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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 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

9.19 21.4 cm
9.20 (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 ysalks a 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
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(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

9.21 ;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

9.22 (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
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

9.23 (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

9.24 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
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9.25 (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/fe ) + 1] (fe  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 |u0|,  f0 ls oqQN vfèkd gksA lw{en'khZ dk mi;ksx
vfr fudV dh oLrqvksa dks ns[kus osQ fy, fd;k tkrk gSA vr% |u0| de gksrk gS vkSj
rnuqlkj f0 HkhA

(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

9.26 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
− =

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

vfHkǹ';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

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

(b) m = 
f

f

f

e

0 01
25

+






 = 33.6

9.28 (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

9.29 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

9.30 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

9.31 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 =
× × ×

×

12 10 0 28 10

4 1 4

. .

.

–2 – 3

 m = 600 nm

10.5 K/4

10.6 (a) 1.17 mm (b) 1.56 mm

10.7 0.15°
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10.8 tan–1(1.5) ~ 56.3o

10.9 5000 Å, 6 × 1014 Hz; 45°

10.10 40 m

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 iQksVk Wu/s
(c)  0.63 m/s

11.5 6.59 × 10–34 J s

11.6 2.0 V

11.7 ugha] D;ksafd ν < νo

11.8 4.73 × 1014 Hz

11.9 2.16 eV = 3.46 × 10–19J

11.10 (a) 1.7 × 10–35 m (b) 1.1 × 10–32 m     (c) 3.0 × 10–23 m

11.11 λ = h/p = h/(hν/c) = c/ν

vè;k; 12

12.1 (a) ls fHkUu ugha

(b) VkWelu ekWMy] jnjiQksMZ ekWMy

(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 5. 6 × 1014 Hz

12.4 13.6 eV; – 27. 2 eV

12.5 9.7 × 10–8 m; 3.1 × 1015 Hz

12.6 (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

12.7 2.12 × 10–10 m; 4.77 × 10–10m

12.8 ykbeSu Js.kh% 103 nm rFkk  122 nm

ckej Js.kh% 665 nm

12.9 2.6 × 1074
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vè;k; 13

13.1 104.7 MeV

13.2 8.79 MeV, 7.84 MeV

13.3 1.584 × 1025 MeV vFkok 2.535×1012J

13.4 1.23

13.5 (i)  Q = –4.03 MeV; Å"ek'kks"kh

(ii) Q =4.62 MeV; Å"ekmUeksph

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

13.7 4.536 × 1026 MeV

13.8 yxHkx 4.9 × 104 y

13.9 360 KeV

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
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