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ifjf'k"V

ifjf'k"V  A 1

xzhd o.kZekyk

,YiQk Α α U;w Ν ν

chVk Β β ”kkbZ Ξ ξ

xkek Γ γ vksehØkWu Ο ο

MsYVk ∆ δ ikbZ Π π

,i~flykWu Ε ε j~gks Ρ ρ

thVk Ζ ζ flXek Σ σ

bZVk Η η VkWv Τ τ

FkhVk Θ θ viflykWu Υ υ

vk;ksVk Ι ι iQkb Φ φ, ϕ

dIik Κ κ dkb Χ χ

ySEMk Λ λ lkb Ψ ψ

E;w Μ µ vksesxk Ω ω

ifjf'k"V A 2

lkekU; SI iwoZ&yXu rFkk vioR;ks± vkSj viorZdksa osQ izrhd

xq.kt (vioR;Z) viorZd

xq.kd iwoZyXu izrhd xq.kd iwoZyXu izrhd

1018 ,Dtk E 10-18 ,Vks a

1015 isVk P 10-15 iSQEVks f

1012 Vsjk T 10-12 ihdks p

109 xhxk G 10-9 uSuks n

106 esxk M 10-6 ekbØks µ

103 fdyks k 10-3 feyh m

102 gsDVks h 10-2 lsaVh c

101 Msdk da 10-1 Msfl d
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ifjf'k"V A 3

oqQN egRoiw.kZ fu;rkad

uke izrhd eku

fuokZr esa izdk'k dh pky c 2.9979 × 108 m s-1

bysDVªkWu dk vkos'k e 1.602 × 10-19 C

xq#Roh; fu;rkad G 6.673 × 10-11 N m2 kg-2

Iykad fu;rkad h 6.626 × 10-34 J s

cksYV~ïkeku fu;rkad k 1.381 × 10-23 J K-1

vkoksxknzks la[;k N
A

6.022 × 1023 mol-1

lkoZf=kd xSl fu;rkad R 8.314 J mol-1 K-1

bysDVªkWu dk nzO;eku m
e

9.110 × 10-31 kg

U;wVªkWu dk nzO;eku m
n

1.675 × 10-27 kg

izksVkWu dk nzO;eku m
p

1.673 × 10-27 kg

bysDVªkWu&vkos'k o nzO;eku vuqikr e/m
e

1.759 × 1011 C/kg

iSQjkMs fu;rkad F 9.648 × 104 C/mol

fjMcxZ fu;rkad R 1.097 × 107 m-1

cksgj f=kT;k a
0

5.292 × 10-11 m

LVsiQkWu&cksYV~ïkeku fu;rkad σ 5.670 × 10-8 W m-2 K-4

ohu fu;rkad b 2.898 × 10-3 m K

eqDr vkdk'k dk ijkoSn~;qrkad ε
0

8.854 × 10-12 C2 N-1 m-2

1/4π ε
0

8.987 × 109 N m2 C-2

eqDr vkdk'k dh paqcd'khyrk µ
0

4π × 10-7 T m A-1

≅ 1.257 × 10-6 Wb A-1m-1

vU; mi;ksxh fu;rkad

uke izrhd eku

mQ"ek dk ;kaf=kd rqY;kad J 4.186 J cal-1

ekud ok;qeaMyh; nkc 1 atm 1.013 × 105 Pa

ije 'kwU; 0 K –273.15 °C

bysDVªkWu oksYV 1 eV 1.602 × 10-19 J

ijek.oh; nzO;eku ek=kd 1 u 1.661 × 10-27 kg

bysDVªkWu fojke mQtkZ mc2 0.511 MeV

1u dk mQtkZ rqY;kad u c2 931.5 MeV

vkn'kZ xSl dk vk;ru (0°C rFkk V 22.4 L mol-1

1 atm)

xq#Roh; Roj.k g 9.78049 m s-2

(leqnz ry] fo"kqor o`Rr ij)
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vH;klksa osQ mÙkj

vè;k; 9

9.1 v = –54 cm A izfr¯cc okLrfod] myVk rFkk vko£/r gSA izfr¯cc dk lkb”k  5.0 cm gSA
tc u → f, v → ∞; u < f  osQ fy, izfr¯cc vkHkklh cusxkA

9.2 v = 6.7 cmA vko/Zu = 5/9, vFkkZr izfr¯cc dk lkb”k 2.5 cm gSA tSls gh u → ∞;

v → f  (ijarq iQksdl ls vkxs dHkh ugha c<+rk) tcfd m → 0

9.3 1.33; 1.7 cm

9.4 n
ga 

= 1.51; n
wa

 = 1.32; n
gw

 = 1.144; ftlls sin r = 0.6181 vFkkZr r ~ 38° izkIr

gksrk gSA
9.5 r = 0.8 × tan i

c
 rFkk sin 1/1.33 0.75ci = ≅ , tgk¡ r lcls cM+s o`Ùk dh f=kT;k ehVj esa

gS rFkk i
c
 ikuh&ok;q varjki`"B osQ fy, Økafrd dks.k gSA {ks=kiQy = 2.6 m2

9.6 n ≅  1.53 rFkk ty esa fizTe osQ fy, D
m
 ≅  10

o

9.7 R = 22 cm

9.8 ;gk¡ ̄ cc vkHkklh rFkk izfr¯cc okLrfod gSA u = +12 cm (¯cc nkfguh vksj gS_ vkHkklh)
(a) f = +20 cm A izfr¯cc okLrfod gS rFkk ysal ls 7.5 cm nwj nkfguh vksj gSA
(b) f = –16 cm A izfr¯cc okLrfod gS rFkk ysal ls 48 cm nwj nkfguh vksj gSA

9.9 v = 8.4 cm A izfr¯cc lh/k rFkk vkHkklh gSA ;g lkb”k esa NksVk gS] lkb”k = 1.8 cmA tSls
u → ∞, v → f  (ysfdu f  ls vkxs ugha tkrk tcfd m → 0) A
è;ku nhft,] tc oLrq vory ysal (f = 21 cm) osQ iQksdl ij j[kh gksrh gS] rc mldk izfr¯cc
ysal ls 10.5 cm nwj curk gS (vuar ij ugha curk tSlk fd xyrh ls dksbZ lksp ldrk gS)A

9.10 60 cm iQksdl nwjh dk vilkjh ysalA

9.11 (a) v
e
 = –25 cm rFkk  f

e
 = 6.25 cm ls u

e 
= –5 cm; v

0 
= (15 – 5) cm =

10 cm izkIr gksrk gS]
f
O
 = u

O
 = – 2.5 cm; vko/Zu {kerk = 20

(b) u
0 
= – 2.59 cm; vko/Zu {kerk = 13.5

9.12 25 cm nwjh ij izfr¯cc cuus osQ fy, usf=kdk dk dks.kh; vko/Zu

= + =
25

2 5
1 11

.
;  | | .

25
cm 2 27 cm

11
= =eu ; v0 = 7.2 cm

i`Fkdu nwjh = 9.47 cm; vko/Zu {kerk = 88
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9.13 24; 150 cm

9.14 (a) dks.kh; vko/Zu = 1500

(b) izfr¯cc dk O;kl  = 13.7 cm

9.15 okafNr ifj.kke Kkr djus osQ fy, niZ.k osQ lehdj.k rFkk niZ.k dh lhek dk iz;ksx dhft,A
(a) f < 0 (vory niZ.k); u < 0 (¯cc ckb± vksj)
(b) f > 0 osQ fy,_ u < 0

(c) f > 0 (mÙky niZ.k) rFkk u < 0

(d) f < 0 (vory niZ.k)_ f < u < 0

9.16 fiu 5.0 cm Åij mBh gqbZ izrhr gksrh gSA ;g Li"V izdk'k fdj.k vkjs[k }kjk ns[kk
tk ldrk gS fd mÙkj dk¡p osQ xqVosQ dh fLFkfr ij fuHkZj ugha djrk (NksVs vkiru
dks.kksa osQ fy,)A

9.17 (a) sin i ′c = 1.44/1.68 ftlls i ′c = 59° izkIr gksrk gSA iw.kZ vkarfjd ijkorZu

i > 59° vFkok tc r < rmax = 31° ij gksrk gSA vc] ,

ftlls imax  ~  60° izkIr gksrk gSA bl izdkj dks.k osQ ifjlj 0 < i < 60°

dh lHkh vkifrr fdj.kksa dk ikbi esa iw.kZ vkarfjd ijkorZu gksxk (;fn ikbi dh
yackbZ ifjfer gS] tks fd O;ogkj esa gksrh gS] rc i ij fuEu lhek ikbi osQ O;kl
rFkk mldh yackbZ osQ vuqikr }kjk fu/kZfjr gksxhA)

(b) ;fn dksbZ cká vkoj.k ugha gS] tks i′c = sin–1(1/1.68) = 36.5°A vc] i =

90° osQ fy, r = 36.5° rFkk i ′ = 53.5° gksaxs] tks i′c ls vf/d gSA bl izdkj
¹ifjlj esa lHkh vkifrr fdj.ksa (53.5° < i < 90°)º iw.kZ vkarfjd ijko£rr gksaxhA

9.18 (a) fdlh lery vFkok mÙky niZ.k osQ ̂ ihNs* fdlh ̄cnq ij vfHklfjr fdj.ksa niZ.k osQ lkeus
ijns ij fdlh ̄cnq ij ijko£rr gks tkrh gSaA nwljs 'kCnksa esa] dksbZ lery niZ.k vFkok mÙky
niZ.k vkHkklh ̄ cc osQ fy, okLrfod izfr¯cc mRiUu dj ldrk gSA dksbZ mfpr izdk'k
fdj.k vkjs[k [khapdj Lo;a dks larq"V dhft,A

(b) tc ijko£rr vFkok vio£rr fdj.ksa vilkjh gksrh gSa rks izfr¯cc vkHkklh gksrk gSA
vilkjh fdj.kksa dks mfpr vfHklkjh ysal dh lgk;rk ls ijns ij vfHklfjr fd;k tk
ldrk gSA us=k dk vkHkklh ysal Bhd ;gh djrk gSA ;gk¡ vkHkklh izfr¯cc ysal osQ fy,
¯cc dh Hkk¡fr dk;Z djrk gS vkSj okLrfod izfr¯cc curk gSA è;ku nhft,] ;gk¡ vkHkklh
izfr¯cc dh fLFkfr ij ijns dks vofLFkr ugha fd;k tkrk gSA ;gk¡ dksbZ viokn ugha gSA

(c) vf/d yackA
(d) yxHkx vfHkyacr% ns[kus dh rqyuk esa frjNs ns[kus osQ fy, vkHkklh xgjkbZ de gks tkrh

gSA izs{kd dh fofHkUu fLFkfr;ksa osQ fy, izdk'k fdj.k vkjs[k [khapdj bl rF; dks Lo;a
Lohdkj dhft,A

(e) ghjs dk viorZukad yxHkx 2.42 gksrk gS tks lkekU; dk¡p osQ viorZukad (yxHkx 1.5) ls
dkiQh vf/d gksrk gSA ghjs dk Økafrd dks.k yxHkx 24° gS tks dk¡p osQ Økafrd dks.k dh vis{kk
dkiQh de gSA dksbZ ghjs dks rjk'kus okyk n{k O;fDr vkiru dks.k (ghjs osQ Hkhrj) osQ cM+s ifjlj
24° ls 90° dk ykHk ;g lqfuf'pr djus esa mBk ysrk gS fd ghjs ls ckgj fudyus ls iwoZ izdk'k
dbZ iQydksa ls iw.kZ ijko£rr gksµbl izdkj ls fd ghjs dk pednkj izHkko mRiUu gksA

9.19 ijns rFkk oLrq osQ chp fuf'pr nwjh s osQ fy,] ysal lehdj.k ml fLFkfr esa u rFkk v osQ fy,
okLrfod gy çnku ugha djrh] tc f dk eku s/4 ls vfèkd gksrk gSA

vr% fmax = 0.75 m
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9.20 21.4 cm
9.21 (a) (i) eku yhft, fd dksbZ lekarj çdk'k&iqat ckb± vksj ls igys mÙky ysal ij vkifrr

gksrk gSA rc
f1 = 30 cm, u1 = − ∞ ls izkIr gksrk gS v1 = + 30 cmA ;g çfrfcac nwljs ysal
osQ fy, vkHkklh ¯cc cu tkrk gSA
f2 = – 20 cm, u2 = + (30 – 8) cm = + 22 cm, ftlls v2 = – 220 cm

çkIr gksrk gSA lekarj vkifrr fdj.k&iqat nks ysalksa osQ fudk; osQ osaQæ ls 216 cm

nwj fdlh ¯cnq ls vilkfjr gksrk çrhr gksrk gSA
(ii) eku yhft, fd dksbZ lekarj çdk'k&iqat ckb± vksj ls igys vory ysal ij vkifrr

gksrk gSA rc f1 = –20 cm, u1 = – ∞ ls izkIr gksrk gS v1 = – 20 cmA ;g çfrfcac
nwljs ysal osQ fy, okLrfod ̄cc cu tkrk gSA f2 = + 30 cm, u2 = – (20 + 8) cm

= – 28 cm, ls v2 = – 420 cm izkIr gksrk gSA lekarj çdk'k&iqat nks ysalksa osQ
ra=k osQ eè; ̄ cnq dh ckb± vksj ls 416 cm nwj fLFkr ̄ cnq ls vilfjr gksrk çrhr
gksrk gSA

Li"V gS fd mÙkj bl ij fuHkZj djrk gS fd ysal ra=k osQ fdl vksj lekarj izdk'k&iqat vkifrr
gksrk gSA lkFk gh] gekjs ikl dksbZ ,slh ljy ysal lehdj.k ugha gS tks lHkh u (rFkk v) osQ
ekuksa osQ fy,] fudk; osQ fuf'pr fu;rkad osQ inksa esa lR; gksA (fudk; osQ fLFkjkad  f

1
 rFkk

f
2
 rFkk nksuksa ysalksa osQ chp i`Fkdu nwjh }kjk fuèkkZfjr gksrs gSaA) çHkkoh iQksdl nwjh dh èkkj.kk]

blfy, bl ra=k osQ fy, vFkZiw.kZ çrhr ugha gksrhA

(b) u1 = – 40 cm, f1 = 30 cm ls v1 = 120 cm izkIr gksrk gSA

igys (mÙky) ysal osQ dkj.k vkoèkZu dk ifjek.k = 120/40 = 3

u2 = + (120 – 8) cm = + 112 cm (¯cc vkHkklh)

f2 = – 20 cm ls v2

112 20

92
= −

×
cm izkIr gksrk gSA

vFkkZr nwljs (vory) ysal osQ dkj.k vkoèkZu dk ifjek.k = 20/92

vkoèkZu dk usV ifjek.k = 3 × (20/92) = 0.652

çfrfcac dk lkb”k = 0.652 × 1.5 cm = 0.98 cm

9.22 ;fn fç”e esa viofrZr fdj.k nwljs iQyd ij Økafrd dks.k i
c
 ij vkifrr gksrh gS rks] igys

iQyd ij viorZu dks.k  r dk eku (60° – i
c
) gksrk gSA

vc i
c
 = sin–1 (1/1.524) ~ 41°

vr% r = 19° rFkk sin i = 0.4962, rFkk i = sin–1 0.4965 ~ 30°A

9.23 (a)
1 1

9

1

10v
+ = ] vFkkZr~ v = – 90 cm

vkoèkZu dk ifjek.k = 90/9 = 10

vkHkklh çfrfcac esa çR;sd oxZ dk {ks=kiQy = 10 × 10 × 1 mm2 = 100 mm2 =
1 cm2

(b) vkoèkZu {kerk = 25/9 = 2.8

(c) ugha] fdlh ysal }kjk vkoèkZu rFkk fdlh çdkf'kd ;a=k dh dks.kh; vkoèkZu ¹vFkok
vkoèkZu {kerkº nks fHkUu vfHkèkkj.kk,¡ gSaA dks.kh; vko/Zu oLrq osQ dks.kh; lkb”k (tks
fd izfr¯cc osQ vkof/Zr gksus ij izfr¯cc osQ dks.kh; lkb”k osQ cjkcj gksrk gSA) rFkk ml
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fLFkfr esa oLrq osQ dks.kh; lkb”k (tcfd mls fudV ̄cnq 25 cm ij j[kk tkrk gS)] dk
vuqikr gksrk gSA bl izdkj] vkoèkZu dk ifjek.k A (v/u)A gksrk gS rFkk vkoèkZu {kerk
(25/|u|) gksrh gSA osQoy rc tc çfrfcac fudV ¯cnq ij |v| = 25 cm ij gS rks
osQoy rHkh nksuksa jkf'k;k¡ leku gksrh gSaA

9.24 (a) çfrfcac osQ fudV ¯cnq (25 cm) ij cuus ij vf/dre vko/Zu {kerk izkIr gksrh gSA
vr%
u = – 7.14 cm

(b) vkoèkZu dk ifjek.k = (25/|u|) = 3.5

(c) vkoèkZu {kerk = 3.5

gk¡] vkoèkZu {kerk (tc çfrfcac 25 cm ij curk gS) vkoèkZu osQ ifjek.k osQ leku
gksrh gSA

9.25 vkoèkZu ( . / )6 25 1  = 2.5

v = + 2.5 u; vr%

+ − =
1

2 5

1 1

10. u u

vFkkZr~ u = – 6 cm
|v| = 15 cm
vkHkklh çfrfcac lkekU; fudV ¯cnq (25 cm) ls Hkh ikl curk gS rFkk bls us=k Li"V ugha
ns[k ldrkA

9.26 (a) ;fn çfrfcac dk fujis{k lkb”k oLrq osQ lkb”k ls cM+k Hkh gS] rks Hkh çfrfcac dk dks.kh;
lkb”k oLrq osQ dks.kh; lkb”k osQ leku gksrk gSA dksbZ vkoèkZd ysal gekjh bl :i esa
lgk;rk djrk gS % ;fn vkoèkZd ysal ugha gS rks oLrq 25 cm ls de nwjh ij ugha j[kh
tk ldrh_ vkoèkZd ysal gksus ij ge oLrq dks vis{kkÑr cgqr fudV j[k ldrs gSaA oLrq
fudV gks rks mldk dks.kh; lkb”k 25 cm nwj j[kus dh rqyuk esa dgha vfèkd gksrk gSA
gekjs dks.kh; vkoèkZu ikus ;k miyCèk djus dk ;gh vFkZ gSA

(b) gk¡] ;g FkksM+k de gksrk gS] D;ksafd us=k ij varfjr dks.k ysal ij varfjr dks.k ls FkksM+k
NksVk gksrk gSA ;fn çfrfcac cgqr nwj gks rks ;g çHkko ux.; gksrk gSA ¹uksV % tc us=k
dks ysal ls i`Fkd~ j[krs gSa] rks çFke oLrq }kjk us=k ij varfjr dks.k rFkk blosQ çfrfcac
}kjk us=k ij varfjr dks.k leku ugha gksrsA]

(c) çFke] vR;ar NksVs iQksdl nwjh osQ ysalksa dh f?klkbZ vklku ugha gSA blls vfèkd egÙoiw.kZ
ckr gS fd ;fn vki iQksdl nwjh de djrs gSa rks blls foiFku (xksyh; rFkk o.kZ) c<+
tkrk gSA vr% O;ogkj esa] vki fdlh ljy mÙky ysal ls 3 ;k vfèkd dh vkoèkZu {kerk
ugha çkIr dj ldrs gSaA rFkkfi] fdlh foiFku la'kksfèkr ysal ç.kkyh osQ mi;ksx ls bl
lhek dks 10 ;k blosQ lfUudV dkjd ls c<+k ldrs gSaA

(d) fdlh usf=kdk dk dks.kh; vkoèkZu [(25/f
e
) + 1] (f

e
 cm esa) gksrk gS ftlosQ eku esa

fe   osQ ?kVus ij o`f¼ gksrh gSA iqu% vfHkn`';d dk vkoèkZu 
v

u u f

0

0 0 0

1

1| | (| |/ )
=

−
 ls

çkIr gksrk gS tks vfèkd gksrk gS ;fn |u
0
|,  f

0
 ls oqQN vfèkd gksA lw{en'khZ dk mi;ksx

vfr fudV dh oLrqvksa dks ns[kus osQ fy, fd;k tkrk gSA vr% |u
0
| de gksrk gS vkSj

rnuqlkj f
0 
HkhA
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(e) usf=kdk osQ vfHkn`';d osQ çfrfcac dks ̂ fuxZe }kjd* dgrs gSaA oLrq ls vkus okyh lHkh
fdj.ksa vfHkn`';d ls viorZu osQ i'pkr fuxZe }kjd ls xqtjrh gSaA vr% gekjs us=k ls
ns[kus osQ fy, ;g ,d vkn'kZ fLFkfr gSA ;fn ge vius us=k dks usf=kdk osQ cgqr gh fudV
j[ksa rks usf=kdk cgqr vfèkd çdk'k dk vfèkxzg.k ugha dj ik,xh rFkk n`f"V&{ks=k Hkh ?kV
tk,xkA ;fn ge vius us=k dks fuxZe&}kjd ij j[ksa rFkk gekjs us=k dh iqryh dk {ks=kiQy
fuxZe&}kjd osQ {ks=kiQy ls vfèkd ;k leku gks rks gekjs us=k vfHkn`';d ls viofrZr
lHkh fdj.kksa dks vfHkx̀fgr dj ysaxsA fuxZe&}kjd dk lVhd LFkku lkekU;r% vfHkǹ';d
,oa usf=kdk osQ varjky ij fuHkZj djrk gSA tc ge fdlh lw{en'khZ ls] blosQ ,d fljs
ij vius us=k dks yxkdj ns[krs gSa rks us=k ,oa usf=kdk osQ eè; vkn'kZ nwjh ;a=k osQ fM”kkbu
esa varfuZfgr gksrh gSA

9.27 eku yhft, fd lw{en'khZ lkekU; mi;ksx esa gS vFkkZr çfrfcac 25 cm ij gSA usf=kdk dk
dks.kh; vkoèkZu

=  
25

5
1 6+ =

vfHkn`';d dk vkoèkZu

=  
30

6
5= ] vr%

1

5

1 1

1 250 0u u
− =

.

ftlls u0 = – 1.5 cm.; v0 = 7.5 cm ; |u
e
| = (25/6) cm = 4.17 cm izkIr gksrk

gSA vfHkn`';d ,oa usf=kdk osQ chp nwjh (7.5 + 4.17) cm = 11.67 cm gksuh pkfg,A
visf{kr vkoèkZu çkIr djus osQ fy, oLrq dks vfHkn`';d ls 1.5 cm nwj j[kuk gksxkA

9.28 (a) m = (f0/fe) = 28

(b) m = 
f

f

f

e

0 01
25

+




 = 33.6

9.29 (a) f0 + fe = 145 cm

(b) ehukj }kjk varfjr dks.k = (100/3000) = (1/30) rad; vfHkn`';d }kjk cuk,
izfr¯cc ls varfjr dks.k = h/f0 ;   f0  = 140 cmA nksuksa dks.kksa osQ ekuksa dh rqyuk djus ij
h = 4.7 cm izkIr gksrk gSA

            (c) usf=kdk dk vko/Zu = 6 vafre izfr¯cc dh Å¡pkbZ = 28 cm

9.30 cM+s niZ.k (vory) }kjk cuk;k x;k izfr¯cc NksVs niZ.k (mÙky) osQ fy, vkHkklh ̄ cc dk
dk;Z djrk gSA vuar ij j[ks ¯cc ls vkus okyh lekarj fdj.ksa] cM+s niZ.k ls 110 mm nwj
iQksdflr gksaxhA NksVs niZ.k osQ fy, vkHkklh ̄cc dh nwjh = (110 –20) = 90 mm gksxhA NksVs
niZ.k dh iQksdl nwjh 70 mm gSA niZ.k lw=k dk mi;ksx djus ij ge ns[ksaxs fd izfr¯cc NksVs
niZ.k ls 315 mm nwj curk gSA

9.31 ijko£rr fdj.ksa niZ.k osQ ?kw.kZu dks.k ls nksxqus dks.k ij fo{ksfir gksrh gSaA vr% d/1.5 =
tan 7°; d = 18.4 cm
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9.32 n = 1.33

vè;k; 10

10.1 (a) ijko£rr izdk'k % (rjaxnS?;Z] vko`fÙk] pky vkifrr izdk'k osQ leku gSa)

λ  = 589 nm, ν = 5.09 × 1014 Hz, c = 3.00 × 108 m s–1

(b) vio£rr izdk'k % (vko`fÙk] vkifrr vko`fÙk osQ leku gS)
ν = 5.09  × 1014Hz
v = (c/n) = 2.26 × 108 m s–1, λ = (v/ν) = 444 nm

10.2 (a) xksyh;
(b) lery
(c) lery (cM+s xksys dh lrg dk ,d NksVk {ks=k yxHkx leryh; gksrk gS)

10.3 (a) 2.0  × 108 m s–1

(b) gk¡] D;ksafd viorZukad vkSj blfy, ekè;e esa izdk'k dh pky rjaxnS?;Z ij fuHkZj djrh
gS ¹tc dksbZ fof'k"V rjaxnS?;Z ;k izdk'k dk jax u fn;k x;k gks rks ge fn, x,
viorZukad dk eku ihys izdk'k osQ fy, ys ldrs gSaºA vc ge tkurs gSa fd cSaxuh izdk'k
dk fopyu dk¡p osQ fiz”e esa yky izdk'k ls vf/d gksrk gSA vFkkZr n

v
 >  n

r 
blfy,]

'osr izdk'k dk cSaxuh vo;o] yky vo;o ls /heh xfr ls xeu djrk gSA

10.4  λ =
× × ×

×

1 2 10 0 28 10

4 14

. .

.

– 2 – 3

 m = 600 nm

10.5 K/4

10.6 (a) 1.17 mm (b) 1.56 mm

10.7 0.15°

10.8 tan–1(1.5) ~ 56.3o

10.9 5000 Å, 6 × 1014 Hz; 45°

10.10 40 m

10.11 lw=k

λ′ – λ = 
v

c
  dk mi;ksx djus ls

vFkkZr v = c


(λ′ – λ)

    = 
6563

15103 8 ××

    = 6.86 × 105 m s–1

10.12 U;wVu osQ df.kdk fl¼kar osQ vuqlkj] viorZu esa] fojy ekè;e ls l?ku ekè;e esa izos'k
djrs le; vkifrr d.k lrg osQ yacor vkd"kZ.k cy dk vuqHko djrk gSA bldh ifj.kfr
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osx osQ vfHkyac ?kVd dh o`f¼ esa gksxhA ysfdu i`"B osQ vuqfn'k ?kVd fu;r jgrk gSA bldk
rkRi;Z

c sin i = v sin r   ;k sin
;

sin
iv

n
c r
 

 
 

 D;ksafd n > 1, v  > c  gSA

;g vo/kj.kk izk;ksfxd ifj.kkeksa osQ fo#¼ gS (v < c)A izdk'k dk rjax fl¼kar iz;ksx laxr
gSA

10.13 ¯cnq ̄ cc dks osaQnz ysdj niZ.k dks Li'kZ djrs gq, ,d òÙk [khafp,A ;g xksyh; rjaxkxz dk ̄cc
ls niZ.k ij igq¡pus okyk leryh; Hkkx gSA vc niZ.k dh mifLFkfr ,oa vuqifLFkfr esa  t  le;
osQ ckn mlh rjaxkxz dh bUgha fLFkfr;ksa dks vkjsf[kr dhft,A vki niZ.k osQ nksuksa vksj fLFkr
nks ,d tSls pki ik,¡xsA ljy T;kfefr osQ mi;ksx ls] ijko£rr rjaxkxz dk osaQnz (¯cc dk
izfr¯cc) niZ.k ls ̄ cc dh cjkcj nwjh ij fn[kkbZ nsxkA

10.14 (a) fuokZr esa izdk'k dh pky ,d lkoZf=kd fu;rkad gS tks lwphc¼ dkjdksa esa ls fdlh ij
Hkh fuHkZj ugha gSA fo'ks"kr% ;g ,d vk'p;Ztud rF; gS fd ;g lzksr rFkk izs{kd dh
lkis{k xfr ij Hkh fuHkZj ugha djrk gSA ;g rF; vkbalVkbu osQ vkisf{kdrk osQ fof'k"V
fl¼kar dk ewy vfHkx`ghr gSA

(b) izdk'k dh pky dh ekè;e ij fuHkZjrk
(i) lzksr dh izo`Qfr ij fuHkZj ugha gS (izdk'k dh pky dk fu/kZj.k ekè;e osQ lapj.k

xq.kksa ls gSA ;g rF; vU; rjaxksa osQ fy, Hkh lR; gS] tSls èofu&rjaxksa ,oa ty&rjaxksa
vkfn osQ fy,)A

(ii) lenSf'kd ekè;e osQ fy, lapj.k fn'kk ij fuHkZj ugha djrk gSA
(iii) lzksr rFkk ekè;e dh lkis{k xfr ij fuHkZj ugha djrk ysfdu izs{kd rFkk ekè;e dh

lkis{k xfr ij fuHkZj djrk gSA
(iv) rjaxnS?;Z ij fuHkZj djrk gSA
(v) rhozrk ij fuHkZj ugha djrk (;|fi vf/d rhoz fdj.k&iaqt osQ fy, ;g fLFkfr

vfèkd tfVy gS rFkk ;gk¡ gekjs fy, egRoiw.kZ ugha gS)A

10.15 èofu&rjaxksa osQ lapj.k osQ fy, ekè;e vko';d gSA ;|fi (i) rFkk (ii) fLFkfr esa laxr leku
lkis{k xfr (lzksr rFkk isz{kd osQ eè;) HkkSfrd :i ls le:ih ugha gS] D;ksafd ekè;e osQ
lkis{k izs{kd dh xfr bu nksuksa fLFkfr;ksa esa fHkUu gSA vr%] (i) rFkk (ii) fLFkfr;ksa esa ge èofu
osQ fy, MkWIyj osQ lw=kksa dh lekurk dh vis{kk ugha dj ldrsA fuokZr esa izdk'k&rjaxksa osQ
fy,] Li"Vr;k (i) rFkk (ii) fLFkfr osQ chp dksbZ Hksn ugha gSA ;gk¡ ek=k lzksr rFkk isz{kd dh
lkis{k xfr;k¡ gh vFkZ j[krh gSa rFkk vkisf{kdh; MkWIyj dk lw=k (i) rFkk (ii) fLFkfr osQ fy,
leku gSA ekè;e esa izdk'k lapj.k osQ fy, iqu% èofu&rjaxksa osQ leku] nksuksa fLFkfr;k¡ leku
ugha gSa rFkk (i) rFkk (ii) fLFkfr;ksa osQ fy, gesa MkWIyj osQ lw=k osQ fHkUu gksus dh vis{kk j[kuh
pkfg,A

10.16 3.4 × 10–4 m

10.17 (a) vkdkj ~ λ/d lw=k osQ vuqlkj] vkdkj vk/k jg tkrk gSA rhozrk pkj xquh c<+ tkrh gSA

(b) f}&f>jh lek;kstu esa O;frdj.k ¯izQtksa dh rhozrk izR;sd f>jh osQ foorZu iSVuZ }kjk
ekMqfyr (modulated) gksrh gSA

(c) òÙkh; vojks/ osQ fdukjksa ls foo£rr rjaxsa Nk;k osQ osaQnz ij laiks"kh O;frdj.k }kjk iznhIr
¯cnq mRiUu djrh gSaA
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(d) rjaxksa osQ cM+s dks.k ij foorZu vFkok eqM+us osQ fy, vojks/ksa@}kjdksa dk vkdkj] rjax
dh rjaxnS?;Z osQ led{k gksuk pkfg,A ;fn vojks/@}kjd dk vkdkj rjaxnS?;Z dh rqyuk
esa cgqr cM+k gS rks foorZu NksVs dks.k ls gksxkA ;gk¡ vkdkj oqQN ehVjksa dh dksfV dk gksrk
gSA izdk'k dh rjaxnS?;Z yxHkx 5 × 10–7 m gS] tcfd èofu&rjaxksa_ tSls 1k Hz vkòfÙk
okyh èofu dh rjaxnS?;Z yxHkx 0.3 m gSA bl izdkj èofu&rjaxsa foHkktd osQ pkjksa vksj
eqM+ ldrh gSa tcfd izdk'k rjaxsa ugha eqM+ ldrhaA

(e) U;k;laxrrk dk vk/kj (d) esa mYysf[kr gSA lk/kj.k izdkf'kd ;a=kksa esa iz;qDr }kjdksa dk
vkdkj izdk'k dh rjaxnS?;Z ls cgqr cM+k gksrk gSA

10.18 12.5 cm

10.19 0.2 nm

10.20 (a) ,saVhuk }kjk izkIr lh/s laosQr rFkk xq”kjus okys ok;q;ku ls ijko£rr laosQrksa dk O;frdj.kA
(b) vè;kjksi.k dk fl¼kar rjaxxfr dks fu;af=kr djus okyh vody (differential)

lehdj.k osQ js[kh; pfj=k ls izfrikfnr gSA ;fn y1 vkSj y2 bl lehdj.k osQ gy gSa] rks
y1 vkSj y2 dk js[kh; ;ksx Hkh mudk gy gksxkA tc vk;ke cM+s gksa (mnkgj.k osQ fy,
mPp rhozrk dk ys”kj fdj.k&iqat) rFkk vjSf[kd izHkko egRoiw.kZ gks rks ;g fLFkfr vkSj
Hkh tfVy gks tkrh gS] ftldk le>uk ;gk¡ vko';d ugha gSA

10.21 fdlh ,dy f>jh dks n NksVh f>fj;ksa esa ck¡fV, ftuesa izR;sd dh pkSM+kbZ a ′ = a/n gSA dks.k
θ = nλ/a = λ/a ′A izR;sd NksVh f>jh ls dks.k θ  dh fn'kk esa rhozrk 'kwU; gSA budk la;kstu
Hkh 'kwU; rhozrk iznku djrk gSA

vè;k; 11

11.1 (a)  7.24 × 1018 Hz (b) 0.041 nm

11.2 (a) 0.34 eV = 0.54 × 10–19J (b) 0.34 V (c) 344 km/s

11.3 1.5 eV = 2.4 × 10–19 J

11.4 (a) 3.14 × 10–19J, 1.05 × 10–27 kg m/s      (b) 3 × 1016 iQksVkWu/s
(c)  0.63 m/s

11.5 4 × 1021 iQksVkWu/m2 s

11.6 6.59 × 10–34 J s

11.7 (a)  3.38 × 10–19 J = 2.11 eV   (b) 3.0 × 1020 iQksVkWu/s

11.8 2.0 V

11.9 ugha] D;ksafd ν < νo

11.10 4.73 × 1014 Hz

11.11 2.16 eV = 3.46 × 10–19J

11.12 (a) 4.04 × 10–24 kg m s–1    (b) 0.164 nm

11.13 (a) 5.92 × 10–24 kg m s–1    (b) 6.50 × 106 m s–1        (c) 0.112 nm

11.14 (a) 6.95 × 10–25 J = 4.34 µeV          (b) 3.78 × 10–28 J = 0.236 neV
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11.15 (a) 1.7 × 10–35 m (b) 1.1 × 10–32 m     (c) 3.0 × 10–23 m

11.16 (a) 6.63 × 10–25 kg m/s (nksuksa osQ fy,)         (b) 1.24 keV      (c) 1.51 eV

11.17 (a) 6.686 × 10–21 J = 4.174 × 10–2 eV       (b) 0.145 nm

11.18 λ = h/p = h/(hν/c) = c/ν

11.19 0.028 nm

11.20 (a) eV = (m v2/2) dk mi;ksx dhft, vFkkZr, v = [(2eV/m)]1/2 ; v = 1.33 × 107 m s–1

(b) ;fn ge V = 107  V osQ fy, mlh lw=k dk iz;ksx djsa] rks v = 1.88 × 109 m s–1

vkrk gSA ;g Li"V :i ls xyr gS] D;ksafd dksbZ Hkh nzO; d.k izdk'k osQ osx
(c = 3 × 108 m s–1) ls vfèkd osx ls ugha py ldrkA oLrqr% xfrt mQtkZ osQ fy, mijksDr
lw=k (mv2/2) osQoy (v/c) << 1 osQ fy, oS/ gSA cgqr vfèkd pky ij] tc (v/c) osQ yxHkx
rqY; (;|fi ges'kk 1 ls de) gksrk gS] rks vkisf{kdh; izHkko&{ks=k osQ dkj.k fuEufyf[kr lw=k
oSèk gksrs gSa %

vkisf{kdh; laosx p = m v

oqQy mQtkZ E = m c 2

xfrt mQtkZ K = m c 2 – m
 o
c 2

tgk¡ vkisf{kdh; nzO;eku m fuEukuqlkj fn;k tkrk gS

m m
v

c
= −







−

0

2

2

1 2

1
/

m
 0
 d.k dk fojke nzO;eku dgykrk gSA bu lacaèkksa ls izkIr gksrk gS %

E = (p 2c 2 + m0
2 c4)1/2

è;ku nhft, fd vkisf{kdh; izHkko&{ks=k esa] tc v/c  yxHkx 1 osQ cjkcj gksrk gS] rks
oqQy mQtkZ E ≥ m

 0
 c 2 (fojke nzO;eku mQtkZ)A bysDVªkWu dh fojke nzO;eku mQtkZ yxHkx

0.51 MeV gksrh gSA blfy, 10 MeV dh xfrt mQtkZ] tks bysDVªkWu dh fojke nzO;eku
mQtkZ ls cgqr vfèkd gS] vkisf{kdh; izHkko&{ks=k dks O;Dr djrh gSA vkisf{kdh; lw=kksa osQ iz;ksx
ls v (10 MeV xfrt mQtkZ osQ fy,) = 0.999 c

11.21 (a) 22.7 cm
(b) ughaA tSlk fd mQij Li"V fd;k x;k gS] 20 MeV dk ,d bysDVªkWu vkisf{kdh; xfr
ls pysxkA ifj.kkeLo:i] v&vkisf{kdh; lw=k R = (m0v/e B ) oSèk ugha jgrkA vkisf{kdh;
lw=k gS

R = p/eB = mv/eB ;k  2 2
0 / 1 – /R m v eB v c=

11.22 e V = (m v2/2) rFkk R = (m v/e B) osQ iz;ksx ls (e/m) = (2V/R2 B 2 ); rFkk fn, x,
vk¡dM+ksa osQ iz;ksx ls izkIr gksrk gS % (e/m) = 1.73 × 1011 C kg–1

11.23 (a) 27.6 keV    (b) 30 kV dh dksfV dkA

11.24 λ = (hc/E) osQ iz;ksx ls] tgk¡ E = 5.1 × 1.602 × 10–10J λ = 2.43 × 10–16 m
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11.25 (a) λ = 500 m osQ fy, E = (h c/ λ) = 3.98 × 10–28J izfr lsoaQM mRl£tr iQksVkWuksa dh
la[;k

= 104J s–1/3.98 × 10–28J ∼ 3 × 1031 s–1

ge ns[krs gSa fd jsfM;ksiQksVkWu dh mQtkZ cgqr de gS vkSj jsfM;ks iqat esa izfr lsoaQM mRlftZr
iQksVkWuksa dh la[;k cgqr vfèkd gSA blfy, ;gk¡ mQtkZ osQ U;wure DokaVe (iQksVkWu) osQ vfLrRo
dks misf{kr djus vkSj jsfM;ks rjax dh oqQy mQtkZ dks lrr ekuus ls ux.; =kqfV vkrh gSA
(b) ν =  6 × 1014 Hz osQ fy, E ∼ 4 × 10–19J U;wure rhozrk osQ laxr iQksVkWuksa dk
vfHkokg (ÝyDl)

= 10–10 W m–2/4×10–19J = 2.5 × 108 m–2 s–1

vk¡[k dh iqryh esa izos'k djus okys iQksVkWuksa dh la[;k izfr lsoaQM = 2.5 × 108 × 0.4 ×

10–4 s–1 = 104 s–1A ;|fi ;g iQksVkWuksa dh la[;k (a) dh rjg vR;fèkd ugha gS] fiQj Hkh gekjs
fy, ;g dkiQh vfèkd gS] D;ksafd ge dHkh Hkh viuh vk¡[kksa ls iQksVkWuksa dks u rks vyx&vyx
ns[k ldrs gSa] u gh fxu ldrs gSaA

11.26 φ0 = h ν – e V0 = 6.7 × 10–19 J = 4.2 eV; ν0 = 
f0

h
 = 1.0 × 1015 Hz;  ν = 4.7

× 1014 Hz < ν0  osQ laxr λ = 6328Å gSA

pkgs yslj osQ izdk'k dh rhozrk fdruh Hkh vfèkd D;ksa u gks] iQksVkslsy bl izdk'k osQ fy,
vfØ;k'khy gh jgsxkA

11.27 nksuksa Ïksrksa osQ fy, e V0 = h ν – φ 0 dk mi;ksx dhft,A izFke Ïksr osQ fy, fn, x, vk¡dM+ksa
ls] φ 0 = 1.40 eVA vr%] nwljs Ïksr osQ fy, V0 = 1.50 V A

11.28 V0 vkSj v esa vkjs[k [khafp,A vkjs[k dk <ky (h/e) vkSj ν-v{k ij bldk var%[kaM v0 dks

iznf'kZr djrk gSA igys pkj ̄cnq yxHkx ljy js[kk ij vkrs gSa] tks v-v{k dks v0 = 5.0 × 1014

Hz (nsgyh vko`fÙk) ij dkVrh gSA ik¡pok¡ ¯cnq v < v0 osQ fy, gksrk gS] tgk¡ izdk'k fo|qr
mRltZu ugha gksrk vkSj blfy, èkkjk dks jksdus osQ fy, fujksèkh foHko dh vko';drk ugha gksrhA
vkjs[k dk <ky 4.15 × 10–15 V s gSA e = 1.6 × 10–19 C rFkk h = 6.64 × 10–34 J s (h

dk ekud eku = 6.626 × 10–34 J s) osQ iz;ksx ls] φ0  = h ν0 = 2.11V

11.29 ;g ik;k x;k gS fd nh gqbZ vkifrr vko`fÙk ν] ν0 (Na) rFkk ν0 (K) ls vfèkd gS] ijarq

ν 0 (Mo) rFkk ν0 (Ni) ls de gSA blfy, Mo rFkk Ni izdk'k fo|qr mRltZu ugha djsaxsA ;fn
yslj fudV yk;k tkrk gS] rks fofdj.k dh rhozrk c<+rh gS] ysfdu blls Mo rFkk Ni lacaèkh
ifj.kkeksa ij dksbZ izHkko ugha iM+rkA fiQj Hkh Na vkSj K ls izdk'k fo|qr èkkjk] fofdj.k dh
rhozrk c<+us osQ lkFk c<+sxhA

11.30 izfr ijek.kq ,d pkyu bysDVªkWu vkSj izHkkoh ijekf.od {ks=kiQy  ~10–20 m2 ekuus ij] 5
lrgksa esa bysDVªkWuksa dh la[;k

= 
–4 2

20 2

5 2 10 m
10 m−

× ×
 = 1017

vkifrr 'kfDr
= 10–5 W m–2 × 2 × 10–4 m2

= 2 × 10–9 W
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rjax fp=k.k (izÑfr) esa] vkifrr 'kfDr lHkh bysDVªkWuksa }kjk lrr :i ls ,dleku vo'kksf"kr
gksrh gSA ifj.kkeLo:i] izfr bysDVªkWu izfr lsoaQM vo'kksf"kr mQtkZ

= 
–9

17

2 10
10
×

 = 2 × 10–26 W

izdk'k fo|qr mRltZu osQ fy, vko';d le;

= 
–19

26

2 1.6 10 J
2 10  W−

× ×
×

 = 1.6 × 107 s

tks yxHkx vkèkk (0.5) o"kZ gSA

egÙo % izk;ksfxd :i ls] izdk'k&fo|qr mRltZu yxHkx rkR{kf.kd (∼10–9 s) izsf{kr gksrk
gSA blfy, rjax&izÑfr iz;ksx ls iw.kZ vlgefr esa gSA iQksVkWu&fp=k.k esa] mQijh lrg esa
fofdj.k dh mQtkZ lHkh bysDVªkWuksa }kjk leku :i ls lkf>r ugha gksrh gSA cfYd] mQtkZ vlrr
^DokaVk* osQ :i esa vkrh gS vkSj mQtkZ dk vo'kks"k.k èkhjs&èkhjs ugha gksrkA iQksVkWu ;k rks
vo'kksf"kr ugha gksrk gS] ;k yxHkx rkR{kf.kd :i ls bysDVªkWu }kjk vo'kksf"kr gksrk gSA

11.31 λ = 1 Å osQ fy,] bysDVªkWu dh mQtkZ = 150 eV;  iQksVkWu dh mQtkZ = 12.4 keV

blfy,] leku rjaxnS?;Z osQ fy,] iQksVkWu dh mQtkZ] bysDVªkWu dh mQtkZ ls dkiQh vfèkd gksrh gSA

11.32 (a)
Km

h

p

h

 2
==λ

blfy, leku K osQ fy,] λ] nzO;eku m osQ lkFk (1/ m ) osQ vuqlkj ?kVrh gSA vc

(m
n
/m

e
) = 1838.6; vr% leku mQtkZ 150 eV osQ fy, (vH;kl 11.31 dh rjg)]

U;wVªkWu dh rjaxnS?;Z =
1

18386





  × 10–10 m = 2.33 × 10–12 mA varjkijekf.od

(Interatomic) nwfj;k¡ blls yxHkx lkS xquk cM+h gSaA blfy, 150 eV mQtkZ dk U;wVªkWu-
iqat foorZu iz;ksxksa osQ fy, mi;qDr ugha gSA

(b) λ = )   3/( Tkmh osQ iz;ksx ls λ = 1.45 × 10–10 m, tks fØLVy esa varjkijekf.od

nwfj;ksa osQ rqyuh; gSA Li"Vr;k mQij (a) rFkk (b) ls] rkih; U;wVªkWu foorZu iz;ksxksa osQ fy,
mi;qDr vUos"kh (d.k) gSaA blfy, mPp mQtkZ osQ U;wVªkWu-iqat dks foorZu osQ fy, iz;qDr djus
ls iwoZ rkfir dj ysuk pkfg,A

11.33 λ = 5.5 × 10–12 m

λ (ihyk izdk'k) 5.9 × 10–7m

foHksnu {kerk] rjaxnS?;Z osQ O;qRØekuqikrh gSA blfy, bysDVªkWu lw{en'khZ dh foHksnu {kerk]
izdk'kh; lw{en'khZ dh foHksnu {kerk ls yxHkx 105 xquk gSA O;ogkj esa nwljs (T;kferh;)
dkjdksa dk varj bl rqyuk dks FkksM+k lk ifjofrZr dj ldrk gSA

11.34 laosx osQ fy,
–34

–15

6.63 10 Js
 =   

10 m
h

p
λ

×
=

= 6.63 × 10–19 kg m s–1
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mQtkZ osQ fy, vkisf{kdh; lw=k osQ iz;ksx ls

E 2 = c 2p 2 + m0
2 c 4 = 9 × (6.63)2 × 10–22 + (0.511 × 1.6)2 × 10–26

∼ 9 × (6.63)2 × 10–22  J2

f}rh; in (fojke nzO;eku mQtkZ) ux.; gks tkrk gSA

blfy,] E = 1.989 × 10–10 J = 1.24 BeV

vr% Rojd (accelerator) ls fudys bysDVªkWu dh mQtkZ oqQN BeV dh dksfV dh vo';
gksuh pkfg,A

11.35   
3   

h

m k T
λ =   ;  mHe = 

4 10
6 10

3

23

×
×

�

kg osQ iz;ksx ls

λ = 0.73 × 10–10 m ekè; i`FkDdj.k (nwjh)
r = (V/N)1/3 = (kT/p)1/3

T = 300 K, p = 1.01 × 105 Pa osQ fy, r = 3.4 × 10–9 m izkIr gksrk gSA ge ikrs gSa
fd r >> λ

11.36 vH;kl 11.35 okyk leku lw=k iz;ksx djus ij λ = 6.2 × 10–9 m tks nh xbZ
varjkbysDVªkWfud nwjh ls cgqr vfèkd gSA

11.37 (a) DokoZQ] U;wVªkWu ;k izksVkWu esa ,sls cyksa ls c¡èks ekus tkrs gSa] tks mudks nwj [khapus ij izcy
gksrs gSaA blfy, ,slk izrhr gksrk gS fd ;|fi izÑfr esa fHkUukRed vkos'k gks ldrs gSa]
rFkkfi izs{k.kh; vkos'k e osQ iw.kZ xq.kt gksrs gSaA

(b) fo|qr rFkk pqacdh; {ks=kksa osQ fy, Øe'k% nksuksa ewy laca/ e V = (1/2) m v2 ;k
e E = m a rFkk e B v =m v2/r, izn£'kr djrs gSa fd bysDVªkWu dh xfrdh e ,oa m
nksuksa }kjk vyx&vyx fu/kZfjr ugha gksrh] cfYd e/m }kjk fu/kZfjr gksrh gSA

(c) fuEu nkcksa ij vk;uksa dh] muosQ laxr bysDVªksMksa ij igq¡pus vkSj /kjk dh jpuk djus
dh laHkkouk gksrh gSA lkekU; nkcksa ij] xSl v.kqvksa ls VDdj vkSj iqul±;kstu osQ dkj.k
vk;uksa dh ,slh dksbZ laHkkouk ugha gksrhA

(d) dk;Z&iQyu] bysDVªkWu dks pkyu cSaM osQ Åijh Lrj ls /krq ls ckgj fudkyus osQ fy,
vko';d U;wure ÅtkZ ek=k gSA /krq osQ lHkh bysDVªkWu bl Lrj (ÅtkZ voLFkk) esa ugha
gksrsA os Lrjksa dh larr cSaM esa jgrs gSaA ifj.kkeLo:i] ,d gh vkifrr fofdj.k osQ fy,]
fofHkUu Lrjksa ls fudys bysDVªkWu] fofHkUu ÅtkZvkssa osQ lkFk fuxZr gksrs gSaA

(e) fdlh d.k dh ÅtkZ E (u fd laosx p) dk ije eku ,d ;ksxkRed fLFkjkad osQ vèkhu
Lora=k gSA blfy, tgk¡ λ  HkkSfrd :i ls egRoiw.kZ gS] ogha ,d bysDVªkWu dh nzO; rjax
osQ fy, ν osQ ije eku dk dksbZ lh/k HkkSfrd egRo ugha gksrk gSA blh rjg dyk pky
νλ Hkh HkkSfrd d.k ls egRoiw.kZ ugha gSA lewg pky

d

d

dE

dp

ν
( / )1 λ

=  = 
d

dp

p

m

p

m

2

2









 =

HkkSfrd :i ls vFkZiw.kZ gSA

vè;k; 12

12.1 (a) ls fHkUu ugha

(b) VkWelu ekWMy] jnjiQksMZ ekWMy
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(c) jnjiQksMZ ekWMy
(d) VkWelu ekWMy] jnjiQksMZ ekWMy
(e) nksuksa ekWMy

12.2 gkbMªkstu ijek.kq dk ukfHkd izksVªkWu gSA bldk æO;eku 1.67 × 10–27kg gS] tcfd vkifrr
,sYI+kQk d.k dk æO;eku 6.64 × 10–27 kg gSA D;ksafd izdh.kZ gksus okys d.k dk æO;eku
y{; ukfHkd (izksVkWu) ls vR;f/d gS blfy, izR;{k la?kêð esa Hkh ,sYI+kQk&d.k okil ugha
vk,xkA ;g ,slk gh gS tSls fd dksbZ iqQVcky] fojkekoLFkk esa Vsful dh xsan ls Vdjk,A bl
izdkj izdh.kZu cM+s dks.kksa ij ugha gksxkA

12.3 820 nm

12.4 5. 6 × 1014 Hz

12.5 13.6 eV; – 27. 2 eV

12.6 9.7 × 10–8 m; 3.1 × 1015 Hz

12.7 (a) 2.18 × 106 m/s; 1.09 × 106 m/s; 7.27 × 105 m/s

(b) 1. 52 × 10–16s ; 1. 22 × 10–15 s; 4.11 × 10–15 s

12.8 2.12 × 10–10 m; 4.77 × 10–10m

12.9 ykbeSu Js.kh% 103 nm rFkk  122 nm

ckej Js.kh% 665 nm

12.10 2.6 × 1074

12.11 (a) yxHkx leku

(b) dkI+kQh de

(c) ;g laosQr djrk gS fd izdh.kZu eq[;r% ,d la?k^ osQ dkj.k gS D;ksafd ,d la?kêð dh
laHkkouk y{; ijek.kqvksa dh la[;k osQ lkFk jSf[kdr% c<+rh gS vkSj blfy, eksVkbZ osQ
lkFk jSf[kdr% c<+rh gSA

(d) VkWelu ekWMy esa] ,d la?k^ osQ dkj.k cgqr de fo{ksi gksrk gSA izsf{kr vkSlr izdh.kZu
dks.k dh O;k[;k osQoy cgqizdh.kZu dks è;ku esa j[kdj gh dh tk ldrh gSA vr% VkWelu
ekWMy esa cgqizdh.kZu dh mis{kk xyr gSA jnjiQksMZ ekWMy esa vfèkdrj izdh.kZu ,d la?k^
osQ dkj.k gksrk gS vkSj cgqizdh.kZu izHkko dh izFke lfUudVu ij mis{kk dh tk ldrh gSA

12.12 cksj ekWMy dh izFke d{kk dh f=kT;k a0 ftldk eku gS 
2

0
0 2

4 ( /2 )
=

e

h
a

m e

 

;fn ge ijek.kq xq#Roh; cy (Gmpme/r2), }kjk c¡èkk ekurs gSa] rc gesa (e2/4 π ε0) osQ

LFkku ij Gmpme izfrLFkkfir djuk pkfg,A vFkkZr cksj ekWMy dh izFke d{kk dh f=kT;k

a
h

Gm m

G

p e

0

2

2

2
=

( / )π
≅ 1.2 × 1029 m gksuh pkfg,A ;g laiw.kZ fo'o osQ vkdfyr vkdkj ls

dgha vf/d gSA

12.13 







−

−ππ
=ν 2232

0
3

4 1
)1(

1
)2/()4( nnh

me

ε 2232
0

3

4

)1()2/()4(
)12(

−ππ
−

=
nnh

nme

ε

n osQ vfèkd eku osQ fy,] 332
0

3

4

)2/(32 nh

me

ππ
≅ν

ε

2022-23



519

mÙkj

d{kh; vko`fÙk νc = (v/2 π r) gSA

cksj ekWMy esa v = 
rm

hn )2/( π
, vkSj r 2

2

2
0 )2/(4

n
me

h ππ
=

ε gSA

vr% νc = 22
)2/(

mr

hn

π
π

332
0

3

4

)2/(32 nh

me

ππ
=

ε

tks n osQ vfèkd eku osQ fy, ν osQ eku osQ leku gSA

12.14 (a) jkf'k 
e

mc

2

0
24 π ε





  dh foek yackbZ dh foek gSA bldk eku 2.82×10–15 m gS tks

iz:ih ijek.oh; vkeki ls dkI+kQh de gSA

(b) jkf'k 
2

2
0 )2/(4
me

h ππε  dh foek] yackbZ dh foek gSA bldk eku 0.53 × 10–10 m gS

tks ijek.oh; lkb”kksa dh dksfV dk gSA (è;ku nhft, fd foeh; roZQ okLro esa ;g ugha
crk ldrs fd gesa lgh lkb”k izkIr djus osQ fy, h osQ LFkku ij 4π vkSj h/2π
izfrLFkkfir djuk pkfg,A

12.15 cksj ekWMy esa] mvr = n   vkSj 
mv

r

Ze

r

2 2

0
24

=

πε

vr% 
22

2 20
2

0

41
= = ; =

2 8
hZe

T mv r n
r Ze m




bu lacaèkksa ij fLFkfrt mQtkZ osQ fy, 'kwU; osQ p;u dk dksbZ izHkko ugha gSA vc fLFkfrt mQtkZ
osQ 'kwU; Lrj dks vuar ij p;u djus ij

V = – (Ze2/4 π ε 0r )

ftlls V = –2T vkSj E = T + V = – T izkIr gksrk gS

(a) E dk mn~èk`r eku = – 3.4 eV vuar ij fLFkfrt mQtkZ 'kwU; Lrj osQ izFkkxr p;u ij
vkèkkfjr gSA E = – T iz;ksx djus ij] bysDVªkWu dh bl voLFkk esa xfrt mQtkZ + 3.4 eV
gSA

(b) V = – 2T osQ iz;ksx ls] bysDVªkWu dh fLFkfrt mQtkZ = 6.8 eV izkIr gksrh gSA

(c) ;fn fLFkfrt mQtkZ osQ 'kwU; Lrj dk fHkUu rjhosQ ls p;u fd;k tkrk gS rks xfrt mQtkZ
vifjofrZr jgrh gSA xfrt mQtkZ dk eku + 3.4 eV] fLFkfrt mQtkZ osQ 'kwU; Lrj osQ p;u
ij fuHkZj ugha djrk gSA ;fn fLFkfrt mQtkZ dk 'kwU; Lrj fHkUu <ax ls p;fur fd;k tkrk
gS rks bysDVªkWu dh fLFkfrt mQtkZ ,oa oqQy mQtkZ voLFkk ifjofrZr gks tk,xhA

12.16 xzgh; xfr ls lac¼ dks.kh; laosx h osQ lkis{k vf}rh; :i ls cM+k gSA mnkgj.kkFkZ] viuh
d{kh; xfr esa i`Foh dk dks.kh; laosx 1070h dksfV dk gSA cksj osQ DokaVehdj.k vfHkx`ghr
osQ inksa esa] ;g n osQ cgqr cM+s (1070 dh dksfV dk) eku osQ laxr gSA n osQ brus cM+s eku
osQ fy, cksj ekWMy osQ DokafVr Lrjksa osQ mÙkjksÙkj mQtkZvksa vkSj dks.kh; laosxksa osQ varj
O;kogkfjd mís';ksa osQ larr Lrjksa dh Øe'k% mQtkZvksa vkSj dks.kh; laosxksa dh rqyuk esa cgqr
de gSaA
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12.17 cksj ekWMy osQ lw=kksa esa me dks mµ ls izfrLFkkfir djus dh vko';drk gSA vr% vU; inksa

dks fu;r j[krs gq, ge ikrs gSa fd r α (1/m) vkSj E α m

vr% r
r m

m
e e

m

m

= =
×0 53 10

207

13. �

= 2.56 × 10–13 m

Em

e m

e

E

m
=

µ

= – (13.6 × 207) eV ≅  – 2.8 keV

vè;k; 13

13.1 (a) 6.941 u     (b) 19.9%, 80.1%

13.2 20.18 u

13.3 104.7 MeV

13.4 8.79 MeV, 7.84 MeV

13.5 1.584 × 1025 MeV vFkok 2.535×1012J

13.6 i) 226 222 4
88 86 2Ra Rn+ He→ ii) 242 238 4

94 92 2Pu U+ He→

iii) 32 32 –
15 16P S+e +ν→ iv) 210 210 –

83 84B Po+e +ν→

v) 11 11 +
6 5C B+e +ν→ vi) 97 97 +

43 42Tc Mo+e +ν→

vii) 120 – 120
54 53Xe+e I+ν→

13.7 (a) 5 T o"kZ   (b) 6.65 T o"kZ

13.8 4224 o"kZ
13.9 7.126 ×10–6 g

13.10 7.877 ×1010 Bq vFkok 2.13 Ci

13.11 1.23

13.12 (a) Q = 4.93 MeV, Eα = 4.85 MeV   (b) Q = 6.41 MeV, Eα = 6.29 MeV

13.13
11 11 +
6 6C B+e +ν→  + Q

;gk¡ bafxr nzO;eku ijek.kqvksa osQ u gksdj ukfHkdksa osQ gSaaA ;fn ijek.oh; nzO;ekuksa dk mi;ksx
djus osQ fy, gesa 11C osQ fy, 6me rFkk 

11B osQ fy, 5me  nzO;ekuksa dk vkSj ;ksx djuk
gksxkA vr%

fn, x, nzO;ekuksa osQ mi;ksx ls Q = 0.961 MeV

Q = E
d
+ E

e
+ Eν

fo?kVut ukfHkd e+ rFkk ν  dh rqyuk esa vf/d Hkkjh gS] vr% fo?kVut ukfHkd dh ÅtkZ
ux.; (E

d
≈0) gksrh gSA ;fn U;wfVªuksa dh xfrt ÅtkZ (Eν) U;wure (vFkkZr 'kwU;) gks rks

ikWthVªku dh ÅtkZ vf/dre gksxh] tks O;kogkfjd :i ls Q  osQ cjkcj gksxh vFkkZr E
e 
dk

vf/dre ekuQ gksxkA
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13.14
23 23 –
10 11Ne Na +e + Qν→ + ; Q m m m cN N e= ( ) − ( ) − 10

23
11
23Ne Na 2, vH;kl 13.13

osQ leku gh] ;gk¡ iz;qDr nzO;eku ukfHkdksa osQ fy, gS] ijek.kqvksa osQ ughaA ijek.oh; nzO;ekuksa

osQ eku iz;ksx djus ij Q m m c= ( ) − ( ) 10
23

11
23Ne Na 2 ; Q = 4.37 MeVA vH;kl

13.13 osQ leku gh bysDVªkWu dh vf/dre xfrt ÅtkZ Q = 4.37 MeV A

13.15 (i)  Q = –4.03 MeV; Å"ek'kks"kh

(ii) Q =4.62 MeV; Å"ekmUeksph

13.16 Q =  ( ) ( )56 28
26 13Fe – 2 Alm m = 26.90 MeV; vlaHko

13.17 4.536 × 1026 MeV

13.18
235
92 U  dh izfr xzke mRikfnr ÅtkZ = 

23 13
16 10 200 1.6 10

Jg
235

−
−× × × ×

5 o"kZ osQ le; esa 80% le; osQ fy, mi;ksx fd, tkus ij fj,DVj esa O;f;r 235
92U  dh

ek=kk

    =  
16

13

5 0.8 3.154 10 235
g

1.2 1.6 10
× × × ×

× ×
 = 1544 kg

235
92U  dh izkjafHkd ek=kk = 3088 kg

13.19 yxHkx 4.9 × 104 y

13.20 360 KeV

13.22 izfr;ksxh izØeksa ij fopkj dhft, %
+

–1 1X Y +eA A
Z Z e Qν→ + +  (ikthVªkWu mRltZu)

–
–1 2X YA A

Z Z ee Qν+ → + +  (bysDVªkWu ifjxzg.k)

Q1

Q2

vr% Q1 > 0 rFkk Q2 > 0 ijarq Q2 > 0 dk vFkZ Q1 > 0 vko';d ugha gSA

13.23
25
12Mg  : 9.3%, 26

12Mg :11.7%

13.24 ,d ukfHkd A
Z X  dh U;wVªkWu i`FkDdj.k ÅtkZ S

n
 osQ fy, lehdj.k gS]
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fn, gq, vk¡dM+ksa ,oa c2 = 931.5 MeV/u dk mi;ksx djus ij ge ikrs gSa
41 27
20 13( Ca) 8.36MeV ( Al) 13.06 MeVn nS S ,oa

13.25 209 d

13.26
14
6C  osQ mRltZu osQ fy,

223 209 14 2
88 82 6[ ( Ra) ( Pb) ( C)]N N NQ m m m c= − −

   223 209 14 2
88 82 6[ ( Ra) ( Pb) ( C)]m m m c= − −  = 31.85 MeV

 4
2He  osQ mRltZu osQ fy,] 223 219 4 2

88 86 2[ ( Ra) ( Rn) ( He)]Q m m m c= − −  =5.98 MeV

13.27
238 140 99 2
92 n 58 44[ ( U) ( Ce) ( Ru)]Q m m m m c= + − −  = 231.1 MeV

13.28 (a)  2 3 4 2
1 1 2 n[ ( H) ( H) ( He) ] 17.59MeVQ m m m m c= + − − =

(b) owQykWe izfrd"kZ.k osQ fujlu osQ fy, vko';d xfrt ÅtkZ = 480.0 KeV

          480.0 keV = 7.68×10–14 J = 3kT

14
23 1

23 J K )
7.68 10

( 1.381 10
3 1.381 10

T k


 



  

 
 p¡fw d

     = 1.85 ×109 K (vko';d rki)

13.29 ( ) ( )– –
1 20.284MeV, 0.960MeVmax maxK Kβ β= =

( ) 20
1 2.627 10 Hzν γ = × , ( ) 20

2 0.995 10 Hzν γ = × , ( ) 20
3 1.632 10 Hzν γ = ×

13.30 (a) uksV djsa fd lw;Z osQ vH;arj esa pkj 1
1H  ukfHkd feydj (lay;u) ,d 4

2He   ukfHkd

cukrs gSa rFkk izfr lay;u yxHkx 26 MeV dh ÅtkZ foeqDr gksrh gSA

1kg gkbMªkstu osQ lay;u esa foeqDr ÅtkZ = 39 ×1026 MeV

           (b) 1kg 235
92U  osQ fo[kaMu esa foeqDr ÅtkZ = 5.1×1026 MeV

1 kg gkbMªkstu osQ lay;u esa foeqDr ÅtkZ] 1 kg ;wjsfu;e osQ fo[kaMu esa foeqDr ÅtkZ
dh yxHkx 8 xquh gSA

13.31 3.076 × 104 kg

vè;k; 14

14.1 (c)

14.2 (d)

14.3 (c)

14.4 (c)

14.5 (c)

14.6 v/Zrjax osQ fy, 50 Hz ; iw.kZ rjax osQ fy,100 Hz

14.7 ugha (hν dk eku Eg  ls vf/d gh gS)
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14.8 ne ≈ 4.95 × 1022; nh = 4.75 × 109 ; n-izdkj dk] pw¡fd ne >> nh

laosQr % vkos'k mnklhurk osQ fy, ND – NA 
= ne – nh ; ne.nh = 

bu lehdj.kksa dks gy djus ij] ne = 

14.9 1 × 105

14.10 (a) 0.0629 A, (b) 2.97 A, (c) 0.336 Ω

(d) nksuksa oksYVrkvksa osQ fy, /kjk I dk eku yxHkx I0
 
osQ leku gksxk] blls Kkr gksrk gS

fd i'pfnf'kd ck;l esa xfrd izfrjks/ dk eku vuar gksxk!

14.12 NOT ; A Y

0 1

1 0

14.13 (a) AND    (b)  OR

14.14 OR xsV

14.15 (a) NOT,  (b) AND
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ikB~;iqLrosaQ

bl iqLrd esa ftu fo"k;ksa dks lfEefyr fd;k x;k gS] mu fo"k;ksa osQ vfrfjDr vè;;u osQ fy, vki fuEufyf[kr iqLrdksa esa ls ,d ;k vfèkd
iqLrosaQ i<+uk pkgsaxsA ;|fi bu iqLrdksa esa ls oqQN mPp Lrj dh gSa vkSj muesa ,sls vusd fo"k; fn, x, gSa tks bl iqLrd esa ugha gSaA

1 Ordinary Level Physics, A.F. Abbott, Arnold-Heinemann (1984).

2 Advanced Level Physics, M. Nelkon and P. Parker, 6th Edition Arnold-Heinemann (1987).

3 Advanced Physics, Tom Duncan, John Murray (2000).

4 Fundamentals of Physics, David Halliday, Robert Resnick and Jearl Walker, 7th Edition
John Wiley (2004).

5 University Physics, H.D. Young, M.W. Zemansky and F.W. Sears, Narosa Pub. House (1982).

6 Problems in Elementary Physics, B. Bukhovtsa, V. Krivchenkov, G. Myakishev and
V. Shalnov, Mir Publishers, (1971).

7 Lectures on Physics (3 volumes), R.P. Feynman, Addision – Wesley (1965).

8 Berkeley Physics Course (5 volumes) McGraw Hill (1965).

a. Vol. 1 – Mechanics: (Kittel, Knight and Ruderman)

b. Vol. 2 – Electricity and Magnetism (E.M. Purcell)

c. Vol. 3 – Waves and Oscillations (Frank S. Craw-ford)

d. Vol. 4 – Quantum Physics (Wichmann)

e. Vol. 5 – Statistical Physics (F. Reif)

9 Fundamental University Physics, M. Alonso and E. J. Finn, Addison — Wesley (1967).

10 College Physics, R.L. Weber, K.V. Manning, M.W. White and G.A. Weygand, Tata McGraw
Hill (1977).

11 Physics: Foundations and Frontiers, G. Gamow and J.M. Cleveland, Tata McGraw Hill
(1978).

12 Physics for the Inquiring Mind, E.M. Rogers, Princeton University Press (1960).

13 PSSC Physics Course, DC Heath and Co. (1965) Indian Edition, NCERT (1967).

14 Physics Advanced Level, Jim Breithampt, Stanley Thornes Publishers (2000).

15 Physics, Patrick Fullick, Heinemann (2000).

16 Conceptual Physics, Paul G. Hewitt, Addision-Wesley (1998).

17 College Physics, Raymond A. Serway and Jerry S. Faughn, Harcourt Brace and Co. (1999).

18 University Physics, Harris Benson, John Wiley (1996).

xzaFk&lwph
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19 University Physics, William P. Crummet and Arthur B. Western, Wm.C. Brown (1994).

20 General Physics, Morton M. Sternheim and Joseph W. Kane, John Wiley (1988).

21 Physics, Hans C. Ohanian, W.W. Norton (1989).

22 Advanced Physics, Keith Gibbs, Cambridge University Press(1996).

23 Understanding Basic Mechanics, F. Reif, John Wiley (1995).

24 College Physics, Jerry D. Wilson and Anthony J. Buffa, Prentice-Hall (1997).

25 Senior Physics, Part – I, I.K. Kikoin and A.K. Kikoin, Mir Publishers (1987).

26 Senior Physics, Part – II, B. Bekhovtsev, Mir Publishers (1988).

27 Understanding Physics, K. Cummings, Patrick J. Cooney, Priscilla W. Laws and Edward
F. Redish, John Wiley (2005).

28 Essentials of Physics, John D. Cutnell and Kenneth W. Johnson, John Wiley (2005).

lkekU; iqLrosaQ

foKku osQ vuqnsf'kr rFkk euksjatd lkekU; vè;;u osQ fy, vki fuEufyf[kr iqLrdksa esa ls oqQN iqLrosaQ i<+uk pkgsaxsA rFkkfi è;ku jf[k,] buesa
ls oqQN iqLrdksa dks fy[kus dk Lrj vkidh izLrqr iqLrd osQ Lrj ls dki+ Qh mPp j[kk x;k gSA

1 Mr. Tompkins in paperback, G. Gamow, Cambridge University Press (1967).

2 The Universe and Dr. Einstein, C. Barnett, Time Inc. New York (1962).

3 Thirty years that Shook Physics, G. Gamow, Double Day, New York (1966).

4 Surely You’re Joking, Mr. Feynman, R.P. Feynman, Bantam books (1986).

5 One, Two, Three…  Infinity, G. Gamow, Viking Inc. (1961).

6 The Meaning of Relativity, A. Einstein, (Indian Edition) Oxford and IBH Pub. Co (1965).

7 Atomic Theory and the Description of Nature, Niels Bohr, Cambridge (1934).

8 The Physical Principles of Quantum Theory, W. Heisenberg, University of Chicago Press
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HkkSfrdh

vadd bysDVªkWfudh Digital electronics

vadh; flXuy Digital signal

vard foHko Cut off potential

vard foHko Cut-off voltage/Stopping

potential

vard oksYVrk Cut-off voltage/Stopping

potential

var%f{kIr okgd Injected carriers

varjkdk'kh vkos'k Space charge

varjki`"B Interface

vxzfnf'kd ckW;l Forward bias

vfrØkafrd fj,DVj Super saturated reacter

vnhIr fizaQt Dark fringe

vfuf'prrk fl¼kar Uncertainty Principle

vuqer ÅtkZ Permissible energy

vuqer eku Rated value

vuq:i flXuy] larr flXuy Analog signal

vinzO;h v/Zpkyd] Extrinsic semiconductor

v'kqf¼ v/Zpkyd

vifeJd Dopant

vifj{ksih ekè;e Non-dispersive medium

viorZukad Refractive index

viokg osx Drift

vilfjr Diaverge

viwfjr ca/ Empty band

vfHkǹ';d Objective

vfHkjDr foLFkkiu Red shift

vfHklkfjr Converge

v/Z&vk;q Half life

v/Zpkyd Semiconductors

v/Zpkyd Mk;ksM Semiconductors diode

v/Z&rjax fn"Vdkjh Half-wave rectifier

v/qzfor rjax Unpolarised wave

vYika'k vkos'k okgd Minority charge carriers

vYika'k okgd Minority carriers

voijekf.od Mksesu Sub-atomic domain

voeand Moderator

vo'kks"k.k LisDVªe Absorption spectra

vfofdj.kh d{kk Non-radiating orbit

vkbaLVkbu dk Einstein’s photoelectric

izdk'k&fo|qr lehdj.k equation

vkisf{kdh; Relativistic

vkWIVksbysDVªkWfud laf/ Optoelectric Junction

;qfDr;k¡ Devices

vk;uu ÅtkZ Ionisation energy

mÙksftr voLFkk Excited state

ikfjHkkf"kd 'kCnkoyh

526526

2022-23



ikfjHkkf"kd 'kCnkoyh

527

mRltZd Emitter

mRltZu LisDVªe Emission spectra

mHk;kory ysal Double concave lens

mHk;ksÙky ysal Double convex lens

ÅtkZ varjky Band gap

ÅtkZ cSaM Energy band

,dy f>jh foorZu Single slit Diffraction

,dy eku iQyu Single Values function

,do.khZ; izdk'k Monochromatic light

,dhÑr ifjiFk Integrated circuits (IC)

,sYiQk&d.k izdh.kZu Alpha-particle scattering

,sYiQk&{k; Alpha-decay

AND xsV AND gate

OR xsV OR gate

vkSlr vk;q Mean life

df.kdk Carpuscle

dyk Phase

dyk vlac¼ Incoherent

dyk lac¼ Coherent

dyk lac¼ lzksr Coherent source

dk;Z iQyu Work function

dky&i'prk Time log

Økafrd dks.k Critical angle

oSQlsxzsu nwjn'kZd Cassegrain telescope

Ñf".kdk Black-body

Øeoh{k.k Scanning

fØLVy tkyd Crystal Lattices

D;wjh Curie

DokaVe ;kaf=kdh Quantum mechanics

DokaVe la[;k Quantum number

{k;&fLFkjkad Decay-constant

{kh.krk Attenuation

{kksHkeaMy Troposphere

[kaM (vk/kj) Base

xok{k Window

xkek&{k; Gamma-decay

xq.ku dkjd (fo[kaMu) Multiplication factor

(fission)

xksyh; niZ.k Spherical mirror

xksyh; foiFku Spherical aberration

xzkgh Receiver

pkydrk Conductivity

pkyu cSaM Conduction band

pqacdh; ÝyDl Magnetic flux

tsuj Mk;ksM Zener diode

T;ksfr rhozrk Luminous intensity

T;ksfr ÝyDl Luminous flux

T;ksfreZ;rk Luminance

Bksl voLFkk v/Zpkyd Solid state semiconductor

bysDVªkWfudh electronics

MkbvkWIVj Dioptre

MkWIyj izHkko Doppler effect

rjaxkxz Wavefront

rjaxkxz xksyh; Wavefront spherical

rjaxkxz lery Wavefront plane

rkiukfHkdh; lay;u Thermonuclear fusion

rkik;fud mRltZu Thermionic emission

rkjksa esa ÅtkZ tuu Energy generation in

stars

rhoz iztud fj,DVj Fast breeder reactor

nkrk Donar

nhIr Glow

nhIr fizaQt Bright fringe

527
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nsgyh vko`fÙk Threshold frequency

ns czkWXyh rjaxnS?;Z de Broglie wavelength

ns czkXyh Li"Vhdj.k de Broglie explanation

nzO;eku {kfr Mass defect

nzO;eku la[;k Mass number

nzO;eku o.kZØeekih Mass spectrometer

f}vk/kjh vadd flXuy Binary Signal

f}rh;d rjafxdk Secondary wavelet

|qfr Brightness

/zqo.k Polarisation

ukfHkdh; ca/u ÅtkZ Nuclear binding energy

ukfHkdh; fj,DVj Nuclear reactor

ukfHkdh; fo[kaMu Nuclear fission

ukfHkdh; foèoal Nuclear holocaust

ukfHkdh; 'khr Nuclear winter

ukfHkdh; lay;u Nuclear fusion

fuEure voLFkk Ground state

fu;a=kd NM+sa Control rods

fujks/h foHko Retanding / Stopping

potential

fuxZr vfHkyk{kf.kd Output Characteristic

fuxZr izfrjks/] VªkaftLVj Output resistance of a

transistor

fuos'k izfrjks/ Input resistance

uhyk foLFkkiu Blue shift

U;wVªkWu Neutrons

uSt v/Zpkyd Intrinsic semiconductor

NAND xsV NAND gate

NOR xsV NOR gate

n&izdkj dk v/Zpkyd n-type semiconductor

i'p rjax Back wave

i'pfnf'kd ckW;l Reverse bias

ijek.kq Øekad Atomic number

ijek.kq nzO;eku ek=kd Atomic mass unit

ijek.oh; ifjdYiuk Atomic hypothesis

ijek.oh; LisDVªe Atomic spectra

ijkxeu Transmission

ik'ku Js.kh Paschen series

ik'oZ cSaM Side bands

ikf'od foLFkkiu Lateral shift

ifj{ksi.k Dispersion

ifjferrk Finiteness

iw.kZ vkarfjd ijkorZu Total internal reflection

iw.kZ rjax fn"Vdkjh Full wave rectifier

iksysjkWbM Polaroid

izdk'k mRltZd Mk;ksM Light emitting diode

izdk'kfefr Photometry

izdk'k laosnh Light sensitive

izdk'k lalwpd Photo sensitive detector

izdk'k&fo|qr izHkko Photoelectric effect

izdkf'kd rarq Optical fibers

izfrnhIr Fluorescent glow

izfreku Pattern

izfrjks/drk Resistivity

izrhi lar`Ir /kjk Reverse saturation

current

izfrnhIr ?kuRo Illuminance density

iz.kksfnr nksyu Forced Oscillations

izo/Zd Amplifier

izo/Zu Amplification

izlkj.k Broadcast

fizTe }kjk ifj{ksi.k Dispersion by a prism
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izs"k.k ekè;e dh Bandwidth of

cSaM&pkSM+kbZ transmission medium

Iye iq¯Mx ekWMy Plum pudding model

p&izdkj dk v/Zpkyd p-type semiconductor

p-n laf/ p-n Junction

iqaQV Js.kh Pfund series

fizaQt&pkSM+kbZ Fringe-width

izSaQd&gV~Z”k iz;ksx Franck-Hertz experiment

iQksVkWu Photon

iQksVksMk;ksM Photodiode

ca/u ÅtkZ izfr U;wfDyvkWu Binding energy per

nucleon

cgqla[;d vkos'k okgd Majority carriers

¯cnqiFk Locus

chVk&{k; Beta-decay

cSaM&pkSM+kbZ] flXuy dh Bandwidth of signal

cSaM ikjd fiQYVj Band pass filter

cSosQjy Becquerel

cksj f=kT;k Bohr radius

cksj osQ vfHkxzghr Bohr’s postulates

czwLVj dks.k Brewster’s angle

czwLVj dk fu;e Brewster’s law

czsosQV Js.kh Brackett series

tsuj Hkatu oksYVrk Zener breakdown voltage

Hkw&rjax Ground wave

eè;eaMy Mesosphere

ejhfpdk Mirage

egks£e Surge

ekbØksizkslslj Microprocessor

eq[; iQksdl Principal focus

;kn`fPNd xfr Random motion

;kSfxd v/Zpkyd Semiconductors

compound

jsfM;ks,sfDVo {kerk fu;e Law of radioactive decay

jsfM;ks,sfDVork Radioactivity

jsfM;ks f{kfrt Radio Horizen

jSys izdh.kZu Rayleigh scattering

jksf/dk foHko Barrier potential

y?kqijklh cy Short range force

ykbeSu Js.kh Lyman series

yky nSR; Red giant

ysal dh {kerk Power of lens

ysal&esdj lw=k Lens-maker’s formula

ySfVl@tkyd Lattice

o£tr Forbidden

o.kZ foiFku Chromatic aberration

okgd Carrier

fo&mÙkstu De-excitation

fofdj.k dh ÅtkZ osQ DokaVk Quanta of energy

fofdj.kh iqu;ksZtu Radiation recombination

fo{kksHk Disturbance

fo?kVu&fLFkjkad Disintegration constant

fo?kVut ukfHkd Daughter Nucleus

fopyu dks.k Angle of deviation

fofunsZ'k Specification

fo|qr iznk; Electric power supply

foiVu Splitting

foHko ikr Potential drop

foHksnu {kerk Resolving power

foyksiu Annihilation

foorZu Diffraction

foliZ.k Glide
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oksYVrk fu;a=kd Voltage Regulator

O;frdj.k ¯izQtsa rFkk iSVuZ Interference fringes

Ük`a[kyk vfHkfØ;k Chain reaction

Ük`a[kyk fØ;k Chain reaction

la[;kRed }kjd Numerical aperture

la?kV~V izkpky Impact parameter

lar`Ir /kjk Saturation current

lapkj Communication

laihfMr Hkkjh Pressurised heavy water

ty fj,DVj reactors

laizs"k.k Transmission

la;kstdrk cSaM Valence band

la;qDr lw{en'khZ Microscope compound

lafojfpr Fabricated

lfØ;rk jsfM;ks,sfDVo Activity of radioactive

iztkfr;ksa dh substances

lR;eku lkj.kh Truth table

lery /zqfor rjax Plane polarised wave

lerki eaMy Stratosphere

530

leksthZ Monoenergetic

leU;wVªkWfud Isotones

leHkkfjd Isobars

lenSf'kd Isotropic

leLFkkfud Isotopes

lok±xle Congruent

lkanzrk izo.krk Concentration gradient

flXuy Signal

lksikfur Cascaded

lkSj lsy Solar cell

Lusy osQ fu;e Snell’s law

Lian eku oksYVrk Pulsating Voltage

Li"V n'kZu dh Least distance of

vYire nwjh distinct vision

LisDVªeh Js.kh Spectral series

gkbxsal dk fl¼kar Huygen’s Principle

gkbMªkstule ijek.kq Hydrogenic atom

gksy Holes

ßklh {ks=k Depletion region

ßklh Lrj Depletion layer
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vadd bysDVªkWfudh 492

vadh; flXuy 493

vard foHko 393

vxzfnf'kd ckW;l 481

vfrØkafrd] fj,DVj 456

v/zqoh v.kq 72

vè;kjksi.k dk fl¼kar 15

v/qzfor rjax 379

vfuf'prrk fl¼kar 248,402

vuqukn dh rh{.krk 249

vuquknh vko`fÙk 248

vuqizLFk rjaxsa 379

vuq:i flXuy] larr flXuy 493

vU;ksU; izsjdRo 219

vipk;h VªkaliQkWeZj 261

vinzO;h v/Zpkyd] v'kqf¼ v/Zpkyd 476

vifeJd 476

vifeJ.k 476

viorZu dk fu;e 356

viorZu dks.k 357

viorZukad 317,319,356

viokg osc 98

vfHkjDr foLFkkiu 360

v/Z&vk;q 450

v/Zpkyd 470

v/Zpkyd Mk;ksM 481

v/Z&rjax fn"Vdkjh 485

vYika'k vkos'k okgd 478

vory niZ.k 314

voeand 456

vo'kks"k.k LisDVªe 423

AC tfu=k 224

AC /kjk 233

AC ifjiFk esa 'kfDr 252

AC oksYVrk 224

AC oksYVrk izfrjks/d ij iz;qDr 234

AC oksYVrk izsjd ij iz;qDr 237

AC oksYVrk Js.khc¼ LCR ij iz;qDr 244

AC oksYVrk la/kfj=k ij izz;qDr 241

AND xsV 505

vkarfjd izfrjks/ 110

vkanzs ,sfEi;j 148

vkbaLVkbu dk izdk'k&fo|qr lehdj.k 395

vkiru dks.k 357

vkWIVksbysDVªkWfud laf/ ;qfDr;k¡ 488

vkHkklh xgjkbZ 320

vk;ruh vkos'k ?kuRo 32

vk;uu ÅtkZ 429

vkos'k dk DokaVehdj.k 8

vkos'k dh /zqork 2

vkos'k laj{k.k 8

vkos'kksa dh ;ksT;rk 8

vkos'kksa osQ fudk; osQ dkj.k foHko 57

vkos'kksa osQ fudk; dh fLFkfrt ÅtkZ 61

banz/uq"k 335

bysDVªkWu mRltZu 389

bysDVªkWu d{kk,¡ 421

mPpk;h VªkaliQkWeZj 261

pkYlZ vkWxfLVu Ms owQykWe 11

mÙkjh /zqo 174

'kCn&lwph
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mÙky niZ.k 314

mÙksftr voLFkk 429

mRltZu LisDVªe 422

ÅtkZ&varjky 472,473

ÅtkZ fjfDr 471

ÅtkZ Lrj 429,470

,dleku vkosf'kr irys xksyh; [kksy
osQ dkj.k fo|qr {ks=k 39

,dleku vkosf'kr vuar lery pknj
osQ dkj.k fo|qr {ks=k 38

,dy vkos'k dh fLFkfrt ÅtkZ 64

,dy f>jh foorZu 370

,sfEi;j 155

,sfEi;j dk ifji{kh; fu;e 147

,sehVj 165

,sYiQk&d.k izdh.kZu 416

,sYiQk&{k; 451

X - fdj.ksa 283

vkse 95

vkse dk fu;e 95

vkse osQ fu;e dh lhek,¡ 101

OR xsV 494

vkSlr vk;q 450

dkWUrs ,ysLlSanzks oksYVk 53

d{kh; pqacdh; vk?kw.kZ 163

dyk lac¼ lzksr 362

dk;Z iQyu 396

dkyZ izsQfMªd xkml 182

fdj[kksiQ osQ fu;e 115

fdj.k izdkf'kdh dh oS/rk 377

oqQN inkFkks± dh izfrjks/drk 102

owQykWe 11

owQyke fu;e 10

oSQlsxzsu nwjn'kZd 343

dks.kh; vko/Zu 340

D;wjh 450

D;wjh rki 194

Økafrd dks.k 320

{k;&fLFkjkad 448

{ks=k mRltZu 390

{ks=kiQy vo;o lfn'k 26

xfrd izfrjks/ 484

xfrd fo|qr okgd cy 212

xfr'khyrk 100

xkml fu;e 33

xkml fu;e] pqacdRo esa 181

xkml fu;e osQ vuqiz;ksx 37

xkmlh; i`"B 35

xkek fdj.ksa 283

xkek&{k; 453

xq.ku dkjd (fo[kaMu) 456

xq.koÙkk xq.kkad@ Q - xq.kkad 250

xqLrko jkWcVZ fdj[kksiQ 115

xksyh; niZ.k 310,311

xSYosuksehVj dh lqxzkfgrk 165

xSYosuksehVj dh oksYVrk lqxzkfgrk 165

?kuRo 97

py oqaQMyh xSYosuksehVj 163

pkyd&fLFkjoS|qfrdh 67

pkydrk 5,98,468

pkyu cSaM 470

pkYlZ vkWxfLVu Ms owQykWe 11

fpÉ ifjikVh 313

pqacdh; vk?kw.kZ 178

pqacdhdj.k 189

pqacdh; {ks=k 132

pqacdh; {ks=k esa xfr 137

pqacdh; {ks=k js[kk,¡ 175

pqacdh; rhozrk 190

pqacdh; fno~Qikr 186

pqacdh; f}/zqo 177

pqacdh; /kj.k'khyrk 195

pqacdh; /kj.k'khyrk ;k pqacdRoko'ks"k 195

pqacdh; izfrjks/u 153

pqacdh; izR;kuu vk?kw.kZ 178

pqacdh; ufr 187

pqacdh; izo`fÙk 190

pqacdh; ÝyDl 182,206

pqacdh; cy 133

pqacdh; ;kE;ksÙkj 186

pqacdh; 'kSfFkY; ik'k 195

pqacdh; fLFkfrt ÅtkZ 178

NM+ pqacd 174

tkyd 474
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tkWtZ lkbeu vkse 96

tsuj Mk;ksM 487

tsEl DykoZQ eSDlosy 270

VksdkeSd 153

VksjkWbM 152

VªkaliQkWeZj 259

Bksl voLFkk v/Zpkyd bysDVªkWfudh 469

Bkslksa dk cSaM fl¼kar 472

MkbvkWIVj 330

MkWIyj izHkko 360

Msfolu rFkk teZj iz;ksx 405

rjaxkxz 355

rjaxkxz] xksyh; 356

rjaxkxz] lery 356

roZQ }kj 493, 494

rkfRod v/Zpkyd 470

rkiukfHkdh; lay;u 459

rkik;fud mRltZu 389

rhoz iztud fj,DVj 455

rkjksa esa ÅtkZ tuu 457

niZ.k lehdj.k 316

nf{k.k gLr fu;e 149

fn"Vdkjh 485

nwjn'kZd 342

ns czkWXyh dk laca/ 400

ns czkWXyh rjaxnS?;Z 400

ns czkWXyh Li"Vhdj.k 432

nsgyh vko`fÙk 394

nks lekarj fo|qr /kjkvksa osQ chp cy 154

nks vkos'kksa osQ fudk; dh fLFkfrt ÅtkZ 65

nzO;eku ÅtkZ lerqY;rk laca/ 444

nzO;eku {kfr 445

nzO;eku la[;k 442

f}vk/kjh vadu flXuy 493

f}rh;d rjafxdk 356

f}/zqo vk?kw.kZ 28

f}/zqo] ,dleku fo|qr {ks=k esa 31

f}/zqo ij cy vk?kw.kZ 31

f}/zqo] HkkSfrd lkFkZdrk 29

f}/zqo dh fLFkfrt ÅtkZ 66

f}/qzo lfn'k 28

n`'; fdj.ksa 282

/kfjrk 73

/kjkokgh ik'k dk pqacdh; vk?kw.kZ 158

/kfjrh; ifjiFk 252

/zqo.k 71,376,378

/zqoh; v.kq 72

ukfHkd dh lajpuk 440

ukfHkd dk lkb”k 443

ukfHkdh; ÅtkZ 453

ukfHkdh; ?kuRo 444

ukfHkdh; ca/u ÅtkZ 444

ukfHkdh; cy 447

ukfHkdh; fj,DVj 454

ukfHkdh; fo[kaMu 454

ukfHkdh; foèoal 459

ukfHkdh; 'khr 459

ukfHkdh; lay;u 457

fuEure voLFkk 429

fu;a=kd NM+sa 456

fujks/h foHko 393

uhyk foLFkkiu 360

uSt v/Zpkyd 474

U;wVªkWu 442

n&izdkj dk v/Zpkyd 478

NAND xsV 496

NOT xsV 494

NOR xsV 497

irys ysal lw=k 328

ijek.kq Øekad 442

ijek.kq nzO;eku ek=kd 441

ijek.kq iztkfr 441

ijek.oh; LisDVªe 422

ijkxE;rk 190

ijkcSaxuh fdj.ksa 282

ijkorZu osQ }kjk /zqo.k 382

ijkorhZ nwjn'kZd 343

ijkoS|qr 71

ijkoS|qr lkeF;Z 74

ijkoS|qrkad 76

i'pfnf'kd ckW;l 482

ifjØeh bysDVªkWu dk pqacdh; f}/zqo vk?kw.kZ 162

ifjukfydk dh rjg 176

ik'k pqacdh; f}/zqo 160
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ik'ku Js.kh 424

ikf'od foLFkkiu 319

iqulZ±;kstu] bysDVªkWu&gksy ;qXe 475

iw.kZ vkarfjd ijkorZu 321

iw.kZ rjax fn"Vdkjh 485

iksysjkWbM 379

izdk'k mRltZd Mk;ksM 490

izdk'k dk viorZu 319

izdk'k dk ijkorZu 312

izdk'k dk izdh.kZu 337

izdk'k dk LisDVªe 335

izdk'k&fo|qr izHkko 391

izdk'k&fo|qr mRltZu 390

izdkf'kd bysDVªkWu 390

izdkf'kd rarq 324

izdh.kZu osQ }kjk /zqo.k 381

izfrpqacdRo 192

izfrjks/ 95

izfrjks/d o.kZ dksM 103

izfrjks/drk 96,468

izfrjks/dksa dk ik'oZ la;kstu 108

izfrjks/dksa dk Js.khØe la;kstu 107

izrhi lar`Ir /kjk 484

izfrck/k vkjs[k 246

fizTe }kjk ifj{ksi.k 333

fizTe lehdj.k 333

izsjdRo 218

izsjdh; izfr?kkr 238

izsj.k }kjk vkos'ku 6

izsjdh; ifjiFk 252

i`Foh osQ pqacdh; {ks=k dk {kSfrt vo;o 187

p&izdkj dk v/Zpkyd 477

p-n laf/ 480

fiQYVju 486

fizaQt&pkSM+kbZ 366

iqaQV Js.kh 424

isQtj 237

isQtj vkjs[k 237

iSQjkMs dk izsj.k dk fu;e 207

iSQjkMs rFkk gsujh osQ iz;ksx 205

izSaQd&gV~Z”k iz;ksx 430

iQksdl nwjh 313

iQksVksMk;ksM 489

iQksVkWu 397

iQksVks lsy 401

ÝyDl {kj.k 261

ca/u ÅtkZ izfr U;wfDyvkWu 446

caf/r bysDVªkWu 475

cgqla[;d vkos'k okgd 476

ck;ks&lkcVZ fu;e 143

fcanq vkos'k 10

fcanq vkos'k osQ dkj.k foHko 54

chVk&{k; 452

cSosQjy 450

cksj osQ vfHkxzghr 426

cksj f=kT;k 427

cksj ekWMy 424

cksj eSXusVkWu 163

czwLVj dk fu;e 383

czwLVj dks.k 382

czsosQV Js.kh 424

Hkatu oksYVrk 487

Hk¡oj /kjk,¡ 218

Hkkjr esa Rojd 142

Hkkfjr vkSlr 441

HkwlaioZQ 6

Hkw&pqacdRo 185

HkkSxksfyd ;kE;ksÙkj 186

ejhfpdk 323

ekbdy iSQjkMs 208

ekbØksizkslslj 498

ekè;e dh fo|qr'khyrk ;k ijkoS|qrkad 76

ehVj lsrq 120

eqDr vkdk'k (;k fuokZr) dh ijkxE;rk 143

eqDr vkdk'k (;k fuokZr) dh
fo|qr'khyrk ;k ijkoS|qrkad 11, 76

eq[; DokaVe la[;k 426

eq[; iQksdl 313

esDlosy osQ lehdj.k 273

;ax dk iz;ksx 364

;kSfxd v/Zpkyd 470

jnjiQksMZ ekWMy 416
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'kCn&lwph

jsfM;ks,sfDVo {kerk fu;e 449

jsfM;ks,sfDVork 448

jsfM;ks rjaxsa 281

jSf[kd vko/Zu@vko/Zu {kerk 338

jSf[kd vkos'k ?kuRo 32

jSys izdh.kZu 337

jksf/dk foHko 481

ykbu LisDVªe] gkbMªkstu 430

ykbeSu Js.kh 424

ysat dk fu;e 210

ysal dh {kerk 329

ysalksa dk la;kstu 330

ysal&esdj lw=k 328

yksjsat cy 134

ykSg pqacdRo 193

LC nksyu 255

oxZekè; ewy vFkok izHkkoh /kjk 235

oxZekè; ewy vFkok izHkkoh oksYVrk 235

o.kZ foiFku 334

okVghu /kjk 252

fofdj.k dh ÅtkZ osQ DokaVk 395

fofdj.kh iqu;ksZtu 489

fo?kVu&fLFkjkad 448

fopyu dks.k 332

fo|qr ÅtkZ 105

fo|qr {ks=k 18

fo|qr {ks=k] vkos'kksa osQ fudk; osQ dkj.k 19

fo|qr {ks=k dh HkkSfrd lkFkZdrk 20

fo|qr {ks=k rFkk oS|qr foHko esa laca/ 61

fo|qr {ks=k js[kk,¡ 23

oS|qrpqacdh; voeanu 218

fo|qr /kjk 93

fo|qr /kjkokgh pkyd ij pqacdh; cy 135

fo|qr /kjkokgh ik'k osQ v{kj ij pqacdh; {ks=k 145

fo|qr /kjk ik'k ij cy vk?kw.kZ 157

fo|qrjks/h 5

fo|qrokgd cy (emf) 110

foHkoekih 122

foHksnu {kerk 375

fouk'kh O;frdj.k 363

foorZu 369

foJkafr dky 98

foLFkkiu /kjk 270

osx oj.kdrkZ 140

oS|qr vkos'k 1

oS|qr vkos'k osQ ewy dkj.k 8

oS|qrpqacdh; rjaxsa] izÑfr 275

oS|qrpqacdh; rjaxsa] Ïksr 274

oS|qrpqacdh; LisDVªe 280

oS|qr f}/zqo 27

oS|qr f}/zqo osQ dkj.k foHko 55

oS|qr izÑfr 72

oS|qr ÝyDl 25

oS|qr foLFkkiu 77

oksYVehVj 165

oksYVrk fu;a=kd 488

O;frdj.k ¯izQtsa rFkk iSVuZ 365

OghVLVksu lsrq 118

'kfDr xq.kkad 252

'kfDr (oS|qr) 106

Ükà[kyk vfHkfØ;k 455

la[;kRed }kjd 377

la?kV~V izkpky 420

larr vkos'k forj.k 32

lar`Ir /kjk 392

la/kfj=k izfr?kkr 241

la/kfj=k] ik'oZØe la;kstu 79

la/kfj=k] lekarj ifV~Vdk 74

la/kfj=k] Js.khØe la;kstu 78

la/kfj=k esa lafpr ÅtkZ 80

laihfMr Hkkjh ty fj,DVj 455

laiks"kh O;frdj.k 363

la;kstdrk cSaM 470

la;qDr lw{en'khZ 340

laj{kh cy 51

lfØ;rk jsfM;ks,sfDVo iztkfr;ksa dh 449

lR;eku lkj.kh 494

lery rjaxksa dk viorZu 357

lery /zqfor rjax 379

leU;wVªkWfud 443

leHkkfjd 443

lefoHko i`"B 60

leLFkkfud 441

lgla;ksth vkca/] ca/ 474,475
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HkkSfrdh
lkbDyksVªkWu 140

lkbDyksVªkWu vko`fÙk 141

lw{e (ekbØksoso) rjaxsa 281

lw{en'khZ 338

lsy] ik'oZØe la;kstu 114

lsy] Js.khØe la;kstu 113

lkSj lsy 491

LFkk;h pqacd 195

Lusy osQ fu;e 317,319,356

LisDVªeh Js.kh 423

Lo.kZi=k fo|qrn'khZ 4

Lo&izsjdRo 222

fLFkfrt ÅtkZ varj 53

fLFkjoS|qr vuq:i 180

fLFkjoS|qr ifjj{k.k 69

fLFkjoS|qr foHko 53

fLFkjoS|qr fLFkfrt ÅtkZ 52

fLFkjoS|qfrdh 1

gV~Z”k osQ iz;ksx 274

gkbxsal dk fl¼kar 355

gkyokWDl rFkk yhukMZ osQ izs{k.k 390

gsafMªd ,safVªt yksjsat 134

gsujh 220

gksy 474
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fVIi.kh
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HkkSfrdh

fVIi.kh
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