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xSlksa esa fo|qr foltZu

lkekU; nkc ij xSlsa fo|qr dh dqpkyd gSaA ;fn ge lkekU; nkc ij ok;q esa dqN ls-eh- nwjh ij fLFkr nks bysDVªksMksa ds chp
mPp foHkokUrj (yxHkx 30 kV) LFkkfir dj nsa rks muds chp fo|qr izokg fpaxkfj;ksa ds :i esa gksus yxrk gSA xSlksa esa bl izdkj ds
fo|qr izokg dks **fo|qr foltZu** dgrs gSaA

xSlksa esa fo|qr foltZu dk v/;;u ,d foltZu ufydk dh lgk;rk ls fd;k tkrk gSA

foltZu ufydk esa ml xSl dks Hkj ysrs gSa ftlds fo|qr foltZu dk gesa v/;;u djuk gSA fuokZr~ iEi dh lgk;rk ls uyh ds
nkc dks de fd;k tk ldrk gS ,oa bldh eki eSuksehVj ls dj ysrs gSaA

fofHké nkcksa ij foltZu dh fLFkfr;k¡

tSls-tSls uyh ds nkc dks de djrs tkrs gSa rks foltZu dh fuEu fLFkfr;k¡ izkIr gksrh gSa

(1) lkekU; nkc ij xSl esa dksbZ foltZu ugha gksrk gSA

(2) 10 mm (Hg) nkc ij uyh esa ,d bysDVªksM ls nwljs bysDVªksM dh vksj Vs<+h-es<+h iryh yky fpaxkjh pyrh gqbZ fn[kkbZ nsrh
gS ,oa pVpVkus (Cracking) dh vkokt lqukbZ nsrh gSA

(3) 4 mm Hg nkc ij bysDVªksMksa ij dqN ped fn[kkbZ nsrh gS ,oa 'ks"k ufydk esa va/ksjk Nk tkrk gSA

(4) tc nkc 4 mm Hg ls dqN de gks tkrk gS rks ,uksM vkSj dSFkksM ds chp dk Hkkx pedhys izdk'k ls Hkj tkrk gSA bls
/kukRed izdk'k LrEHk dgrs gSaA izdk'k dk jax xSl dh izdf̀r ij fuHkZj djrk gSA

– +/kkfj;k¡

10 mm of Hg

– +/kukRed LrEHk

4 mm Hg ls de

– +

_.k nhfIr

F.D.S.

/kukRed LrEHk

1.65 mm of Hg

– +

dSFkksM nhfIr C.D.S.

_.k nhfIr /kukRed LrEHk

F.D.S.

0.8 mm of Hg

– +

nhIr /kCcs

dSFkksM nhfIr _.k nhfIr

F.D.S.C.D.S.

0.05 mm of Hg

gfjr çdk’k

0.01 mm of Hg

foltZu ufydk dh yEckbZ ≈ 30 ls 40 cm

,oa O;kl ≈ 4cm

– +

Gas

mPp
foHkokUrj

fuokZr~ iEi

eSuksehVj
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xSl jax

ok;q yky cSaxuh

H2 uhyk

N2 yky

Cl2 gjk

CO2 uhyk 'osr

Na ihyk

fu;kWu xgjk yky

(5) 1.65 mm Hg nkc ij

(i) dSFkksM ij uhys jax dh ped fn[kkbZ nsrh gS bls _.k nhfIr dgrs gSaA

(ii) /kukRed LrEHk dh yEckbZ de gks tkrh gSA _.k nhfIr ,oa /kukRed LrEHk ds chp mifLFkr va/kdkj dks QSjkMs dk vnhIr
izns'k (F.D.S.) dgrs gSaA

(6) 0.8 mm Hg nkc ij _.k nhfIr dSFkksM dks NksM+dj vkxs c<+ tkrh gSA _.k nhfIr ,oa dSFkksM ds chp va/ksjs LFkku dks Øqd dk
vnhIr izns'k dgrs gSaA /kukRed LrEHk dh yEckbZ cgqr de gks tkrh gSA dSFkksM ij ,d gYdh ped fn[kkbZ nsrh gS bls dSFkksM nhfIr
dgrs gSaA

(7) 0.05 mm Hg nkc ij /kukRed LrEHk Øekxr nhIr o vnhIr /kCcksa eas foHkkftr gks tkrk gSA

(8) 0.01 ;k 10–2 mm Hg nkc ij dSFkksM ls dqN vn'̀; d.k fudyrs gSa tks dSFkksM ds lkeus ufydk ls Vdjkdj iznhfIr mRié
djrs gSaA bu vǹ'; fdj.kksa ¼d.kksa dh ckSNkj½ dks dSFkksM fdj.ksa dgrs gSaA

(9) vUr esa 10–4 mm Hg nkc ij dksbZ foltZu ugha gksrk gSA

dSFkksM fdj.ksa

dSFkksM fdj.kksa dh [kkst lj fofy;e Øqd us dhA ;s bysDVªkWuksa dk iqat gksrh gSA ;s fdj.ksa 10–2 mm Hg nkc ij foltZu ufydk
esa dSFkksM ls mRié gksrh gSA bl nkc ij xSl ds v.kq vk;fur gks tkrs gSa ,oa eqä bysDVªkWu /kukRed ,uksM dh vksj xfr djus yxrs
gSaA bl izdkj foltZu ufydk esa xSl ds vk;fur gksus ds dkj.k ,oa /kukRed vk;uksa ds dSFkksM ls Vdjkus ds dkj.k dSFkksM fdj.ksa
mRié gksrh gSaA

(1) dSFkksM fdj.kksa ds xq.k/keZ

(i) dSFkksM fdj.ksa ljy js[kk esa pyrh gSa rFkk vius ekxZ esa j[kh oLrq dh Nk;k cukrh gSaA

(ii)dSFkksM fdj.ksa ry ds yEcor~ fudyrh gSa ,oa ,uksM dh fLFkfr ls vizHkkfor jgrh gSaA

(iii) fdlh inkFkZ ij vkifrr gksus ij mls xeZ dj nsrh gSaA

(iv) ;kaf=d nkc vkjksfir djrh gSaA

(v) QksVksxzkfQd IysV dks izHkkfor djrh gSaA
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(vi) xSlksa dks vk;fur dj nsrh gSaA

(vii) iznhfIr mRié djrh gSaA

(viii) iryh /kkfRod iéh dks ikj dj tkrh gSaA

(ix) fo|qr ,oa pqEcdh; {ks= esa fo{ksfir gksrh gSaA

(x) budk osx
30
1 ls

10
1 izdk'k ds osx ¼vFkkZr~ 107 m/s ls 3 × 107 m/s½ ds cjkcj gksrk gSA

(2) tsåtså FkkWelu fof/k }kjk bysDVªkWu ds fof'k"V vkos'k (e /m) dk fu/kkZj.k

;fn bysDVªkWuksa ds ,d iqat ij fo|qr {ks= ,oa pqEcdh; {ks= bl izdkj vkjksfir fd;s tk;sa fd bu nksuksa ds dkj.k bysDVªkWuksa ij
yxus okys cy cjkcj o foijhr gksa rks bysDVªkWu iqat vfo{ksfir xqtjrk gSA ;gh bl fof/k dk dk;Z fl)kUr gSA

C = dSFkksM, A = ,uksM, F = rUrq (Filament), LT = vYi-oksYVst dh cSVjh ¼fQykes.V xeZ djus ds fy,½, H.T. = mPp oksYVst
dh cSVjh, SS' = LQqVnhfIr inkFkZ ZnS ls ysfir inkZ, XY = /kkfRod IysVsa ¼buds chp fo|qr {ks= mRié fd;k tkrk gS½

(i) tc ¼fp=kuqlkj½ IysVksa ds chp dksbZ {ks= vkjksfir ugha djrs gSa rks bysDVªkWu iqat P ij iznhfIr mRié djrk gSA

(ii) {ks= ¼fo|qr ;k pqEcdh;½ vkjksfir djus ij bysDVªkWu iqat insZ ij Åij dh vksj ;k uhps dh vksj ¼ 'P ;k ''P ½ iznhfIr mRié djrk
gSA½

(iii) ;fn nksuksa {ks= ,d-lkFk vkjksfir djsa ,oa buds ekuksa dks bl izdkj O;ofLFkr djsa fd bysDVªkWu vfo{ksfir xqtjsa vFkkZr~ fcUnq
P ij iznhfIr mRié djsa rc bl fLFkfr esa]

fo|qr {ks= ds dkj.k cy = pqEcdh; {ks= ds dkj.k cy ⇒ eE = evB ⇒ ;
B
E

v = v = bysDVªkWu dk osx

tc bysDVªkWu iqat dSFkksM ls ,uksM rd Rofjr gksrk gS rks bldh dSFkksM ij fLFkfrt ÅtkZ] ,uksM ij xfrt ÅtkZ esa ifjofrZr
¼of̀)½ gks tkrh gSA ;fn dSFkksM ,oa ,uksM ds chp foHkokUrj V gS rc oS|qr fLFkfrt ÅtkZ = eV

,uksM ij xfrt ÅtkZ esa of̀) 2

2
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 dsoy fo|qr {ks= esa bysDVªkWu dk foLFkkiu
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= ; ;gk¡ l = izR;sd IysV dh yEckbZ, y = fo|qr {ks= esa

bysDVªkWu dk foLFkkiu, v = bysDVªkWu dk osxA
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/ku-fdj.ksa

/ku vk;uksa ds iqat dks /ku fdj.ksa ;k dSukWy fdj.ksa dgrs gSaA budh [kkst xksYMLVhu us dhA tc foltZu ufydk esa xSl dk
nkc 10–3 mm Hg j[krs gSa rc fNnz;qä dSFkksM ls /kq¡/kyh fdj.ksa ¼ped½ ihNs dh vksj fudyrh gqbZ fn[kkbZ nsrh gSa] ;gh /ku fdj.ksa gSaA

(1) /ku-fdj.kksa dh mRifÙk

10–3 mm Hg nkc ij foltZu ufydk esa dSFkksM ls mRlftZr bysDVªkWu tc xSl v.kqvksa ls Vdjkrs gSa rks v.kqvksa dk vk;uhdj.k
gks tkrk gSA vk;uhdj.k ls mRié /kuk;u dSFkksM dh vksj vkdf"kZr gksrs gSaA tc ;s /kuvk;u fNnz;qä dSFkksM ij igq¡prs gSa rks dqN
/kuk;u fNnzksa ls ckgj fudy tkrs gSaA ;gh /ku vk;uksa dk iqat /ku fdj.ksa gSaA

(2) /ku-fdj.kksa ds xq.k/keZ

(i) ;fn iz;qDr xSl ds leLFkkfud ugha gSa rks /ku fdj.ksa leku nzO;eku ds /kuvk;uksa dk iaqt gSA blds foijhr xSl leLFkkfud
j[krh gS rks /ku fdj.kksa ds vk;uksa dk nzO;eku fHké-fHké gksrk gSA

(ii) ;s ljy js[kk esa xeu djrh gS ,oa buds ekxZ esa mifLFkr oLrq dh Nk;k mRié djrh gS] ijUrq budk osx dSFkksM fdj.kksa dh
rqyuk esa cgqr de gksrk gSA

(iii) ;s fo|qr {ks= o pqEcdh; {ks= esa fo{ksfir gksrh gSa] ijUrq budk fo{ksi dSFkksM fdj.kksa dh rqyuk esa de gksrk gSA

(iv) bu fdj.kksa esa /ku-vk;uksa dk osx fHké-fHké gksrk gSA bysDVªkWuksa dh rqyuk esa /ku-vk;uksa dk nzO;eku vf/kd gksus ds dkj.k bu
fdj.kksa dk osx dSFkksM fdj.kksa dh rqyuk esa de gksrk gSA

(v) bu fdj.kksa ds d.kksa ds q/m ;k fof'k"V vkos'k dk eku xSl dh izdf̀r ij fuHkZj djrk gS ¼tcfd dSFkksM fdj.kksa ds fy, q/m

fu;r jgrk gS ,oa xSl dh izdf̀r ij fuHkZj ugha djrk gSA½ gkbMªkstu ds fy, q/m vf/kdre gksrk gSA

(vi) ;s laosx o ÅtkZ dk LFkkukarj.k djrh gSaA bu fdj.kksa dh xfrt ÅtkZ dSFkksM fdj.kksa ls vf/kd gksrh gSA

(vii) /ku-fdj.kksa ¼d.kksa½ ij mifLFkr vkos'k bysDVªkWu vkos'k (e) dk iw.kZ xq.kd gksrk gSA

(viii) buesas vk;uhdj.k dk xq.k ik;k tkrk gSA budh vk;uhdj.k {kerk dSFkksM fdj.kksa dh rqyuk esa vf/kd gksrh gSA

nzO;eku LisDV ªksxzkQ

bldh lgk;rk ls /ku vk;uksa dk fof'k"V vkos'k (q/m) Kkr djrs gSaA

(1) FkkWelu nzO;eku LisDVªksxzkQ

bldk mi;ksx xSl esa mifLFkr fofHké leLFkkfudksa dk ijek.kq Hkkj Kkr djus esa fd;k tkrk gSA
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fp=kuqlkj ck¡;ha vksj yxs ¶ykLd esa /ku vk;uksa dks mRiUu djrs gSaA bu vk;uksa ds iqat dks dSFkksM dh vksj Rofjr djrs gSaA dqN
/ku vk;u dSFkksM esa mifLFkr ckjhd fNnzksa esa ls fudyrs gSaA bl izdkj izkIr ckjhd fdj.k iqat ij lekUrj fo|qr {ks= ,oa pqEcdh;

{ks= vkjksfir djrs gSaA blds i'pkr~ bls ,d LQqj-nhfIr insZ ij vkifrr djrs gSaA ( BE


|| ijUrq E

;k vB


⊥ )

;fn /ku vk;u izkjEHk esa x+ fn'kk esa xfreku gks ,oa fo|qr {ks= ,oa pqEcdh; {ks= y+ fn'kk esa dk;Zjr~ gks rc fo|qr {ks= ds

dkj.k /ku vk;uksa ij vkjksfir cy y-fn'kk esa ,oa pqEcdh; {ks= ds dkj.k vkjksfir cy z-v{k dh fn'kk esa gksxk

fo|qr {ks= ds dkj.k fo{ksi
2mv

qELD
y = .........(i)

pqEcdh; {ks= ds dkj.k fo{ksi
mv

qBLD
z = .........(ii)

lehdj.k (i) o (ii) ls]

y
m
q

kz 




=2 , tgk¡

E
LDB

k
2

= ; ;g ,d ijoy; dk lehdj.k gSA vFkkZr~ ,dleku fof'k"V vkos'k ,oa fofHké osxksa ls xfreku

vk;u y-z ry esa fLFkr insZ ij ,d gh ijoy; ds fofHké fcUnqvksa ij vkifrr gksrs gSaA

 leku fof'k"V vkos'k q/m ,oa fofHkUu osxksa okys /kuk;u ,d gh ijoy; ij Vdjkrs gSaA fHké-fHké fof'k"V vkos'kksa okys
/kuk;u fHké-fHké ijoy;ksa ij Vdjkrs gSaA

 insZ ij izkIr ijoy;ksa dh la[;k gesa xSl esa mifLFkr leLFkkfudksa dh la[;k crykrh gSA

(2) czsufczt æO;eku LisDVªksxzkQ

blesa osx oj.kdkjh (Velocity selector) dh lgk;rk ls ,dleku osx ds d.kksa dk p;u djds bu ij ,dleku pqEcdh; {ks=
vkjksfir djrs gSaA ;g pqEcdh; {ks= d.kksa dh xfr dh fn’kk ds yEcor~ gksrk gSA fofHkUu leLFkkfudksa ds laxr d.k fHkUu-fHkUu oÙ̀kkdkj
Hkkxksa ds vuqfn’k xfr djrs gSaA

(i) osx oj.kdkjh (Velocity selector) : blesa /ku fdj.kksa ij ØkWflr ¼yEcor~½ fo|qr {ks= ,oa pqEcdh; {ks= bl izdkj vkjksfir
djrs gSaA fd blls xqtjus okyk d.k vizHkkfor xqtjsa blds fy, U = E/B gksuk pkfg,A

V1
V2

V3 V4
Y

Z

V1>V2>V3>V4

inkZ ;k
QksVks IysV

S

N

–

+

vYi nkc
ij xSl

iEi

dSFkksM
– P

Q

S

N

z
Z

y

Y

D

+q v

de nzO;eku

q/m
vf/kd

q/m
de

q/m
vf/kd

q/m
small

vf/kd nzO;eku
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(ii) fo’ys"kd dks"B : blesa pqEcdh; {ks= B d.kksa dh xfr ds fn’kk ds yEcor~ vkjksfir djrs gSaA blds ifj.kkeLo:i d.k òÙkkdkj
ekxZ ij xfr djrs gSa ftldh f=T;k

'qBB
mE

r = ⇒
rBB

E
m
q

'
= ,oa

2

1

2

1

m
m

r
r

=

bl izdkj fofHké nzO;eku ds vk;u fHké-fHké f=T;kvksa ds o`Ùkksa ij fo{ksfir
gksrs gSa ,oa izdk'k laosnh IysV ij fHké fcUnqvksa ij Vdjkrs gSA

 fofHké nzO;ekuksa ds iFkksa (Traces) ds e/; nwjh
'

)(2
22 12
12 qB

mmv
drrd

−
=⇒−==

nzO; rjaxsa ;k Mh-czksXyh rjaxsa

Mh-czksxyh ds vuqlkj ,d xfreku nzO; d.k dHkh d.k dh rjg ,oa dHkh rjax dh rjg O;ogkj djrk gSA

;k

xfr'khy nzO; d.k ls lEc) rjax lHkh izdkj ls d.k dks fu;af=r djrh gSA

xfr'khy nzO;d.k ls lEc) rjax dks nzO; rjax ;k Mh-czksXyh rjax dgrs gSa ,oa ;g rjax ,d lewg osx ls ,d iSdsV ds :i esa
lapfjr gksrh gSA

(1) Mh-czksXyh rjaxnS/;Z

Mh-czksXyh ds vuqlkj fdlh xfreku d.k ls lEc) rjax dk rjaxnS/;Z

mE

h
mv
h

p
h

2
===λ

Evp
111 ∝∝∝⇒ λ

;gk¡ h = Iykad fu;rkad, m = d.k dk nzO;eku, v = d.k dk osx, E = d.k dh ÅtkZ

lcls lw{e rjaxnS/;Z ftldk ekiu lEHko gS]γ -fdj.kksa dh gSA

ekbØks vkdkj ds d.k] tSls bysDVªkWu] izksVkWu] U;wVªkWu α-d.k bR;kfn ls lEc) nzO; rjax dh rjaxnS/;Z dh dksfV 1010− m

gSA

(i) vkosf'kr d.kksa ls lEc) Mh-czksXyh rjaxnS/;Z

V foHkokUrj ls Rofjr vkosf'kr d.k dh ÅtkZ qVmvE == 2

2
1

vr% Mh-czksXyh rjaxnS/;Z
mqV

h

mE

h
p
h

22
===λ

V

27.12=kWubysDVªλ Å,
V

286.0=izksVkWuλ Å,
V

1010202.0 −×=kWuwVª~;Mλ Å
V

-

1010202.0 −×=d.kαλ

• •
• • •

•
••

• • •
•

••

•

•

•
•
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•

•
• • •

•
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m2

2r2
2r1

r

•
•

• •

•

•

•

→ →
E ⊥ B

osx LisDVªe

+q
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QksVksxzkfQd IysV
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(ii) vukosf'kr d.kksa ls lEc) Mh-czksXyh rjaxnS/;Z

U;wVªkWu ls lEc) Mh-czksXyh rjaxnS/;Z
)in(

286.0

)in(

10286.0 10

eVE
m

eVE
=×=

−

kWuwVªU;λ Å

lkekU; rki ij U;wVªkWuksa dh rkih; ÅtkZ


mkT

h
kTE

2
=⇒= λ ; tgk¡ k = cksYV~teSu fu;rkad = 231038.1 −× Joules/kelvin , T = ijerki

blfy,
TT

83.30

1038.11007.12

1062.6
2317

34

=
××××

×=
−−

−

kWuwVªU;rkih;λ Å

(2) fo'ks"k xzkQ

 QksVkWu ,d nzO; d.k ugha gSA ;g ÅtkZ dk ,d iSdsV gSA

 tc ,d d.k rjax izdf̀r iznf'kZr djrk gS rc blls ,d rjax lEc) u gksdj rjax dk ,d iSdsV lEc) gksrk gSA

(3) nzO; rjaxksa ds y{k.k

(i) nzO; rjax vkdk'k esa d.k dh fLFkfr dh izkf;drk dks O;ä djrh gSA

(ii) nzO; rjaxsa fo|qr pqEcdh; rjaxsa ugha gSaA

(iii) nzO; rjaxsa] nzO; d.k ij mifLFkr vkos’k ij fuHkZj ugha djrh gSa ¼vFkkZr~ vkosf’kr ;k fujkosf’kr½A izR;sd d.k ls Mh-czksXyh
rjax lEc) gksrh gSA

(iv) bu rjaxksa dk çk;ksfxd çs{k.k rHkh lEHko gS tc muls lEc) rjax dh rjaxnS/;Z d.k ds vkdkj dh rqyuk esa vf/kd gksA

(v) bysDVªkWu ekbØksLdksi Mh-czksXyh rjaxksa ds fl)kUr ij dk;Z djrk gSA

(vi) fo|qr vkos’k rjaxnS/;Z dks çHkkfor ugha djrk gSA

(vii) nzO; rjaxksa dk dyk osx çdk’k osx ls vf/kd gks ldrk gSA

(viii) nzO; rjaxsa fuokZr esa xeu djrh gSa] vr% ;s ;kaf=d rjaxsa ugha gSaA

(ix) noh d{kk esa fLFkr bysDVªkWu ls lEc) Mh-czksXyh rjaxksa dh la[;k n gSA

(x) ukfHkd ds pkjksa vksj os gh d{kk,sa LFkk;h gSa ftudh ifjf/k d{kh; bysDVªkWu ls c) Mh-czksXyh rjaxnS/;Z dh iw.kZ xq.kd gksrh gSA

(4) Msohlu teZj iz;ksx

λ

p

λ

1/b

<ky= h

λ

v
vf/kd m

de m

E

λ

vf/kd m
de m

λ

1 / V

de m

vf/kd m

λ

E1

de m

vf/kd m
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bl ç;ksx esa Bksl }kjk bysDVªkWu dk çdh.kZu ;k bysDVªkWu dh rjax çÑfr dk lR;kiu fd;k tkrk gSA bysDVªkWu xu ls
mRlftZr bysDVªkWu iqat dks ,d fufdy fØLVy ij vkifrr djkrs gSaaA ;g fØLVy f=foeh; v{k ¼fdlh fuf’pr dks.k ij½ ds vuqfn’k
dVk gksrk gSA bysDVªkWu ds foofrZr iqat dks lalwpd xzg.k djrk gS] bls vkifrr fcUnq ds lkis{k fdlh Hkh dks.k ij j[kk tk ldrk gSA
bysDVªkWu xu ij vkjksfir foHkokUrj dks ifjofrZr djds vkifrr bysDVªkWuksa dh ÅtkZ dks ifjofrZr dj ldrs gSaA

fpjlEer (Classical) HkkSfrdh ds vuqlkj lHkh izdh.kZu d.kksa ij foofrZr bysDVªkWu iqat dh rhozrk ,dleku gksxh ijUrq Msfolu
rFkk tjej us vius ç;ksx esa fl) fd;k fd fHkUu-fHkUu dks.kksa ij çdhf.kZr bysDVªkWu iqqat dh rhozrk fHkUu-fHkUu gksrh gSA

foorZu dks.k 50o ,oa foHkokarj 54 V ij foofrZr bysDVªkWu iqat dh rhozrk vf/kdre izkIr gksrh gSA

;fn bysDVªkWuksa ls lEc) Mh-czksXyh rjaxsa gS] rks ;g X-fdj.kksa dh rjg foofrZr gksuh pkfg,A vr% czsx ds lehdj.k
λθ nd =sin2 ls bl rjax dh rjaxnS/;Z Kkr dj ldrs gSaA

;gk¡ d = foorZu ryksa ds chp nwjh ,oa vkifrr fdj.k dk Li'khZ dks.k
2

)180( φθ −= = fufdy

(Ni) fØLVy ds fy,] foorZu ryksa ds chp nwjh d = 0.91 Å ,oa czsx dks.k 65o rc n = 1 ds fy,

65.165sin1091.02 10 =××= − oλ Å

Mh czksXyh rjaxnS/;Z lehdj.k Å
V

67.1
54

27.1227.12 ===λ

bl izdkj Mh-czksXyh dh ifjdYiuk dk lR;kiu gksrk gSA

gkbtsucxZ dk vfuf'prrk dk fl)kUr

gkbtsucxZ ds vuqlkj] fdlh d.k dh fLFkfr ,oa laosx dks ,dlkFk (Simultaneously) ekiuk vlaHko gSA

ekuk fd d.k dh fLFkfr ,oa laosx ekiu esa vfuf'prrk Øe'k% ∆x o∆p gS rc =∆∆ px ;tgk¡
π2
h= ,oa h=6.63 × 10–34 J-s= Iykad

fu;rkad

;fn ∆x = 0 rc ∆p = ∞ ,oa ;fn ∆p = 0 rc ∆x = ∞

F

θ
φθ

lalwpd

bysDVªkWu
xu

bysDVªkWuksa dk
izdhf.kZr iqat

bysDVªkWuksa dk
vkifrr iqat

fufdy tkyd

θ=65°

D
θ

d

ijekf.od ry

φ =50°

v
ki
fr
r
iqat

48 V

v
ki
fr
r
iqat

44 V

v
ki
fr
r
iqat

64 V

v
ki
fr
r
iqat

54 V

50o
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vFkkZr~ ;fn ge fdlh d.k ¼bysDVªkWu½ dh fLFkfr lgh Kkr dj ysrs gSa rc d.k ds laosx ekiu esa vfuf'prrk vuUr gSA blh
izdkj ;fn ge fdlh d.k ds laosx ds lgh eku dks Kkr dj ysrs gSa] rc bldh fLFkfr esa vfuf'prk vuUr gS vFkkZr~ ∆p = 0 bl {k.k
ge d.k dh lgh fLFkfr Kkr ugha dj ldrsA

QksVkWu

vkbULVhu ds izdk'k lEcU/kh Dok.Vk fl)kUr ds vuqlkj % izdk'k ÅtkZ ds NksVs-NksVs c.Myksa ¼iSdsVksa½ ds :i esa xeu djrk gSA
ÅtkZ ds bl NksVs ls iSdsV dks QksVkWu dgrs gSaA

(1) QksVkWu ÅtkZ

izR;sd QksVkWu dh ÅtkZ ;
λ

ν hc
hE == tgk¡ c = izdk'k dk osx, h = Iykad fu;rkad= 6.6 × 10–34 J-sec, ν = vkòfÙk Hz esa ,oa λ =

rjaxnS/;Z

QksVkWu dh ÅtkZ (eV) esa
)(

12375

Åe
hc

λλ
== ≈

)(

12400

Åλ

(2) QksVkWu-nzO;eku

QksVkWu dk fojke nzO;eku 'kwU; gSA QksVkWu dk izHkkoh nzO;eku

νhmcE == 2 ⇒
λ

ν
c
h

c

h

c

E
m ===

22
;g QksVkWu dk xfrd nzO;eku gSA

(3) QksVkWu dk laosx

laosx
λ

ν h
c
h

c
E

cmp ===×=

(4) izdk'k óksr ls mRlftZr QksVkWuksa dh la[;k

fdlh P 'kfä okys izdk'k óksr ls ;fn λ rjaxnS/;Z okyh rjaxsa mRlftZr gks jgh gksa rks blls izfr lSd.M mRlftZr QksVkWuksa dh

la[;k
hc
P

h
P

E
P

n
λ

ν
===)( ; tgk¡ E = izR;sd QksVkWu dh ÅtkZ

(5) izdk'k rhozrk (I)

fdlh lrg ds izfr bdkbZ {ks=Qy ls izfr lSd.M vfHkyEcor~ xqtjus okyh izdk'k ÅtkZ izdk'k-rhozrk dgykrh gSA

vFkkZr~
A
P

At
E

I == 




 == kfä'fofdj.kP
t
E

,d fcUnq izdk'k L=ksr ls r nwjh ij rhozrk
24 r

P
I

π
= ⇒

2

1

r
I ∝

Concepts

 /ku-fdj.kksa ds v/;;u ls dbZ leLFkkfudksa dh [kkst gqbZA

 cksj dh izFke d{kk es fLFkr bysDVªkWuksa ls lEc) Mh-czksXyh rjaxnS/;Z] d{kk dh ifjf/k ds rqY; gksrh gSA

 ,d d.k ftldk fojke nzO;eku 'kwU; gks rFkk laosx ,oa ÅtkZ j[krk gS rc bls izdk'k ds osx ls xfreku gksuk pkfg,A
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 fdlh xSl v.kq ls lEc) Mh-czksXyh rjaxnS/;Z
mkT

h
mv
h

rms 3
==λ (T rki ij xSl v.kq dh ÅtkZ kTE

2
3= )

Example: 1 α -d.k rFkk izksVkWu ds fof'k"V vkos'k dk vuqikr gS [BCECE 2003]

(a) 2 : 1 (b) 1 : 1 (c) 1 : 2 (d) 1 : 3

Solution : (c) fof'k"V vkos'k
m
q= ; vuqikr

2
1

)/(
)/(

=×==
α

αα

m

m

q
q

mq
mq p

pp

Example: 2 m1010− rjaxnS/;Z okys ,d bysDVªkWu dh pky gksxh [AIIMS 2002]

(a) 61025.7 × m/s (b) sm /1026.6 6× (c) sm /1025.5 6× (d) sm /1024.4 6×

Solution : (a) lw=
vm

h

e
electron =λ ⇒ sm

m
h

v
ee

/1025.7
10101.9

106.6 6
1031

34

×=
××

×==
−−

−

λ

Example: 3 FkkWelu iz;ksx }kjk bysDVªkWu ds fy, e/m Kkr djrs le;] bysDVªkWu iqat ds LFkku ij E;qvkWuksa (Muons) ¼,d izdkj
dk d.k ftl ij vkos'k bysDVªkWu ds cjkcj ijUrq nzO;eku bysDVªkWu dk 208 xquk gksrk gS½ mi;ksx djrs gSaA bl
fLFkfr esa 'kwU; fo{ksi fLFkfr gksxh ;fn [Orissa (Engg.) 2002]

(a) B, 208 xquk c<+k nh tk;s (b) E, 208 xquk c<+k nh tk;s

(c) B, 14.4 xquk c<+k nh tk;s (d) buesa ls dksbZ ugh a

Solution : (c) 'kwU; fo{ksi dh fLFkfr esa]
2

2

2VB

E
m
e = ;fn m dk eku 208 xquk c<+rk gS] rks B dk eku 4.14208 = xquk c<+uk

pkfg,A

Example: 4 e/m Kkr djus ds FkkWelu iz;ksx esa 2.5 kV ls Rofjr bysDVªkWu vfHkyEcor~ fo|qr ,oa pqEcdh; {ks= ftudh rhozrk,¡

Øe'k% 14106.3 −× Vm ,oa T3102.1 −× gS ds {ks= es izos'k djrk gS rks vfopfyr jgrk gSA bysDVªkWu ds fy, e/m dk
ekik x;k eku gksxk [AMU 2002]

(a) 11100.1 × C-kg-1 (b) 111076.1 × C-kg-1 (c) 111080.1 × C-kg-1 (d) 111085.1 × C-kg-1

Solution : (c) lw=
2

2

2VB

E
m
e = ⇒ kgC

m
e

/108.1
)102.1(105.22

)106.3( 11
233

24

×=
××××

×=
−

Example: 5 csufczt (Bainbridge) nzO;eku LisDVªksxzkQ esa nks IysVksa ds chp dh nwjh 1 cm gS rFkk blds chp 1000 V foHkokUrj
dk fo|qr {ks= ,oa B = 1T dk pqEcdh; {ks= vkjksfir fd;k tkrk gSA rks /kukRed ¼vfo{ksfir½ vk;u dk osx gksxk

[RPMT 1998]

(a) sm /107 (b) sm /104 (c) sm /105 (d) sm /102

Solution : (c) lw=
B
E

v = ls; tgk¡ mV
d
V

E /10
101

1000 5
2

=
×

==
−

⇒ smv /10
1

10 5
5

==

Example: 6 ,d bysDVªkWu ,oa QksVkWu dk rjaxnS/;Z leku gSA ;fn bysDVªkWu dk laosx p ,oa QksVkWu dh ÅtkZ E gks rks S.I.
ek=d esa p/ E dk eku gksxk

(a) 3.0 × 108 (b) 3.33 × 10–9 (c) 9.1 × 10–31 (d) 6.64 × 10–34

Solution : (b) bysDVªkWu ds fy,
p
h=λ ⇒

λ
h

p = ,oa QksVkWu ds fy,
λ
hc

E =
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∴ ms
smcE

p
/1033.3

/103

11 9
8

−×=
×

==

Example: 7 QksVkWu dh ÅtkZ E gS ,oa bldk eku ,d izksVkWu dh xfrt ÅtkZ ds cjkcj gSA ;fn izksVkWu ,oa QksVkWu dk Mh-czksXyh
rjaxnS/;Z Øe'k% λ1 ,oa λ2 gks rks λ1/λ2 lekuqikrh gksxk [UPSEAT 2003; IIT-JEE (Screening) 2004]

(a) 0E (b) 2/1E (c) 1−E (d) 2−E

Solution : (b) QksVkWu ds fy,
E
hc=2λ ……. (i) ,oa izksVkWu ds fy,

mE

h

2
1 =λ …….(ii)

∴
cm

E

2

2/1

2

1 =
λ
λ

⇒ 2/1

2

1 E∝
λ
λ

Example: 8 80eV ÅtkZ ds bysDVªkWu dh Mh-czksXyh rjaxnS/;Z yxHkx gksxh ( JeV 19106.11 −×= , bysDVªkWu dk nzO;eku
= kg31109 −× , Iykad fu;rkad = 34106.6 −× J-sec) [EAMCET (Engg.) 2001]

(a) 140 Å (b) 0.14 Å (c) 14 Å (d) 1.4 Å

Solution : (d) lw=
VmE

h 27.12

2
==λ ;fn ÅtkZ dk eku 80 eV gks rks Rofjr oksYVst 80 V gksxkA

Å4.137.1
80

27.12 ≈==λ

Example: 9 bysDVªkWu ,oa izksVkWu dh xfrt ÅtkZ J3210− gSA bu nksuksa ds Mh-czksXyh rjaxnS/;Z ds chp lEcU/k gksxk [CPMT 1999]

(a) ep λλ < (b) ep λλ > (c) ep λλ = (d) ep λλ 2=

Solution : (a) 
mE

h

2
=λ E = 10–32 J = fLFkjkad ¼nksuksa d.k ds fy,½

m

1∝λ

ep mm > vr% ep λλ <

Example: 10 ,d izksVkWu ,oa ,d α d.k dh ÅtkZ leku gSA rks izksVkWu ,oa α d.k ds Mh-czksXyh rjaxnS/;Z dk vuqikr gksxk
[RPET 1991]

(a) 1 : 2 (b) 2 : 1 (c) 1 : 4 (d) 4 : 1

Solution : (b) lw= ls]
mE

h

2
=λ ⇒

m

1∝λ (E – leku) ⇒
1
2==

− pparticle

proton

m
mα

αλ
λ

Example: 11 150 volt foHko ls Rofjr ,d d.k dh Mh-czksXyh rjaxnS/;Z 1010− m gS rks 600 volts ls Rofjr djus ij bldk
rjaxnS/;Z gksxk [RPET 1988]

(a) 0.25Å (b) 0.5Å (c) 1.5Å (d) 2Å

Solution : (b) lw= ls]
V

1∝λ ⇒
1

2

2

1

V
V

=
λ
λ

⇒ 2
150
60010

2

10

==
−

λ
⇒ λ2 = 0.5 Å

Example: 12 rπ2 ifjf/k okys cksj ds izFke d{k esa ?kwers gq, bysDVªkWu ds fy, Mh-czksXyh rjaxnS/;Z dk eku gksrk gS [MP PET 1987]

(a) rπ2 (b) rπ (c) rπ2/1 (d) rπ4/1

Solution : (a) cksj ds fl)kUr ls]
π2
h

nmvr = ⇒ λπ n
mu
h

nr =




=2

n = 1 ds fy, λ = 2πr
Example: 13 100W 'kfDr ds cYc ls izfr lSd.M 540 nm rjaxnS/;Z ds mRlftZr QksVkWuksa dh la[;k gksxh ( 34106 −×=h J-sec)

[Kerala (Engg.) 2002]

(a) 100 (b) 1000 (c) 20103 × (d) 18103 ×
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Solution : (c) lw= 20
834

9

103
103106.6

10540100 ×=
×××

××==
−

−

hc
P

n
λ

Example: 14 1kg nzO;eku dh ,d LVhy xsan 1 m/s ds osx ls xfr'khy gS rks bldh Mh-czksXyh rjaxnS/;Z gksxk
(a) h (b) h / 2 (c) 'kwU; (d) 1 / h

Solution : (a) lw=
mv
h=λ ⇒ h=

×
=

11
λλ

Example: 15 3 km/s ds rkih; osx ls xfr'khy ,d gkbMªkstu ijek.kq ls lEcfU/kr Mh-czksXyh rjaxnS/;Z dk eku gksxk

(a) 1 Å (b) 0.66 Å (c) 6.6 Å (d) 66 Å

Solution : (b) lw=
rmsmv
h=λ ⇒ Å66.0

1031067.12

106.6
327

34

=
××××

×=
−

−
λ

Example: 16 ;fn izksVkWu dk laosx P0 ls ifjofrZr gks lEc) Mh-czksXyh rjaxnS/;Z esa 0.25% dk ifjorZu gksrk gSA rks izksVkWu dk
izkjfEHkd laosx gksxk [CPMT 2002]

(a) p0 (b) 100 p0 (c) 400 p0 (d) 4 p0

Solution : (c)
p
1∝λ ⇒

λ
λ∆−=∆

p
p ⇒

λ
λ∆=∆

p
p ⇒

400
1

100
25.00 ==

p
p

⇒ p = 400 p0

Example: 17 ;fn ,d bysDVªkWu dk laosx 5200Å rjaxnS/;Z ds QksVkWu ds cjkcj gks rks bysDVªkWu dk osx m /sec esa gksxk

(a) 103 (b) 1.4 × 103 (c) 7 × 10–5 (d) 7.2 × 106

Solution : (b)
mv
h=λ ⇒

1031

34

105200101.9

106.6
−−

−

×××

×
==

λm
h

v ⇒ v = 1.4 × 103 m/s

Example: 18 27oC ij U;wVªkWu dk Mh-czksXyh rjaxnS/;Z λ gks rks 927oC ij bldk eku gksxk

(a) λ / 2 (b) λ / 3 (c) λ / 4 (d) λ / 9

Solution : (a)
T

neutron
1∝λ ⇒

1

2

2

1

T
T

=
λ
λ

⇒ 2
300
1200

)27273(
)927273(

2
==

+
+=

λ
λ ⇒

22
λλ =

Example: 19 ,d xkM+h dh Mh-czksXyh rjaxnS/;Z λ gSA bldk Hkkj bl izdkj ifjofrZr fd;k tkrk gS fd osx ,oa ÅtkZ nksuksa nksxquh
gks tkrh gSa rks xkM+h dh u;h rjaxnS/;Z gksxh

(a) λ (b)
2
λ (c)

4
λ (d) 2λ

Solution : (a)
mv
h=λ ,oa 2

2
1
mvE = ⇒

E
hv
2

=λ tc v ,oa E nksuksa nksxquh gksrh gS rks λ dk eku vifjorZr jgsxk vFkkZr~ λ'

= λ
Example: 20 FkkWelu nzO;eku LisDVªksxzkQ esa tc 20 kV/m 'kfDr dk flQZ fo|qr {ks= vkjksfir fd;k tkrk gS] rks insZ ij vk;u

fdj.k (Beam) dk foLFkkiu 2 cm gksrk gSA ;fn IysV dh yEckbZ 5 cm, IysV ds dsUnz ls insZ dh nwjh 20 cm ,oa vk;u
dk osx 106 m/s gks rks vk;u ds q/m dk eku gksxk
(a) 106 C/kg (b) 107 C/Kg (c) 108 C/kg (d) 1011 C/kg

Solution : (c) lw=
2mv

qELD
y = ls] tgk¡ y = flQZ fo|qr {ks= ds dkj.k insZ ij mRié fo{ksi

⇒ kgC
ELD
yv

m
q

/10
2.01051020

)10(102 8
23

2622

=
××××

××==
−

−

Example: 21 ;fn ekuo us= ds }kjk lalwfpr (Detected) fd;s x;s izdk'k dh U;wure rhozrk 210 /10 mW− gks rks us= esa yxHkx

izfr lsd.M vUnj vkus okys m7106.5 −× rjaxnS/;Z ds QksVkWu dh la[;k gksxh [;fn iqryh (Pupil) dk {ks=Qy
2610 m− gks]
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(a) 100 (b) 200 (c) 300 (d) 400

Solution : (c)  ;
A
P

I = tgk¡ P = fofdj.k 'kfDr

⇒ AIP ×= ⇒ IA
t
cn
=

λ
λ

⇒
hc
IA

t
n λ=

us= esa izfr lsd.M izos'k djus okys QksVkWu dh la[;k
834

7610

103106.6

106.51010

×××
×××=







−

−−−

t
n

= 300

fojke esa fLFkr M nzO;eku dk ,d d.k] nks d.kksa esa fo?kfVr gks tkrk gS ftuds nzO;eku Øe'k% 1m ,oa 2m rFkk

osx 'kwU; ugha (Non-zero) gSA bu d.kksa dh Mh-czksXyh rjaxnS/;ksZa dk vuqikr 21 / λλ gksxk [IIT-JEE 1999]

(a) 21 /mm (b) 12 /mm (c) 1.0 (d) 11 / mm

Solution : (c) laosx laj{k.k fl)kUr ls] 21 pp =

 ∴
p
h=λ ⇒

1
1

2

1

2

1 ==
p
p

λ
λ

'kwU; ¼fuokZr~½ esa QksVkWu ds osx ,oa vkof̀Ùk ds chp [khapk x;k xzkQ gksxk [MP PET 2000]

(a) vkof̀Ùk v{k ds lekukUrj ljyjs[kh;

(b) osx v{k ds lekukUrj ljyjs[kh;

(c) ewy-fcUnq ls xqtjrk ljyjs[kh; ,oa vkof̀Ùk-v{k ls 45o ds <ky ij

(d) vfrijoy;kdkj

Solution : (a) QksVkWu ¼izdk'k½ dk osx vkof̀Ùk ij fuHkZj ugha djrk gSA vr% QksVkWu ds osx ,oa vkof̀Ùk ds chp [khapk x;k xzkQ
vkof̀Ùk&v{k ds lekUrj gksxkA

izdk'k fo|qr izHkko

tc mfpr rjaxnS/;Z ;k vkof̀Ùk dk fofdj.k (çdk’k, ijkcSxuh, X-fdj.ksa ;k γ-fdj.ksa) fdlh /kkrq lrg ij vkifrr gksrk gS rks lrg
ls bysDVªkWu mRlftZr gksus yxrs gSaSA QksVkWuksa ds bl çHkko dks çdk’k fo|qr çHkko dgrs gSaA

Tricky example: 1Tricky example: 1

Tricky example: 2

→
p1

→
p2

m1

m2

M

QksVkWu dk osx (c)

vkof̀Ùk (ν)
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;g çHkko ÅtkZ-laj{k.k ds fu;e ij vk/kkfjr gSA bl izHkko esa ,d QksVkWu ,d bysDVªkWu ls la?kê djrk gS vkSj QksVkWu dk iw.kZ
vo’kks"k.k gksrk gSA

(1) izdk'k fo|qr izHkko ls lEcfU/kr jkf'k;k¡

(i) dk;Z Qyu (nsgyh ÅtkZ) : og U;wure ÅtkZ tks bysDVªkWu dks /kkrq dh lrg ls eqDr djkus ds fy, vko’;d gks mls ml
/kkrq dk dk;Z Qyu ;k nsgyh ÅtkZ dgrs gSaA bldks W0 ;k φ0 ls n’kkZrs gSaaA

0
00 λ

ν hc
hW == twy; ν0 = nsgyh vkof̀Ùk, λ0 = nsgyh rjaxnS?;Z(

bysDVªkWu oksYV ¼ eV ½ esa dk;Z Qyu :
)(

12375
)(

0
0

Å
eVW

λ
=

 fdlh /kkfRod lrg ij csfj;e vkWDlkbM ;k LVªkaf'k;e vkWDlkbM dh ijr p<+kus ij bldk dk;Z Qyu de gks tkrk gSA

(ii) nsgyh vkof̀Ùk (ν0) : vkifrr fofdj.k dh U;wure vkòfÙk tks bysDVªkWu dks /kkrq dh lrg ls eqDr djkus ds fy, vko’;d gks]
nsgyh vkòfÙk dgykrh gSA

vFkkZr~ ;fn vkifrr vkòfÙk ν < ν0 izdk'k bysDVªkWuksa dk mRltZu ugha gksxkA

(iii) nsgyh rjaxnS/;Z (λ0) : izdk'k laosnh lrg ls QksVks-bysDVªkWu mRltZu ds fy, vko';d vf/kdre rjaxnS/;Z nsgyh rjaxnS/;Z
dgykrh gSA

;fn vkifrr rjaxnS/;Z λ > λ0 rc QksVks-bysDVªkWuksa dk mRltZu ugha gksxkA

(2) vkbaLVhu dk izdk'k oS|qr lehdj.k

vkbaLVhu ds vuqlkj izdk'k oS|qr izHkko QksVkWu vkSj bysDVªkWu ds vizR;kLFk la?kê dk ifj.kke gS] ftlesa QksVkWu dh ÅtkZ iw.kZr%
vo'kksf"kr gks tkrh gSA ;fn ,d bysDVªkWu E (= hν) ÅtkZ ds ,d QksVkWu dks vo'kksf"kr djrk gS rc bl ÅtkZ dk mi;ksx rhu dk;ksZa
esa gksrk gSA

(i) dqN ÅtkZ (W) dk mi;ksx bysDVªkWu dks Hkhrjh irZ ls lrg ij ykus ds fy, gksrk gSA

(ii) dqN ÅtkZ (W0) dk mi;ksx bysDVªkWu dks ckgjh lrg ls eqä djkus ds
fy, gksrk gSA

(iii) 'ks"k ÅtkZ dk mi;ksx mRlftZr bysDVªkWu dks xfrt ÅtkZ (K) iznku djus
esa gksrk gSA

vr% ÅtkZ laj{k.k ds fu;ekuqlkj E = W + W0 + K

lrgh bysDVªkWu ds fy, W = 0

blfy;s E = W0 + Kmax ; ;gh vkbaLVhu dk izdk'k oS|qr lehdj.k gSA

(3) izdk'k oS|qr izHkko dk çk;ksfxd izn'kZu

tc fdlh /kkrq dh lrg P ij mi;qä vkof̀Ùk ¼;k mi;qä rjaxnS/;Z ;k mi;qä ÅtkZ½ dh izdk'k dh rjax vkifrr gksrh gS rc
ml lrg P ls QksVks bysDVªkWu mRlftZr gksus yxrs gSaA

(i) ;fn IysV Q dks P ds lkis{k 'kwU; foHko ij j[krs gSa rks vf/kdre xfrt
ÅtkZ okys dqN bysDVªkWu IysV P ls fudydj IysV Q rd igq¡prs gSa ,oa ,d cgqr
vYi /kkjk izokfgr gksrh gSA

(ii) ;fn IysV Q dks P ds lkis{k /kukRed foHko ij j[krs gSa rks ifjiFk esa /kkjk
dk eku c<+us yxrk gS] vFkkZr~ vf/kd ek=k esa bysDVªkWu Q rd igq¡pus yxrs gSaA

dk;ZQyu W0

W

K

e–

e–

vkifrr QksVkWu

/kkrq

fofdj.k

P Q

V

mA

cSVjh

e–→ e–→ e–→ e–→
e–→e–→e–→e–→

e–→ e–→ e–→ e–→
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(iii) ;fn IysV Q ds foHko dks c<+krs tk;sa rks çdk’k fo|qr /kkjk dk eku Hkh c<+us yxrk gSA ,d fLFkfr ,slh vkrh gS tcfd IysV
P ls mRlftZr lHkh bysDVªkWu IysV Q rd igq¡ps tkrs gSaA bl le; çdk’k fo|qr /kkjk dk eku vf/kdre gksrk gS] IysV Q ds foHko dks
vkSj vkxs c<+kus ij /kkjk ds eku esa dksbZ ifjorZu ugha gksrk gS /kkjk ds bl vf/kdre eku dks larÌr /kkjk dgrs gSaA

(iv) larÌr voLFkk ds ckn çdk’k fo|qr /kkjk dk eku vkSj c<+kus ds fy, vkifrr çdk’k dh rhozrk c<+kuh gksxhA

Li"V gS fd izdk'k fo|qr /kkjk fuEu dkjdksa ij fuHkZj djrh gS

(a) bysDVªksMksa ds chp foHkokarj (larÌr /kkjk çkIr gksus rd)A

(b) vkifrr çdk’k dh rhozrkA

(c) /kkrq dh lrg dh çdf̀r ijA

(v) çdk’k fo|qr /kkjk ds eku dks de djus ds fy, IysV Q dks IysV P ds lkis{k _.k foHko ij j[kk tkrk gSA tSls-tSls IysV
Q dk _.k foHko c<+krs gSa] bl ij igq¡pus okys bysDVªkWuksa dh la[;k ?kVrh tkrh gS] ftlls çdk’k fo|qr /kkjk Hkh ?kVus yxrh gSA

(vi) IysV Q ds ,d fuf’pr _.kkRed foHko ij] bl rd bysDVªkWu ugha igq¡p ikrs] bl _.kkRed foHko dks fujks/kh foHko (V0) dgrs
gSaA

(vii) vkifrr çdk’k dh vkof̀Ùk ¼ÅtkZ½ c<+kus ij mRlftZr çdk’k bysDVªkWuksa dh xfrt ÅtkZ Hkh c<+ tkrh gSA QyLo:i fujks/kh
foHko dk eku c<+ tkrk gSA

fujks/kh foHko }kjk fd;k x;k dk;Z bysDVªkWu dh vf/kdre xfrt ÅtkZ ds cjkcj gksrk gS vFkkZr~ 0max eVK =

 fujks/kh foHko dk eku vkifrr çdk’k dh vkof̀Ùk ;k rjaxnS/;Z ij fuHkZj djrk gSA bldk eku izdk'k dh rhozrk ij
fuHkZj ugha djrk gSA

vkifrr çdk’k dh rhozrk çdk’k L=ksr ,oa çdk’k IysV P ds chp dh nwjh ds oxZ ds O;qRØekuqikrh gksrh gS vFkkZr~

2

1

d
I ∝ vkSj ge tkurs gSa fd rhozrk ¼ I ½ ∝ çdk’k fo|qr /kkjk vFkkZr~ I ∝ i blfy;s

2
1

d
iI ∝∝

egRoiw.kZ lw=

⇒ max0 Khh += νν

⇒ )( 00max νν −== heVK ⇒ )(
2
1

0
2
max νν −= hmv ⇒

m
h

v
)(2 0
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νν −

=

⇒ 
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e
hc
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(4) fofHké xzkQ

(i) IysV P ,oa Q ds chp foHkokarj rFkk izdk'k fo|qr /kkjk ds chp xzkQ

I

i
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(ii) QksVks-bysDVªkWuksa dh vf/kdre xfrt ÅtkZ fujks/kh foHko ,oa vkifrr izdk'k dh vko`fÙk ds chp xzkQ

izdk'k oS|qr lsy

bl lsy }kjk izdk'k ÅtkZ fo|qr ÅtkZ esa ifjorZu gksrk gSA bls QksVks lsy ;k oS|qr us= Hkh dgrs gSaA

izdk'k oS|qr lsy ds izdkj %

izdk'k mRlthZ lsy izdk'k-pkydh; lsy izdk'k oksYVh; lsy

;g dk¡p ;k DokVZ~t dk cuk ,d cYc
gksrk gSA ftlds vUnj fuokZr~ gksrk gSA
blesa yxk /kkfRod dSFkksM C v)Z
csyukdkj gksrk gS ftl ij izdk'k laosnh
inkFkZ dh irZ p<+h gksrh gSA

tc dSFkksM ij izdk'k vkifrr gksrk gS rks
blls QksVks-bysDVªkWu mRlftZr gksus yxrs
gSa ,oa ;s ,uksM A }kjk vkdf"kZr dj fy,
tkrs gSa ftlls ,d vYi /kkjk cká
ifjiFk esa izokfgr gksrh gSA

;g lsy bl fl)kUr ij vk/kkfjr gS fd
fdlh v)Zpkyd ij vkifrr izdk'k dh
rhozrk c<+kus ij bldh pkydrk c<+ tkrh
gSA

blesa yksgs dh ,d IysV ij fdlh v)Zpkyd
¼lsysfu;e½ dh iryh irZ p<+h gksrh gS iqu%
blds Åij fdlh /kkrq dh ikjn'khZ fQYe
p<+h gksrh gSA tc izdk'k ikjn'khZ fQYe ls
gksdj v)Zpkyd dh irZ ij vkifrr gksrk
gS rks bldk oS|qr izfrjks/k de gks tkrk gsSA
QyLo:i cká ifjiFk esa /kkjk izokfgr gksus
yxrh gSA

blesa rk¡cs dh ,d IysV ij D;wizl
vkWDlkbM (Cu2O) dh ,d iryh irZ p<+h
gksrh gSA iqu% blds Åij pk¡nh dh v)Z-
ikjn'khZ iryh fQYe p<+h gksrh gSA

tc pk¡nh dh fQYe ls gksdj izdk'k D;wizl
vkWDlkbM dh irZ ij vkifrr gksrk gS rks
blls bysDVªkWu mRlftZr gksus yxrs gSaA ;s
bysDVªkWu pk¡nh dh fQYe dh vksj pyus
yxrs gSa ftlls D;wizl vkWDlkbM /kukosf'kr
,oa pk¡nh dh fQYe _.k-vkosf'kr gks tkrh
gSaA QyLo:i nksuks ds chp foHkokUrj
mRié gks tkrk gS vkSj cká ifjiFk esa
fo|qr /kkjk izokfgr gksus yxrh gSA

izo.krk = tanθ = h/e

θ

ν

V0

–W0/e
izo.krk = tanθ = h

θ

ν

Kmax

–W0

V

i

– V0

I3
I2
I1

fofHké rhozrk ds vkifrr izdk'k

i

ν3 ν2 ν1

ν3 > ν2 > ν1

V

fofHké vkòfÙk ds vkifrr izdk'k

– V03– V02– V01

RSelenium

lrgh fQYe

/kkfRod lrg
lsysfu;e fuxZr

pk¡nh dh
ikjn'khZ fQYe

A

C
Cu2Odh v)Zpkydh; lrg

Cu dh /kkfRod lrg
R

fuxZr

A C

xSYosuksehVj
;k

ekbØks vehVj

izdk'k

+ –
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 izdk'k mRlthZ lsy ¼fuokZr~ izdk'k lsy½ esa cYc esa dksbZ vfØ; xSl ¼vkxZu½ Hkjdj izdk'k oS|qr /kkjk dk eku c<+k;k
tk ldrk gSA dSFkksM ls mRlftZr QksVks-bysDVªkWu xSl v.kqvksa ls Vdjkdj mUgsa vkifrr dj nsrh gSA QyLo:i /kkjk
dk eku c<+ tkrk gSA

dkWEiVu izHkko

QksVkWu dk bysDVªkWu ls la?kê gksus ij bysDVªkWu }kjk QksVkWu dk izdh.kZu dkWEiVu izHkko dgykrk gSA bl la?kê esa ÅtkZ ,oa
laosx lajf{kr jgrs gSaA vkifrr QksVkWu dh rqyuk esa izdhf.kZr QksVkWu dh rjaxnS/;Z vf/kd ,oa ÅtkZ de gksrh gSA bl izfØ;k esa
QksVkWu dh ÅtkZ esa gksus okyh deh] bysDVªkWu dh xfrt ÅtkZ dh of̀) ds :i esa izkIr gksrh gSA

dkWEiVu izHkko esa QksVkWu dh rjaxnS/;Z esa gksus okys ifjorZu dks dkWEiVu foLFkkiu dgrs gSaA dkWEiVu foLFkkiu

)cos1(
0

θλλ −=−
cm

h
if

 dkWEiVu izHkko ls iznf'kZr gksrk gS fd QksVkWu laosx j[krk gSA

X-fdj.ksa

X-fdj.kksa dh [kkst oSKkfud jkWUtu us dh blfy, bUgsa jkWUtu fdj.ksa Hkh dgrs gSaA

jkWUtu us iznf'kZr fd;k fd tc foltZu ufydk ds nkc 10–3 mm Hg ,oa bysDVªkWMksa ds e/; vkjksfir foHkokUrj 25 kV gks rc
,uksM ls fo'ks"k izdkj dh vǹ'; fdj.ksa ¼X-fdj.ksa½ mRlftZr gksrh gSaA

(1) X-fdj.kksa dk mRiknu

buds mRiknu ds fy, vko';d Hkkx fuEu gSa

(i) bysDVªkWu óksr

(ii) bysDVªkWuksa dks Rofjr djus ds fy, ,d O;oLFkk

(iii) mPp xyukad ,oa mPp ijek.kq Hkkj okyk ,d y{;] ftl ij mPp osx okys bysDVªkWu Vdjkrs gSaA

(2) dwfyt ufydk

dwfyt ufydk dh lgk;rk ls X-fdj.ksa mRié dh tkrh gSaA blesa ,d dBksj dk¡p dh ,d xksykdkj ufydk gksrh gS] ftlesa
dSFkksM ,oa y{; (Target) yxs gksrs gSaA dSFkksM VaxLVu fQykes.V dk cuk gksrk gSA bl fQykes.V ij csfj;e vkWDlkbM ;k LVªkaf'k;e
vkWDlkbM dh iryh irZ p<+h gksrh gSA ;g fQykes.V eksfyCMsue ds csyu }kjk f?kjk gksrk gS] bl csyu dks y{; ds lkis{k _.k foHko
ij j[kk tkrk gSA

y{; ¼mPp xyukad] mPp ijek.kq Hkkj ,oa mPp Å"ek pkydrk½ VaxLVu ;k eksfyCMsue dk cuk gksrk gSA ;g rk¡cs ds xqVds ij
yxk gksrk gSA bl y{; dk ry vkifrr bysDVªkWu iqat ls 45o ds dks.k ij >qdk gksrk gSA

–

–
dkWEiVu izdh.kZu

fLFkj y{;
bysDVªkWu

hν

hν ′
vkifrr QksVkWu

λi

izdhf.kZr QksVkWu
λf

θ
φ

izfrf{kIr
bysDVªkWu
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fQykes.V esa /kkjk izokfgr djds bls xeZ fd;k tkrk gSA y{; ,oa dSFkksM ds chp mPp foHkokUrj (≈ 10 kV ls 80 kV) vkjksfir
djus ij fQykes.V ls mRlftZr bysDVªkWu Rofjr gksrs gSaA bu Rofjr bysDVªkWuksa ds iqat dks y{; ij Qksdl fd;k tkrk gSA

bysDVªkWuksa dh vf/kdka'k ÅtkZ (98%) Å"ek esa ifjofrZr gks tkrh gS dsoy dqy ÅtkZ dk (2%) Hkkx X-fdj.kksa ds mRiknu esa dke
vkrk gSA

y{; esa mRié bl vf/kdre Å"ek dks ,d rkez uyh }kjk 'khryd ifÙk;ksa (Cooling fins) rd lapfjr fd;k tkrk gSA tgk¡ ls
;g Å"ek fofdj.k ,oa pkyu }kjk O;; gks tkrh gSA

(i) X-fdj.kksa dh rhozrk ij fu;a=.k : X-fdj.kksa dh rhozrk ls gekjk rkRi;Z y{; ls mRié QksVkWuksa dh la[;k ls gSA X-

fdj.kksa dh rhozrk fQykes.V ls izfr lSd.M mRlftZr bysDVªkWuksa dh la[;k ds vuqØekuqikrh gksrh gSA ,oa ;g la[;k ¼vFkkZr~ rhozrk½
fQykes.V esa izokfgr /kkjk dks c<+kdj c<+k ldrs gSaA vr% X-fdj.kksa dh rhozrk ∝ fQykes.V /kkjk

(ii) X-fdj.kksa dh os/ku {kerk ij fu;a=.k : dSFkksM ,oa y{; ds vkjksfir foHkokUrj dks ifjofrZr djds X-fdj.kksa dh os/ku

{kerk dks fu;af=r dj ldrs gSaA vkjksfir foHkokUrj dk eku c<+kus ij dSFkksM ls bysDVªkWuksa dh ÅtkZ c<+ tk;sxh vFkkZr~ X-fdj.kksa dh
os/ku {kerk c<+ tk;sxhA

os/ku {kerk ds vk/kkj ij X-fdj.kksa ds izdkj

dBksj X-fdj.ksa eǹq X-fdj.ksa

budh os/ku {kerk mPp gksrh gSA budh os/ku {kerk vYi gksrh gSA

budh vkòfÙk mPp ≈ 1019 Hz gSA budh vkòfÙk vis{kkdr̀ de ≈ 1016 Hz gSA

rjaxnS/;Z ijkl (0.1Å – 4Å) ds chp gksrh gSA rjaxnS/;Z ijkl (4Å – 100Å) ds chp gksrh gSA

 X-fdj.kksa dk mRié gksuk izdk'k oS|qr izHkko dh O;qRØe ?kVuk gSA

(3) X-fdj.kksa ds xq.k

(i) X-fdj.ksa fo|qr pqEcdh; rjaxsa gSa ,oa budh rjaxnS/;Z ijkl 0.1 Å – 100 Å gSA

(ii) budh rjaxnS/;Z izdk'k dh rqyuk esa cgqr de gksrh gSA vr% budh QksVkWu ÅtkZ mPp gksrh gS (;gh X-fdj.kksa ,oa izdk'k
rjaxksa esa eq[; vUrj gS)

(iii) X-fdj.ksa vǹ'; gksrh gSaA

(iv) ;s izdk'k dh pky ls lh/kh js[kk esa xeu djrh gSaA

(v) X-fdj.kksa dh eki jkWUtu ¼os/ku {kerk dh eki½ gSA

(vi) bu ij dksbZ vkos'k ugha gksrk gSA vr% ;s fo|qr {ks= ,oa pqEcdh; {ks= es fo{ksfir ugha gksrh gSA

(vii) fdj.kijkcSxuhfdj.ksfdj.kxkek λλλ << -X

(viii) budk mi;ksx X-fdj.kksa ds v/;;u esa fd;k tkrk gSA

(ix) ;s xSlksa dks vk;fur dj nsrh gSaA

ty

,uksM

V

T

y{;
X-fdj.k

fQykes.V

C

lhlk
izdks"B

f[kM+dh

F
W
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(x) ;s fdj.ksa gìh ;k /kkrq dh eksVh pknj dks ikj ugha dj ikrh gSaA

(xi) ;s QksVksxzkfQd IysV dks izHkkfor djrh gSaA

(xii) ;s fdj.ksa ekuo 'kjhj ij vf/kd nsj rd Mkyus ij 'kjhj dks cgqr uqdlku igq¡pkrh gSaA

(xiii) X-fdj.kksa ds fy, lhlk (Pb) ,d vPNk vo'kks"kd gSA

(xiv) ekuo 'kjhj ds fdlh Hkkx dk X-fdj.k ¼Nk;kfp=½ ysus ls igys O;fä dks BaSO4 dk ?kksy fiykrs gSa] D;ksafd X-fdj.ksa
vf/kd ijek.kq Øekad okys rRoksa }kjk vf/kd vo'kksf"kr gksrh gSaA

(xv) X-fdj.ksa izdk'k fo|qr izHkko ,oa dkWEiVu izHkko mRié djrh gSA

(xvi) X-fdj.ksa gkbMªkstu ijek.kq }kjk mRlftZr ugha gksrh gSaA

(xvii) X-fdj.kksa dk mi;ksx jMkj esa ugha fd;k tk ldrk] D;ksafd ;s y{; ls ijkofrZr ugha gksrh gSaA

(xviii) ;s fdj.ksa izdk'k ds lHkh egRoiw.kZ xq.kksa dks iznf'kZr djrh gSaA tSls % ijkorZu] viorZu] O;frdj.k] foorZu] /kzqo.k vkfnA

(4) X-fdj.kksa dk vo'kks"k.k

X-fdj.ksa tc fdlh lrg ij vkifrr gksrh gSa rks lrg }kjk budk vo'kks"k.k gks tkrk gSA

ek/;e ls fuxZfer X-fdj.kksa dh rhozrk xeII µ−= 0

vo'kksf"kr X-fdj.kksa dh rhozrk )1(' 00
xeIIII µ−−=−=

;gk¡ x = ek/;e dh eksVkbZ, µ = vo'kks"k.k fu;rkad

 ek/;e esa og xgjkbZ] ftl ij fuxZfer X-fdj.kksa dh rhozrk vk/kh 



 =

2
' 0II jg tkrh gS] v)Z-eku eksVkbZ (x1/2)

dgykrh gSA ftldk eku
µ
693.0

2/1 =x

X-fdj.kksa dk oxhZdj.k

X-fdj.k ufydk esa tc mPp ÅtkZoku~ bysDVªkWu] y{; ¼/kkrq½ ls Vdjkrs gSa rks ;s viuh xfrt ÅtkZ [kks nsrs gSa ,oa fojke esa vk
tkrs gSaA bysDVªkWu fojke esa vkus ls iwoZ y{; esa fLFkr dbZ ijek.kqvksa ls la?kê djrk gSA izR;sd la?kê ls fuEu nks izdkj dh X-fdj.ksa
¼LisDVªe½ izkIr gks ldrh gSaA

(1)lrr~ X-fdj.ksa

tc vkifrr bysDVªkWu fdlh ijek.kq ds ukfHkd ds ut+nhd ls xqtjrk gS] rks ;g voeafnr gksdj vius ekxZ ls fopfyr gks tkrk
gSA bl voeUnu ds nkSjku bysDVªkWu dh ÅtkZ esa gksus okyh deh X-fdj.kksa ds :i esa mRlftZr gksrh gSA

bl izdkj ls mRlftZr X-fdj.kksa dk lrr~ X-fdj.k LisDVªe izkIr gksrk gSA

 bysDVªkWu ds voeafnr ,oa fopfyr gksus ds dkj.k lrr~ X-fdj.kksa ds mRltZu gksus dh ifj?kVuk dks czseLVªkyax
(Bremsstrahlung) dgrs gSa bldk vFkZ gS] eafnr djuk ;k fofdj.k vojks/kuA

vkifrr X-fdj.ksa
I

fuxZr
X-fdj.ksa

x

I0

+

X-fdj.k QksVkWu

e–
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U;wure rjaxnS/;Z

tc bysDVªkWu fdlh vdsys ijek.kq ls la?kê djds viuh lEiw.kZ ÅtkZ [kks nsrk gS] rks vf/kdre ÅtkZ dk X-fdj.k QksVkWu

(hνmax) mRlftZr gksrk gSA vr%
min

max
2

2
1

λ
ν hc
heVmv ===

;gk¡ v = y{; ijek.kq ds la?kê ls iwoZ bysDVªkWu dk osx] V = Rojd oksYVst] c = izdk'k dh pky = 3 × 108 m/s

X-fdj.kksa dh vf/kdre vkof̀Ùk
h
eV=maxν

U;wure rjaxnS/;Z ;k nsgyh rjaxnS/;Z Å
VeV

hc 12375
min ==λ

 lrr~ X-fdj.k QksVkWu dh rjaxnS/;Z ijkl λmin ¼fuf'pr eku½ ∞ ls rd

rhozrk&rjaxnS/;Z xzkQ

X-fdj.kksa ds lrr~ LisDVªe esa ,d U;wure rjax nS/;Z ls ysdj lHkh rjaxnS/;Z dh rjaxsa
gksrh gSaA bu lHkh rjaxksa dh rhozrk fHké-fHké gksrh gSA fuEu fp= esa fofHké Rojd oksYVstksa ij
rjaxnS/;Z ds lkFk budh rhozrk ifjorZu dks n'kkZ;k x;k gSA

izR;sd oksYVst ij] rhozrk oØ ,d fuf'pr rjaxnS/;Z (λmin) ls izkjEHk gksdj ,d vf/kdre
eku rd c<+rh gS ,oa blds ckn ?kVus yxrh gSA

vf/kdre rhozrk ds laxr rjaxnS/;Z dk eku Rojd oksYVst ij fuHkZj djrk gSA Rojd
oksYVst dk eku vf/kd gksus ij bldk eku ?kVrk gS ,oa bldk foykse Hkh lR; gSA

(2) vfHkyk{kf.kd X-fdj.ksa

tc dqN rhozxkeh bysDVªkWu y{; dh lrg ij fLFkr ijek.kqvksa esa dkQh vUnj rd izos'k dj tkrs gSa ,oa vUnj dh fdlh Hkh
d{kk esa fLFkr bysDVªkWu ls la?kê djds mls ckgj fudky nsrs gSa ,oa blds LFkku ij ,d fjDr LFkku mRié gks tkrk gSA bl fjDr
LFkku dks Hkjus ds fy, mPp ÅtkZ Lrj ls ,d bysDVªkWu laØe.k djrk gSA ge tkurs gSa fd tc dksbZ mPp ÅtkZ Lrj E1 ls fuEu
ÅtkZ Lrj E2 esa laØe.k djrk gS rks ;g ÅtkZ (E1 – E2) mRlftZr djrk gSA

bl izdkj ;g ÅtkZ vUrj ,d fuf'pr cgqr vYi rjaxnS/;Z dh X-fdj.kksa ds :i esa mRlftZr gksrk gSA bl rjaxnS/;Z dk eku
y{; ¼/kkrq½ dh izdf̀r ,oa ijek.kq Øekad ij fuHkZj djrk gSA bl izdkj ls izkIr X-fdj.k LisDVªe esa dbZ js[kk;sa (Sharpline) izkIr gksrh
gSaA bl izdkj izkIr LisDVªe dks vfHkyk{kf.kd X-fdj.k LisDVªe dgrs gSaA

νmax

V logeV

logeνmax λmin

V logeV

logeλmax

30 kV

10 kV
20 kV

rjaxnS/;Zλmin

rh
ozr
k

Y

+

X-fdj.k QksVkWu
e–e–

e–

M
L

K
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K, L, M, …… Js.kh

;fn bysDVªkWu y{; ls Vdjkdj ijek.kq ds K-dks'k ls bysDVªkWu dks fu"dkflr
djrk gS rks K-dks'k esa ,d fjDr LFkku cu tkrk gS] rks bldh txg Hkjus ds fy;s
ckgjh dks'k ls] tSls L-dks'k ls] bysDVªkWu K dks'k esa dwnrk gS rFkk fuf'pr ÅtkZ dk
QksVkWu ,Dl-fdj.kksa ds :i esa mRlftZr gksrk gSA ;g ÅtkZ lEc) dks'kksa dh ÅtkZvksa ds
vUrj ds cjkcj gksrh gSA bl izdkj tc fdlh ckgjh dks'k (L, M, N …..) ls dksbZ
bysDVªkWu K dks'k esa dwnrk gS rks mRlftZr X-fdj.k QksVkWuksa ls LisDVªe dh K-Js.kh
curh gSA bl Js.kh dh js[kkvksa dks Øe'k% Kα, Kβ, …… ls iznf'kZr djrs gSaA

fofHké js[kkvksa dh ÅtkZ ,oa rjaxnS/;Z

Js.kh laØe.k ÅtkZ rjaxnS/;Z

Kα )1()2(
KL →

ανKKL hEE =− Å
eVEEEE

hc

KLKL
K )(

12375
−

=
−

=αλ

Kβ )1()3(
KM →

βν KKM hEE =− Å
eVEEEE

hc

KMKM
K )(

12375
−

=
−

=βλ

Lα )2()3(
LM →

αν LLM hEE =− Å
eVEEEE

hc

LMLM
L )(

12375
−

=
−

=αλ

 vfHkyk{kf.kd X-fdj.kksa dh rjaxnS/;Z Rojd oksYVst ij fuHkZj ugha djrh gSA ;g y{; inkFkZ ds ijek.kq Øekad (Z)
ij fuHkZj djrk gSA

 ααα λλλ MLK << ,oa ααα ννν MLK >>

 γβα λλλ KLK <>

rhozrk&rjaxnS/;Z xzkQ

dqN fuf'pr rjaxnS/;ksZa ij] X-fdj.kksa dh rhozrk mPp gS ftUgsa xzkQ esa Kα, Kβ …. ds
fy, iznf'kZr fd;k x;k gSA bu X-fdj.kksa dks vfHkyk{kf.kd X-fdj.ksa dgrs gSaA vU;
rjaxnS/;ksZa ij rhozrk /khes-/khes ifjofrZr gksrh gSA bu X-fdj.kksa dks lrr~ X-fdj.k LisDVªe
dgrs gSaA

ekslys dk fu;e

ekslys us czsx LisDVªksehVj dh lgk;rk ls dbZ Hkkjh rRoksa ls izkIr vfHkyk{kf.kd X-

fdj.kksa ds LisDVªe dk v/;;u fd;k rFkk ik;k fd fofHké rRoksa ls izkIr LisDVªe yxHkx
,dleku izkIr gksrs gSa ,oa LisDVªe ls izkIr Jsf.k;ksa dh vkòfÙk ijek.kq Øekad Z ds lkFk
ifjorhZ gSA

ekslys ds vuqlkj )( bZa −=ν

;gk¡ ν = mRlftZr js[kk dh vkof̀r, Z = y{; dk ijek.kq Øekad, a = vuqikfrd fu;rkad ,oa b = vkoj.k fu;rkad

 a ,oa b ds eku y{; dh izdf̀r ij fuHkZj ugha djrs gSaA b ds fofHké eku fuEu izdkj gSa

b = 1 K-Js.kh ds fy,

rhozrk

Kβ

Kα

Lγ
Lβ
Lα

K-Js.kh

L-Js.kh

λmin rjaxnS/;Z

ν
kβ

kα

Z

Kα Kβ Kγ

Lα Lβ Lγ

Mα Mβ

O
N

M

L

K n=1

n=2

n=3

n=4
n=5

L-Js.kh

M-Js.kh

K-Js.kh



bysDVªkWu] QksVkWu] izdk'k fo|qr izHkko ,oa ,Dl-fdj.ksa

23

b = 7.4 L- Js.kh ds fy,

b = 19.2 M- Js.kh ds fy,

 (Z – b) y{; dk izHkkoh ijek.kq Øekad gSA

ekslys ds fu;e ls lEcfU/kr vU; rF;

(i) ;g cksj fl)kUr dk leFkZu djrk gSA

(ii) bl fu;e ls iz;ksxkRed :i esa ijek.kqvksa ds ijek.kq Øekadksa dks Kkr fd;kA

(iii) bl fu;e ds vk/kkj ij vkorZ-lkfj.kh esa rRoksa ds ijek.kq Øekad ds vk/kkj O;ofLFkr fd;k x;k tks fd iwoZ esa ijek.kq Hkkj
ds vuqlkj O;ofLFkr FksA

(iv) ekslys dh x.kuk ds vk/kkj ij A = 43, 61, 72, 75 ds fy, vkorZ-lkfj.kh esa [kkyh LFkku j[ks x;s] ckn es budh [kkst gqbZA

(v) ekslys us crk;k fd Cu, Ag ,oa Pt ds ijek.kq Øekad Øe'k% 29, 47 ,oa 78 gksaxsA

(vi) tc K-dks'k esa ,d fjDr LFkku curk gS rks Hkh mlesa ,d bysDVªkWu 'ks"k jgrk gSA ukfHkd dk vkos'k Ze ,oa K-dks'k esa mifLFkr
bysDVªkWu dk – e, D;ksafd L-dks'k] K-dks'k ls iw.kZr% ckgj gSA vr% L-dks'k ds bysDVªkWu ds fy, ukfHkd vkos'k Ze u gksdj izHkkoh vkos'k (Z –
1)e gksxkA

(vii) vfHkyk{kf.kd LisDVªe esa izkIr js[kk dh rjaxnS/;Z lehdj.k 









−−=

2
2

2
1

2 11
)(

1

nn
bZR

λ
,oa X-fdj.k dh ÅtkZ











−−===∆

2
2

2
1

2 11
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nn
bZRhc

hc
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λ
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(viii) Kα js[kk ds fy, n2 = 2 ,oa n1 = 1

(a) Hz
RC

a 151047.2
4

3 ×==

(b) HzZZ
RC

ZRCK
2152

2
2 )1(1047.2)1(

4
3

2

1
1)1( −×=−=





 −−=αν

(c) K-js[kk dh rjaxnS/;Z dk lkekU; lehdj.k 




 −−=

2
2 1
1)1(

1

n
ZR

Kλ
;gk¡ n = 2, 3, 4, …. ,oa Kα -js[kk Å

ZK )1(
1216
−

=αλ

(d) eVZEK
2)1(2.10 −=α

X-fdj.kksa ds mi;ksx

(i) fØLVy lajpuk ds v/;;u esa % X-fdj.kksa ds foorZu }kjk DNA dh lajpuk fu/kkZfjr dh xbZ gSA

(ii) fpfdRlk foKku esa

(iii) jsfM;ksxzkQh esa

(iv) jsfM;ks fpfdRlk esa
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(v) bathfu;fjax esa

(vi) iz;ksx'kkyk esa

(vii) tklwlh esa

(viii) dyk esa] iqjkuh rsy fp=dkjh esa gksus okys ifjorZuksa dks X-fdj.kksa ls igpkuk tk ldrk gSA

Concepts

 lkekU;r% ijkcSaxuh fdj.kksa ds vkifrr gksus ij lHkh /kkrq,¡ QksVks-bysDVªkWu mRlftZr djrh gSa ijUrq {kkjh; /kkrq,¡ ¼tSls % yhfFk;e] lksfM;e] iksVSf'k;e]
:chfM;e ,oa lhft;e½ ǹ'; izdk'k ds vkifrr gksus ij Hkh QksVks-bysDVªkWu mRlftZr djrh gSA

 fuokZr~ ufydkvksa esa vkWDlkbM ysfir fQykes.V dk mi;ksx djus ij ;g vis{kkd̀r de rki ij bysDVªkWu mRlftZr djrk gS] vFkkZr~ fQykes.V dk dk;Z
Qyu de gks tkrk gSA

 vYi nkc ij foltZu ufydk esa bysDVªkWu dk eqä iFk vf/kd gksus ds dkj.k ;s la?kê ls vf/kd xfrt ÅtkZ izkIr dj ysrs gSa ftlls xSlksa esa fo|qr
pkyu lEHko gksrk gSA

 ;fn ihys izdk'k ds vkifrr gksus ij fdlh lrg ls bysDVªkWu mRlftZr ugha gksrs gSa] ijUrq gjs jax ds vkifrr gksus ij bysDVªkWu mRlftZr gksus yxrs gSa
rks fuf'pr gh yky jax ds vkifrr gksus ij lrg ls bysDVªkWu mRlftZr ugha gksaxsA

 izdk'k dh d.k-izdf̀r] izdk'k fo|qr izHkko dk dkj.k gSA

 gkbMªkstu ijek.kq esa ÅtkZ Lrj vf/kd ikl gksus ds dkj.k blls X-fdj.ksa mRlftZr ugha gksrh gSaA

 γ-fdj.kksa ,oa X-fdj.kksa esa eq[; vUrj ;g gS fd γ-fdj.ksa ukfHkd ls mRlftZr gksrh gSa tcfd X-fdj.ksa ijek.kq ds ckgjh Hkkx lsA

 izdk'k-fo|qr izHkko esa] QksVkWuksa ds vkifrr gksus ,oa bysDVªkwu mRltZu esa dksbZ le; i'prrk ugha gksrh gS] vFkkZr~ tSls gh QksVkWu vkifrr gksrs gSa oSls gh
lrg ls bysDVªkWu mRlftZr gksus yxrs gSaA vFkkZr~ lrg ls bysDVªkWu mRltZu izkjEHk gksus esa dksbZ le; ugha yxrk gSA

 ;fn izdk'k dh rjax izdf̀r ekus rks lrg ls ,d bysDVªkWu ds mRltZu esa yxHkx ,d o"kZ yxsxkA

 X-fdj.kksa dh ek=k (Doze) mRié vk;uksa dh la[;k ;k vk;uu ls eqä ÅtkZ ds inksa esa O;ä dh tkrh gSA

 ,d O;fä dks ,d lIrkg esa X-fdj.kksa dh 1 jkWUtu ek=k lqjf{kr :i ls nh tk ldrh gS ¼,d jkWUtu X-fdj.kksa dh og ek=k gS tks NTP ij 1 xzke
ok;q ds vk;uu ls 2.5 × 104 J ÅtkZ eqä djrh gSA

Example: 22 ,d inkFkZ dk dk;ZQyu 4.0 eV gS rks bl inkFkZ ls QksVks bysDVªkWu ds mRltZu ds fy, izdk'k ds vf/kdre
rjaxnS/;Z dk eku yxHkx gksxk

(a) 540 nm (b) 400 nm (c) 310 nm (d) 220 nm

Solution : (c)
)(

12375

0
0 eVW
=λ ⇒

4
12375

0 =λ = 3093.7 Å nm310–~

Example: 23 2.1 eV eku ds dk;ZQyu okyh lrg ij 6 eV ÅtkZ dk QksVkWu vkifrr gksrk gS rks fujks/kh foHko dk eku gksxk
[MP PMT 2004]

(a) – 5V (b) – 1.9 V (c) – 3.9 V (d) – 8.1 V

Solution : (c) vkbaLVhu lehdj.k ls] E = W0 + Kmax ⇒ max1.26 K+= ⇒ eVK 9.3max =

∴ fujks/kh foHko V
K

V 9.3max
0 −=−=

ρ

Example: 24 tc fdlh /kkfRod i"̀B ij λ rjaxnS/;Z dk fofdj.k vkifrr gksrk gS rks fujks/kh foHko 4.8 V gSA ;fn ogh i"̀B nksxquh
rjaxnS/;Z ds fofdj.k ls nhIr gks rks fujks/kh foHko 1.6 V gks tkrk gSA i"̀B dh nsgyh rjaxnS/;Z gksxh

[EAMCET (Engg.) 2003]

(a) λ2 (b) λ4 (c) λ6 (d) λ8

Solution : (b) lw= 







−=

0
0

11
λλe

hc
V
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−=

0

11
8.4

λλe
hc

…… (i) ,oa 







−=

0

1
2
1

6.1
λλe

hc
…… (ii)

lehdj.k (i) o (ii) ls] λλ 40 =

Example: 25 tc QksVks bysDVªkWu mRltZd ij fofdj.k vkifrr gksrs gSa rks fujks/kh foHko 9 V ik;k tkrk gSA ;fn bysDVªkWu ds fy,
e/m 111108.1 −× Ckg gks rks mRlftZr bysDVªkWuksa dk vf/kdre osx gksxk [Kerala (Engg.) 2002]

(a) 15106 −× ms (b) 15108 −× ms (c) 16108.1 −× ms (d) 15108.1 −× ms

Solution : (c) 0
2
max2

1
eVvm = ⇒ 0max .2 V

m
e

v 




= sm /108.19108.12 611 ×=×××=

Example: 26 izdk'k dh og U;wure vkof̀Ùk tks fd /kkfRod ì"B ls QksVks bysDVªkWuksa ds mRltZu ds fy;s vko';d gS ¼/kkrq ds fy,
dk;ZQyu 1.65 eV) [JIPMER 2002]

(a) Hz10104 × (b) Hz11104 × (c) Hz14104 × (d) Hz10104 −×

Solution : (c) nsgyh rjaxnS/;Z Å
eVW

7500
65.1

12375
)(

12375

0
0 ===λ

∴ U;wure vkòfÙk Hz
c 14

10

8

0
0 104

107500

103 ×=
×
×==

−λ
ν

Example: 27 nks fofHké vkof̀Ùk;ksa ds izdk'k ftudh ÅtkZ,¡ Øe'k% 1 eV o 2.5 eV gSa] Øekuqlkj ,d 0.5 eV dk;ZQyu dh /kkrq dks
iznhIr djrh gSA mRlftZr bysDVªkWuksa dh vf/kdre xfrt ÅtkZvksa dk vuqikr gksxk [AIEEE 2002]

(a) 1 : 5 (b) 1 : 4 (c) 1 : 2 (d) 1 : 1

Solution : (b) lw= dk mi;ksx djus ij 0max WEK −= ⇒
4
1

2
5.0

5.05.2
5.01

)(
)(

2max

1max ==
−
−=

K
K

Example: 28 1ν rFkk 2ν )( 21 νν > vkof̀Ùk;ksa ds vkifrr izdk'k ds fy, /kkfRod ì"B ls izdk'k-fo|qr mRltZu izsf{kr fd;k tkrk

gSA ;fn bu nksuksa fLFkfr;ksa esa mRlftZr QksVks bysDVªkWu dh vf/kdre xfrt ÅtkZvksa dk vuqikr 1 : k gks rks /kkfRod
i"̀B dh nsgyh vkòfÙk gksxh [EAMCET (Engg.) 2001]

(a)
1
21

−
−

k
νν

(b)
1
21

−
−

k
k νν

(c)
1
12

−
−

k
k νν

(d)
1
12

−
−

k
νν

Solution : (b) lw= max0 khh =− νν ⇒ 101 )( kh =−νν ,oa 201 )( kh =−νν

vr%
kk

k 1

2

1

02

01 ==
−
−
νν
νν

⇒
1

21
0 −

−
=

k
k νν

ν

Example: 29 6.125 eV dk;ZQyu okys izdk'k-fo|qr inkFkZ ij Hz15108 × vkof̀Ùk dk izdk'k vkifrr gksrk gSA mRlftZr
QksVks- bysDVªkWu dh vf/kdre xfrt ÅtkZ gS [AFMC 2001]

(a) 17 eV (b) 22 eV (c) 27 eV (d) 37 eV

Solution : (c) vkifrr QksVkWu dh ÅtkZ eVJhE 331028.5108106.6 181534 =×=×××== −−ν

max0 KWe += ls] ⇒ 125.6330max −=−= WEK eVeV 2787.26 ≈=

Example: 30 ,d QksVks lsy ij 1 m nwjh ij fLFkr óksr ls izdk'k vkifrr gksrk gSA ;fn leku óksr QksVks lsy ls 2m dh nwjh
ij fLFkr gks rks mRlftZr bysDVªkWu

(a) izkjfEHkd ÅtkZ ds eku ds ,d-pkSFkkbZ eku ls xfr'khy gksrk gS

(b) izkjfEHkd laosx ds eku ds ,d-pkSFkkbZ eku ls xfr'khy gksrk gS

(c) la[;k esa vk/ks jg tkrs gSa
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(d) la[;k esa ,d-pkSFkkbZ jg tkrs gS

Solution : (d) QksVkWu dh la[;k ∝ rhozrk ∝
2)(

1
nwjh

⇒
2

1

2

2

1






=

d
d

N
N

⇒
2

2

1

1
2





−

N
N

⇒
4
1

2
N

N =

Example: 31 tc fdlh lrg ij ihyk izdk'k vkifrr gksrk gS bysDVªkWu mRlftZr ugha gksrs tcfd gjs izdk'k ds vkifrr gksus ij
bysDVªkWu mRlftZr gksrs gSaA ;fn lrg ij yky izdk'k vkifrr fd;k tk;s rks [MNR 1998; MH CET 2000; MP PET 2000]

(a) bysDVªkWu mRlftZr ugha gksaxs (b) QksVkWu mRlftZr gksaxs

(c) mPp ÅtkZ ds bysDVªkWu mRlftZr gksaxs (d) fuEu ÅtkZ ds bysDVªkWu mRlftZr gksaxs

Solution : (a) ykyihykgjk λλλ <<

iz'ukuqlkj gjkλ dk eku vf/kdre gS ftlls izdk'k fo|qr mRltZu gksrk gSA vr% yky jax ls mRltZu ugha gks
ldrk gSA

Example: 32 tc ,d /kkfRod lrg ij 400 nm rFkk 250 nm rjaxnS/;Z ds izdk'k dks vkifrr djrs gSa rks mRlftZr QksVks-
bysDVªkWu ds vf/kdre osx Øe'k% v rFkk 2v gSaA /kkrq dk dk;ZQyu gksxk (h = Iykad fu;rkad, c = ok;q esa izdk'k dk
osx)

[EMCET (Engg.) 2000]

(a) Jhc 6102 × (b) Jhc 6105.1 × (c) Jhc 610× (d) Jhc 6105.0 ×

Solution : (a) lw= max0 KWE += ⇒ 2
0 2

1
mvW

ch +=
λ

2
09 2

1

10400
mvW

hc +=
× −

……(i) ,oa 2
09

)2(
2
1

10250
vmW

hc +=
× −

……(ii)

lehdj.k (i) o (ii) ls] JhcW 6
0 102 ×=

Example: 33 /kkrqvksa A rFkk B ds dk;ZQyuksa dk vuqikr 1 : 2 gSA ;fn f rFkk 2f vkof̀Ùk;ksa dk izdk'k Øe'k% A rFkk B i"̀Bksa ij
vkifrr gksrk gS] rks mRlftZr QksVks bysDVªkWuksa dh vf/kdre ÅtkZvksa dk vuqikr gS (f, A dh nsgyh vkof̀Ùk ls vf/kd
gS rFkk 2f, B dh nsgyh vkòfÙk ls vf/kd gS)

(a) 1 : 1 (b) 1 : 2 (c) 1 : 3 (d) 1 : 4

Solution : (b) max0 KWE += ⇒ AAA KWWE +== ,oa KWfhE BB +== )2(

rks,
BB

AA

KW
KW

+
+

=
2
1

……(i) ,oa fn;k gS
2
1=

B

A

W
W

……..(ii)

lehdj.k (i) o (ii) ls]
2
1=

B

A

K
K

Example: 34 tc ,d QksVks-lsy ls ,do.khZ fcUnq izdk'k óksr 0.2m nwj fLFkr jgrk gS rks fujks/kh foHko (Cut-off voltage) ,oa
larÌr /kkjk (Saturation current) dk eku Øe'k% 0.6 V ,oa 18 mA gSA ;fn leku óksr QksVks-lsy ls 0.6 m dh
nwjh ij gks rks [IIT-JEE 1992; MP PMT 1999]

(a) fujks/kh foHko 0.2 V gksxk (b) fujks/kh foHko 0.6 V gksxk

(c) egÙke /kkjk (Saturation current) 6 mA gksxh (d) egÙke /kkjk 18 mA gksxh

Solution : (b) izdk'k-fo|qr /kkjk (i) ∝ rhozrk ∝
2)(

1

nwjh
A ;fn nwjh dk eku 0.6 m (vFkkZr~ rhu xquk) gks rks /kkjk dk eku

9
1 ok¡ Hkkx

vFkkZr~ 2mA gks tkrh gSA
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,oa fujks/kh foHko dk eku izdk'k dh rhozrk ij fuHkZj ugha djrk gS] vFkkZr~ fujks/kh foHko dk eku 0.6 V gh jgsxkA

Example: 35 ,d izdk'k mRltZd lsy dks λ rjaxnS/;Z ds izdk'k ls mRrsftr djus ij mRlftZr rhozre bysDVªkWu dk osx v gSA
;fn mÙksftr rjaxnS/;Z cnydj 4/3λ gks tk;s rks rhozre bysDVªkWu dk osx gksxk [CBSE 1998]

(a) 2/1)4/3(v (b) 2/1)3/4(v (c) 2/1)3/4(v ls de (d) 2/1)3/4(v ls vf/kd

Solution : (d) 2
max0 2

1
mvWE += ls] ⇒

m
W

m
E

v 0
max

22 −= (tgk¡
λ
hc

E = )

vkifrr izdk'k dk rjaxnS/;Z λ ls ifjofrZr gksdj
4
3λ ¼?kVrk gS½ gks tkrk gS

ekuk fd vkifrr izdk'k dh ÅtkZ E ls ifjofrZr gksdj E′ gks ,oa rhozre bysDVªkWu dk osx v ls ifjofrZr gksdj v′ gks
rks

m
W

m
E

v 022 −= …..(i) ,oa
m
W

m
E

v 02'2
' −= …….(ii)

pwafd
λ
1∝E ⇒ EE

3
4

' = vr%
m
W

m

E
v 023

4
2

' −







= ⇒
2/1

0
2/1

3
4

22
3
4

'








−




=

m

W
m
E

v

⇒ Xv
2/1

3
4

' 




= tgk¡ v

m

W
m
E

X >








−=
2/1

0

3
4

22
vr% vv

2/1

3
4

' 




>

Example: 36 40 kV foHkokUrj ij dwfyt ufydk esa mRié X-fdj.kksa dh U;wure rjaxnS/;Z gS [BCECE 2003]

(a) 0.31 Å (b) 3.1 Å (c) 31 Å (d) 311 Å

Solution : (a) Å309.0
1040

12375
3min =

×
=λ Å31.0≈

Example: 37 IysVhue (Z = 78) dh αL js[kk dh X-fdj.k rjaxnS/;Z Å30.1 gSA ekWfyCMue (Z = 42) dh αL js[kk dh X-fdj.k
rjaxnS/;Z gS [EAMCET (Engg.) 2000]

(a) 5.41Å (b) 4.20Å (c) 2.70Å (d) 1.35 Å

Solution : (a) αL js[kk dk rjaxnS/;Z
222

2

)4.7(

1

3

1

2

1
)4.7(

1

−
∝⇒





 −−=

z
zR λ

λ

2

2

2
2

1

2
2

2

1

)4.778(

)4.742(30.1

)4.7(

)4.7(

−
−=⇒

−
−=⇒

λλ
λ

z

z
⇒ Å41.52 =λ

Example: 38 30 kV foHko ij lapkfyr nks dwfyt ufydkvksa esa Øe'k% ekWyhCMsue Z = 42 ,oa VaxLVu Z = 74 ls cus y{;
iz;qDr fd;s tkrs gSaA buls mRié lrr X-fdj.kksa ds fy, fujks/kh rjax nS/;Z Øe'k% gksaxh
(a) 1Å, 3Å (b) 0.3 Å, 0.2 Å (c) 0.414 Å, 0.8 Å (d) 0.414 Å, 0.414 Å

Solution : (a) lrr X-fdj.k dk fujks/kh (cut-off) rjaxnS/;Z eq[;r% vkjksfir oksYVst ij fuHkZj djrk gS] ;g y{; dh izdf̀r ij
fuHkZj ugha djrk gSA blfy, nksuksa ufydk dk fujks/kh rjaxnS/;Z leku gksxk

λ
ν hc
hVe == ;k Åmm

Ve
hc

414.010414
106.11030

10310627.6 10
193

834

=×=
×××
×××== −

−

−
λ
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,d /kkfRod lrg ij ,d-lkFk 2.5eV ÅtkZ ds nks QksVkWu vkifrr gksrs gSa rks /kkrq dh lrg ls] ¼;fn /kkrq dk
dk;ZQyu 4.5 eV gks½

(a) nks bysDVªkWu mRlftZr gksaxs (b) ,d Hkh bysDVªkWu mRlftZr ugha gksxk
(c) ,d bysDVªkWu mRlftZr gksxk (d) nks ls vf/kd bysDVªkWu mRlftZr gksaxs

Solution : (b) izdk'k-fo|qr izHkko ,d ?kVuk gS ftlesa vkifrr QksVkWu ,oa lrg ds ,d bysDVªkWu ds chp izR;kLFk VDdj gksrk
gSA iz'u ls ,d bysDVªkWu ,d QksVkWu vo'kksf"kr djrk gS ,oa 2.5 eV ÅtkZ izkIr djrk gS ftldk eku dk;ZQyu
4.5 eV ls de gSA vr% QksVks-bysDVªkWu dk mRltZu laHko ugha gSA

X-fdj.k ufydk esa Rofjr oksYVst dk eku tc vk/kk fd;k tkrk gS rks X-fdj.k ds lrr~ LisDVªe esa Kα js[kk dh
rjaxnS/;Z ,oa U;wure rjaxnS/;Z ds chp vUrj

(a) fu;r jgsxk (b) nksxquk ls vf/kd gksxk (c) vk/kk gksxk (d) nksxquk ls de gksxk

Solution : (c) minλλλ
α
−=∆ K tc V dk eku vk/kk gksrk gS rks minλ nksxquk gks tkrk gS ysfdu

aK
λ fu;r jgrk gSA

∴ min2' λλλ
α
−=∆ K aK

λλ −∆= )(2

∴ )(2' λλ ∆<∆

eksfyCMsue ,oa yksgs ls mRié Kα-QksVkWu dh ÅtkZ Øe'k% 18.5 keV ,oa 34.7 keV gS rks 300 m dh nwjh r;

djus esa Kα QksVkWuksa dks yxk le; gksxk

(a) (3 µs, 15 µs) (b) (15 µs, 3µs) (c) (1 µs, 1 µs) (d) (1 µs, 5µs)
Solution : (c) QksVkWu dk osx leku jgrk gS pkgs bldh ÅtkZ] vkof̀Ùk] rjaxnS/;Z ,oa óksr dqN Hkh gks

blfy, izR;sd QksVkWu ds fy, vko';d le; ss µ110
103

300 6
8

==
×

= −

Tricky example: 3

Tricky example: 4

Tricky example: 5


