
mÙkj

vè;k;   2

2.1 (b)

2.2 (b)

2.3 (c)

2.4 (d)

2.5 (a)

2.6 (c)

2.7 (a)

2.8 (d)

2.9 (a)

2.10 (a)

2.11 (c)

2.12 (d)

2.13 (b), (c)

2.14 (a), (e)

2.15 (b), (d)

2.16 (a), (b), (d)

2.17 (a), (b)

2.18 (b), (d)

2.19 D;ksafd] fiaMksa osQ ,d gh jkf'k ls lacafèkr vkeki osQ ifj.kkeksa dh dksfV esa egRoiw.kZ
varj gksrk gSA mnkgj.kkFkZ] varjkijek.kqd nwfj;k¡ ,axLVªkWe dh dksfV dh gksrh gSaA
varj&uxjh; nwfj;k¡ km dh dksfV dh gksrh gSa rFkk varj&rkjd nwfj;k¡ izdk'ko"kZ dh
dksfV dh gksrh gSaA
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2.20 1015

2.21 nzO;eku LisDVªksxzkiQ

2.22 1 u = 1.67 × 10–27 kg

2.23 D;ksafd ( )f θ  dks.k θ  dh fofHkUu ?kkrksa dk ;ksx gSA ;g vfuok;Zr% foekfoghu gksxkA

2.24 D;ksafd ;kaf=kdh dh vU; lHkh jkf'k;k¡ yackbZ] nzO;eku ,oa le; osQ inksa esa buosQ
lkFk ljy lacaèkksa osQ :i esa O;Dr dh tk ldrh gSaA

2.25 θ = = �
1

( ) 1
60 60

g o

E

R
a

R
jfs M;u

∴ panzek ls ns[kus ij i`Foh dk O;kl yxHkx 2º gSA

(b) i`Foh&panzek osQ chp dh nwjh ij panzek dk O;kl (1/2)º vkSj i`Foh dk O;kl
2º fn[kkbZ iM+rk gSA vr% i`Foh dk O;kl panzek osQ O;kl dk 4 xquk gSA

    = 4
D

D

i`Foh

panez k

(c) = 400
r

r

lw; Z

panez k

(;gk¡ r nwjh rFkk D O;kl fu#fir djrk gS)

i`Foh ls ns[kus ij panzek vkSj lw;Z nksuksa osQ dks.kh; O;kl cjkcj fn[kkbZ iM+rs gSaA

∴ =
D D

r r

lw; Z

l;w Z

panez k

pna ez k

∴ = 400
D

D

l;w Z

pna ez k

ijarq  = ∴ =4 100
DD

D D

l;w ZìFoh

pna ez k i`Foh

2.26 ijek.kq ?kM+h lokZfèkd ifj'kq¼ le; ekid ;qfDr gS D;ksafd ijek.kqvksa osQ nksyu
1013 s esa 1 s dh ifj'kq¼rk ls nksgjk, tkrs gSaA
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2.27 3 × 1016 s

2.28 0.01 mm

2.29 ( ) ( )2 2 2 2
e/R /=

s s m emR R Rθ π π

s es

m em

R R

R R
⇒ =

2.30 105 kg

2.31 (a) dks.k vFkok ?ku dks.k

(b) vkisf{kd ?kuRo vkfn

(c) Iyk¡d fu;rkad] lkoZf=kd xq#Roh; fu;rkad vkfn

(d) jsukWYM la[;k

2.32
3.14

31 cm 16.3cm
6

= ⇒ = ⇒ = × =
l

l r l
r

θ θ

2.33 4 × 10
– 2

 LVsjsfM;u

2.34 ω  dk foeh; lw=k = T 
– 1

k dk foeh; lw=k = L
–1

2.35 (a) ifj'kq¼rk midj.k osQ vYirekad }kjk fuèkkZfjr gksrh gSA

20 nksyuksa osQ fy, ifj'kq¼rk = 0.1 s

1 nksyu osQ fy, ifj'kq¼rk = 0.005 s.

(b) vkSlr le;] 39.6 39.9 39.5
s 39.6

3

+ +
= =t s

vkorZ = =
39.6

1.98
20

s

vfèkdre izsf{kr =kqfV = (1.995 –1.980) = 0.015s

2.36 D;ksafd ÅtkZ dk foeh; lw=k ML
2
 T 

–2 gS] 1J u, ek=kd esa 2 2/γ αβ J gks tk,xkA

vr% 5 J u;s ek=kd esa 2 25 /γ αβ  gks tk,xkA

2.37 fn, x, O;atd dk foek;qDr va'k 
4ρ

η

r

l
 gSA vr% nkfgus i{k dh foek,¡

( ) ( )

( ) ( )

3–1 –2 4

–1 –1

LML T L

TLML T
=  izkIr gksrh gSa] tks vk;ru dks le; ls Hkkx nsus ij izkIr

jkf'k dks fu#fir djrh gSaA vr% lw=k foeh; n`f"V ls lgh gSA

lw;Z

pUnze
k
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2.38 X  esa fHkUukRed =kqfV gSµ

d 2d 3d 2.5d 2d
=

X a b c (d)
+ + +

X a b c d
 0.235 0.24= �

D;ksafd =kqfV izFke n'keyo LFkku ij gSA ifj.kke dks iw.kk±fdr djosQ 2-8 fy[kk
tkuk pkfg,A

2.39 D;ksafd E;s l vkSj G osQ foeh; lw=k Øe'k% uhps fn, vuqlkj gSaµ

?→ 2 2E [ML T ]

2 –1ML T→l

3 –1 –2G L M T→

vr% P = E l 
2
 m–5 G–2 dh foek,¡ gksaxh%

[ ]
[ ][ ][ ]

[ ][ ]

2 –2 2 4 –2 2 4

5 6

ML T M L T M T
P

M L
=

= M0 L0 T 0

vr%] P foekghu jkf'k gSA

2.40 u, ek=kdksa esa M, L, T, Øe'k% uhps fn, vuqlkj gksaxs]

→ → →
3 5

ch hG hG
M , L , T

G c c

2.41 fn;k gS% 2 3 3/2T r T r⇒α α A  T xq#Ro osQ dkj.k Roj.k  g  rFkk R dk

iQyu Hkh gS  ⇒ T α gx Ry

[ ] [ ][ ] [ ]1 3/2 1 2 1
x y

o o o o o o oL M T L M T L M T L M T−∴ =

L osQ fy, 
3

0
2

x y= + +

T osQ fy, 
1

1 0 2
2

x x= − ⇒ = −

blfy, 
3 1

0 1
2 2

y y= − + ⇒ = −

vr% 
3

3/2 1/2 1 k r
T k r g R

R g

− −= =

2.42 (a) D;ksafd vksyhd vEy vYdksgy esa ?kqy tkrk gS ijarq ty esa ugha ?kqyrkA

(b) tc ykbdksiksfM;e ikmMj dks ty osQ Åij fNM+dk tkrk gS rks ;g mlosQ
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laiw.kZ i`"B ij iSQy tkrk gSA tc rS;kj foy;u dh ,d cw¡n ty osQ i`"B ij
Mkyh tkrh gS rks vksyhd vEy ty esa ugha ?kqyrk] ;g ty osQ i`"B ij
ykbdksiksfM;e ikmMj dks ijs gVkrk gqvk tgk¡ cw¡nsa fxjrh gSa mlosQ pkjksa vksj ,d
o`Ùk {ks=k esa iSQy tkrk gSA blls ge ljyrk ls ml {ks=k dk {ks=kiQy eki
ldrs gSa ftlesa vksyhd vEy iSQyrk gSA

(c)
1 1 1

mL mL
20 20 400

× =

(d) C;wVsu vkSj ekid tkj dk mi;ksx djosQ rFkk cw¡nksa dh ifjdfyr la[;k dk
vk;ru ekidjA

(e) ;fn foy;u dh n cw¡nksa dk vk;ru 1 mL gks rks bldh ,d cw¡n esa vksyhd
vey dk vk;ru  (1/400n) mL  gksxkA

2.43 (a) ikjlsoQ dh ifjHkk"kk osQ vuqlkj

∴ 1 ikjlsd 
 

=  
 

1A.U.

1pki los Qa M

    1 fMxzh = 3600 pki lsoaQM

∴  1 pki lsoaQM 
3600 180

π
=

×
 jsfM;u

∴   1 ikjlsd 
3600 180

π

×
=  A.U. = 206265 A.U. 52 10≈ ×  A.U.

(b) 1 A.U. nwjh ij lw;Z dk O;kl 1/2° gSA

blfy, 1 ikjlsd ij rkjs dk O;kl gS 5

1/2

2 10×
fMxzh = 15 × 10-5 vkoèkZu 100

gksus ij ;g 5 × 10-3 pki feuV fn[kkbZ nsuh pkfg,A ijarq] ok;qeaMyh; mPpkopu
osQ dkj.k ;g 1 pki&feuV gh fn[kkbZ nsxhA VsfyLdksi dk mi;ksx djus ls bldks
vkofèkZr ugha fd;k tk ldrk gSA

(c) 
= =

1 1

2 400

DD

D D

iF̀oheaxy

iF` oh l;w Z
[mÙkj 2.25 (c)] ls

∴ =
1

800

D

D

eaxy

l;w Z

A.U. ij lw;Z dk dks.kh; O;kl 1/2 fMxzh fn[kkbZ iM+rk gS vkSj eaxy dk 1/1600 fMxzhA

1/2 A.U. ij eaxy dk dks.kh; O;kl 1/800 fMxzh fn[kkbZ nsxkA 100 xquk vkoèkZu ij

eaxy dk O;kl 1/8 fMxzh
60

7.5
8

= =  pki lsoaQM fn[kkbZ nsrkA

pki lsoaQM

ikjlsd
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;g ok;qeaMyh; mPpkopu osQ dkj.k Hksnuh; lhek ls vf/d gS vr% eaxy VsfyLdksi
ls ns[kus ij vkofèkZr utj vkrk gSA

2.44 (a) pw¡fd 1 u = 1.67 × 10–27 kg;s blosQ lerqY; ÅtkZ gSA 1.67×10–27 c2 J eV

vkSj fiQj MeV esa ifjofrZr djus ij 1 u ≡  931.5 MeV.

(b) 1 u × c2 = 931.5 MeV.

vè;k;    3

3.1 (b)

3.2 (a)

3.3 (b)

3.4 (c)

3.5 (b)

3.6 (c)

3.7 (a), (c), (d)

3.8 (a), (c), (e)

3.9 (a), (d)

3.10 (a), (c)

3.11 (b), (c), (d)

3.12 (a) (iii), (b) (ii), (c) iv, (d) (i)

3.13

3.14 (i) x (t) = t - sin t

(ii) x (t) = sin t

a

t

-g

0
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9m/s

9m

10m

3.15 x(t) = A + tBe γ− , A > B, 0γ >  mi;qDr :i ls pqus x, èkukRed fu;rkad gSaA

3.16 v = g/b

3.17 xsan dks Å¡pkbZ ls NksM+us ij ;g xq#Ro osQ izHkko esa uhps vkrh gSA ml vYidky osQ
vfrfjDr tc ;g Hkwry ls la?kV~V djrh gS bldk Roj.k –g gksrk gSA la?kV~V osQ le;

bl ij vkosxdkjh cy dk;Z djrk gS vkSj cgqr vfèkd Roj.k mRiUu gksrk gSA

3.18 (a) x = 0, γ= ov x

3.19 dkjksa dh lkisf{kd pky = 45km/h, muosQ feyus osQ fy, vko';d le;

36 km
0.80h

45 km/h
= =

vr% i{kh }kjk r; dh xbZ oqQy nwjh = 36 km/h × 0.8h = 28.8 km

3.20 ekuk fd 9 m fxjus esa t le; yxrk gSA

vr% 
2

2
o oy

gt
y y v− = −

pw¡fd 0oyv =

2

2( ) 2 9 m
1.8 1.34

10 m/s

− ×
= → = ≈oy y

t
g

s

bl le;kofèk esa {kSfrtr% pfyr nwjhµ

x-x
o
 = v

ox
t = 9 ms–1 × 1.34s = 12.06 m

th gk¡] og èkjrh ij fxjsxkA

3.21 nksuksa gh Lora=krkiwoZd fxjrs gSa] vr% ,d osQ lkis{k nwljs dk Roj.k 'kwU; gksrk gSA

blfy, lkisf{kd pky vpj  (=40 ms–1 ) jgrh gSA

3.22 v = (-v
o
/x

o
) x + v

o
, a = (v

o
/x

o
)2 x - v

o
2/x

o

x osQ lkFk a esa gksus okys ifjorZu dks vko`Qfr esa n'kkZ;k x;k gSA ;g ,d ½.kkRed

var%[kaM rFkk èkukRed izo.krk dh ½tqjs[kk gSA

3.23 (a) = = × × = =–1 –12 2 10 1000 141ms 510km/hv gh

(b)
π π

ρ − −= = × = ×3 3 3 3 54 4
(2 10 ) (10 ) 3.4 10 kg

3 3
m r

− −= ≈ × ≈ ×3 –1 3 –14.7 10 kg ms 5 10 kg msP mv

x

a

0
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(c) O;kl 4mm≈

/ 28 s 30 st d v µ µ∆ ≈ = ≈

(d)

−

−

∆ ×
= = ≈ ≈ ×

∆ ×

3
2

6

4.7 10
168N 1.7 10 N

28 10

P
F

t

(e) vuqizLFk dkV dk {ks=kiQy 2 2/4 0.8mdπ= ≈

vkSlr i`Fkdu 5 cm, gks rks mu cw¡nksa dh la[;k tks yxHkx ,d lkFk fxjrs gSaµ
2

2 2

0.8m
320

(5 10 )−
≈

×

oqQy cy ≈  54000 N (cw¡nksa dk osx O;ogkjr% ok;q osQ Lianu osQ dkj.k de gksrk
tkrk gS)A

3.24 tc dkj Vªd osQ ihNs gSµ

Vªd dk osx ßkl –220
4ms

5
= =

dkj dk osx ßkl = –220
s

3
m

ekuk fd ftl {k.k czsd yxk, tkrs gSa Vªd dkj ls x nwjh ij gSA

t > 0.5 s ij Vªd dh A ls nwjh x + 20t – 2t2  gSA

A ls dkj dh nwjh gS 10 + 20(t – 0.5) –
210

( – 0.5)
3

t .

;fn nksuksa okgu fey tkrs gSa rks

x + 20t – 2t2 = 10 + 20t – 10 –
210 10 10

– 0.25
3 3 3

+ ×t t .

x =
24 10 5

– –
3 3 6

t t+ .

Kkr djus osQ fy,  x
min

,

8 10
– 0

3 3
= + =

dx
t

dt

t
min

= 
10 5

s
8 4

= .

blfy,] x
min

=
2

4 10 5 5 55
– –

3 3 4 6 44

 
+ × = 

 
.

vr%] x > 1.25m

nwljh fof/ µ bl fof/ esa O;dyu osQ mi;ksx dh vko';drk ugha gksrhA

;fn dkj Vªd osQ ihNs gSA

vkSj D;ksafd dkj osQoy 0.5 s osQ i'pkr~ Rofjr gksdj izkjaHk djrh gSA t > 0.5 s osQ
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fy, V
dkj

 = 20 – (20/3)(t – 0.5)

V
Vªd

 = 20 – 4t

nksuksa osxksa dks ckjckj fy[kdj vFkok osx&le; xzkiQ }kjk t dk eku Kkr dhft,] rks
izkIr gksxk t = 5/4 s

S
Vªd 

= 20(5/4) – (1/2)(4)(5/4)2 = 21.875m

vr% S
car

 – S
truck

 = 1.25m

;fn izkjaHk esa dkj ;g nwjh cuk, j[krh gS rks 1.25 s osQ i'pkr~ bldh pky Vªd ls
ges'kk de gksxh vkSj buosQ chp dHkh Hkh la?kV~V ugha gksxkA

3.25 (a) (3/2)s (b) (9/4)s (c) 0,3 s (d) 6 pØ

3.26 v
1
=20 ms–1, v

2
 = 10ms–1, dky&varj = 1s

vè;k;   4

4.1 (b)

4.2 (d)

4.3 (b)

4.4 (b)

4.5 (c)

4.6 (b)

4.7 (d)

4.8 (c)

4.9 (c)

4.10 (b)

4.11 (a), (b)

4.12 (c)

4.13 (a), (c)

4.14 (a), (b), (c)

4.15 (b), (d)

4.16 RO  fn'kk esa 
2v

R
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4.17 fo|kFkhZ vius f'k{kdksa  osQ lkFk ppkZ djsa vkSj mÙkj izkIr djsaA

4.18 (a) Hkwry ls Vdjkus ls Bhd igysA

(b) viuh xfr osQ mPpre ¯cnq ijA
(c) a = g = fu;rkadA

4.19 Roj.k – g

osx – 'kwU;

4.20 pw¡fd B × C ml ry osQ yacor~ gS ftlesa  B ,oa C fLFkr gSaA B × C osQ lkFk fdlh

lfn'k dk otzh; xq.kuiQy B ,oa C osQ ry esa gksxkA

4.21

Hkwfe ij fLFkr isz{kd osQ fy, xsan v
0
 pky vkSj {kSfrt ls θ dks.k ij izf{kIr iz{ksI;

gSA tSlk Åij vko`Qfr esa n'kkZ;k x;k gSA

4.22

D;ksafd dkj dh pky iz{ksI; dh {kSfrt pky osQ cjkcj gSA dkj esa cSBk gqvk yM+dk
osQoy xfr osQ ÅèoZèkj vo;o dks ns[ksxkA tSlk fd vko`Qfr (b) esa n'kkZ;k x;k gSA

4.23 ok;q izfrjksèk osQ dkj.k d.k dh ÅtkZ rFkk osx dk {kSfrt vo;o de gksrs tkrs gSa
ftlls Åij tkus osQ le; osQ xzkiQ dh rqyuk esa
uhps vkus osQ le; osQ xzkiQ dh izo.krk vfèkd gks
tkrh gSA tSlk fd vko`Qfr esa n'kkZ;k x;k gSA

(a) (b)

y

x0

(mNkyh x;h xsan

dh pky)

(dkj dh pky)
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4.24
1 12 1

, tan tan 23 12 '
2

o

o

H gHH
R v

g vR

− −   
= = = = °  

   
φ

4.25 Roj.k 
2

2

42v R

R T

π
=

4.26 (i) dk esy feyrk gS (d) ls

(ii) dk esy feyrk gS (c) ls

(iii) dk esy feyrk gS (a) ls

(iv) dk esy feyrk gS (b) ls

4.27 (i) dk esy feyrk gS (b) ls

(ii) dk esy feyrk gS (a) ls

(iii) dk esy feyrk gS (d) ls

(iv) dk esy feyrk gS (c) ls

4.28 (i) dk esy feyrk gS (d) ls

(ii) dk esy feyrk gS (c) ls

(iii) dk esy feyrk gS (a) ls

(iv) dk esy feyrk gS (b) ls

4.29 igkM+h dks ikj djus osQ fy, vko';d U;wure ÅèoZèkj osx

2v⊥  ≥  2gh = 10,000

v
1
 > 100 m/s

D;ksafd rksi ls 125 m s–1 dh pky ls iSosQV izf{kIr fd, tk ldrs gSa blfy,
{kSfrt osx dk vfèkdre eku] v

1
 gksxk%

2 1

1
125 100 75

−= − = msv

igkM+h osQ f'k[kj rd] v⊥  osx ls igq¡pus esa yxk le; Kkr djus osQ fy, ge
fy[k ldrs gSa%

1
10 s

2

2gT =h T =⇒

10s esa pfyr {kSfrt nwjh  = 750 m.

blfy, rksi dks Hkwfe ij 50 m LFkkukarfjr djuk iM+sxkA
vr% iSosQV dks igkM+h dks ikj djosQ i`Foh rd igq¡pus esa yxk oqQy (vYire)

le; 
50

s 10s 10s
2

= + +  = 45 s

4.31 (i) 

2

2

2 sin cos( )

cos
ov

L
g

β α β

α

+
=
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(ii)
2 sin

cos
ov

T
g

β

α
=

(iii)
4 2

= −
π α

β

4.32
2
0 sin

Av

g
θ

4.33 ˆ ˆ5 5= −rV i j

4.34 (i) mÙkj fn'kk ls 37º ij 5ms–1

(ii) (a) mÙkj fn'kk ls ( )−1 –1tan (b) 7 m/s3/ 7 dk.s k ij

(iii) iz'u (i) dh fLFkfr esa og lcls de vofèk esa foijhr rV ij ig¡qpsxkA

4.35 (i) 1 sin
tan

cos
o

o

v

v u

θ

θ
−  
 + 

(ii)
2 sinov

g

θ

(iii)
o o2 sin ( cos + u)

g
=

v v
R

θ θ

(iv) 
2 2

1
max

8

4

o

o

u u v
cos

v
θ −

 − + +
=  

  

(v) = ou v osQ fy, =max 60oθ

= 0u  osQ fy, =max 45oθ

 ou v<

∴ 1
max

1

42 o

u
cos

v
θ −  

−≈  
 

π= �( )
4 ou v;fn

( )1
max 2

−  
> ≈ =  

�
o

oo

v
v uu v cos

u
πθ

(vi) max 45 .> °
�

θ

4.36
θ θ

ω ωθ ω θ θ ω
   

= + = +− +   
   

2 2
2 2

2 2
ˆˆ ˆ 2

d d

dt dt
V r a rθθθθ rFkk

4.37 jsr ls gksdj xqtjus okys ljy js[kh; iFk APQC ij fopkj dhft;sµ

bl iFk ij A ls C rd tkus esa yxk le;µ
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= T
jsr
 = 

AP + QC PQ
+

1 v

= 
25 2 +25 2 50 2

+
1 v

= 50 2  
1

+1
v

 
  

jsr ls gksdj y?kqre iFk ARC gksxkA bl iFk ls gksdj
A ls C rd tkus esa yxk le;

= T
cká

 = 
AR +RC

1
s

= 2 22 75 +25

= 2×25 10 s

T
jsr
 < T

cká 
osQ fy;s 1

50 2 +1 <2×25 10
v

 
  

= 
1

+1< 5
v

= 
1

< 5 -1
v

 ;k 1
> 0.81

5 -1
v ≈ ms–1

vè;k;   5

5.1 (c)

5.2 (b)

5.3 (c)

5.4 (c)

5.5 (d)

5.6 (c)

5.7 (a)

5.8 (b)

5.9 (b)

5.10 (a), (b) ,oa (d)

5.11 (a), (b), (d) ,oa (c)

5.12  (b) ,oa (d)

A

C

P

Q

R

50m

100m

D

B
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f

F

5.13  (b), (c)

5.14  (c), (d)

5.15  (a), (c)

5.16 th] gk¡] laosx laj{k.k fu;e osQ dkj.kA
izkjafHkd laosx = 50.5 × 5 kg m s–1

vafre laosx = (50 v + 0.5 × 15) kg m s–1

v = 4.9 m s-1, pky esa ifjorZu = 0.1 m s–1

5.17 ekuk fd iSekus ij ikB~;kad R U;wVu gS]

izHkkoh v/ksfn'k Roj.k 50

50

g R
g

−
= =

R = 5g = 50N. (rqyk 5 kg Hkkj n'kkZ,xh)

5.18 'kwU;_ 
3

2
− kg m s-1

5.19 ;fn mlus lhV csYV ugha ck¡èkh gqbZ gSa rks mlosQ Åij yxus okyk ,d ek=k voeand
cy lhV }kjk yxus okyk ?k"kZ.k cy gSA tc okgu vpkud jksd fn;k tkrk gS rks ;g
cy mlosQ vkxs dh vksj xfr dks jksdus osQ fy, i;kZIr ugha gksrkA

5.20 ˆ ˆ ˆ ˆ8 8 , (4 8 )N= + = +p i j F i j

5.21 tc rd xqVdk fLFkj jgrk gS f = F

bl ¯cnq ls vkxs  f  dk eku c<+kus ij tc xqVdk xfr
djus yxrk gS rks F dk eku vpj gks tkrk gSA

5.22 eky ys tkrs le; Vªd tSls okgu dks vpkud jksdus dh  vko';drk gks ldrh gSA
tc dksbZ Hkaxqj nzO;] tSls fd ikslsZysu ls cuh gqbZ dksbZ pyrh gqbZ oLrq vpkud BgjkbZ
tkrh gS rks bl ij fo'kky cy yxkuk iM+rk gS ftlosQ dkj.k ;g VwV ldrh gSA ;fn
bldks Hkwls vkfn ls yisVk gks rks Hkwls osQ dksey gksus osQ dkj.k oLrq #dus ls igys
oqQN nwjh py ldrh gSA blosQ fy, de cy dh vko';drk gksrh gS vkSj bl izdkj
oLrq osQ VwVus dh laHkkouk de gks tkrh gSA

5.23 tc cPpk lhesaV osQ iQ'kZ ij fxjrk gS rks mldk 'kjhj ,dne fojke dh voLFkk esa
yk;k tkrk gSA feêðh FkksM+h nc tkrh gS vkSj blfy, fojke esa vkus ls igys mldk 'kjhj
oqQN nwjh py ikrk gS ftlesa oqQN le; yxrk gSA bldk vFkZ gS fd feêðh osQ iQ'kZ ij
fxjus dh ?kVuk esa D;ksafd laosx ifjorZu dk dky vfèkd gks tkrk gS blfy, cPps dks
fojke esa ykus osQ fy, ml ij yxus okys cy dk ifjek.k de gks tkrk gSA

5.24 (a) 12.5 N s (b) 18.75 kg m s–1

5.25 ?k"kZ.k cy gS%  f = µ R = µ mg  cosθ , tgk¡ <kyw ry }kjk {kSfrt ls cuk dks.k gSA
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;fn  θ  dk eku de gS rks ?k"kZ.k cy vfèkd gksrk gS vkSj fiaM osQ fiQlyus dh laHkkouk
de gksrh gSA lhèkh [kM+h lM+d dk <+ky vfèkd gksxkA

5.26 AB, D;ksafd Åijh /kxs ij yxk cy fiaM osQ Hkkj rFkk yxk, x, cy osQ ;ksx osQ cjkcj
gksxkA

5.27 ;fn cgqr vfèkd cy >VosQ ls yxk;k tk,xk rks èkkxk CD VwVsxk] D;ksafd] CD dks
>Vdk fn;s tkus ij cy rqjar AB dks lapfjr ugha gksxk (cy lapj.k fiaM osQ izR;kLFkrk
lacaèkh xq.kksa ij fuHkZj djrk gS)A blfy, nzO;eku osQ xfr esa vkus ls igys gh CD VwV
tkrk gSA

5.28 T
1
 = 94.4 N, T

2 
= 35.4 N

5.29 W = 50 N

5.30 ;fn F  iqLrd ij Å¡xyh }kjk yxk cy gS rks F = N,  nhokj dk iqLrd ij yxus okyk
vfHkyacor~ izfrfØ;k cy gSA Åij dh vksj ftl U;wure ?k"kZ.k cy osQ yxus ls ;g
lqfuf'pr gks tkrk gS fd iqLrd uhps ugha fxjsxh og gS Mg A  ?k"kZ.k cy = µN A vr%

F dk U;wure eku gS Mg
F

µ
=  .

5.31 0.4 m s–1

5.32 2,x t y t= =
10, 2 m sx ya a −= =

F = 0.5×2 = 1N. y-v{k osQ vuqfn'k

5.33
2 2 × 20 40 10

= = = = = 3.33s.
+ 10 + 2 12 3

V
t

g a

5.34 (a) D;ksafd xfreku fiaM esa dksbZ Roj.k ugha gS vr% cyksa dk lfn'k ;ksx 'kwU; gSµ
= 01 2 3F + F + F A ekuk , ,1 2 3F F F  ,d gh ¯cnq ij yxus okys rhu cy gSaA ekuk

1F  ,oa 2F  lery A esa gS (vki nks izfrPNsnh js[kkvksa esa ls xqtjus okyk ,d lery
rks cuk gh ldrs gSa fd ;s nksuksa js[kk,¡ ftlesa vofLFkr gksa)A rc +1 2F F  lery A
esa gh gksxkA pw¡fd ( )–=3 1 2F F + F , 3F  Hkh lery A esa gh gSA

(b) P osQ pkjksa vksj cyksa osQ vk?kw.kZ ij fopkj dhft,A D;ksafd lHkh cy P ls xqtjrs
gSa] oqQy cy&vk?kw.kZ 'kwU; gSA vc fdlh vU; fcUnq 0 osQ ifjr% cy&vk?kw.kZ ij fopkj
dhft,A 0 osQ ifjr% cy vk?kw.kZA

T ( )= × 1 2 3F + F + FOP

pw¡fd 0=1 2 3F + F + F , T = 0

P

F3

O

F1

F2
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5.35 loZlkekU; izdj.k ij fopkj djsa rks
21

2 /
2

s at t s a= ⇒ =

ty ry fpduk gS

rks Roj.k sin
2

ga g θ= =

∴ =1 2 2 /t s g

tc ry [kqjnjk gS

rks Roj.k sin cosa g gθ µ θ= −

 (1 ) / 2gµ= −

2 1

2 2 2 2

(1 )

s s
t pt p

g gµ
∴ = = =

−

2

2

1 1
1

1
p

p
µ

µ
⇒ = ⇒ = −

−

5.36    = < ≤2          0 1xv t t
0 1syv t t= < <

    = − < <2 (2 )       1 2t t     11= < t

     = 0       2 < t

    2; 0 1xF t= < < 1 0 1s= < <yF t

  2; 1s 2st= − < <       0 1s t= <

   = 0 ;     2s < t

    ˆ ˆ2= +F i j 0 1t< < s

 ˆ2= − i  1s < t < 2s

  = 0   2s < t

5.37 DEF osQ fy,

µ=
2v

m m g
R

µ −= = = 1
max 100 10 m sv g R

ABC osQ fy,

µ −= = =
2

1, 200 14.14 m s
2

v
g v

R

DEF osQ fy, le; = 
100

5 s
2 10

π
π× =

ABC osQ fy, le; = 
3 200 300

s
2 14.14 14.14

π π
=

FA ,oa DC osQ fy, le; = 
100

2 4s
50

× =
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oqQy le; = 
300

5 4 = 86.3s
14.14

π
π + +

5.38
ˆ ˆsin cos

d
A t B t

dt
ω ω ω ω= = − +

r
v i j

2 2;
d

m
dt

ω ω= = − = −
v

a r F r

2 2

2 2
cos , sin 1

x y
x A t y B t

A B
ω ω= = ⇒ + =

5.39 (a) 
21

2
zv gH=  osQ fy;s 2zv gH=

Hkwfe osQ fudV pky = 2 2 2 2s z sv v v gH+ = +

(b) osQ fy, Hkh 21

2
smv mgH

 
+  

 ml le; xsan dh oqQy ÅtkZ gS tc ;g Hkwfe

ls Vdjkrh gSA

vr% (a) ,oa (b) nksuksa osQ fy, pky cjkcj gksxhA

5.40 3 4
2

2 1 3

2 2 2

F F
F

+ +
= = = N

3 4
1

2 2

F F
F + =

4 3
1

1

2 2

F F
F

−
= = N

5.41 (a) 1tanθ µ−=

(b) mg sin cosmgα µ α−

(c) mg ( )sin cosα µ α+

(d) mg ( )sin cosθ µ θ+ + ma.

5.42 (a) F - (500 ×10) = (500 × 15) vFkok F = 12.5 × 103 N, tgk¡ F iQ'kZ dk Åij
dh vksj vfHkfØ;k cy gS rFkk ;g U;wVu osQ xfr osQ r`rh; fu;e osQ vuqlkj iQ'kZ ij
uhps dh vksj yxus okys cy osQ cjkcj gSA
(b) R - (2500 × 10) = (2500 × 15) vFkok R = 6.25 × 104 N, ra=k ij Åij dh
vksj yxus okyh ok;q dh fØ;k gSA jksVj dh pkjksa vksj dh ok;q ij fØ;k gS
6.25 × 104 N Åij dh vksjA

(c) ok;q osQ dkj.k gsfydkWIVj ij cy = 6.25 × 104 N Åij dh vksjA
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vè;k;   6

6.1 (b)

6.2 (c)

6.3 (d)

6.4 (c)

6.5 (c)

6.6 (c)

6.7 (c)

6.8 (b)

6.9 (b)

6.10 (b)

6.11 (b) D;ksafd foLFkkiu 3/2tα

6.12 (d)

6.13 (d)

6.14 (a)

6.15 (b)

6.16 (d)

6.17 (b)

6.18 (c)

6.19 (b), (d)

6.20 (b), (d), (f)

6.21 (c)

6.22 th gk¡] th ughaA

6.23 fyÝV dks xq#Ro osQ rgr Lora=krkiwoZd fxjus ls jksdus osQ fy,A

6.24 (a) èkukRed (b) ½.kkRed

6.25 {kSfrt lM+d ij pyus esa xq#Ro osQ vèkhu fd;k x;k dk;Z 'kwU; gksrk gSA

6.26 th ugha] D;ksafd ok;q dk izfrjks/d cy Hkh ¯iM ij dk;Z djrk gS tks v&laj{kh cy
gSA blfy, xfrt ÅtkZ esa yfCèk fLFkfrt ÅtkZ esa gqbZ gkfu dh vis{kk de gksxhA

6.27 th ugha] can oØh; iFk ij xfr djus esa fd;k x;k dk;Z vfuok;Zr% 'kwU; rHkh gksxk
tc ra=k ij vkjksfir lHkh cy laj{kh gksaA
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6.28 (b) oqQy js[kh; laosx

tc xsansa laioZQ esa gksrh gSa rks muesa foÑfr gks ldrh gS ftldk vfHkizk; gksrk gS izR;kLFk
fLFkfrt ÅtkZ tks xfrt ÅtkZ osQ ,d va'k ls gh izkIr gksrh gSA laosx lnSo lajf{kr
gksrk gSA

6.29  'kfDr 
× ×

= = =
100 9.8 10

W 490 W
20

mgh

T

6.30  
0.5 ×72

= =
60

E
P

t

∆

∆
= 0. 6 okV

6.31 ,d leku pqacdh; {ks=k esa xfreku vkosf'kr d.kA

6.32 fd;k x;k dk;Z = xfrt ÅtkZ esa ifjorZu
nksuksa fiaMksa dh xfrt ÅtkZ leku gS blfy;s cjkcj ifjek.k esa dk;Z fd, tkus dh
vko';drk gksrh gS D;ksafd yxk;k x;k cy cjkcj gS os leku nwjh r; djus osQ ckn
#osaQxsA

6.33 (a) ljy js[kk% ÅèokZèkj] uhps dh vksj
(b) C ijoy;kdkj iFk ftldk 'kh"kZ C ij gksrk gSA
(c) ijoy;kdkj iFk ftldk 'kh"kZ C osQ Åij gksrk gSA

6.34

6.35 (a) lEeq[k la?kV~V osQ fy,µ

     laosx laj{k.k ⇒ 2mv
0
 = mv

1
 + mv

2

     vFkok 2v
0
 = v

1
 + v

2

     rFkk 2 1

0

-
=

2

v v
e

v
⇒ v

2
 = v

1
+ 2v

0
e

      ∴    2v
1
 = 2v

0
 – 2ev

0

      ∴ 
     

 v
1 
=   v

0
(1 – e)

pw¡fd e <1 ⇒ v
1
 dk fpÉ ogh gS tks v

0
,
 
dk gS] blfy, xsan la?kV~V osQ ckn Hkh

pyrh jgrh gSA

(b)  laosx laj{k.k ⇒ p = p
1
+ p

2

ijarq xfrt ÅtkZ {kf;r gksrh gS ⇒
2 2

1 2> +
2 2 2

2 p pp

m m m

C D

F

X

B

Eo

Eo

KE osx

18-04-2018



iz'u izn£'kdkµHkkSfrdh

132

∴  p2 > p
1
2 + p

2
2

vr% p, p
1
 ,oa  p

2 
 vko`Qfr esa n'kkZ, vuqlkj lacafèkr gksrs gSaA

θ U;wu (90° ls de) dks.k gSA 2 22

1 2
90= + = °(  )p p p θgk s rks

6.36 Hkkx A : ugha] D;ksafd ;gk¡ xfrt ÅtkZ ½.kkRed gks tk,xhA

Hkkx B : gk¡ KE 'kwU; u gksus ij oqQy ÅtkZ PE ls vfèkd gks ldrh gSA

Hkkx C : gk¡ PE osQ ½.kkRed gksus ij KE ls oqQy ÅtkZ ls vfèkd gks ldrh gSA

Hkkx D : gk¡] D;ksafd PE dk eku KE ls vfèkd gks ldrk gSA

6.37 (a) xsan A viuk laiw.kZ laosx est ij j[kh xsan dks LFkkukarfjr dj nsrh gS vkSj Lo;a

fcYoqQy Hkh Åij ugha mBrhA

(b) –1= 2 = 4.42m sv gh

6.38 (a) PE esa gkfu = mgh =
–3 –3

1×10 ×10 ×10 =10J

(b) KE esa o`f¼ = 
–31 12 = ×10 × 2500 = 1.25J

2 2
mv

(c) th ugha] D;ksafd PE dk ,d va'k ok;q osQ LFkkuh; d"kZ osQ fo#¼ dk;Z djus esa

mi;ksx esa vk tkrk gSA

6.39 (b)

6.40 m = 3.0 × 10 – 5 kg  ρ  = 10 – 3 kg/m2  v = 9 m/s

A = 1m2 h = 100 cm  ⇒ n = 1m3

M = ρ v = 10–3 kg,  E = 
3 2 41 1

= ×10 ×(9) = 4.05 ×10 J
2 2

2Mv .

p

p1

p2

q
igys ckn esa

E1

E0

T/4 3 /4T 5 /4T
t

7T/4

E2

E0

T/4 3 /4T 5 /4T 7T/4
t
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6.41  
2 4 21 1

5 10
2 2

10= ≅ ×× ×KE mv

        = 2.5 × 10
5
 J.

bldk 10% fLiax esa laxzfgr gks tkrk gS
1

2.5 ×10
2

2 4kx =

  x = 1 m

k = 5 × 10
4
 N/m–1

6.42 6 km esa 6000 lksiku gSa

∴ E  = 6000 (mg)h

        = 6000 × 600 × 0.25

                    =  9 × 10
5
J.

;g xzfgr ÅtkZ dk 10 % gS

∴   xzfgr ÅtkZ = 10 E = 9 ×10
6
J.

6.43 0.5 n{krk ls 1 yhVj ls 1.5 × 10
7
J, ÅtkZ mRiUu gksrh gS tks 15 km rd xkM+h pykus

esa mi;ksx esa ykbZ tkrh gSA

∴ F d = 1.5 ×107J  d = 15000 m ysus ij

?k"kZ.k cy  F = 1000 N :

6.44 (a) W
g
 = mg sinθ d = 1×10 × 0.5 ×10 = 50 J.

(b) W
f 
 = µ mg cosθ  d = 0.1 ×10 × 0.866 × 10 = 8.66 J.

(c) U = = 1 ×10 × 5 = 50 Jmgh∆

(d) ( ){ } [ ]= - sin + cos = 10 -5.87θ θF mg mga µ

  = 4.13 m/s2

v = u + at vFkok v2 = u2 + 2ad

2 21 1
= – = = 41.3 J

2 2
∆K mv mu mad

 (e) W = F d = 100 J

6.45 (a) xsanksa 1 ,oa 3 osQ fy, ÅtkZ lajf{kr gksrh gSA

(b) xsan 1 ?kw.khZ ÅtkZ izkIr dj ysrh gS] xsan 2 esa ?k"kZ.k osQ }kjk ÅtkZ ßkl gksrk gS] xsan
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2 okil A ij ugha igq¡p ldrhA xsan 1 tc B ij igq¡prh gS rks blesa xyr vFkZ

esa ?kw.khZ xfr gksrh gSA xfrt ÅtkZ osQ dkj.k ;g yq<+d dj A ij ugha igq¡p ldrhA

6.46  ( ) 2 21 1
( ) ( ) ( )

2 2
= + ∆ + ∆ −− ∆+∆KE v v m v uM mt t

jkWosQV  xSl
21 12

2 2
= + ∆ − ∆ + ∆Mv Mv v mvu mu

=
1 2( )
2

KE Mvt

2 21
( ) ( ) ( )

2

1

2
− = ∆ − ∆ + ∆+∆ = ∆ =KE KE M v mu v m utt t m u W

(dk;Z&ÅtkZ izes; osQ vuqlkj)

pw¡fd ( ) ( ) 0= ⇒
  

∆ − ∆ =  
  

Mdv dm
u

dt dt
M v m u

6.47 gqd osQ fu;e vuqlkj : = Y
F L

A L

∆

tgk¡ ?ku osQ ik'oZ dk {ks=kiQy rFkk L bldh ,d Hkqtk dh yackbZ gSA ;fn k fLiazx
fu;rkad ;k laihMu fu;rkad gS rks F = k  ∆ L

∴ 
A

k = Y = YL
L

izkjafHkd KE = 
2 –41

2 × =5×10 J
2

mv

vafre PE = 
21

2 ( )
2

k L× ∆

∴   = =
Y

∆
KE KE

L
k L

= 

–4

11

5 ×10

2 ×10 × 0.1
=1.58 × 10–7m

6.48 ekuk fd m , V, Heρ  Øe'k% ghfy;e osQ xqCckjs osQ nzO;eku] vk;ru rFkk ?kuRo gS

vkSj ρ
ok;q 

ok;q dk ?kuRo gSA

xqCckjs dk V vk;ru ok;q dk V vk;ru foLFkkfir djrk gSA

blfy,  V ( )ρ − ρ =g m aHeok; q       (1)

le; t osQ lkis{k lekdyu djus ij]

( )ρ − ρ =V gt m vHeok; q

( )ρ −ρ⇒ =
2 2

2 2 2

2

1 1

2 2 He

V
mv m g t

m ok;q
 ( )ρ ρ= −

2
2 2 2

1

2
He

V g t

m
ok;q    (2)
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;fn xqCckjk h  Å¡pkbZ rd Åij tkrk gS rks = + 21

2
s ut at  ls

gesa izkIr gksrk gS = 21

2
h a  

( )ρ − ρ
= 21

2

V he
gt

m

ok;q
       (3)

lehdj.k (3) ,oa (2) ls

( ) ( )ρ − ρ ρ − ρ=
      

2 21 1

2 2
He Hemv V g V gt

m
ok;q ok;q

    ( )= – HeV ghρ ρok;q

inksa dks iqu% leaftr djus ij

⇒ + ρ =
1 2

2
Hemv V gh V hgok;q

⇒ + =KE PE PExCq ckjk xCq ckjk eas ifjorZuok;q dh

blfy,] tSls&tSls xqCckjk Åij mBrk gS ok;q dk leku vk;ru uhps vkrk gSA xqCckjs

dh PE ,oa KE esa o`f¼ ok;q dh PE osQ ewY; ij gksrh gS (tks fd uhps vkrh gS)A

vè;k;  7

7.1 (d)

7.2 (c)

7.3 izkjafHkd osx gS ˆv yi = ev A nhokj ls ijkorZu osQ i'pkr~ vafre osx gS ˆv yf
= − ev A

iz{ksi iFk dk fu:i.k ˆ ˆy ay z= +r e e  }kjk fd;k tk ldrk gSA vr% dks.kh; laosx

ifjorZu gS ˆ( ) 2fm mva xi× − =r v v e A vr% mÙkj (b) gksxkA
7.4 (d)
7.5 (b)
7.6 (c)

7.7 tc b →0, ?kuRo ,d leku gks tkrk gS vkSj blfy, nzO;eku osaQnz  x = 0.5. ij gksxkA
tc b → 0 rks osQoy fodYi (a) eku 0.5 dh vksj izo`Ùk gksrk gSA

7.8 (b) ω
7.9 (a), (c)
7.10 (a), (d)

7.11 lHkh lR; gS

7.12 (a) vlR;] ;g ˆ.k  osQ vuqfn'k gksxkA
(b) lR;

(c) lR;
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(d) vlR;] nks vyx&vyx v{kksa osQ ikfjr% cy&vk?kw.kks± dks tksM+us dk dksbZ vFkZ

ugha  gksrkA

7.13 (a) vlR;] yacor~ v{k izes; osQoy iQydksa osQ fy, gh ykxw gksrk gSA

(b) lR;

(c) vlR;] z ,oa z” lekarj v{k ugha gSaA

(d) lR;

7.14 tc fiaM dh ÅèokZèkj Å¡pkbZ i`Foh dh f=kT;k dh rqyuk esa cgqr de gksrh gS rks ge

mls y?kq fiaM dgrs gSa vU;Fkk ;g foLrkfjr fiaM dgykrk gSA

(a) Hkou vkSj rkykc y?kq fiaM gSaA

(b) ,d xgjh >hy vkSj ioZr foLrkfjr fiaMksa osQ mnkgj.k gSaA

7.15 = ∑
2

I m ri i
A csyu dk laiw.kZ nzO;eku lefefr v{k ls R nwjh ij gksrk gS ijarq Bksl

xksys dk vfèkdka'k nzO;eku R ls de nwjh ij gksrk gSA

7.16 èkukRed <ky okekoÙkZ ?kw.kZu n'kkZrk gS tks ijaijk osQ vuqlkj èku fy;k tkrk gSA

7.17 (a) ii,  (b) iii,  (c) i,  (d) iv

7.18 (a) iii,   (b) iv   (c) ii  (d) i.

7.19 th ugha] i =F 0
i
∑  fn;k gS

∴ fdlh ¯cnq '0' osQ ifjr% cy&vk?kw.kks± dk ;ksx

0i ii
× =∑r F

                                                                                                                                                                                                                                                                

fdlh vU; ¯cnq O′, osQ ikfjr% cy&vk?kw.kks± dk ;ksx

( )– –× = × ×∑ ∑ ∑ Fi i i i ii i i
r a F r F a

nwljk in 'kwU; gks ;g vko';d ugha gSA

7.20 fdlh ifg;s essa vfHkosaQnzh cy vkarfjd izR;kLFk cyksa osQ dkj.k mRiÂ gksrs gSa tks ,d
lefur ra=k dk vax gksus osQ dkj.k ;qXeksa esa ,d nwljs dks fujLr dj nsrs gSaA

vkèks ifg, esa] nzO;eku osaQnz (?kw.kZu v{k) osQ pkjksa vksj nzO;eku&forj.k] lefer ugha

gSA blfy, dks.kh; laosx dh fn'kk dks.kh; osx dh fn'kk osQ laikrh ugha gksrh vkSj

blfy, ?kw.kZu tkjh j[kus osQ fy;s ,d cká cy&vk?kw.kZ dh vko';drk gksrh gSA

7.21 th ugha] dksbZ cy osQoy vius yacor~ fn'kk esa gh cy vk?kw.kZ mRiUu dj ldrk gS
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= ×r f x-y-

z y-

7.22  CM ‘b’ ( 1) 1
0

1

n mb ma
b a

mn n

 
   



7.23 (a)
2

2
M

a





cos
0 0 0 0

 
    

 

     
    


a axdm

x r rdrd rdrd
dm r r

0
2 sin

0 0

0 0

a
r dr

a
rdr d


 

 






sin
0 0 0 0

a aydm
y r rdrd rdrd

dm r r

     
    


    

 

 
 

3
0

2

2 sin
4 4cos0 0

3 3 3

0 0

.
/2

 
   

 

a
r dr d

a a a
a
rdr d a


 


   

(b)  2


2

4M

a





7.24 (a)

(b)

1 1 2 2I I I   

1 1 2 2

1 2

I I

I I

 



 



(c)

2 2
1 1 2 2 1 1 2 2

1 2 2
1 21 2

( ) ( )1 1
( )

2 2( )f

I I I I
K I I

I II I

    
  



2 2
1 1 2 2

1
( )

2iK I I  

21 2
1 2

1 2

( )
2( )f i

I I
K K K

I I
     


 
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(d) xfrt ÅtkZ esa ßkl nksuksa pdfr;ksa osQ chp ?k"kZ.k cy osQ fo#¼ fd, x, dk;Z osQ

dkj.k gksrk gSA

7.25 (a) 'kwU;   (b) de gksrk gS  (c) c<+rk gS   (d) ?k"kZ.k   (e) .=cmv Rω

(f) ?k"kZ.k osQ dkj.k nzO;eku osaQnz esa mRiUu Roj.k

= =
mgR

k

I I

µτ
α

v u a t v gtcm cm cm cm k
µ∴ = + ⇒ =

rFkk k
o o

mgR
t t

I

µ
ω ω α ω ω= + ⇒ = −

fcuk fiQlys yq<+dus osQ fy,

cm K
o

v mgR
t

R I

µ
ω= −

K K
O

gt mgR
t

R I

µ µ
ω= −

2

1

o

k

R
t

mR
g

I

ω

µ

=
 

+ 
 

7.26 (a)

F' F

F''

F

laioZQ fcanq ij

osx

F' F

F''

F

ck¡;sa Mªe ij cy (Åij dh vksj)

nkfgus Mªe ij cy (uhps dh vksj)

F

F

(b) ′ ′′= =F F F  tgk¡ F ,oa ′′F  vkèkkj ls gksdj xqtjus okys cká cy gSA

F
usV

 = 0

cká cy vk?kw.kZ = F × 3R, okekoÙkZ
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(c) ekuk fd ω
1
 ,oa ω

2
 vafre dks.kh; osx gSa (Øe'k% okekorZ ,oa nf{k.kkorZ)

var esa ?k"kZ.k ugha jgsxk

⇒ R ω
1
 = 2 R ω

2   

1

2

2
ω

ω
⇒ =

7.27 (i) oxZ dk {ks=kiQy = vk;r dk {ks=kiQy ⇒ c2 = ab

    

22 2

2 2 2
1

yRxR

xS yS

II b a ab

I I c c c

 
× = × = = 

 

(i) ,oa  (ii) 1
yR yRxR

yS xS yS

I II

I I I
> ⇒ >

    rFkk 1xR

xS

I

I
<

(iii) ( )2 2 2– 2∝ + −zr ZSI I a b c

  
2 2 2 0= + − >a b ab

       

∴ − >

∴ >

( ) 0

1

zR zS

zR

zS

I I

I

I

7.28 ekuk fd pdrh osQ nzO;eku osaQnz dk Roj.k ‘a’ gS] rc

Ma = F-f       (1)

pdrh dk dks.kh; Roj.k α = a/R gS (;fn pdrh fiQlyrh ugha gS)] rc
21

2
RfMR α 

= 
 

      (2)

⇒ Ma = 2f

bl izdkj f = F/3 D;ksafd pdrh fiQlyrh ugha gS rks

⇒ f ≤  µmg

3 .⇒ ≤F Mgµ

vè;k;  8

8.1 (d)

8.2 (c)

8.3 (a)

8.4 (c)

8.5 (b)

18-04-2018



iz'u izn£'kdkµHkkSfrdh

140

8.6 (d)

8.7 (d)

8.8 (c)

8.9 (a), (c)

8.10 (a), (c)

8.11 (a), (c), (d)

8.12 (c), (d)

8.13 (c), (d)

8.14 (a), (c), (d)

8.15 (a), (c)

8.16 (d)

8.17 tSls isM+ ls fxjrk gqvk lso ÅèokZèkj fn'kk esa uhps dh vksj xq#Ro cy dk vuqHko djrk
gS oSls gh v.kq Hkh ÅèoZèkjr% uhps dh vksj xq#Ro cy dk vuqHko djrs gSaA rkih; xfr
osQ dkj.k] tks fd ;kn`fPNd gksrh gS] buosQ osx ÅèoZèkj fn'kk esa ugha gksrsA xq#Ro osQ
uhps dh vksj yxus okys cy osQ dkj.k ok;q dk ?kuRo Hkwry osQ fudV vfèkd gksrk
gS vkSj tSls&tSls ge i`Foh dh lrg ls Åij tkrs gSa bldk eku de gksrk tkrk gSA

8.18 osaQnzh; cy µ ,d ¯cnq nzO;eku dk xq#Rokd"kZ.k cy] ¯cnq vkos'k osQ dkj.k fLFkj

fo|qrh; cyA

vosaQnzh; cy% fLiu&fuHkZj ukfHkdh; cy] nks èkkjkokgh ywiksa osQ chp pqacdh; cyA

8.19 {ks=kh;

osx

8.20 ;g ml ry osQ vfHkyacor~ gksrk gS ftlesa i`Foh vkSj lw;Z fo|eku gksrs gSa] D;ksafd]

{ks=kh; osx

1
.

2

∆
= × ∆

∆

A
r v t

t
8.21 bldk eku mruk gh cuk jgrk gS D;ksafd xq#Rokd"kZ.k cy nzO;ekuksa osQ chp osQ ekè;e

ij fuHkZj ugha djrkA

8.22 th gk¡] fiaM esa nzO;eku rks ges'kk cuk jgrk gS] ijarq bl ij yxus okyk xq#Rokd"kZ.k

cy 'kwU; gks ldrk gS tSlk fd rc gksrk gS tc bl fiaM dks i`Foh osQ osaQnz ij j[kk

tkrk gSA

8.23  th ughaA
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8.24 th gk¡] ;fn varfj{k;ku dk lkbt bruk vfèkd gks fd g esa gksus okys ifjorZu dk irk

py ldrk gksA

8.25

F

0 R r

8.26 milkSj fLFkfr esa] D;ksafd rc i`Foh osQ {ks=kh; osx vpj cuk, j[kus osQ fy, vfèkd

js[kh; nwjh r; djuh gksrh gSA
8.27  (a) 90

o
     (b) 0

o

8.28 izfrfnu i`Foh viuh d{kk esa 1o vkxs c<+ tkrh gSA rc lw;Z dks eè; esa ykus osQ fy,

bldks 361° ?kw.kZu djuk gksxk (ftls ge 1 fnu ifjHkkf"kr djrs gSa)A D;ksafd 361° osQ

laxr  24 ?kaVs gksrs gSa_ vfrfjDr 1° yxHkx 4 feuV (3 feuV 59 lsoaQM) osQ laxr

gksxhA

8.29 ekuk fd eè; esa j[ks nzO;eku m dks ,d vYi nwjh h nkfguh vksj gVk;k

x;kA rks bl ij yxs cy gSa ( )2

G m

−

M

R h
 nkfguh vksj rFkk ( )2

GMm

R h+
 ck;ha

vksjA igys cy dk ifjek.k nwljs cy ls vfèkd gSA vr% oqQy cy nkfguh

vksj gksxkA vr% larqyu vLFkk;h gSA

8.30

8.31 i`Foh osQ xq#Rokd"kZ.k cy osQ vèkhu fdlh d.k (i`Foh osQ ckgj xfr osQ fy;s) dk

xeu iFk ,d 'kkado gksxk ftldk iQksdl i`Foh dk osaQnz gksxkA osQoy (c) gh bl 'krZ

dks iwjk djrk gSA

8.32 mgR/2.

8.33 osQoy {kSfrt ?kVd (vFkkZr~ m rFkk 0 dks feykus okyh js[kk osQ vuqfn'k ?kVd) gh

cpsxkA oy; osQ fdlh ¯cnq ij cy dk {kSfrt ?kVd ftl xq.kd }kjk ifjofrZr gksrk

gS og gSµ

KE

R

M M
R

h

10R

m
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A

B

CD

E

F

H

G

J

( ) ( )
3/2 3/22 2 2 2

2

4

r

r r r r

µ   
   

+ +   

8.34 tSls&tSls r dk eku c<+rk gSµ

GMm
U

r

 
= − 
 

 dk eku c<+rk gSA

c

GM
v

r

 
= 
 

 dk eku ?kVrk gSA

3
2

1cv

r r
ω
 

= × 
 

dk eku ?kVrk gSA

K dk eku ?kVrk gS] D;ksafd v  dk eku c<+rk gSA

E dk eku c<+rk gS] D;ksafd U  = 2K rFkk U < O

l  dk eku c<+rk gS] D;ksafd mvr ∝ .r

8.35 AB = C

(AC) = 2 AG =
3

2. . 3
2

l l=

AD = AH + HJ + JD

     
2 2

l l
l= + +

     = 2l.

3AE AC l= = ,  AF = l

F ,oa B ij j[ks nzO;eku m osQ dkj.k AD osQ vuqfn'k cy
2

2 2

22 2

1 11 1

2 2

Gm
Gm Gm

ll l

   
= + =      

E ,oa C ij j[ks nzO;ekuksa osQ dkj.k AD osQ vuqfn'k cy

( )= + °�

2 2

2 2
cos cos(30 )30

3 3

Gm Gm

l l
2 2

2 2
3 .

3 3
= =

Gm Gm

l l

D ij j[ks nzO;eku M osQ dkj.k cy

=
2

24

Gm

l

∴ oqQy cy =
 

+ + 
 

2

2

1 1
1

43

Gm

l

4 2

5 5
=
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8.36 (a)

1
2 3

2

GMT
r =

4

 
 

π 

  

  
  π

∴

1
2 3

2

GMT
h = – R

4

= 4.23x107 –  6.4x106

= 3.59×107m.

(b)      θ = 
–1 R

cos
R + h

 
 
 

= 
–1

1
cos h1+

r

 
  
 

= 
1 1

1+5.61

–cos
 
 
 

= 81º18′

∴      2θ = 162º36′

o360
2.21;

2θ
≈

vr% U;wure la[;k = 3

8.37 tc i`Foh viuh d{kk esa lw;Z dh ifjØek djrh gS rks bldk dks.kh; laosx rFkk {ks=kh;

osx vpj jgrs gSaA

miHkw fLFkfr esa 2
p pr ω  viHkw fLFkfr esa 2

a ar ω

;fn ‘a’ i`Foh dh d{kk dh v¼Z eq[;&v{k gks rks ( )1pr = a - e  rFkk ( ) .1ar = a + e

a

1

1

2
p + e

=
- e

ω  
 

ω  
∴ tgk¡  e = 0.0167

p

a

=1.0691
ω

∴
ω

ekuk fd ω  dks.kh; pky gS tks fd ω
p
 , ,oa ω

a
 dk

T;kferh; ekè; gS rFkk ekè; lkSj fnol osQ laxr jkf'k gSA

ωω   
   ωω   

ω ω

ω ω

p

a

p

a

=1.0691

= =1.034

∴

∴

q

E
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;fn ω 1° izfrfnu (ekè; dks.kh; pky) osQ laxr gks rks   ω
p
 = 1.034º izfrfnu rFkk

ω
a
 = 0.967º izfrfnuA pw¡fd 361° = 24 ?kaVs % ekè; lkSj fnol blfy, 361.034º

= 24 ?kaVs 8.14″ (8.1″ vfèkd) gksxk rFkk 360.967º = 23 ?kaVs 59 feuV 52 lsoaQM

(7.9″ de) gksxkA

;g iwjs o"kZ esa fnu dh vofèk esa vkus okys okLrfod varj dh O;k[;k ugha djrkA

8.38 (1 ) 6ar a e R= + =

(1 ) 2pr a e R= − =    
1

2
e⇒ =

dks.kh; laosx laj{k.k

miHkw fLFkfr esa dks.kh; laosx = viHkw fLFkfr esa dks.kh; laosx

∴ =p p a am v r m v r

∴ =
1

3
a

p

v

v

ÅtkZ laj{k.k

miHkw fLFkfr esa ÅtkZ = viHkw fLFkfr esa ÅtkZ

2 21 1

2 2
p a

p a

GMm GMm
mv mv

r r
− = −

2
1 11

21
9

p
a p

v GM
r r

   −∴ = −−   
   

 
1 1

2
a p

GM
r r

 
−=  

 

1/2 1/2

2

1 1 2 1 12
2 6

1
11

9

p a

p

a

p

GMGM
r r R

v
v

v

    − −       = =  
     − −          

    
 

= = = 
 

1/2

–12/3 3
6.85km s

8/9 4

GM GM

R R

= –16.85km spv , = –12.28km sav

= = = –16 , 3.23km s
6

c

GM
r R v

R
oQs  fy,

vr% viHkw fLFkfr esa o`Ùkkdkj d{kk esa LFkkukarj.k djus osQ fy, gesa osx esa

∆ = (3.23 – 2.28) = 0.95 km s–1 dh o`f¼ djuh gksxhA ,slk mixzg ls mi;qDr

jkWosQV  nkx dj fd;k tk ldrk gSA
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vè;k; 9

9.1 (b)

9.2 (d)

9.3 (d)

9.4 (c)

9.5 (b)

9.6 (a)

9.7 (c)

9.8 (d)

9.9 (c), (d)

9.10 (a), (d)

9.11 (b), (d)

9.12 (a), (d)

9.13 (a), (d)

9.14 bLikr

9.15 th] ugha

9.16 rk¡ck

9.17 vuar

9.18 vuar

9.19 ekuk fd inkFkZ dk ;ax xq.kkad y gS] rc
2/

/
=

f r
Y

l L

π

ekuk fd nwljs rkj dh yackbZ esa o`f¼ l ′ gS] rc

2

2

4
/2

f

r Y
l L

π =
′

;k, 
2

1 2
2

4

f
l L

Y rπ
′ =

π

π
= × =

2

2

2
2

4

l r f
L l

L f r
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9.20 rki o`f¼ osQ dkj.k NM+ dh izfr bdkbZ yackbZ esa o`f¼ gksrhµ

5 2 –3

0

10 2 10 2 10
l

T
l

α − −∆
= ∆ = × × = ×

ekuk fd NM+ esa laihMd ruko T gS vkSj blosQ vuqizLFk dkV dk {ks=kiQy a gS] rc

0

/

/
=

∆

T a
Y

l l

11 3 –42 10 2 10 10−∆
∴ = × = × × × ×

l
T Y a

lo
44 10 N= ×

9.21 ekuk fd xgjkbZ h gS] rks nkc gS

P = ρ gh = 103 × 9.8 × h

vc 
/

=
∆

P
B

V V

8 –29.8 10 0.1 10
V

P B
V

∆
∴ = = × × ×

8 –2
2

3

9.8 10 0.1 10
10 m

9.8 10

× × ×
∴ = =

×
h

9.22 ekuk fd yackbZ esa o`f¼ l∆ gS] rc

( )
11

–6

800
2 10

( 25 10 )/ /9.1
= ×

× × ∆lπ

–6 11

9.1 800
m

25 10 2 10

×
∴ ∆ =

× × × ×
l

π

–30.5 10 m×�

9.23 pw¡fd xhyh feêðh dh xsan dh rqyuk esa gkFkh nk¡r dh xsan vfèkd izR;kLFk gSA la?kV~V

osQ i'pkr~ ;g rqjar viuk iwoZ vkdkj izkIr djus dh vksj izo`r gksxhA blfy, xhyh

feV~Vh dh xsan dh rqyuk esa blesa ÅtkZ ,oa laosx dk LFkkukarj.k vfèkd gksxkA vr%

la?kV~V osQ i'pkr~ gkFkh nk¡r dh xsan vfèkd Åij mBsxhA

9.24 ekuk fd NM+ dh vuqizLFk dkV {ks=kiQy A gSA lery aa ′  osQ larqyu ij fopkj

dhft,A bl lery ij vfHkyac ON ls dks.k (
2

π
θ− ) cukrk gqvk dksbZ cy F dk;Z
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djuk pkfg,A F dks lery osQ vuqfn'k vkSj blosQ vfHkyacor~ fo;ksftr djus ij%

cos=PF F θ

sin=NF F θ

ekuk fd lery aa ′  dk {ks=kiQy ′A gS] rc

sin=
′

A

A
θ

sin
′∴ =

A
A

θ

ruu&izfrcy 
2sin

sin= =
′

F F
T

A A

θ
θ  rFkk vi:id izfrcy

cos
=

′

F
Z

A

θ
 cos sin=

F

A
θ θ θ

=
 2

2

F sin

A
A

vr% vfèkdre ruu izfrcy osQ fy, πθ =
2  rFkk vfèkdre vi:id izfrcy osQ

fy, 2 /2=θ π  vFkkZr~ /4=θ π

9.25 (a) Hkkj ls x nwjh ij  (x = 0) ,d lw{eka'k dx yhft,A ;fn T (x) ,oa T (x + dx) Øe'k%

dx nwjh }kjk i`FkDÑr nks ifjPNsnksa ij rukoksa osQ eku gksa] rc

T (x +dx) – T(x) = gdxµ (tgk¡ µ bdkbZ yackbZ dk nzO;eku)

dT
dx = gdx

dx
µ

( )⇒ = +T x gx Cµ

= = ⇒ =0, (0)x T Mg C Mgij 

( )T x gx Mgµ∴ = +

ekuk dh x fLFkfr ij yackbZ dx esa dr o`f¼ gksrh gS] rc

=
d

d

d 1
 =
d

T(x)
A Y

r
x

r
T(x)

x YA
vFkok 

a

a¢

FN

FP

N

F
O

q

p
q

/2 –

x = 0

Mg

dx

x
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L

0

L2

0

1
= ( + )d

1
= +

2

1
= +

2

∫

 
 
 

 
  

r gx Mg x
YA

gx
Mgx

YA

mgl
MgL

YA

µ

µ

⇒

(m rkj dk nzO;eku gS)

–3 2 2× (10 ) mA = π , 9 –2200 ×10 NmY =

–3 2×(10 ) ×10 × 7860kgm =π

π11 –6

1
r =

2 ×10 × ×10
∴  

–7× 786 ×10 ×10 ×10
+ 25 ×10 ×10

2

 
 
 

π

[ ]–6 –3196.5×10 +3.98×10=   -34×10 m∼

      (b) vfèkdre ruko x = L ij gksxk

T= µ gL+Mg = (m+M)g

uE;d cy

–3 2(10 ) 250 Nπ π6= 250 ×10 × × = ×

uE;u dh fLFkfr esa

(m + M)g = 250 × π

–3 2= × (10 ) ×10 ×7860 <<m Mπ  250Mg π∴ ×∼

vr% M = 
250

25 75kg.
10

×
= × ∼

π
π

9.26 r ij dksbZ lw{eka'k dr yhft,A ekuk T (r) ,oa T (r+dr)  blosQ nksuksa fljksa ij ruko osQ

eku gSaA

– T (r+dr) + T (r) = 2µω rdr  tgk¡ µ izfr bdkbZ yackbZ nzO;eku gSA
2dT

– dr = rdr
dr

µω

2 2

2
2 2

At r = l T =0

l
C =

2

T(r) = (l - r )
2

µω

µω

⇒

∴
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ekuk fd lw{eka'k dr dh yackbZ esa o`f¼ d ( δ ) gSµ

( ) ( )2 2 2 /A/2 -
Y =

d( )

d

µω

δ
l r

r
2

2 2

2
2 2

2
2 2

0

2 3
2 3 2 23

d( ) 1
= ( - )

d 2

1
d( ) = ( - )

2

1
= ( - )

2

1 1 1
= = =-

2 3 33

δ µω

µω
δ

µω
δ

µω
µω µω

∴

∴

∴ ∫

 
 
 

l

l r
r YA

l r dr
YA

l r dr
YA

l
l ll

YA YA YA

yackbZ eas oqQy o`f¼ 2 22
2

3
l

YA
δ µω=

9.27 ekuk l
1
 = AB, l

2
 = AC, l

3
 = BC

2 2 2
3 1 2

3 1

cos
2

l l l

l l
θ

+ −
=

;k 2l
3
l
1
 cos θ = l

3
2 + l

1
2 - l

2
2

Differenciating

( )3 1 1 3 1 32 cos 2 sinl dl l dl l l dθ θ θ+ −

   3 3 1 3 1 1 2 22 2 2 2l dl l dl l lα α= + + −

vc]
1 1 1

2 2 1

3 3 2

dl l t

dl l t

dl l t

α

α

α

= ∆

= ∆

= ∆

rFkk l
1
 = l

2
 = l

3
 = l

( ) 2 2 2 22 2
1 1 21 1

cos sinl d l t l t l tl t l t θ θ θ α α αα α + = ∆ + ∆ − ∆∆ + ∆

vFkok 1 2sin (1 cos )d t tθ θ α θ α= 2 ∆ − − ∆

θ = 60o  j[kus ij

( )1 2

3
2 1/2

2
= ∆ × − ∆d t tθ α α

vFkok 1 22( )

3

t
d

α α
θ

− ∆
=

r

dr
l

B C

A

l

(A )l

(Cu)

(Cu)

60°

l1

l

l1

l2

l

( )1 2 tα α= − ∆
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h

W

r

h/2

d A

R

d BC

9.28 tc o`{k >qdus gh okyk gksrk gS ml le;
4

4
=

Y r
Wd

R

π

;fn R �  h, xq#Ro osaQnz dh Hkwfe ls Å¡pkbZ gksxh �
1

2
l h

∆ ABC ls

− +
 
 
 

�

2
12 2( )
2

R R d h

;fn �d R

− +�
12 2 22
4

R R Rd h

∴ =
2

8

h
d

R

;fn 0w  Hkkj/vk;ru dks O;Dr djs rks
π

π=
4 2

2
0 ( )

4 8

Y r h
w r h

R R

1/3

2/32
r

o

Y
h

w

 
⇒  

 
�

9.29 (a) L yackbZ rd iRFkj xq#Ro osQ vèkhu Lora=krkiwoZd fxjrk gSA blosQ i'pkr~ Mksjh dh

izR;kLFkrk bldks SHM djus osQ fy, ckè; djsxhA ekuk fd iRFkj y ij rkR{kf.kd :i

ls fojke esa vkrk gSA iRFkj dh P.E. esa vkus okyh deh rkfur Mksjh esa P.E. osQ :i

esa laxzfgr gks tk,xhA
21

( )
2

mgy k y L= −

vFkok 2 21 1

2 2
mgy ky kyL kL= − +

vFkok − + + =2 21 1
( ) 0

2 2
ky kL mg y kL

2 2 2( ) ( )kL mg kL mg k L
y

k

+ ± + −
=

 

2 2( ) 2kL mg mgkL m g

k

+ ± +
=

èkukRed fpÉ cuk, j[ksa rks

2 2( ) 2kL mg mgkL m g
y

k

+ + +
∴ =
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     (b) iRFkj vfèkdre osx ml le; izkIr djrk gS tc ;g ̂ ^larqyu voLFkk** ls xqtjrk gS

vFkkZr~ tc rkR{kf.kd Roj.k 'kwU; gksrk gSA vFkkZr~

mg - kx = 0, tgk¡ x yackbZ  L esa o`f¼ gSA

⇒  mg = kx

ekuk fd osx v gS] rc

 
2 21 1

( )
2 2

mv kx mg L x+ = +

 2 21 1
( )

2 2
mv mg L x kx= + −

vc  mg = kx, =
2m g

x
k

2 2
2

2

1 1

2 2

m gmg
mv mg kL

kk

 
∴ = −+ 

 

    

2 2 2 21

2

m g m g
mgL

k k
= + −

2 2
21 1

2 2

m g
mv mgL

k
= +

2 22 /v gL mg k∴ = +

   2 1/2(2 / )v gL mg k= +

     (c) ekuk fd fdlh {k.k fo'ks"k ij d.k y fLFkfr ij gS] rc

2

2
( )= − −

md y
mg k y L

dt

2

2
( ) 0

d y k
y L g

mdt
⇒ + − − =

( )
k

z y L g
m

= − −  j[kdj pj jkf'k dks :ikarfjr djus ijµ

2

2
0

d z k
z

mdt
+ =

cos( )z A tω φ∴ = +   tgk¡ 
k

m
ω =

cos( )
m

y A tL g
k

ω φ  ′⇒ = + ++ 
 

vr% iRFkj ¯cnq 0

m
y L g

k
= +  osQ ifjr% dks.kh; vko`fÙk ω ls SHM djsxkA
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vè;k; 10

10.1 (c)

10.2 (d)

10.3 (b)

10.4 (a)

10.5 (c)

10.6 (a), (d)

10.7 (c), (d)

10.8 (a), (b)

10.9 (c), (d)

10.10 (b), (c)

10.11 th] ughaA

10.12 th] ughaA

10.13 ekuk fd I;koh fge'kSy dk vk;ru V gSA bl fge'kSy dk Hkkj iρ Vg gksxkA ;fn bldk

fuefTtr va'k x gks] rks foLFkkfir ty dk vk;ru xV gksxkA rc bl ij vkjksfir

mRIykod cy  ρwxVg  gksxk] ρ
w 
ty dk ?kuRo gSA

mRIykou fu;e vuqlkjµ

iρ Vg = ρ
w 

xVg

w

0.917ix∴ = =
ρ

ρ

10.14 ekuk fd x fLizax esa laihMu gSA D;ksafd xqVdk larqyu esa gSA

Mg – (kx + ρ
w
Vg) = 0

tgk¡ ρ
w
 ty dk ?kuRo rFkk V xqVosQ dk vk;ru gSA rqyk dk ikB ty }kjk iyM+s ij

yxk, cy dk eki gS] vFkkZr~

m
ik=k

 + m
ty

 + ρ
w
Vg crkrk gSA

D;ksafd xqVosQ dks ty esa ykus ls igys rqyk dks 'kwU; ikB osQ fy, leaftr fd;k x;k

Fkk] u;k ikB gksxk ρ
w
Vg
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10.15 ekuk fd ty dk ?kuRo ρ
w 
gSA

rc ρaL3 + ρL3g = ρ
w 

xL3 (g + a)

w

x∴ =
ρ

ρ

vr% xqVosQ dk fuefTtr va'k Roj.k ij fuHkZj ugha djrk gS] pkgs ;g xq#Ro osQ vèkhu

gks ;k fyÝV esaA

10.16 jl ftl Å¡pkbZ rd Åij mBsxk og gSµ
2

3 5

2 cos0 2(7.2 10 )

10 9.8 2.5 10ρ

−

−

° ×
= =

× × ×

T
h

gr 0.6m�

;g og vfèkdre Å¡pkbZ gS ftl rd bl i`"B ruko osQ vèkhu Åij mB ldrk gS]

D;ksafd vusd o`{kksa dh Å¡pkbZ blls vfèkd gksrh gS osQoy dksf'kdRo osQ izHkko ls lHkh

o`{kksa esa ty Åij rd p<+us dh O;k[;k ugha dh tk ldrhA

10.17 ;fn VSadj èku x fn'kk esa Rofjr gksrk gS rks ty VSad esa ihNs dh vksj ,df=kr gks tk,xkA

eqDr i`"B ,slk gksxk fd blosQ fdlh Hkh va'k ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k yxus

okyk cy 'kwU; gksxkA

i`"B ij bdkbZ vk;ru osQ ,d va'k ij fopkj dhft,A rjy ij yxus okys cy gSaµ

ˆ ˆg a− −y xρ ρ,oa

i`"B osQ vuqfn'k Hkkj dk ?kVd gS% ρ g sin θ

i`"B osQ vuqfn'k Roj.k cy dk ?kVd gSµ

g a cos θ

sin cosg aρ θ ρ θ∴ =

vr% tan θ =a/g
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10.18 ekuk fd v
1
 ,oa v

2
 ¯cnqdkvksa osQ vk;ru gSa vkSj v ifj.kkeh cw¡n dkA

rc v = v
1
+v

2

( )3 3 3 3 3
1 2 cm 0.009cm0.001 0.008r r r⇒ = + = =+

0.21cmr∴ �

( )( )2 2 2
1 2

4U T r r rπ∴ ∆ = − +

  ( )3 424 435.5 10 10 J0.21 0.05π − −= × × ×−

   32−�  × 10–7 J

10.19 3 3R Nr=

1/3

R
r

N
⇒ =

2 24 ( )∆ = −U T R Nrπ

ekuk fd laiw.kZ ÅtkZ osQ foeqDru ls rki esa deh vkrh gSA ;fn s fof'k"V Å"ek gks

rks rkikarj gksxkµ

( )2 2

3

4

4

3

TU R Nr

ms
R s

∆ −
∆ = =

π
θ

π ρ , tgk¡ ρ ?kuRo gSA

2

3

3 1T r
N

s R R
θ

ρ

 
∴ ∆ = − 

 

 

2 3

3 3

3 3 1 11T Tr R

s s R rR R rρ ρ

   
= = −−   

  

10.20 cw¡n rHkh ok"i esa cnysxh tc ty dk nkc ok"i nkc ls vfèkd gks tk,xkA f>fYydk

nkc (ty osQ dkj.k)µ
32

2.33 10 Pa
T

p
r

= = ×

2

3

2 2(7.28 10 )

2.33 10

T
r

p

−×
∴ = =

×
 = 6.25 × 10-5 m

10.21 (a) ifjPNsn&{ks=k A rFkk Å¡pkbZ ∆h osQ ok;q osQ ,d {kSfr”k y?kq va'k ij fopkj

dhft,A ekuk fd blosQ Åijh rFkk fupys i`"B ij nkc Øe'k% p ,oa P + dp

gSA ;fn ;g va'k larqyu voLFkk esa gS rks bl ij Åij dh vksj yxk cy blosQ

Hkkj }kjk larqfyr gksuk pkfg,A

p

p + dp
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vFkkZr (p+dp)A–pA = – PgA dh

⇒ dp = – ρ gdh.

(b) ekuk fd Hkw&ry osQ fudV ok;q dk ?kuRo ρ
o
 gS] rc

o o

p

p

ρ

ρ
=

o

o

p
p

ρ
ρ⇒ =

o

o

g
dp pdh

p

ρ
∴ = −

o

o

gdp
dh

p p

ρ
⇒ = −

o

p h
o

op o

gdp
dh

p p

ρ
⇒ = −∫ ∫

ln o

o o

gp
h

p p

ρ
⇒ = −

exp o
o

o

g
hp p

p

ρ 
−⇒ =  
 

(c)
1

ln
10

o
o

o

g
h

p

ρ
= −

1
ln

10
o

o

o

p
h

gρ
∴ = −

2.303o

o

p

gρ
= ×

5
5 31.013 10

2.303 0.16 10 m 16 10 m
1.29 9.8

×
= × = × = ×

×

(d) ;g ekU;rk fd p ρ∝  osQoy lerkih; izdj.kksa osQ fy, gh ;qfDr;qDr gS tks

osQoy vYi nwfj;ksa osQ fy, gh oSls jg ikrs gSaA

10.22 (a) 1 kg ty dks L
v
 fdyks oSQyksjh dh vko';drk gksrh gS

∴M
A
 kg ty dks M

A
L

v
 fdyks oSQyksjh dh vko';drk gksxhA

pw¡fd M
A
 kg ty esa N

A
 v.kq gSa] v.kq osQ ok"ihdj.k osQ fy, vko';d ÅtkZ gksxhµ

JA v

A

M L
u

N
=

×
=

90

18 540 × × 34.2 10

6 × 26
J

10
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    = 90 × 18 × 4.2 × 10–23 J

    �  6.8 × 10–20 J

(b) ty osQ v.kqvksa dks ¯cnqvksa dh Hkk¡fr eku yhft, tks ,d nwljs ls d nwjh ij gSa]

N
A
 v.kq 

A

w

M

ρ yhVj vk;ru ?ksjrs gSa

vr% ,d v.kq osQ pkjksa vksj dk vk;ru 
A

A w

M

N ρ yhVj gksxkA

∴ ,d v.kq osQ pkjksa vksj dk vk;ru d3 = (M
A
/N

A
 ρ

w
)

1/ 3 1/3

26 3

18

6 10 10

A

A w

M
d

N ρ

   
∴ = =   

× ×  

 ( )
1/3 1030 m 3.1 10 m30 10

−−= ×× �

(c) 1 kg ok"i 1601 × 10-3 m3 vk;ru ?ksjrh gS

∴18 kg ok"i 18 × 1601 × 10–3 m3 vk;ru ?ksjsxh

⇒ 6 × 1026 v.kq 18 × 1601 × 10–3 m3 vk;ru ?ksjrs gSa

∴ 1 v.kq 
-3

3

26

18 × 1601 × 10  
m

6×10
 vk;ru ?ksjxk]

;fn d ′  varj vkf.od nwjh gks] rks

′ 3( )d  = ( 3 × 1601 × 10-29)m3

∴ d ′ = (30 × 1601)1/3 × 10-10 m

   = 36.3 × 10-10 m

(d) F (d ′ -d) = u 

20
10

10

6.8 10
0.2048 10 N

' (36.3 3.1) 10

u
F

d d

−
−

−

×
⇒ = = = ×

− − ×

(e)

10
–1 2 –1

10

0.2048 10
/ 0.066N m 6.6 10 N m

3.1 10
F d

−
−

−

×
= = = ×

×

10.23 ekuk fd xqCckjs osQ vanj nkc P
i
 vkSj ckgj P

o 
gS] rks

P
i
 – P

o  

2

r

γ
=

ok;q dks ,d vkn'kZ xSl eku ysa rks
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P
i
 V= n

i
 R T

i
  tgk¡ V xqCckjs osQ vanj dk vk;ru gS] n

i
 blosQ vanj eksyksa dh la[;k

gS vkSj T
i
 vanj dk rki gS rFkk P

o
 V= n

o
 R T

o
 tgk¡ V foLFkkfir ok;q dk vk;ru gS n

o

foLFkkfir ok;q esa eksyksa dh la[;k gS rFkk T
o
 ckgj dk rki gSA

n
i
 

i i

i A

P V M

R T M
= = tgk¡ M

i
 vanj dh ok;q dh nzO;eku gS rFkk M

A
 ok;q dk eksyj nzO;eku

gSA n
o
 o o

o A

P V M

R T M
= =  tgk¡ M

o
 foLFkkfir ckgjh gok dk nzO;eku gSA ;g blosQ }kjk

W nzO;eku dks Åij mBk ldrk gS] rks

W + M
i 
g = M

o 
g

⇒ W=  M
o 
g – M

i 
g

ok;q esa 21% O
2
 rFkk 79% N

2 
gksrh gSA

∴ ok;q dk eksyj nzO;eku M
A
 = 0.21×32 + 0.79×28 = 28.84 g.

o iA

o i

P PM V
W g

R T T

 
⇒ = − 

 

= 

34
0.02884 8 9.8

3
8.314

π× × ×
 

5 51.013 10 1.013 10 2 5

293 333 8 313

 × × ×
− − 

 × 
N

3

5

4
0.02884 8

1 13 1.013 10 9.8N
8.314 293 333

× ×
 

× × − × 
 

�

π

= 3044.2 N

 vè;k; 11

11.1 (d)

11.2 (b)

11.3 (b)

11.4 (a)

11.5 (a)

11.6 (a)

11.7 (d)

ewy vk;ru 
4 3

o
3

V R= π

jSf[kd o`f¼ xq.kkad = α

∴ vk;ru o`f¼ xq.kkad 3α�
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α=
1

3
dV

V dT

3dV V dTα⇒ = 34 R Tπ α ∆�

11.8 (c)

11.9 (b), (d)

11.10 (b)

11.11 (a), (d)

11.12 (b), (c), (d)

11.13 Å"ek&ik;Z

11.14 2 ,oa 3 xyr gSa] 4 lgh gSA

11.15 pkydrk esa varj osQ dkj.k] dk"B dh rqyuk esa /krqvksa dh pkydrk vfèkd gksrh gSA

Å¡xyh ls Li'kZ djus ij vkl&ikl dh Å"ek èkkrq esa gksdj rs”kh ls Å¡xyh esa igq¡prh

gS blfy, èkkrq xeZ vuqHko gksrh gSA blh izdkj tc O;fDr BaMh èkkrq dks Nwrk gS rks

Å¡xyh ls Å"ek èkkrq esa gksdj rsth ls okrkoj.k esa tkrh gS blfy, mls èkkrq BaMh

yxrh gSA

11.16 40 C 40 F− = −
� �

11.17 D;ksafd rk¡cs dh pkydrk LVhy dh rqyuk esa

vfèkd gksrh gS] rk¡cs vkSj LVhy dh lafèk

rs”kh ls xeZ gks tkrh gS] ijarq mruh gh rs”kh

ls LVhy Å"ek dk pkyu ugha dj ikrk

ifj.kkeLo:i vanj j[kk Hkkstu ,d leku

:i ls Å"ek izkIr djrk gSA

11.18
21

12
=I Ml

2 2 21 1 1 1
' ( ) 2 ( )

12 12 12 12
I M l l Ml Ml l M l= + ∆ = + ∆ + ∆ α

   
21
2

12
I Ml T≈ + ∆α

   2I I Tα= + ∆

2I I Tα∴ ∆ = ∆

11.19 ty osQ P-T vkjs[k ij è;ku nhft,

vkSj blesa nksuksa vksj uksad okys rhj osQ

fpÉ dk lanHkZ yhft,A 0°C ij vkSj

1 atm.  {ks=k dh voLFkk ls nkc

lafèk

LVhy

rkack

ykS

Bksl

nzo

xSl
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c<+kus ij ciZQ nzo voLFkk esa cny tkrh gS vkSj blh voLFkk ls nkc ?kVkus ij ty

ciZQ esa cny tkrh gSA

tc oqQpyh gqbZ ciZQ dks nck;k tkrk gS rks bldk oqQN Hkkx fi?ky dj ty cu tkrk

gS tks fged.kksa osQ chp esa lek tkrk gSA nkc gVkus ij ;g ty fgehHkwr gksdj lHkh

fged.kksa dks vkil esa la;ksftr dj nsrk gS vkSj xsan dks vfèkd LFkk;h cuk nsrk gSA

11.20 ifj.kkeh feJ.k dk rki 0oC gks tkrk gSA 12.5 g ciZQ esa cny tkrk gS rFkk 'ks"k ty

osQ :i esa jgrk gSA

11.21 igys fodYi osQ vuqlj.k osQ ty vfèkd xeZ jgsxk] D;ksafd U;wVu osQ 'khryu fu;e

osQ vuqlkj] Å"ek gkfu dh nj fiaM osQ rki rFkk okrkoj.k osQ rki osQ varj osQ

lekuqikrh gksrh gS vkSj igys fodYi esa rkikarj de gS blfy, gkfu dh nj de jgrh gSA

11.22 lHkh rkiØeksa ij l
yksgk
 –l

ihry
 = 10 cm

∴ lº
yksgk
 (1 + a

yksgk
 ∆t) –lº

ihry
(1 + a

ihry
 ∆t) = 10cm

lº
yksgk
 a

yksgk
 = lº

ihry
 a

ihry

∴ = =
�

�

1.8 3

1.2 2

l

l

yksgk

ihry

1
10cm 20 cm

2
l l∴ = ⇒ =� �

i hry i hry

rFkk = 30 cm°l yksgk

11.23 yksgs osQ ik=k ftlesa vanj ihry dh NM+ yxh gks
6

3.55

V

V
=vk;ju

ihry

100ccV V Vo− = =vk;ju ihry

= =144.9cc 244.9ccV VNM+ vanj
ihry vk;ju

11.24 izfrcy = K × foÑfr

    
V

=K
V

∆

    =K(3 ) tα ∆

ihry
vk;ju
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9 5140 10 3 1.7 10 20−= × × × × ×

8 21.428 10 N/m= ×

;g ok;qeaMyh; nkc ls yxHkx 103 xquk gSA

11.25

2 2

2 2 2

L L L
x

∆   
= −+   

   

   
1

2
2

L L≈ ∆

α∆ = ∆L L t

2
2

L
x tα∴ ≈ ∆

      0.11m 11cm≈ →

11.26 fofèk - I

,d fljs (ftl ij rki θ 1
 gS) ls x nwjh ij rki θ 1 

gSµ

( )1 2 1

o

x

L
θ θ θ θ= + − : jSf[kd foHko izo.krk

dx
0
 yackbZ osQ y?kq va'k dh ubZ yackbZ

( )1odx dx αθ= +

     ( )1 2 1o o
o

x
dx dx

L
θ θ θα
 

+ −= +  
 

vc = =∫ ∫o odx L dx LrFkk : ubZ yackbZ

lekdyu djus ijµ
( )2 1

1o o o

o

L L L x dx
L

θ θ
α θ α

−
∴ = + + ∫

      ( )2 1

1
1

2
oL α θ θ
 

= + + 
 

D;kasfd 

0L

2
0

0

1

2
=∫ xdx L

fofèk - II

;fn rki yackbZ osQ lkFk jSf[kdr% c<+rk gS rks ge eku ldrs gSa fd vkSlr rki

( )1 2

1

2
θ θ+  gS vkSj blfy, ubZ yackbZ ( )2 1

1
1

2
oL L α θ θ
 

= + + 
 

 gSA

11.27 (i) 1.8 × 1017 J/S (ii) 7 × 109 kg (iii) 47.7 N/m2

dx

x
q q1 2
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vè;k;  12

12.1 (c) fLFkjks"e

A lenkfcd izØe gS] D le vk;rfud gSA B ,oa C esa ls]  B dh izo.krk (dk

ifj.kke) de gSA vr% ;g lerkih; izØe 'ks"k cpk izØe fLFkjks"e gSA

12.2 (a) 0.251g

12.3 (c)

12.4 (b) –2 PV

12.5 (a)

12.6 (b)

12.7 (a), (b) ,oa (d).

12.8 (a), (d)

12.9 (b), (c)

12.10 (a), (c)

12.11 (a), (c)

12.12 ;fn ra=k izfros'k osQ fo#¼ bl izdkj dk;Z djas fd iznÙk Å"ek ls ÅtkZ iwfrZ gksrh jgs

rks rki vpj cuk jg ldrk gSA

12.13 p QU U− = iFk&1 esa ra=k }kjk fd;k x;k dk;Z + 1000 J

= iFk–2 esa ra=k }kjk fd;k x;k dk;Z + Q

   (–100 1000)J 900 J= + =Q

12.14 ;gk¡ yh xbZ Å"ek nh xbZ Å"ek ls de gS] vr% jsfÚtjsVj (tks dejs ls foyfxr ugha

gS) lfgr dejs dk rki c<+ tk,xkA

12.15 th gk¡] tc xSl esa fLFkjks"e laihMu gksrk gS rks bldk rki c<+ tkrk gSA

dQ = dU + dW

D;ksafd (fLFkjks"e izØe esa) dQ = 0

∴ dU = -dW
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laihMu esa dk;Z ra=k osQ Åij fd;k tkrk gS blfy, dW ½.kkRed gksrk gSA

⇒ dU èkukRed gS

 vr% xSl dh vkarfjd ÅtkZ esa o`f¼ gks tkrh gS vFkkZr bldk rki c<+ tkrk gSA

12.16 okgu pykrs le; xSl dk vk;ru rks fLFkj jgrk gS ijarq bldk rki c<+ tkrk gSA vr%

pkYlZ fu;e osQ vuqlkj fLFkj V ij P α  T A

blfy, xSl dk nkc c<+ tkrk gSA

12.17
32

1 2

1 1

3
, 10 J

5

TQ
Q Q

Q T
= = − =

3 2
1 1

53
10 J 10 J1

25
Q Q

 
= ⇒ = ×− 

 
= 2500 J, 2 1500JQ =

12.18 35 7000 10 4.2J 60 15 10 N× × × = × × ×

6
3 321 7 10 147

10 16.3 10
900 9

× ×
= = × = ×N times.

12.19 ( ) ( )P V v P p Vγ γ+ ∆ = + ∆

1 1
v p

P P
V P

γ
∆ ∆   

=+ +     

;
v p dv V

V P dp p
γ

γ

∆ ∆
= =

W.D. 
( )2 2

1 1

2 1

γ γ

−
= = =∫ ∫

P P

P P

P PV
p dv p dp V

p

12.20
270 1

1
300 10

η = − =

jsfÚtjsVj dh n{krk 
1

0.5
20

η= =

;fn Q Å"ek dh og ek=kk gS tks izfr lsoaQM mPprj rki dh vksj LFkkukarfjr dh tkrh

gS] rks 
1

20

W

Q
=  vFkok  Q = 20W = 20kJ, rFkk fuEurj rki osQ dks"B ls gVkbZ xbZ

Å"ek =19 kJ.

12.21 2 5=
Q

W
, 2 15W, 6W= =Q Q
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2
2

1

5
, 250K 23 C

6 300
= = = = − �T T

T
T

12.22 izR;sd izdj.k osQ fy, P-V vkjs[k vko`Qfr esa n'kkZ;k x;k gSA izdj.k - (i) osQ fy,
Pi Vi = Pf Vf  = Pg Vg ; blfy, izØe-(i) lerkih; gSA fd;k x;k dk;Z P-V oØ
osQ uhps dk {ks=kiQy] vr% fd;k x;k dk;Z ml fLFkfr dh rqyuk esa vfèkd gS
ftlesa xSl fLFkj nkc ij foLrkfjr gksrh gSA

12.23 (a) xSl }kjk fd;k x;k dk;Z (ekuk PV1/2 = A)

( )
22 2

1 1 1

2 1
2

1/2

 
∆ = = = = − 

 
∫ ∫

VV V

V V V

dV V
W pdv A A A V V

V

= 2   
1/2 1/2 1/2

1 1 2 1
P V V – V

(b) pw¡fd / .
A

T pV nR V
nR

= =

vr%  
2 2

1 1

2
T V

T V
= =

(c) rc] vkarfjd ÅtkZ esa ifjorZu

( ) ( )2 1 2 1 1

3 3
2 1

2 2
U U W R T T RT∆ = − = − = −

( ) ( )1 12 22 1 2 1W A V RT∆ = =− −

( )1(7/2) 2 1Q RT∆ = −

12.24 (a) A ls B

(b) C ls D

(c) W
AB

 = 0; 0= =∫
B

CD

A

p dV W .

blh izdkj  
1

1

C

B

VC C r

BC r

B B V

dV V
W pdV k k

RV

− + 
= = = 

− + 
∫ ∫

 
1

( )
1

c c B BP V P V
γ

= −
−

blh izdkj 
γ

= −
−

1
( )

1
DA A A D DW P V P V

vc] 2B
C B B

C

V
P P P

V

γ

γ− 
= = 

 

izdj.k

izdj.k
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blh izdkj] P
D
 = P

A
 2-γ

fd;k x;k oqQy dk;Z = W
BC

 +W
DA

        ( ) ( )1 1
1

2 1 2 1
1

B B A AP V P Vγ γ

γ
− + − += − − − 

−

        
11

(2 1)( )
1

B A AP P Vγ

γ
−= − −

−

        ( )
2 /33 1

1
2 2

B A AP P V
  = −−  

  

(d) izØe A, B osQ nkSjku nh xbZ Å"ek

dQ
AB

 = dU
AB

= − = −
3 3

( ) ( )
2 2

AB B A B A AQ nR T T P P V

n{krk = 

2
31

1
2

  = −  
  

fd;k  x;k  oqQy dk;Z
iznÙk Å"ek

12.25
3 3

( ) ( )
2 2

AB AB B A A B AQ U R T T V P P= = − = −

Bc BC BCQ U W= +

( ) ( ) ( )3/2 B C B B C BP V V P V V= − + −

( )5/2 ( )B C AP V V= −

Q
CA 

= 0

Q
DA

 =( 5/2) P
A
 (V

A
-V

D
)

12.26 (V
o
, P

o
) ij oØ P = f (V) dh izo.krk

= f (V
o
)

(V
o
, P

o
) ij fLFkjks"e dh izo.krk

= k (-γ) V
o
–1– γ = -γ P

o
/V

o

izØe P = f (V) esa vo'kksf"kr Å"ek]

dQ = dV + dW

      = nC
v
dT + P dV
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pw¡fd T = (1/nR) PV = (1/nR) V f (V)

   dT = (1/nR) [f (V) + V f ′  (V)] dV

vr%]

dQ

dV V = Vo

[ ]( ) '( ) ( )o o o o

CV
f V V f V f V

R
+= +

     = 
1 '( )

1 ( )
1 1

o o
o

V f V
f V

γ γ

 
+ + − − 

     '( )
1 1

o
o o

V
P f V

γ

γ γ
= +

− −

Å"ek rc vo'kksf"kr gksrh gS tc dQ/dV > 0, tc xSl dk vk;ru c<+rk gS vFkkZr tc

γ P
o
 + V

o
f ′ (V

o
) >0

f ′  (V
o
) > -γ P

o
/V

o

12.27 (a) i aP P=

(b) ( ) ( )= + − = + −f a o a o

k
P P V V P k V V

A

(c) nh xbZ laiw.kZ Å"ek ;kaf=kd ÅtkZ esa :ikarfjr gks tkrh gSA (vkn'kZ xSl osQ

fy,) vkarfjd ÅtkZ esa dksbZ ifjorZu ugha gksrk

21
( ) ( ) ( )

2
∆ = − + − + −a o o V oQ P V V k V V C T T

tgk¡ T
o
 = P

a
 V

o
/R,

T = [P
a
+(R/A)-(V-V

o
)]V/R

vè;k; 13

13.1  (b)

ppkZ osQ fy, fVIif.k;k¡µ ;gk¡ lkis{k xfr dh ladYiuk dk vfoHkkZo gksrk gS vkSj ;g

rF; egRoiw.kZ gks tkrk gS fd tc Hkh la?kV~V gksrk gS rks lkis{k osx esa gh ifjorZu gksrk

gSA

13.2 (d)

ppkZ osQ fy, fVIif.k;k¡µ vkn'kZ fLFkfr esa tks izk;% gekjh ppkZ osQ fo"k; gksrs gSa

izR;sd la?kV~V esa vfHkyacor~ laosx osQ ifj.kke esa nks ckj ifjorZu gksrk gSA iQyd
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EFGH ij bldk osQoy vkèkk Hkkx gLrkarfjr gksrk gSA

13.3 (b)

13.4 (c) ;g ,d fLFkj nkc ( )/p Mg A= O;oLFkk gSA

13.5 (a)

13.6 (d)

ppkZ osQ fy, fVIif.k;k¡µ vkn'kZ xSl fu;e dk lkekU; dFku ewyr% v.kqvksa osQ fy,

izLrqr fd;k x;k gSA ;fn dksbZ xSl ijek.kq :i esa gks (ftldh iwjh laHkkouk gS) vFkok

v.kqvksa vkSj ijek.kqvksa ls feydj cuh gks rks mlosQ fy, bl fu;e dks Li"V dFku

osQ :i esa izLrqr ugha fd;k x;k gSA

13.7 (b)

fVIif.k;k¡µ fdlh feJ.k esa vkSlr xfrt ÅtkZ,¡ cjkcj gksrh gSaA vr% muosQ osxksa dk

forj.k fcYoqQy fHkUu gksrk gSA

13.8 (d)

ppkZ osQ fy, fVIif.k;k¡µ bl vè;k; eas fLFkj nkc rFkk fLFkj vk;ru dh fLFkfr;ksa

ij ppkZ dh xbZ gSA ijarq okLrfod thou esa ,slh vusd fLFkfr;k¡ vkrh gSa ftuesa nksuksa

,d lkFk ifjofrZr gksrs gSaA ;fn lrgsa n`<+ gksa rks p c<+dj 1.1 p gks tk,xk rFkkfi]

tSls&tSls nkc c<+rk gS V Hkh c<+rk gS ftlls pv var esa 1.1 RT  gks tkrk gS] tgk¡ p
vafre

> p rFkk V
vafre

 > VA vr% (d)A

13.9 (b),(d)

13.10 (c)

13.11 (a), (d)

fVIif.k;k¡µ vkius lehdj.k <LFkkukarjh; xfrt ÅtkZ> = ( )3
2

RT , <?kw.khZ ÅtkZ> =

RT  i<+h gSA ij vHkh rd bl rF; ij tksj ugha fn;k x;k Fkk fd ;s nksuksa ,d nwljs

ls Lora=k gksrh gSaA ,d nwljs ls Lora=k :i ls os eSDlosy osQ fu;eksa dk vuqlj.k djrh gSaA
13.12 (a), (c)
13.13 (a)

fVIif.k;k¡µ izk;% fo|kfFkZ;ksa dks ;g ladYiuk Li"V ugha gksrh fd xfreku fiaM osQ

lkFk izR;kLFk la?kV~V djus ls fiaM dh ÅtkZ esa ifjorZu gks tkrk gSA

13.14 ∴ Lo.kZ dk eksyj nzO;eku 197 g mole–1 gS vkSj 1 eksy esa ijek.kqvksa dh la[;k

= 6.0 × 1023 gSA

∴ 39.4g esa ijek.kqvksa dh la[;k 
23

236.0 10 39.4
1.2 10

197

× ×
= ×

13.15 P dks vpj j[kus ls gesa izkIr gksrk gSµ

1 2
2

1

100 600
200cc

300

×
= = =

V T
V

T
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13.16 1 1 2 2

1 2

P V P V

T T
=

1 2 1

2 1 2

2 300 3

400 2

V P T

V P T

×
= = =

2 2
1 1 2 2

1 2

1 1
;

3 3

− −= =
M M

P c P c
V V

2 2 2 2
2 1

1 1

V P
c c

V P
∴ = × ×

  
2 2

(100) 2
3

= × ×

–1
2

200
m s

3
c =

13.17

2 2
1 2

2
rms

v v
v

+
=

6 2 6 2(9 10 ) (1 10 )

2

× + ×
=

−+ ×
= = ×

12
6 1(81 1) 10

41 10 m s
2

13.18 O
2
 ik¡p Lokra=;&dksfV dk v.kq gSA blfy, bldh izfr eksy ÅtkZ 

5

2
RT=

∴  O
2 
osQ 2 eksyksa dh ÅtkZ = 5RT

fu;kWu dh Lokra=; dksfV 3 gS ∴  bldh izfr eksy ÅtkZ 
3

2
RT=

∴  fu;kWu osQ 4 eksyksa dh ÅtkZ 3
4 6

2
RT RT= × =

∴  oqQy ÅtkZ = 11RT.

13.19 2

1
l

d
α

1 21 2
o o

d A Aα= =

1 2: 4 :1l l =

13.20 V
1
 = 2.0 litre V

2
 = 3.0 litre

1µ = 4.0 moles 2µ = 5.0 moles

P
1
 = 1.00 atm P

2
 = 2.00 atm

1 1 1 1 2 2 2 2P V RT P V RTµ µ= =
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1 2 1 2V V Vµ µ µ= + =

1 eksy osQ fy, 
2

3
PV E=

1µ  eksy osQ fy,      1 1 1 1

2

3
P V Eµ=

2µ  eksy osQ fy,      2 2 2 2

2

3
P V Eµ=

oqQy ÅtkZµ  1 1 2 2 1 1 2 2

3
( ) ( )

2
E E P V P Vµ µ+ = +

2 2

3 3
total per molePV E Eµ= =

1 2 1 1 2 2

2 3
( ) ( )

3 2
P V V P V P V+ = × +

1 1 2 2

1 2

P V P V
P

V V

+
=

+ *

   
1.00 2.0 2.00 3.0

atm
2.0 3.0

× + × 
=  

+ 

   
8.0

1.60atm.
5.0

= =

fVIif.k;k¡µ vafdr lehdj.k }kjk fu:fir vkn'kZ xSl fu;e dk ;g :i fLFkjks"e

ifjorZuksa osQ fy, cgqr mi;ksxh gSA

13.21 D;ksafd rki vkSj nkc dh n'kk,¡ leku gSa blfy, vkSlr K.E Hkh leku gksaxhA
1

rmsv
m

α

A B cm m m> >∵

C B Av v v> >

13.22 0.25 × 6 × 1023 v.kq gSa ftuesa ls izR;sd dk vk;ru 10–30m3  gSA

vkf.od vk;ru = 2.5 × 10–7m3

;g eku ysa fd vkn'kZ xSl fu;e ykxw fd;k tk ldrk gS rks

vafre vk;ru 
3 6

7 3(3) 10
2.7 10 m

100 100
inV −

−×
= = ≈ ×

tks yxHkx mruk gh gS ftruk vkf.od vk;ruA vr% var%vkf.od cyksa dks ux.; ugha

ekuk tk ldrk gSA blfy, ;gk¡ vkn'kZ xSl dh fLFkfr ugha gSA

13.23 tc gok Hkjh tkrh gS rks vfèkdkfèkd v.kq vanj izos'k djrs gSaA ckW;y osQ fu;e dk

dFku ml fLFkfr osQ fy, fd;k x;k gS ftlesa v.kqvksa dh la[;k fLFkj jgrh gSA
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13.24 5.0µ =

T = 280K

ijek.kqvksa dh la[;k 235.0 6.02 10ANµ= = × ×

     = 30 × 1023

izfr v.kq vkSlr xfrt ÅtkZ 
3

2
= kT

∴  oqQy vkarfjd ÅtkZ 3

2
= ×kT N

    
23 233

30 10 1.38 10 280
2

−= × × × × ×

    = 1.74 × 104 J

13.25 NTP ij xSl osQ 1g eksy dk vk;ru  = 22400cc

∴ gkbMªkstu osQ 1 CC esa v.kqvksa dh la[;k

23
196.023 10

2.688 10
22400

×
= = ×

D;ksafd izR;sd f}&ijekf.od v.kq dh 5 Lokra=; dksfV gksrh gaS] gkbMªkstu dh Hkh

D;ksafd ;g f}&ijekf.od gS 5 Lokra=; dksfV gksrh gSa]

∴  oqQy Lokra=; dksfV;ksa dh la[;k = 5 × 2.688 × 1019

        = 1.344 × 1020

13.26 xSl dh xfrt ÅtkZ esa ßkl 
21

( )
2

oE mn v= ∆ =

tgk¡ n = eksyksa dh la[;k

;fn blosQ rki esa T∆  ifjorZu gksrk gS] rks
23 1

2 2
on R T mn v∆ = .    ∴

2

3
omv

T
R

∆ =

13.27 panzek dk xq#Rokd"kZ.k cy cgqr {kh.k gksrk gS blfy, blosQ i`"B ls iyk;u osx dk

eku cgqr de gSA lw;Z ls ns[kus ij panzek i`Foh osQ cgqr fudV gSA panzek Hkh izfr bdkbZ

{ks=kiQy ij mruh gh Å"ek xzg.k djrk gS ftruh ìFohA ok;q osQ v.kqvksa dk pky&ijkl

cgqr vfèkd gksrk gSA ;|fi ok;q osQ v.kqvksa dh rms pky panzek ij iyk;u osx ls

cgqr de gksrh gS fiQj Hkh ,d cM+h la[;k esa ,sls v.kq gksrs gSa ftudh pky iyk;u

osx ls vfèkd gksrh gS vkSj os iyk;u dj tkrs gSaA vc 'ks"k cps v.kqvksa esa larqyu rki

osQ fy, pky forj.k gksrk gSA fiQj ls cM+h la[;k esa v.kqvksa dh pky iyk;u osx ls

vfèkd gks tkrh gS vkSj ;s iyk;u dj tkrs gSaA bl izdkj nh?kZdky r panzek dk lkjk

ok;qeaMy lekIr gks x;kA
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300 K  ij 
23

26

3 3 1.38 10 300
=1.7 km/s

7.3 10

−

−

× × ×
= =

×
rms

kT
V

m

panzek ij V
iyk;u

 = 4.6 km/s

(b) tSls&tSls v.kq Åij mBrs gSa mudh fLFkfrt ÅtkZ esa o`f¼ gksrh gSA blfy, xfrt

ÅtkZ esa deh vkrh gS ftlls rki de gks tkrk gSA vfèkd Å¡pkbZ ij xSl dks iSQyus

osQ fy, vfèkd vk;ru miyCèk gksrk gSA xSl osQ iSQyus ls oqQN rki de gks tkrk gSA

13.28 (;g iz'u ok"iu ls gksus okys 'khryu dh èkkj.kk le>kus osQ fy, vfHkdfYir fd;k

x;k gS)

(i)

   

210 100 (1 4 2 16 4 36 2 64 1 100)

100

× × × + × + × + × + ×
=

   
2 21000 (4 32 144 128 100) 408 1000m /s= × + + + + = ×

639m/s∴ =rmsv

21 3

2 2
rmsmv kT=

2 26 5

23

1 1 3.0 10 4.08 10

3 3 1.38 10
rmsmv

T
k

−

−

× × ×
∴ = = ×

×

22.96 10 K 296K= × =

(ii) 

2 2 2 2
2 10 (200) 20 (400) 40 (600) 20 (800)

90
rmsV

× + × + × + ×
=

       

210 100 (1 4 2 16 4 36 2 64)

90

× × × + × + × + ×
=

      
2 2308

10000 342 1000 m /s
9

= × = ×

584m/srmsv =

21
248K

3
rmsmV

T
k

= =

13.29 le; t
v

λ
=

=

× + × + × + × + ×
=

 

 

2

2

2 2 2 2 210 (200) 20 (400) 40 (600) 20 (800) 10 (1000)

100

i i

i
rms

i

n v

V
n
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2

1

2 d n
λ

π
= , d = tgk¡ d O;kl gS vkSj n la[;k ?kuRo

310
0.0167 km

20 20 1.5

−= = =
× ×

N
n

V

2

1

2 ( / )
t

d N V vπ
=

×

  2 3

1

1.414 3.14 (20) 0.0167 10 150−
=

× × × × ×

   = 225 h

13.30 V
1x

 = cDls osQ vanj x fn'kk osQ vuqfn'k v.kqvksa dh pky

n
1 
= izfr bdkbZ vk;ru esa v.kqvksa dh la[;k

∆ t, le; esa nhokj dh vksj pyus okys d.k blls Vdjk,¡xs ;fn os 1( )xV t∆  nwjh ij

gSaA ekuk fd a = nhokj dk {ks=kiQy]  ∆t  le; esa nhokj ls Vdjkus okys d.kksa dh l[;k
1

( )
2

i ixn V t a= ∆ (xq.kd1/2 nhokj dh vksj xfr osQ dkj.k)

 lkekU; :i ls xSl larqyu esa gksxh D;ksafd fNnz dh rqyuk esa nhokj dk vkdkj cgqr

cM+k gSA

2 2 2 2
1 1 1x y z rmsV V V V∴ + + =

2
2

1
3
rms

x

V
V∴ =

2 21 3 3

2 2
rms rms

kT
mV kT V

m
= ⇒ =

2
1x

kT
V

m
∴ =

∴ ∆t le; esa la?kV~V djus okys d.kksa dh la[;k  
1

1

2

kT
n t a

m
= ∆  ;fn d.k fNnz

ij Vdjkrs gSa rks os blls ckgj fudy tkrs gSaA blh izdkj fNnz ij Vdjkus okys ckgjh

d.k vanj vk tk,¡xsA

∴ ∆t le; esa oqQy izokfgr gksus okys d.kksa dh la[;k 1 2

1
( )

2

kT
n n t a

m
= − ∆ ]

D;ksafd vanj vkSj ckgj dk rki leku gSA
PV

pV RT
RT

µ µ= ⇒ =

A AN PN
n

V RT

µ
= =

oqQN le; τ  i'pkr~ vanj dk nkc cny dj 
1
′p  gks tkrk gS

1
1

AP N
n

RT

′
′∴ =
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1 1
′−n V n V  = ckgj tkus okys d.kksa dh la[;k 1 2

1
( )

2

kT
n n a

m
τ= −

1 1
1 2

1
( )

2
τ

′
∴ − = −A A AP N P N N kT

V V P P a
RT RT RT m

1 1

1 2

2
P P V m

P P a kT
τ

′− 
∴ =  − 

27

6 23

5 1.00 46.7 101.5 1.4
2

0.01 10 1.38 10 3001.5 1.0

−

− −

× ×− 
=  

× × ×− 

= 1.38 ×105 s

13.31 n = bdkbZ vk;ru esa v.kqvksa dh la[;k

v
rms

 = xSl v.kqvksa dh rms pky

tc xqVdk v
o 
pky ls py jgk gS rks lEeq[k i`"B osQ lkis{k v.kqvksa dh pky = v + v

o

(tc os lEeq[k la?kV~V osQ fy, vkrs gSa)

∴ izfr la?kV~V gLrkarfjr laosx  = 2m (v+v
o
),

∆t le; esa gksus okys la?kV~Vksa dh la[;k 
1

( )
2

ov v n tA= + ∆  tgk¡ A = xqVosQ dh

vuqizLFk dkV dk {ks=kiQy gS rFkk xq.kd 1/2 xqVosQ dh vksj xfreku d.kksa osQ

dkj.k gSA

∴∆t le; esa lEeq[k i`"B ls gLrkarfjr laosx 2( )om v v nA t+ ∆

 blh izdkj ∆t le; esa i'p i`"B ls gLrkarfjr laosx 2( )om v v nA t= − ∆

∴oqQy cy (d"kZ.k cy)  2( ) ( )o o
mnA v v v v=  + − −  lEeq[k i`"B ls

= mnA (4vv
o
) = (4mnAv)v

o

(4 ) oAv vρ=

geas ;g Hkh Kkr gS fd
1 1

=
2 2

2mv kT   (v -, x-v{k osQ vuqfn'k gS)

∴ =
kT

v
m

.

vr% d"kZ.k cy ρ 0

kT
= 4 A v

m
.
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vè;k;&14

14.1 (b)

14.2 (b)

14.3 (d)

14.4 (c)

14.5 (c)

14.6 (d)

14.7 (b)

14.8 (a)

14.9 (c)

14.10 (a)

14.11 (b)

14.12 (a), (c)

14.13 (a), (c)

14.14 (d), (b)

14.15 (a), (b), (d)

14.16 (a), (b), (c)

14.17 (a), (b) (d)

14.18 (a), (c), (d)

14.19 (i) (A),(C),(E),(G)    (ii) (B), (D), (F), (H)

14.20 ckb± vksj 2kx.

14.21 (a) Roj.k foLFkkiu osQ vuqØekuqikrh gksrk gSA

(b) Roj.k dh fn'kk foLFkkiu dh fn'kk osQ foijhr gksrh gSA

14.22 tc yksyd osQ xksyd osQ ekè; fLFkfr ls bruk foLFkkfir fd;k tk, fd sinθ ≅ θ

14.23 +ω

14.24 pkj
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14.25 ½.kkRed

14.27

14.28
1 1

m
6 6

l lm E
= =

14.29 ;fn nzO;eku m uhps dh vksj h nwjh pyrk gS rks fLiazx esa 2h yackbZ dh o`f¼ gksrh gS

(D;ksafd izR;sd Hkkx esa h o`f¼ gksrh gS) Mksjh vkSj fLiazx nksuksa esa leku ruko gSA

larqyu voLFkk esa

mg = 2 (k. 2h)

tgk¡ k fLiazx fu;rkad gSA

nzO;eku dks x nwjh uhps [khapus ij

F = mg - 2k 2h( )+ 2x

 = – 4kx

blfy, = 2
4

m
T

k
π

14.30 ( ) π ωω π= =−2 sin ; 2 //4y Tt

14.31
2

A

14.32 ( )o= 1 cosU U xα−

( )coso o

–dU –d
U – U a xF = =

dx dx

o= – sin xU α α

oU xαα−�  ( )α α α∼sinx x xosQ y?kqeku oQs fy,

2
o= –U xα

F = –kx ls

2
ok U α=

2
2

o

m
T

U
π

α
=
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14.33 x = 5 sin 5t.

14.34 ( )1 1sino tθ θ ω δ= +

( )2 2sino tθ θ ω δ= +

izFke izdj.k esa] ( )12 , sin 1tθ ω δ= ° ∴ + =

f}rh; izdj.k ( )21 , sin 1/2tθ ω δ= − ° ∴ + = −

1 290 , 30t tω δ ω δ∴ + = ° + = − °

1 2 120δ δ∴ − = °

14.35 (a) th gk¡A

(b) vfèkdre Hkkj = Mg +MAω2

( )25
50 9.8 50 2 2

100
π= × + × × ×

= 490 + 400 = 890N

U;wure Hkkj = Mg –MAω2

( )25
50 9.8 50 2 2

100
= × − × × ×π

= 490–400

= 90 N

vfèkdre Hkkj mPpre fLFkfr esa gksrk gSA

U;wure Hkkj fuEure fLFkfr esa gksrk gSA

14.36 (a) 2cm  (b) 2.8 s–1

14.37 ekuk fd yV~Bs dks nck;k tkrk gS vkSj larqyu voLFkk esa vfèkdre foLFkkiu x
o 
gSA

larqyu esa mg = mRIykou cy
= oAx gρ

tc bldks vkSj vfèkd foLFkkiu x  fn;k tkrk gS rks mRIykou cy gS ( ) .+oA x x gρ

oqQy izR;ku;u cy

= mRIykou cy – Hkkj
= ( )oA x x gρ+  – mg

( )A g xρ=  vFkkZr~  F α  x.

2
m

T
A g

π
ρ

∴ =

14.38 dx yackbZ esa Hkjs nzo ij fopkj dhft,A x  Å¡pkbZ ij bldk nzO;eku A dxρ gSA

PE = A dxρ gx
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45° 45°

h1 h2
l

dx

lx

oke&LrEHk dh P.E. 

1h

o

A gxdxρ= ∫

1 2 2 22
1 sin 45

2 22

h

o

h A glx
A gA g

ρ
ρρ

°
= ==

blh izdkj nf{k.k LraHk dh P.E. 
2 2 2

2 sin 45

2 2

h A gl
A g

ρ
ρ

°
= =

h
1 
= h

2
 = l sin 45° tgk¡ l uyh dh ,d Hkqtk esa nzo dh yackbZ gSA

oqQy P.E. 2 2 2sin 45A gh A glρ ρ= = °
2

2

A glρ
=

;fn ufydk osQ vuqfn'k blosQ ck;ha vksj

osQ Hkkx esa nzo Lrj esa ifjorZu y gks rks

ck;ha vksj nzo dh yackbZ (l–y) gksxh vkSj

nkfguh vksj (l + y) gksxhA

oqQy P.E. 2 2 2 2( – ) sin 45 ( ) sin 45A g l y A g l yρ ρ= ° + + °

P.E. esa ifjorZu  = (PE)
f
 – (PE)

i

( ) ( )
2 2 2–

2

A g
ll y l y

ρ
 = + −+ 

2

A g
l

ρ
=

2 2 2y ly+ − 2 2 2l y ly+ + + l−
2 

 

2 2A g y lρ=  + 

K.E. esa ifjorZu 21
2

2
A lyρ= �

oqQy ÅtkZ ifjorZu = 0

( . ) ( . ) 0P E K E∆ + ∆ =

22 2 0A g A lyl yρ ρ+ = +  �

nksuksa i{kksa dks le; osQ iQyu osQ :i esa O;dfyr djus ij

2 00 2
dy

A g A lyyy
dt

ρ ρ 
+ =+  

� ��

2 2 0A gy A lyρ ρ+ =��
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0ly gy+ =��

0
g

y y
l

+ =��

2 g

l
ω =

g

l
ω =

2
l

T
g

π=

14.39 P ij xq#Ro osQ dkj.k Roj.k 
.g x

R
, tgk¡ g i`Foh osQ i`"B ij xq#Ro osQ dkj.k Roj.k

dk eku gSA

cy 
mgx

R
=  – .

mg
k x k

R
= =tgk¡

xfr SHM gksxhA ftldk vkorZ dky gksxkµ π π= =2 2
m R

T
K g

14.40 eku yhft, fd tc θ = θ
0  
rks t = 0 gSA

rc] θ = θ
0
 cos ωt

lsoaQM yksyd osQ fy, ω = 2π

 le; t
1 
ij ekuk θ = θ

0
/2

∴ cos 2πt
1
 = 1/2 1

1

6
⇒ =t

0– 2 sinθ θ π
•

=  2πt      
d

dt

θ
θ
• 

=  

t
1
 = 1/6 ij

0 0

2
– 2 sin – 3

6

π
θ θ π πθ
•

= =

vr% jSf[kd osx gS]

0u – 3πθ= l  tks Mksjh osQ yacor~ gSA

bl osx dk ÅèoZèkj ?kVd gSµ

0– 3 sinπθ θ=y 0u l

rFkk {kSfrt ?kVd gS%

0– 3 cosπθ θ=x 0u l

q /2
o

q
o

A

H
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ftl le; ;g VwVrh gS ÅèokZèkj Å¡pkbZ gSµ

( )( )0 /21 – cos θ′ =H H + l

ekuk fd fxjus esa yxk le; t gS] rc

( )1/2′ = 2
yH u t + gt  (è;ku nas fd g Hkh ½.kkRed fn'kk esa gS)

vFkok sinπθ θ ′2
0 0

1
gt + 3 l t – H = 0

2
2 2 2 2

0 0 0 0– 3 sin 3 e sin 2 ′± +
∴ =

l gH
t

g

πθ θ π θ θ

2 2 4
0 0– 3 3 2π θ π θ ′± +

�

2l l gH

g

2
0θ ,oa mPprj ?kkrkadksa osQ inksa dks mis{k.kh; ekusa rks

′
�

2H
t

g
.

vc ( ) =�H' H + l H1 – 1 ∴ �
2H

t
g

x fn'kk esa pfyr nwjh u
x
t gS tks ml fLFkfr osQ ck;ha vksj gS tgk¡ Mksjh VwVh FkhA

cosπθ θ0 0

2H
X = 3 l

g

0θ dh izFke dksfV osQ fy;s

πθ θ=0 0

2H 6H
X = 3 l l

g g
.

Mksjh VwVus osQ le; xksYiQ dh fLFkfr Fkh A ls

0 0sinθ θ�l l nwjh ij]

vr% A ls nwjh gS%

θ θ0 0

6H
l – l

g
 = θ −(1 6 / )0l H g

vè;k;&15

15.1 (b)

15.2 (c)

15.3 (c)

15.4 (c)

18-04-2018



mÙkjekyk

179

15.5 (b)

15.6 (c)

15.7 (d)

15.8 (b)

15.9 (b)

15.10 (c)

15.11 (a), (b), (c)

15.12 (b), (c)

15.13 (c), (d)

15.14 (b), (c), (d)

15.15 (a), (b), (d)

15.16 (a), (b)

15.17 (a), (b), (d), (e)

15.18 nksxquh yackbZ dk rkj f}rh; gkeksZfud esa oaQiu djrk gSA vr% ;fn f}Hkqt Lofj=k

L yackbZ osQ fy, vuqukn iznf'kZr djrk gS rks ;g 2L yackbZ osQ fy, Hkh vuqukn iznf'kZr djsxkA

15.19 L/2 D;ksafd λ  vpj gSA

15.20 517 Hz

15.21 5 cm

15.22 1/3, pw¡fd vko`fr 
21

m r
m

α π ρ=

15.23 2184oC, pw¡fd C Tα

15.24
1 2

1

n n−

15.25 343 m s–1. 
1

2

T
n

l m

 
= 

 

15.26 r`rh; gkeksZfud 
 

= = =  
412.5 330 m/s

4
no

v
v

l
pf¡w d tgk¡

15.27 412.5 Hz '
c

n n
c v

  
=   −  
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15.28 vizxkeh rjaxsa_ 20cm

15.29 (a) 9.8 × 10-4s. (b) fuLian-A, B, C, D, E. izLian-A1, C1. (c) 1.41m

15.30 (a) 348.16 ms-1

(b) 336 m s–1

(c) ok;q LraHk 17cm yackbZ ij vuqukn izsf{kr fd;k tk,xk] osQoy ikjs dh lrg ls

vfèkd vPNk ijkorZu gksus osQ dkj.k lquh tkus okyh èofu dh rhozrk vfèkd gksxhA

15.31 okafNr ifj.kke lacaèk 
2

nv

L
ν =  ls izkIr gksrk gSA

15.32
6400 3500 2500 1000

2
8 5 8

t
− 

= ×+ +  

   = 1975 s.

   = 32 feuV 55 lsoaQM

15.33
3 3

,
P RT P RT

c v
M M

γ γ

ρ ρ
= = = =

3c

v
=

γ
rFkk f}&ijek.kqd xSlksa osQ fy, 

7

5
=γ

15.34 (a) (ii), (b) (iv), (c) (iii), (d) (i).

15.35 (a) 5m (b) 5m (c) 50 gV~Zt (d) 250ms-1 (e) 500π ms-1

15.36 (a) 6.4π jsfM;u (b) 0.8π  jsfM;u (c) π  jsfM;u (d) 3π /2 jsfM;u (e) 80π  jsfM;u
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