk'k esa nhid bR;kfn ds izdk'k dh Li'kZuk gksrk gS ;k
ugha\

mÙkj % ;fn 'kjhj dks pUnz dk izdk'k yxrk gks rks nhid bR;kfn ds izdk'k
dh Li'kZuk ugha gksrh gS] fdUrq 'kjhj dks pUnz dk izdk'k u yxrk gks rks nhid
bR;kfn ds izdk'k dh Li'kZuk gksrh gS] ,slh ijEijk gS] vkSj [kjrjÑr lansg
nksykoyh esa Hkh ,slk crk;k x;k gSA

foØe ds 14osa 'krd esa [kjrjxPNh; vkpk;Z JhefTtuoYyHklwfj ds f'k";
vk- Jh ftunÙklwfj us ^lansg nksykoyh* izdj.k dh jpuk dh gSA ;g xzUFk Hkh
iz'uksÙkj :i esa gSA bl xzUFk dh xkFkk 41 vkSj 42 dh o`fÙk esa bl ckr dk funsZ'k
izkIr gksrk gS vkSj mlh le; ls izdk'k dks ltho ekuus dh ijEijk 'kq: gqbZ gksxh
,slk izrhr gksrk gSA ;|fi ^lansg nksykoyh* izdj.k dh ewy xkFkk ls ,slk dksbZ
vFkZ izkIr gksrk ugha gS( fdUrq okpukpk;Z Jh izcksèkpUnz xf.k us c`gn~ o`fÙk esa bldh
foLr`r ppkZ dh gSA lkj bl izdkj gS %

izfrØe.k dh fØ;k djus okys euq"; ¼lkèkq ;k x`gLFk½ fo|qr~] iznhi bR;kfn
dk ;fn nks ckj ;k pkj ckj Li'kZ djsa ;k cgqr ckj Li'kZ djsa rks mUgsa izk;f'pÙk
djuk iM+rk gSA ;gka bR;kfn 'kCn ls i`Fohdk; vkfn vU; lfpÙk nzO; fy, x,
gSa vFkkZr~ lkekf;d] izfrØe.k vkfn esa lfpÙk nzO;ksa dk Li'kZ ugha djuk pkfg,A
vfXu] nhid vkfn lfpÙk gksus ls] mudk Li'kZ ugha djuk pkfg,A ^lansg
nksykoyh* dh bu xkFkkvksa esa ^fo|qr~* 'kCn gS vr% mldk vFkZ ^vkdk'k esa gksus
okyh fctyh* ysuk gS] tks ltho gS( fdUrq lkekf;d&izfrØe.k dh fØ;k;qDr
euq"; mldk Li'kZ ugha dj ldrk( vr% Vhdkdkj okpukpk;Z vkSj vU; ^fo|qr~*
'kCn ls fctyh dk izdk'k xzg.k djrs gSaA vr% mlh le; ls fdlh Hkh izdkj ds

vfXu dk izdk'k lfpÙk gS] ,slh ekU;rk izpfyr gqbZ gksxh ,slk vuqeku gSA

nwljh vksj ^lansg nksykoyh* ds o`fÙkdkj pUnz ds izdk'k esa nhid bR;kfn ds
izdk'k dh Li'kZuk gksrh gS ;k ugha\ bl iz'u dk mÙkj nsrs le; Hkh blh izdkj
dh ppkZ djrs gSaA

os dgrs gSa fd pUnz] lw;Z bR;kfn ds foeku dh izHkk ls ;k izdk'k ls mtsgh
¼Li'kZuk½ rks gksrh gh gS( fdUrq og vifjgk;Z gSA rqjUr gh os nwljk mÙkj ;g nsrs
gSa fd lw;Z] pUnz ds izdk'k dk ek=k Li'kZ gksrk gS( fdUrq mlds futhZo gksus ls
fojkèkuk ¼tho&fgalk½ lEHko ugha gSA

iqu% vkxs ppkZ djrs gq, os Lo;a iapekax Jh Hkxorh lw=k ;k O;k[;k&izKfIr
lw=k dk m)j.k nsrs gq, lw;Z&pUnz ds izdk'k dh lfpÙkrk ds ckjs esa 'kadk mifLFkr
djrs gSa vkSj Lo;a uokaxh o`fÙkdkj Jh vHk;nsolwfjth ds opuksa dk vkèkkj ysdj
dgrs gSa fd lw;Z] pUnz bR;kfn ds izdk'k dk ldeZys';Ro ¼lthoRo½ ek=k mipkj
ls gh gS] oLrqr% og ltho ugha gSA lw;Z] pUnz bR;kfn ds foekuksa ds iqn~xy LdUèk
i`Fohdk; gksus ls lfpÙk gSa( fdUrq mudk izdk'k vfpÙk gS] dqN ,d thoksa dks
¼pUnz esa½ m|ksr ukedeZ dk mn; gS] vr% muds 'kjhj nwj gksus ij Hkh m".k ugha]
,slk 'khry izdk'k nsrs gSa( tcfd dqN&,d thoksa dks ¼lw;Z esa½ vkri uke deZ dk
mn; gksus ls muds vuq".k 'kjhj] nwj jgus ij Hkh m".k izdk'k nsrs gSa( vr% muds
izdk'k dh Li'kZuk esa fojkèkuk ugha gksrh gSA

;gka iqu% 'kadk mifLFkr dh tkrh gS fd ;fn ,slk gh gS rks fctyh] nhid
bR;kfn ds izdk'k ds lEcUèk ls Hkh fojkèkuk gksrh ugha gS ,slk dguk pkfg,(
D;ksafd fctyh] nhid bR;kfn dk vfXudk; :i LFkwy 'kjhj rks nwj gh gksrk gSA
izR;qÙkj nsrs gq, ^lansg nksykoyh* ds Vhdkdkj dgrs gSa fd vfXudk; esa m|ksr
ukedeZ dk mn; ugha gS vkSj i`Fohdk; u gksus ls vkri ukedeZ dk Hkh mn; ugha
gS( D;ksafd vkxe esa crk;k x;k gS fd vi;kZIr cknj i`Fohdk; dks gh vkri
ukedeZ dk mn; gksrk gSA

vr% iz'u mifLFkr gqvk fd nhid bR;kfn dk izdk'k nwj&fLFkr oLrqvksa dks
izdkf'kr ¼m|ksfrr½ djrk gS vkSj xje Hkh djrk gS og fdl rjg\ blds mÙkj
esa okpukpk;Z Jh izcksèkpUnz xf.k dgrs gSa fd m".k Li'kZ ds mn; okys vkSj
yksfgro.kZ ukedeZ ds mn; okys izdk'k;qDr vfXudkf;d tho gh vkl&ikl ds
foLrkj esa QSyrs gSa( fdUrq vfXudk; dks izHkk u gksus ls vkSj mlds vfrlw{e gksus
ls mUgsa gh izHkk ds :i esa igpkuk tkrk gSA
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okpukpk;Z Jh izcksèkpUnz xf.k dk ;g vfUre mÙkj Jh n'koSdkfyd lw=k
dh gkfjHknzh; o`fÙk esa fn, x, thokfHkxe lw=k ds ikB ls fcydqy fo#) gS( vkSj
mUgksaus blds fy, fdlh Hkh vkxfed lkfgR; dk vkèkkj ugha fn;k gSA mUgksaus
Li"Vr;k crk;k gS fd vfXudk; ds tho vIdk; ;kuh ikuh ds thoksa ls Hkh
vfèkdrj LFkwy ;k cknj gSaA rc ty ls vfèkd lw{e ok;q vkSj ok;q ls Hkh vfèkd
lw{e ,sls izdk'k ds d.k ¼QksVksu½ dks vfXudk; Hkh dgk tk,\ ;g ,d vR;Ur
fopkj.kh; iz'u gSA

iqn~xy nzO; dk ,d vkSj oxhZdj.k oxZ.kkvksa ds :i esa gSA oxZ.kkvksa ds
eq[;r% vkB Hksn crk, x, gSaµ1- vkSnkfjd] 2- oSfØ;d] 3- vkgkjd] 4- rStl~]
5- Hkkf"kd] 6- 'oklksPN~okfld] 7- eul~] 8- dkeZ.kA nso vkSj ukjd dks NksM+
izR;sd tho dk Hkoèkkj.kh; 'kjhj vkSnkfjd oxZ.kk ds iqn~xy LdUèkksa ls fu"iUu gSA
nso vkSj ukjd ds 'kjhj oSfØ;d oxZ.kk ds iqn~xy LdUèkksa ls fu"iUu gSaA vkgkjd
yfCèkoku~ prqnZ'kiwoZèkj lkèkq gh vkgkjd 'kjhj cukus ds fy, vkgkjd oxZ.kk dk
mi;ksx djrs gSaA izR;sd lalkjh vkRek izfr le; rStl~ vkSj dkeZ.k :i lw{e 'kjhj
ls ;qDr gSA Hkk"kk&oxZ.kk ls vkokt ¼'kCn½ iSnk gksrh gSA 'oklksPN~okl&oxZ.kk dk
mi;ksx 'okl ysus esa fd;k tkrk gSA eu ds fuekZ.k ,oa fopkj djus esa euksoxZ.kk
dk mi;ksx gksrk gSA

n'koSdkfyd lw=k dh o`fÙk esa crk, x, iqn~xy nzO; ds foHkkxhdj.k dh
cknj lw{e] cknj vkSj cknj Jsf.k;ka vkSnkfjd oxZ.kk esa lekfo"V gksrh gSaA

;fn ge izdk'k dks lfpÙk ;k rsmdk; ekusa rks mldk lekos'k cknj&cknj
Js.kh esa djuk gksxk( fdUrq foKku us crk;k gS fd izdk'k ds d.k T;knk lw{e gSa(
vr% mUgsa rStl~ oxZ.kk esa lekfo"V djuk mi;qDr gS vkSj rStl~ oxZ.kk dks vU;
oxZ.kkvksa ds lkFk lw{e oxZ esa j[kus ij lc dqN lgh izrhr gksrk gSA ;gka è;ku
esa j[ksa fd mi;qZDr vkBksa oxZ.kkvksa ds iqn~xy LdUèk mÙkjksÙkj vfèkdkfèkd
lw{eifj.kke okys gSa( vr% izdk'k lfpÙk ugha gS ,slk ekuuk lgh vkSj rdZlaxr
yxrk gSA

lsuiz'u esa dgk gS fd ^fctyh ;k nhid vkfn dk izdk'k gksus ij]
izfrØe.k vkfn fØ;k vfrpkj&;qDr gksrh gS vFkkZr~ lEiw.kZr% fu"Qy ugha cu
ikrh*A

bl okD; dk HkkokFkZ eSa viuh cqf) ls bl izdkj djrk gwaA izFke rks ;g
ckr txn~xq# Jh gfjlwjh'ojth ds ikl ls lquh gqbZ gS ,slk Li"Vr;k vk- Jh
lsulwjh'ojth us crk;k gSA mudk vFkZ gS fd mlh le; izkIr vkxfed vkSj

rikxPNh; vU; lkfgR; esa dgha Hkh bl ckr dk lanHkZ miyC/k ugha FkkA

rhljh ckr ;g fd izfrØe.k vkfn fØ;kvksa esa nhid ;k fctyh vkfn dk
izdk'k] fØ;k djus okys euq"; ij iM+us ls mldh fØ;k vfrpkj&;qDr curh gSA
bldk dkj.k ;g gS fd jkf=k ds vUèkdkj esa fØ;k djrs le; dqN Hkh fn[kk;h
ugha iM+rk] ,sls le; esa ;fn dgha ls izdk'k vk tk, rks izFke rks è;kuHkax gksrk
gS] fpÙk fopfyr gks mBrk gS( nwljk ;g fd izdk'k ds dkj.k lc oLrq,a Li"Vr;k
fn[kk;h iM+rh gSa] blls fØ;k djus esa lqxerk jgrh gS] vr% fØ;k djus okys ds
eu esa izdk'k dh bPNk tkxrh gS] ;k nhid ;k fctyh dk izdk'k gqvk og ̂ vPNk
gqvk* ,slk Hkko vk tkrk gS( vFkkZr~ izdk'k djus ;k nhid tykus dh fØ;k dk
vizdV vuqeksnu gks tkrk gS] tcfd fØ;k djus okys lkèkq&lkèoh ds fy, djuk]
djkuk vkSj budk vuqeksnu djuk rhuksa dk fu"ksèk gS] vr% vuqeksnu djuk Hkh
mi;qDr ugha gSA yxrk gS ,slh ifjfLFkfr ds dkj.k gh vk- Jh fot; ghjlwfjth
us dgk gksxk fctyh vkfn ds izdk'k ds dkj.k fØ;k vfrpkj;qDr gksrh gSA ;g
gekjk vuqeku gSA

vkèkqfud HkkSfrd foKku dh ifjHkk"kk esa rks izdk'k ,d fo|qr~&pqEcdh;
rjax ¼bysDVªkseSXusfVd osOg½ ek=k gS vkSj orZeku esa gekjs ok;qe.My ¼,VekWLQh;j½
esa dbZ izdkj dh fo|qr~&pqEcdh; rjaxsa gSaA izR;sd rjax] izdk'k ds osx ls vFkkZr~
3]00]000 fd-eh- izfr lsdsaM ds osx ls xfr djrh gS] dsoy mldh dEi&la[;k
¼ÝhDosUlh½ ;k rks cgqr T;knk gksrh gS ;k cgqr deA blh dkj.k ls izR;sd rjax
n`';eku ugha gksrh gSA

bl izdkj orZeku i`Foh ij thou O;rhr djus okys izR;sd O;fDr ds 'kjhj
ij ukuk izdkj dh la[;krhr fo|qr~&pqEcdh; rjaxsa iM+rh gSaA ;fn ge bu lcdks
ltho eku ysa rks fQj thuk gh eqf'dy gks tk,xkA

,d ckr vkSj gS fd izR;sd ltho inkFkZ viuh 'kkjhfjd vkSj HkkSfrd
{kerkuqlkj] viuh vkè;kfRed mUufr vuqlkj] vius 'kjhj esa ls fu;r izdkj dh]
fu;r dai&la[;k okyh rjaxsa NksM+rk gS vkSj ftudh dai&la[;k] rjax&yEckbZ vkfn
mudh eu%fLFkfr;ksa ds ¼'kkfUr] Hk;] Øksèk] m}sx] 'kksd] bR;kfn½ vuqlkj cnyrh
jgrh gSA bl fl)kUr ds vkèkkj ij gh foKku dh VsyhiSFkh uked 'kk[kk fodflr
gqbZ gSA if'pe esa bls ysdj dbZ [kkstsa gqbZ gSaA vuqlaèkku vHkh tkjh gSA

bl ppkZ dk lkj ek=k ;g gS fd izdk'k ds :i esa fo|qr~&pqEcdh; rjaxsa
NksM+uk vfXudkf;d tho dk y{k.k gS( vr% lHkh izdkj ds izdk'k esa tho gS] ,slk
ekuuk mi;qDr ugha gSA
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bl lcdk vFkZ ;g ugha gS fd lkèkq&lekt dks nhid ds izdk'k dk mi;ksx
djus dh NwV nsrk gwa] ;k ,slh NwV ysus ds fy, eSaus ;g ys[k fy[kk gS( oLrqr% lkèkq
;k lkèoh Lo;a rks cÙkh ugha tyk ldrs( fdUrq vU; fdlh ds ikl Hkh cÙkh
tykuk mi;qDr ugha gS vkSj blls Hkh c<+dj ;fn dksbZ cÙkh tykrk gks ;k cq>krk
gks rks mls Hkh vPNk ugha ekuuk vFkkZr~ vuqeksnu djuk Hkh mi;qDr ugha gSA lkFk
gh mikJ; ds fudVorhZ fdlh x`gLFk ds ?kj dh tyk;h gqbZ cÙkh ;k lM+d ij
tyrh uxjikfydk dh cÙkh dh lgk;rk ls viuk dksbZ dk;Z lkèkq u djsa( D;ksafd
,slk djus ij mldh vuqeksnuk gks tkrh gSA ;|fi ;g cÙkh lkèkq ds fy, ;k lkèkq
ds dgus ls ugha dh xbZ rFkk mlds mi;ksx ¼bLrseky½ ls iki yxrk gh gS] bls
izk;% lHkh ekurs gSa( vr% ,slh cÙkh dk bLrseky djus dh NwV ysus dk dksbZ iz'u
gh mifLFkr ugha gksrkA ;gka rks dsoy tSu vkxe vkSj foKku ds vkèkkj ij
^izdk'k ltho gS vFkok ugha* bl iz'u ds lekèkku dk ,d fouez iz;kl fd;k
x;k gSA

¼lUnHkZ % n'koSdkfyd lw=k] gkfjHknzh;o`fÙk( rÙokFkZlw=k Vhdk] vè;k; 2]
Vhdkdkjµfl)lsu xf.kA vkpkjkax Vhdk] 'khykøkpk;Z( lsuiz'u( lansg nksykoyh
izdj.k( VsdLV cqd vkWQ Dok.Ve fedsfuDl] ih- ,e- eSF;ql] ds- osadVs'ku½

[rhFk±dj % fnlEcj] 88]

fVIi.kh %

vko';d lw=k Vhdk esaµfu;qZfDrxr %
vx.khvks fNafnTt cksfg;[kksHkkb nhgMDdks okA

vkxkjsfga vHkXxks mLlXxks ,oekbZfga Ï1516ÏµxkFkk dh òfÙk esa ̂ vx.khvks*
'kCnfufnZ"V dk;ksRlxZ ds vkxkj ds ckjs esa fVIi.kh djrs gq, crk;k gSµ^;nk
T;ksfr% Li`'kfr rnk izkoj.kk; dYixzg.ka dqoZrks u dk;ksRlxZHkú%A* ¼dk;ksRlxZ ds
nkSjku ;fn T;ksfr dh Li'kZuk gks rc vkPNknu ds fy, oL=k dk xzg.k djus ij
dk;ksRlxZ dk Hkú ugha gksrk gSA½

fdUrq izfrØe.k lw=k ds izcksèkVhdk uked xqtjkrh foospu esa vUuRFk lw=k
esa blh fu;qZfDrxr xkFkk ds ^vx.khvks* 'kCn ds nks vFkZ crk, gSaµ¼1½ dk;ksRlxZ
ds nkSjku] vfXu QSyrk gqvk] vkdj ;fn dk;ksRlxZ djrs gq, O;fDr dks Li'kZ djs]
rc og vU;=k tkdj dk;ksRlxZ iw.kZ djsa rc dk;ksRlxZ dk Hkax ugha gksrk gSA

¼2½ nwljk vFkZ vko';d lw=k dh Vhdk esa crk;k gqvk gh gSA

nwljh vksj dfydkyloZK Jh gsepanzkpk;Zth us vius ̂ vfHkèkku fpUrkef.k*

'kCn dks'k esa vfXudk;@rstLdk; ds 'kCnksa esa dgha Hkh ^izdk'k* dks vfXudk; ds
:i esa crk;k ugha gSA ̂ vfHkèkku jktsUnz* dks"k esa Hkh ,rf}"k;d dksbZ mYys[k izkIr
ugha gSA

mi;qZDr nksuksa vFkZ esa izFke vFkZ vkxe ls lEer yxrk gSA fdUrq f}rh;
vFkZ lafnXèk gSA gkykafd fu;qZfDrxr blh xkFkk esa ^izdk'k* dks vfXudk; ugha
crk;k gS vkSj ^vx.khvks* 'kCn ds f}rh; vFkZ ls ,slk Li"V funsZ'k ugha gksrk gS
fd izdk'kµvfXudkf;d tho ds :i esa ltho gh gS] rFkkfi izdk'k dks ltho
ekuus okyk oxZ mlh ikB dk@vFkZ dk vkèkkj ysrs gSa fdUrq muds lkFk crk, gq,
vU; rhu vkxkj ds Lo:i ls f}rh; vFkZ lgh ugha yxrk gSA rÙoa rq dsofyxE;e~A**
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ifjf'k"V 1 ¼fVIi.k½

1- eqfu ;'kksfot;th] fo|qr~ ltho ;k futhZo] i`"B 79&99

2- eqfu uafn?kks"kfot;th] tSu n'kZu % oSKkfud n`f"V, (Jainism through

Science), ì"B 21&28
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ifjf'k"V 2

92 ewy rÙo

vkèkqfud foKku }kjk lEer 92 ewy rÙoksa (elements) dk 'periodical

table' ;gka lUnHkZ ds fy, fn;k tk jgk gS] ftlesa izR;sd ewy rÙo esa jgs gq,
bysDVªksu vkfn dh la[;k rFkk ijek.kq&Hkkj vkfn dk iwjk fooj.k miyCèk gSA

APPENDIX II

ATOMIC TABLE

A S A W G F

T Y T E R A

O M O I O M Number of Special

M NAME B M G U I Electrons in charactaristics

I O I H P L Each Shell

C L C T or Y

No.

1. Hydrogen H 1.008 1 Unique

2. Helium He 4.0026 VIIIA 2 Inert gas

3. Lithium Li 6.939 IA 2 1 Alkali & Alkaline

4. Beryllium Be 9.0122 IIA 2 2 Earth Metal

5. Boron B 10.811 IIIA 2 3 Boron and

6. Carbon C 12.011 IVA 2 4 Carbon Families

7. Nitrogen N 14.007 VA 2 5 Nitrogen and

8. Oxygen O 15.999 VIA 2 6 Oxygen Families

9. Fluorine F 18.998 VIIA 2 7 Halogens

10. Neon Ne 20.183 VIIIA 2 8 Inert gas

11. Sodium Na 22.990 IA 2 8 1 A & A.E.M.

12. Megnesium Mg 24.312 IIA 2 8 2

13. Aluminium Al 26.982 IIIA 2 8 3 B & C Families

14. Silicon Si 28.086 IVA 2 8 4 B & C Families

15. Phosphorus P 30.974 VA 2 8 5 N & O Families

16. Sulphur S 32.064 VIA 2 8 6 N & O Families

17. Chlorine Cl 35.453 VIIA 2 8 7 Halogen

18. Argon Ar 30.948 VIIIA 2 8 8 Inert gas

19. Potassium K 39.102 IA 2 8 8 1 A & A.E.M.

20. Calcium Ca 40.08 IIA 2 8 8 2 A & A.E.M.

21. Scandium Sc 44.956 IIIB 2 8 9 2

22. Titanium Ti 47.90 IVB 2 8 10 2 First

23. Vanadium V 50.942 VB 2 8 11 2 Transition

24. Chromium Cr 51.996 VIB 2 8 13 1 Metals

25. Manganese Mn 54.938 VIIB 2 8 13 2

26. (Ferrum)

Iron Fe 55.847 VIIIB 2 8 14 2 TheTriads

27. Cobalt Co 58.933 VIIIB 2 8 15 2 Second

Transition

28. Nickel Ni 58.71 VIIIB 2 8 16 2 Metals

29. Copper Cu 63.54 IB 2 8 18 1 Third Transition

63.74

30. Zinc Zn 65.37 IIB 2 8 18 2 Metals

65.54

31. Gallium Ga 69.72 IIIA 2 8 18 3 B & C Fam.

32. Germanium Ge 72.59 IVA 2 8 18 4 B & C Fam.

33. Arsenic As 74.922 VA 2 8 18 5 N & O Fam.

34. Selenium Se 78.96 VIA 2 8 18 6 N & O Fam.

35. Bromine Br 79.909 VIIA 2 8 18 7 Halogen

36. Krypton Kr 83.80 VIIIA 2 8 18 8 Inert gas

37. Rubiduim Rb 85.47 IA 2 8 18 8 1 A & A.E.M.

38. Strontium Sr 87.62 IIA 2 8 18 8 2

39. Yitrium Y 88.095 IIIB 2 8 18 9 2

40. Zirconium Zr 91.22 IVB 2 8 18 10 2 First

41. Niobium NB 92.906 VB 2 8 18 12 1 Transition

42. Molybdenum Mo 95.94 VIB 2 8 18 13 1 Mettals

43. Technetium Tc 99.00 VIIB 2 8 18 13 2

44. Ruthenium Ru 101.07 VIIIB 2 8 18 15 1 Triads Second

45. Rhodium Rh 102.91 VIIIB 2 8 18 16 1 Transition

46. Palladium Pd 106.4 VIIIB 2 8 18 18 Metals

47. (Argentum)

Silver Ag 107.87 IB 2 8 18 18 1 Third Transiti

48. Cadmium Cd 112.40 IIB 2 8 18 18 2 on Metals

49. Indium In 114.82 IIIA 2 8 18 18 3 B & C Fam.

50. (Stannum)

Tin Sn 118.69 IVA 2 8 18 18 4 B & C Fam.

51. Antimony Sb 121.75 VA 2 8 18 18 5 N & O Fam.

52. Tellurium Te 127.60 VIA 2 8 18 18 6

53. Iodine I 126.90 VIIA 2 8 18 18 7 Halogen

A S A W G F

T Y T E R A

O M O I O M Number of Special

M NAME B M G U I Electrons in charactaristics

I O I H P L Each Shell

C L C T or Y

No.
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54. Xenom Xe 131.30 VIIIA 2 8 18 18 8 Inert gas

55. Cesium Cs 132.91 IA 2 8 18 18 8 1 A & A.E.M

56. Barium Ba 137.34 IIA 2 8 18 18 8 2

57. Lanthanum La 138.91 IIIB 2 8 18 18 9 2

58. Cerium Ce 140.12 2 8 18 19 9 2

59. Praseodyntium Pr 140.91 2 8 18 21 8 2 57 to 71

60. Ncodymium Nd 144.24 2 8 18 22 8 2 Rare earths.

61. Promethium Pm 147.00 2 8 18 23 8 2

62. Samarium Sm 150.35 2 8 18 24 8 2

63. Europium Eu 151.962 2 8 18 25 8 2

64. Gadolinium Gd 157.25 2 8 18 25 9 2

65. Terbium Tb 158.92 2 8 18 26 9 2

66. Dysprosium Dy 162.50 2 8 18 28 8 2

67. Holmium Ho 164.93 2 8 18 29 8 2

68. Erbium Er 167.26 2 8 18 30 8 2

69. Thulium Tm 168.93 2 8 18 31 8 2

70. Yitribium Yb 173.04 2 8 18 32 8 2

71. Lutetium Lu 174.97 2 8 18 32 9 2

72. Hafnium Hf 178.49 IVB 2 8 18 32 10 2 72 to 74

73. Tantalum Ta 180.95 VB 2 8 18 32 11 2 Transition

74. (Wolfram)

Tungsten W 183.85 VIB 2 8 18 32 12 2 Metals

75. Rhenium Re 186.2 VIIB 2 8 18 32 13 2

76. Osmium Os 190.2 VIIIB 2 8 18 32 15 2 The Triads

77. Iridium Ir 192.2 VIIIB 2 8 18 32 15 2 Second

78. Platinum Pt 195.09 VIIIB 2 8 18 32 17 1 Tr. Metals

79 (Aurum)

Gold Au 196.97 IB 2 8 18 32 18 1 Third Tr.

80. (Hydragyrum)

Mercury Hg 200.59 IIB 2 8 18 32 18 2 Mtals

81. Thallium Ti 204.37 IIIA 2 8 18 32 18 3 B & C Fam.

82. (Plumbum)

Lead Pb 207.19 IVA 2 8 18 32 18 4

83. Bismuth Bi 208.98 VA 2 8 18 32 18 5 N & O

84. Polonium Po 210 VIA 2 8 18 32 18 6 Families

85. Astatine At 210 VIIA 2 8 18 32 18 7 Halogen

86. Radon Rn 222 VIIIA 2 8 18 32 18 8 Inert gas

87. Francium Fr 223 IA 2 8 18 32 18 8 1 A & A.M.

88. Radium Ra 226 IIA 2 8 18 32 18 8 2 A & A.M.

89. Actinium Ac 227 2 8 18 32 18 8 2

90. Thorium Th 232.04 2 8 18 32 18 10 2

91. Protactinium Pr 231 2 8 18 32 20 9 2 89–103

92. Uranium U 238.03 2 8 18 32 21 9 2 Actinide metals

93. Neptunium Np 237 2 8 18 32 22 9 2

94. Plutonium Pu 242 2 8 18 32 24 8 2

95. Americium Am 243 2 8 18 32 25 8 2

96. Curium Cm 247 2 8 18 32 25 9 2

97. Berkelium Bk 247 2 8 18 32 27 8 2 93 to 103

98. Californium Cf 249 2 8 18 32 28 8 2 Man made

99. Einseinium Es 254 2 8 18 32 29 8 2 elements

100. Fermium Fm 253 2 8 18 32 30 8 2

101. Mendelevium Md 256 2 8 18 32 31 8 2

102. Nobelium No 254 2 8 18 32 32 8 2

103. Lawrencium Lw 257 2 8 18 32 32 9 2
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