




PHYSICS [ JEE ADVANCED - 2019 ] PAPER - 2

¼[ k.M-I vf/kdr e vad 32)
• bl  [ k.M esa vkB (08) i z' u gSA
• i zR; sd i z' u fy ,  pkj  fodYi  fn; s x; s gSaA bu pkj  fodYi ksa esa l s , d ; k , d l s vf/kd fodYi  l gh mÙkj  gS ¼gSa½
• i zR; sd i z' u ds fy ,  fn; s gq,  fodYi ksa esa l s l gh mÙkj  ¼mÙkj ksa½ l s l acf/kr  fodYi  (fodYi ksa½ dks pqfu, A
• i zR; sd i z' u ds mÙkj  dk ewY; kadu fuEu ; kst uk ds vuql kj  gksxk%

i w.kZ vad  : + 4 ; fn dsoy (l kj s) l gh fodYi  (fodYi ksa) dks pquk x; k gSA
vkaf' kd vad  +3 ; fn pkj ksa fodYi  l gh gS i j aUr q dsoy r hu fodYi ks dks pquk x; k gSA
vkaf' kd vad : + 2 ; fn r hu ; k r hu l s vf/kd fodYi  l gh gS i j Ur q dsoy nks fodYi ks dks pquk x; k gSvkSj  nksuksa pqus gq,
fodYi  l gh fodYi  gSaA
vkaf' kd vad : + 1 ; fn nks ; k nks l s vf/kd fodYi  l gh gS i j Ur q dsoy , d fodYi  dks pquk x; k gS vkSj  pquk gqvk fodYi
l gh fodYi  gSA
' kwU;  vad  : 0 ; fn fdl h Hkh fodYi  dks ugha pquk x; k gS (vFkkZr ~ i z' u vuqÙkfj r  gS½
_ .k vad  : – 1 vU;  l Hkh i fj fLFkfr ; ksa esaA

• mnkgj .k% ; fn fdl h i z' u ds fy ,  dsoy fodYi  (A), (B) vkSj  (D) l gh fodYi  gSa] r c
dsoy fodYi  (A), (B) vkSj  (D) pquus i j  + 4 vad feysaxsa
dsoy fodYi  (A) vkSj  (B) pquus i j  + 2 vad feysaxsa
dsoy fodYi  (A) r Fkk (D) pquus i j  + 2 feysxsa:
dsoy fodYi  (B) r Fkk (D) pquus i j  + 2 vad feysaxsa;
dsoy fodYi  (A) pquus i j  + 1 feysaxsa;
dsoy fodYi  (B) pquus i j  + 1 feysaxsa;
dsoy fodYi  (D) pquus i j  + 1 feysxsa ;
dksbZ Hkh fodYi  uk pquua i j  (vFkkZr ~ i z' u vuqÙkfj r  j gus i j ) 0 vad feysaxs % vkSj  vU;  fdl h fodYi ksa ds l a; kst u dks pquus i j
– 1 vad feysxsa

1. fp=kkuql kj  r hu dk¡p ds csyu ft udh Å¡pkbZ H = 30 cm r Fkk vi or Zukad n = 1.5 gS dks , d {ksfr t  l r g i j  j [ kk x; k gSA
csyu - I dh Åi j h l r g l er y] csyu - II dh Åi j h l r g mÙky r Fkk csyu III dh Åi j h l r g vor y gSA nksuksa oØh;  l r gksa
dh oØr k f=kT; k l eku r Fkk R = 3 m gSA ; fn r huksa csyuksa ds uhps mi fLFkr  , d fcUnq X dh vkHkkl h xgj kb; ka H1, H2 vkSj
H3 gSa r ks fuEufyf[ kr  dFkuksa esa l s dkSul k¼l s½ l gh gS¼gSa½ ?

H H H

I
II

III

X X X

(1) H3 > H1
(2) 0.8 cm < (H2 – H1) < 0.9 cm
(3) H2 > H1
(4) H2 > H3



Sol. 3, 4
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2. 0p ˆ ˆ(i j)
2

  f} /kzqo vk?kw.kZ dk  , d fo| qr  f} /kzqo] E0 i fj ek.k ds , d l e: i  fo| qr  {ks=k dh mi fLFkfr  esa ewy fcUnq O i j  fLFkj  j [ kk t kr k gSA ; fn

fp=kkuql kj  ewy fcUnq i j  dsfUnzr  R f=kT; k ds , d òr  i j  foHko fu; r  gS] r c fuEuffyf[ kr  dFkuks esa l s dkSul k ¼l s½ l gh gS ¼gS½ \
(0 eqDr  vkdk' k dh fo| qr ' khyr k gSA R >> f} /kzqo vkdkj )

y

45°45°
O

R x

AB

(1) fcUnq A  i j  dqy fo| qr  {ks=k 
A 0

ˆ ˆE 2E (i j) 


 gSA

(2) fcUnq B i j  dqy fo| qr  {ks=k  BE 0


 gSA

(3) 
1/3

0

o 0

p
R

4 E
 

   
(4) òr  ds fdUgh Hkh nks fcUnqvksa i j  dqy fo| qr  {ks=k dk i fj ek.k l eku gksxk A

Sol. 2,3

Enet should be  to surface so 3
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3. , d Lor a=k gkbMªkst u i j ek.kq a r j axnS/; Z ds , d QksVksu dks vo' kksf"kr  dj ds n =1 voLFkk l s n =4 voLFkk esa pkyk t kr k gSA bl ds r qj ar  i ' pkr
i j ek.kq e r j axnS/; Z dk , d dk , d QksVksu mRl t Zu dj r s gq,  n = m voLFkk esa vk t kr k gSA eku fyft ,  fd vo' kks"k.k r Fkk mRl t Zu ds nkSj ku i j ek.kq

ds l aosx esa i fj or Zu Øe' k pa r Fkk Pe gSaA ; fn a/e = 
1
5

 gS] r c fuEufyf[ kr  fodYi ksa esa l s dkSul k¼l s½ l gh gS¼gSa½ ?

[fn; k gS hc = 1242 eV nm ; 1 nm =10–9 m, t gk¡ h Iykad fu; r kad vkSj  c i zdk' k dh xfr  gSa]

(1) pa/pe = 
1
2

(2) bysDVªkWu dh xfr t  Åt kZvksa dk voLFkk n = m l s voLFkk n = 1 esa vuqi kr  
1
4

 gSA

(3) e = 418 nm
(4) m = 2

Sol. 2,4

Ea = 
hc


a 4 1

e 4 m

E –E
E –E



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2

11– 116
1 1 5–
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
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(4  2) Ee = 
hc


h
2mKE

 

 e
e

12400 12400
E 2.75

  

= 4509 Å
= 450 nm
(2) n = 2 – 3.4
n = 1 – 13.6

 2

1

E 3.4 1
E 13.6 4

 

4. , d ; ax ds f} f>j hZ i z; ksx esa f>fj Z; ksa ds chp dh nwj h d = 0.3 mm r Fkk i nsZ dh nwj h D = 1 m gSA , d l ekUr j  i zdk' k i qat
ft l dk r j axnS/; Z 600 nm gSA f>fj Z; ka i j   dks.k l s vki fr r  gksr k gS t Sl k fd fp=k esa n' kkZ; k x; k gSA i nsZ i j  fcUnq O f>fj Z; ksa
l s l eku nwj h i j  gS r Fkk PO = 11.0 mm gSA fuEufyf[ kr  dFkuksa esa l s dksul k¼l s½ l gh gS¼gSa½ ?

x
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D
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P

O



(1) fÝat ks ds chp dh nwj h i j  fuHkZj  dj r h gSA
(2)  = 0 ds fy,  fcUnq P i j  l ai ks"kh (constructive) O; fr dj .k gksxkA

(3)  =
0.36


fMxzh ds fy,  fcUnq P i j  fouk' kh O; fr dj .k gksxkA

(4)  = 
0.36


 fMxzh ds fy,  fcUnq O i j  fouk' kh O; fr dj .k gksxkA

Sol. 3

D

S S =d1 2

O

P

y

d

x = dsin+dsin

:small angle sin  tan
y
D

x=d+
dy
D

(1) Fringe width does not depend on .
(2) x = 0
So constructive intereference

(3) x=3mm×
0.36


×
3mm 11mm

180 1
 

 =3900 nm

3900nm=(2n–1)
2


=(2n–1)×
600nm

2
n = 7
destructive interference happend

(4) x=3mm ×
0.36

180





+0=600nm

600 nm = n
n = 1
constructive interference

5. yackbZ L , oa nzO; eku M dh , d l eku i r yh NM+ dks vf/kd ?k"kZ.k okys r y i j  yEcor  j [ kr s gSaA bl dks fLFkj  voLFkk esa NksM+us
i j  ; g r y ds l ai dZ fcUnq ds i fj r% ?kwer s gq,  fcuk fQl ys fxj r h gSA t c ; g NM+ Å/okZ/kj  l s 60° dks.k cukr h gS r c fuEufyf[ kr
dFkuksa esa l s dkSu l k (l s) l gh gS ¼gSa½ ? [g xq: Roh;  Roj .k gS]

(1) r y ds yEcor  NM+ i j  i zfr fØ; k (Normal reaction) cy 
Mg
16

 gksxkA

(2) NM+ dk dks.kh;  Roj .k 
2g
L

 gksxkA

(3) NM+ dh dks.kh;  xfr  
3g
2L

 gksxhA

(4) NM+ ds nzO; eku dsUnz (center of mass) dk f=kT; k Roj .k (radial acceleration) 
3g
4

 gksxkA



Sol. 1,3,4

60° l lcos60
2 4

° =
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6. 5 eksy (mole) , d i j ek.kqd r Fkk 1 eksy n<̀+ f} i j ek.kqd vkn' kZ xSl  ds feJ.k dk vkj EHk esa nkc P0 vk; r u V0 vkSj  r ki eku T0 gSA ; fn xZSl  ds
feJ.k dks : } ks"e i zØe l s br uk l afi fMr  fd; k t kr k gS fd vk; r u V0/4 gks t k; s, r c fuEufyf[ kr  dFkuksa esa l s dkSul k¼l s½ l gh gS¼gSa½ ?

(fn; k gS 1.2 3.22 2.3; 2 9.2; R   xSl  fu; r kad gS)
(1) xSl  ds feJ.k dk : } ks"e fu; r kad 1.6 gSA
(2) l ai hMu ds ckn xSl  dh vkSl r  xfr t  Åt kZ dk eku 18RT0 r Fkk 19RT0 ds chp gSA

(3) l ai hMu ds i ' pkr  vafr e nkc 9P0 vkSj  10P0 ds chp gSA

(4) i zØe esa fd; k x; k dk; Z |W| = 13RT0 gSA
Sol. 1,3,4

0 0 0

monoatomic      (5 moles)
P ,V , T

diatomic           (1 mole)




adiabatically comperession to 0V
4

Z

1 2

1 p1 2 P
mix

1 Y 2 V

n c n C 8
n C n C 5




 


1 1 2 2P V P V
W

1





and 
8 /5

8 /5 0
0 0 2

V
P V P

4
 

   

2 0P 9.2P 

   0 0 0 0
0

P V 9.2P V / 4
 W= 13RT

3 /5


  

|W| = 13RT0

7. 2M nzO; eku dk , d xqVdk , d Hkkj ghu fLi zax] ft l dk fLi zax fu; r kad K gS] l s l aEc}  gSA ; g xqVdk nks vU;  M vkSj  2M nzO; eku ds xqVdksa l s nks
Hkkj ghu i qfy; ksa , oa Mksfj ; ksa } kj k t qMk gSA xqVdksa dk Roj .k a1, a2 r Fkk a3 gS t Sl k fd fp=k esa n' kkZ; k x; k gSA bl  fudk;  dks fLFkj  r Fkk fLi ax dh

vfor kU;  voLFkk l s NksM+k t kr k gSA fLi zax dk vf/kdr e f[ kpkao (extension) x0 gSA fuEufyf[ kr  dFkuksa esa l s dkSul k¼l k½ l gh gS¼gSa½ ?
[g xq: Roh;  Roj .k gSA ?k"kZ.k mi s{k.kh;  gSA]



(1) 0
4Mgx
k



(2) t c fLi zax dk f[ kpkao i gyh ckj  0x
2

 gksr k gS] r c fLi zax l s t qMs gq,  xqVds dh xfr  dk eku 
M

3g
5k

 gksr k gSA

(3) t c fLi zax dk f[ kapko 0x
4

 gS] r c fLi zax l s t qM+s gq,  xqVds dk i fj ek.k 
3g
10

 gksr k gSA

(4) a2 – a1 = a1 – a3
Sol. 4

We know
2a1 = a2 + a3
or a2 – a1 = a1 – a3

and 
app

T 8m
g 3



2
0 0

1 8m
Kx gx

2 3
 

   

0
16mgx

3k


amplitude of SHM in 0x
2

0
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xK x 3KU A .
2m 8m /3 2 2 14m


   

       

8mg 3K 64 3m
. g

3K 14m 9 14k


 


ACC at 0x
4

2 0x3K 3K 4ms 4g 2a x . g
14m 4 14m 3k 14 7

     



8. , d Hkkj h [ kks[ kyh vkSj  l h/kh ufydk ds v{k dh fn' kk esa , d m nzO; eku dk NksVk d.k xfr ' khy gS vkSj  og ufydk ds nksuksa fl j ksa l s i zR; kLFkh l a?kV̀
(elastic collision) dj r k gSA ufydk dh l r g i j  dksbZ ?k"kZ.k ugha gS vkSj  bl dk , d fl j k , d l er y l r g l s can gS t cdh nwl j s fl j s i j  , d
l er y l r g okyk Hkkj h pyk; eku fi LVu gS t Sl k fd fp=k esa n' kkZ; k x; k gSA t c fi LVu can fl j s l s L= L0 dh nwj h i j  gS] r c d.k dh xfr  v =

v0 gSA fi LVu dks vUnj  dh vksj  cgqr  de xfr  0
dLV V
L

  l s pykr s gSa] t gk¡ dL fi LVu dk vfr l w{e (infinitesimal) foLFkki u gSA

fuEufyf[ kr  dFkuksa esa l s dkSul k¼l k½ l gh gS¼gSa½ ?

v

L
(1) fi LVu l s i zR; sd l ?kaV̀ ds ckn d.k dh xfr  2V l s c<+ t kr h gSA

(2) ; fn fi LVu vUnj  dh r jQ dL nwj h pyr k gS r c d.k dh xfr  
dL2v
L

 l s c<+ t kr h gSA

(3) d.k ds fi LVu l s Vdj kus dh nj  v/L gSA

(4) t c fi LVu L0 l s  0
1 L
2

r d t kr k gS r c d.k dh xfr t  Åt kZ 4 xq.kk vf/kd gks t kr h gSA

Sol. 1, 4
Initial : v = v0
Distance  x = L0

dxdt
v



2xdt '
v



no. of collision = 
vn
2x



Total in dt = N = 
v dx.
2x v

V 2v 

Speed change in dx shifting  = dv = 
vdx .2v
2xv

vdxdv
x

 

dLdv v
L

 

0

V ' /2

V

dv dL
v L

  




0V ' 2V 
 KE is 4 times



[ k.M-2 (vf/kdr e vad  : 18)
– bl  [ k.M esa N% (06) i z' u gSaA i zR; sd i z' u dk mÙkj  , d l a[ ; kRed eku (NUMERICAL VALUE) gSA
– i zR; sd i z' u ds mÙkj  ds l gh l a[ ; kRed eku dk ekmt  (mouse) vkSj  vkWu LØhu (on-screen) opv̀y uqesfj d dhi SM (virtual

numeric keypad) ds i z; ksx l s mÙkj  ds fy,  fpfUgr  LFkku i j  nt Z dj saA ; fn l a[ ; kRed eku esa nks l s vf/kd n' keyo LFkku gS] r ks l a[ ; kRed
eku dks n' keyo ds nks LFkkuksa r d VaªdsV/j kmaM&vkWQ (truncate/round-off) dj saA

– i zR; sd i z' u ds mÙkj  dk ewY; kdu fuEu ; kst uk ds vuql kj  gksxk%
i w.kZ vad : +3 ; fn nt Z fd; k x; k l a[ ; kRed eku (numerical value) gh l gh mÙkj  gSA
' kwU;  vad : 0 vU;  l Hkh i fj fLFkfr ; ksa esa

1. , d fi zTe ft l dk fi zTe dks.k 75° r Fkk vi or Zukad 0 3   gS ds vi or hZ i "̀B i j  ok; q l s , do.khZ (monochromatic) i zdk' k vki fr r  gksr k

gSA fp=kkuql kj  fi zTe dk nwl j s vi or hZ i "̀B i j  fdl h , d i nkFkZ dh dybZ (coating) dh x; h gS] ft l dk vi or Zukad n gSA vki fr r  dks.k 60 
ds fy,  i zdk' k dh fdj .k dk dybZ fd; s x; s i "̀B i j  i w.kZ vkar fj d i j kor Zu gksr k gSA n2 dk eku  ___________ gSA

Sol. 1.5

For TIR at coating 
nsin  c=
3

applying snell's law

sin 3 sin(75 C)   
For limiting condition  = 60°

 sin60 3 sin 75 C   

 C = 45°

and 2 3n 1.5
2

 

2. , d M nzO; eku okyk i w.kZ i j kor Zu ni Z.k , d fLi zax l s t qM+k gqvk gSA bl  fLi zax&nzO; eku fudk;  dh dks.kh;  vkòfr    bl  i zdkj  gS fd

24 24 M 10 m
h

    t gk¡ h Iykad fu; r kad gSA r aj xnS/; Z 68 x10    m ds N QksVksu , d l kFk ni Z.k i j  yEcor  vki fr r  gksr s gSa ft l l s

ni Z.k 1 m  l s foLFkkfi r  gksr k gSA ; fn N  dk eku  x x 1012 gS] r c x dk eku ___gSA

[fLi zax dks nzO; eku j fgr  ekus]



ni Z.k

i zdk' k

Sol. 1

max
2h

mV N


 
   

2hm. A N




m AN
2h




 
24 6

610 8 10
N 10

4 2







 

N = 1012

 X = 1

3. ekuk fd  , d  fLFkj  226
88 Ra ukfHkd v i uh fuEur e voLFkk (ground state) l s   {k;  d j ds , d  mÙksft r  voLFkk oky s

(excited state) 222
86Rn  ukfHkd esa {kf; r  gksr k gSA mRl ft Zr  gksus okys   d.k dh xfr t  Åt kZ 4.44 MeV gSA 222

86Rn  ukfHkd fQj   

{k;  dj ds vi uh fuEur e voLFkk esa vkr k gSA mRl ft Zr    QksVksu dh Åt kZ  ___keV gSA

[fn; k gS : 226
88 Ra  dk i j ekf.od nzO; eku (atomic mass) = 226.005u 222

86 Rn  dk i j ekf.od nzO; eku = 222.00u,  d.k

dk i j ekf.od nzO; eku = 4.000 u, 1 u =931 MeV/c2, c i zdk' k dh xfr  gS]
Sol. 135 KeV

226
Ra

88
Rn

*

86
+ He  + Q2 1

4

222

Given: (K.E.) = 4.44 MeV
Q1 = m × 931 MeV
m = mRa – (mRn + mHe)
 226.005 – (222 + 4)
 226.005 – 226
 0.005
So, Q = 0.005 × 931
 4.655 MeV
Now, the energy of -photon



k = (Q – E) 






 
A

4A

 4.44 = (4.655 – E) 







226
222

 E = 0.135 MeV
 E = 135 KeV

4. nks {ksfr t  l ekUr j  j syksa dk i zfr j ks/k ' kwU;  gS i j  , d 10 cm yECk l qpkyd (perfectly conducting) r kj  PQ, 1cm/s ds osx l s py
j gk gSA j syksa ds , d fl j s i j  L=1 mH i zsj d r Fkk R=1  i zfr j ks/kd fp=kkuql kj  t qMk gSA nksuksa {ksfr t  j sys] L r Fkk R , d gh r y esa gSa vkSj  r y
ds yEcor  , d l eku pqEcdh;  {ks=k B=1 T yxk gqvk gSA ; fn S dqat h dks fdl h {k.k can dj sa r c i fj i Fk esa 1 millisecond ds i ' pkr  /kkj k
x x 10-3 A gS] t gk¡ x dk eku  ___ gksxkA
[dqat h S can dj us ds i ' pkr  r kj  PQ dk osx fu; r  (1cm/s) ekusaA fn; k gS] e-1=0.37, t gk¡ e i zkdf̀r d y?kqx.kd (natural
logarithm) dk vk/kkj  gSA]

B
P

1cm/s

QS

R

L

Sol. 0.63
As we know relation of e.m.f. for rail road problems
e = Bvl sin  Given B = 1 Tesla
( = 90°) v = 1 cm/sec
e = Bvl  10–2 m/sec
l = 10 cm
 10–1 m
e = 1 × 10–2 × 10–1  10–3 volt
and also we know

i = i0 












R
L

e1

i = 
R
e

 












R
L

e1

i = 
310

1



 












R
L

e1   
1

10 3

 (1 – e–1)

 10–3 (1 – 0.37)
 10–3 (0.63)  0.63 mA



5. , d i zdk' kh;  csap esa , d 1.5 m yEck i Sekuk gS ft l dk i zR; sd cm,  pkj  cj kcj  Hkkxksa esa foHkkft r  gSA , d i r ys mÙky ysal  dh Qksdl  nwj h ds eki u
ds nkSj ku ySal  r Fkk oLr q fi u dks i sekus i j  Øe' k% 75 cm r Fkk 45 cm ds fpUgksa i j  j [ kk t kr k gSA ysal  ds nwl j h r jQ oLr q fi u dk i zfr fcEc
135 cm fpUg i j  j [ kh i zfr fcEc fi u l s feyr k gSA bl  i z; ksx esa ysal  ds Qksdl  nwj h ds eki u esa i zfr ' kr  =kqfV___gSA

Sol. 1.38

Least count = 
4
1

 cm

= 0.25 cm

u=30cm

45cm

75cm

v=60cm

135cm
150cm

lens formula

v
1

 – 
u
1

 = 
f
1

60
1

 – )30(
1

  = 
f
1

60
3

 = 
f
1

f = 20 cm
By error formula

2u
dv

 + 2u
du

 = 2f
df

(double error because we need to measure u also)

260
25.02 

 + 230
25.02 

 = 2)20(
df

2 × 0.25 × 20 × 20 






 
900
1

3600
1

 = df

2 × 100 × 






 
3600

41
 = df

% error = 
f
df

 × 100% = 
36
5

 × 
20
1

 × 100 × 2

= 0.69 % × 2
= 1.38%

6. , d xsan dks {ksfr t  l s   dks.k i j  i zkj fEHkd osx u0 l s Qsadk t kr k gSA ; g xsan] i z{ksI;  xfr  ds dkj .k t c Hkwr y l s i gyh ckj  Vdj kr h gS r c ml  l e;

r d ds ml ds vksl r  osx dk i fj ek.k V1 gksr k gSA Hkwr y l s Vdj kus ds mi j kar  xsan ml h   dks.k l s fdUr q u0/  dh {kh.k xfr  l s mNyr h gSA fp=kkuql kj

ml dh xfr  yacs l e; kUr j ky r d j gr h gSA bl  yEcs var j ky ds nkSj ku xSn ds vkSl r  osx dk i fj ek.k 0.8 V1 i k; k t kr k gS] r c   dk eku
________gSA



Sol. 4




sinu0




cosu0

Vavg = .....TTT
.....RRR

321

321




Vavg = 
.....

g
u2

g
u2

.....
g
uu2

g
uu2

21

2211

yy

yxyx





= 
....sinusinusinu

....sinu.cosusinu.cosu

2
00

0

00
00

















= 
































n2

n2420

1.....111

1....111cosu

Given, u0 cos  = v1
& vavg = 0.8 v1

0.8 v1 = 
n2

n2421

1....111

1.....111v


























0.8 = 











































11

1

11

1

2

= 



































11

1

1111

1



0.8 = 












11

1

1 + 

1

 = 
8.0

1


1

 = 
8

10
 – 1


1

 = 
8
2

 = 
2
8

 = 4

[ kaM - 3 [vf/kdr e vad : 12]
 bl  [ kaM esa nks (02) l wph&l eqyu (List-Match) l sV~l  gSA
 i zR; sd l wph l qesyu l sV (set) esa nks (02) , dkf/kd fodYi  i z' u (multiple choice question) gSA
 i zR; sd l wph&l qesyu l sV esa nks l wfp; k gS % l wph - II vkSj  l wph - II
 l wph-I esa pkj  i zfof"V; k¡ (I), (II), (III) vkSj  (IV) gS , oa l wph -II esa N% i zfo"V; kW (P), (Q), (R), (S), (T) vkSj  (U) gSA
 i zR; sd , dkf/kd fodYi  i z' u esa l wph -I vkSj  l wph-II i j  vk/kkfj r  pkj  fodYi  fn; s x; s gS] vkSj  bu fodYi ks esa l s dsoy , d

fodYi  gh , dkf/kd fodYi  i z' u dh ' kr sZ dks i wj k dj r k gSA
 i zR; sd i z' u ds mRr j  dk weY; kadu fuEu ; kst uk ds vuql kj  gksxk &

i w.kZ vad : +3   ; fn fl QZ l gh fodYi  dks gh pquk x; k gSa
' kqU;  vad :   0   ; fn dksbZ Hkh fodYi  ugha pquk x; k gSa (vFkkZr ~ i z' u vuql kfj r  gS)
_ .k vad : –1   vU;  l Hkh i fj fLFkfr ; ksa esaA

1. , d ok|  ; a=k dks pkj  fHkUu /kkr q dh r kj ks 1, 2, 3 vkSj  4 l s cuk; k x; k gS] ft uds , dkad yackbZ ds nzO; eku (mass per unit
length) Øe' k% , 2, 3 vkSj  4 gSa bl  ; a=k ds r kj ks dks eqDr  yackbZ L0 vkSj  2L0 ds chp i j kofr Zr  dj r s gq,  dafi r  dj ds
ct k; k t kr k gSA i k; k t kr k gS fd r kj  -1 () dh eqDr  yackbZ  L0 i j  r uko T0 ds dkj .k ewy fo/kk dh vkòfRr  f0 gSA
l wph-I ds mi j  nh x; h pkj  r kj sa gSA l wph-II esa fdl h ek=kk dk i fj ek.k gSA
l wph-I l wph-II
(I) r kj - 1 () (P) 1
(II) r kj - 2 (2) (Q) 1/2
(III) r kj - 3 (3) (R) 2/1

(IV) r kj - 4 (4) (S) 3/1
(T) 3/16
(U) 1/16

; fn i zR; sd r kj  dk r uko T0 gS r c mPpr e ewy vkòfRr  dk f0 bdkbZ esa l gh feyku gksxk &
(1) I - Q, II - S, III - R, IV - P (2) I - P, II - R, III - S, IV - Q
(3) I - P, II - Q, III - T, IV - S (4) I - Q, II - P, III - R, IV - T



Sol. 2

Fundamental frequency f0 = 0
0

0

T1
f

2L u
  (1)

Ist string 0
1

0

T1
f

2 




1 0f f

IInd string 0
2

0

T1
f

2L 2


2 0
1f f
2



IIIrd string

0
3

0

T1
f

2L 3


3 0
1f f
3



IVth string

0
4

0

T1
f

2L 4


4 0
1f f
2



2. , d ok|  ; a=k dks pkj  fHkUu /kkr q dh r kj ks 1, 2, 3 vkSj  4 l s cuk; k x; k gS] ft uds , dkad yackbZ ds nzO; eku (mass per unit
length) Øe' k% , 2, 3 vkSj  4 gSa bl  ; a=k ds r kj ks dks eqDr  yackbZ L0 vkSj  2L0 ds chp i j kofr Zr  dj r s gq,  dafi r  dj ds
ct k; k t kr k gSA i k; k t kr k gS fd r kj  -1 () dh eqDr  yackbZ  L0 i j  r uko T0 ds dkj .k ewy fo/kk dh vkòfRr  f0 gSA
l wph-I ds mi j  nh x; h pkj  r kj sa gSA l wph-II esa fdl h ek=kk dk i fj ek.k gSA
l wph-I l wph-II
(I) r kj - 1 () (P) 1
(II) r kj - 2 (2) (Q) 1/2
(III) r kj - 3 (3) (R) 2/1

(IV) r kj - 4 (4) (S) 3/1
(T) 3/16
(U) 1/16



j fLl ; ksa 1,2,3 r Fkk 4 dh yEckbZ Øe' k% L0, 2
L3 0 , 

4
L5 0  r Fkk 

4
L7 0 i j  fLFkj  j [ kh t kr h gSA j fLl ; k 1,2,3 r Fkk 4 Øe' k% muds

1st, 3rd, 5th r Fkk 14th l aukfUn; ksa i j  bl  i zdkj  dafi r  gksr h gS fd l Hkh j fLl ; ksa dh l eku vkòfr  gksA T0 dh bdkbZ; ksa esa pkj
j fLl ; ksa esa r uko ds fy ,  l gh feyku gksxkA
(1) I - P, II - R, III - T, IV - U (2) I - P, II - Q, III - T, IV - U
(3) I - T, II - Q, III - R, IV - U (4) I - P, II - Q, III - R, IV - T

Ans. 2
IP; IIQ;IIIT; IVU
fundamental frequency

0
0

T1
f

2 



Ist string  1 st harmonic

0
1

T1̀
f

2 



f1 = f0

1 0so T T 
IInd string  IIIrd Harmonic

03
2






2
2

0

T1f 3
3 22
2


 


  

2

0

T1
2




 f2 = f0

So 0
2

T
T

2


IIIrd string

05
4




  Fifth harmonic

3
3

0

T1
f 5

5 32
4


  




3
3

0

T2
f

3



 f3 = f0

3 0

0

T2 1
3 2 







0
3

3T
T

16


IVth streing  IV harmonic

0

4
4

T1
f 14

2 7 4
4


 

 

4
0

4 Tf
4 



f4 = f0

0
4

T
T

16


3. , d vkn' kZ , di j ek.kqd xSl  ds , d Å"ekxfr dh i zØe esa xSl  } kj k vfr l w{e Å"ek dk vo' kks"k.k TX l s fn; k x; k gS t gk¡ T
fudk;  dk r ki eku r Fkk X fudk;  dh , d Å"ekxfr dh ek=kk X esa vfr l w{e i fj or Zu gSA , d eksy , di j ek.kqd vkn' kZ xSl  ds

fy,  X = 
2
3  R ln 









AT
T

 + R ln 








Av
v

 gSA ; gk¡, V V xSl  dk vk; r u] R xSl  dk fu; r kad , TTA r Fkk VA fu; r kad gSA

l wph-I , d i zfØ; k esa l fEefyr  dqN ek=kkvksa dks n' kkZr h gSA l wph-II essa bUgha ek=kvksa dk l aHkkfor  eku fn; k x; k gSA
l wph-I l wph-II

(I) fudk;  ds } kj k i zØe 1  2  3 esaa fd; k x; k dk; Z (P) 
3
1  RTT0 ln 2

(II) i zØe 1  2  3 esa vkar fj d Åt kZ esa i fj or Zu (Q) 
3
1  RTT0

(III) i zØe 1  2  3 esa fudk;  } kj k vo' kksf"kr  Å"ek (R) RT0

(IV) i zØe 1  2 esa fudk;  } kj k vo' kksf"kr  Å"ek (S) 
3
4  RTT0

(T) 
3
1  RTT0 (3 + ln 2)

(U) 
6
5  RTT0

; fn , d eksy , d i j ek.kqd vkn' kZ xSl  i j  fp=k eas fn[ kk; sa x;  PV - xzkQ fp=k ds vuql kj  t gk¡ P0V0 = 
3
1  RTT0 gSA i zØe fd; k

t kr k gS r c l gh feyku gS - P

P0

V0

1

2V0
V

2

3
2
P3 0

(A) I - Q, II - S, III - R, IV - U (B) I - S, II - R, III - Q, IV - T
(C) I - Q, II - R, III - P, IV - U (D) I - Q, II - R, III - S, IV - U



Sol. 4
IQ; IIR; IIIS; IVU

3X R
2

  
A A

T Vn R n
T V

 

3 1 Rdx R dT dv
2 T V

 

d = Tdx

3 RTd RdT dv
2 V

  

0

0

2V

V

3 RTdQ RdT dv
2 V

   

(iv) 
0

0

2V

1 2 V

3 RTQ RdT dv
2 V   

0

0

T

2T
3

3
Q R dT pdv

2
  

0
0 0

T3Q R P V
2 3

 

0 0
1 2 0

RT RT 5Q RT
2 3 6       0

0 0

RT
{ P V

3
 

(iii) 
0

0

T

2 3 2T
3

3Q RdT 0
2  

0
2 3

RT
Q

2 

0
1 3 0 0

RT5 4Q RT RT
6 2 3   

(ii) 
fu nR T
2

    0
0

2T3 R RT
2 3

 

(1) dq dw du 
      dw = dq – du

      0 0
4w RT RT
3

 

       0RT
W

3




4. , d vkn' kZ , di j ek.kqd xSl  ds , d Å"ekxfr dh i zØe esa xSl  } kj k vfr l w{e Å"ek dk vo' kks"k.k TX l s fn; k x; k gS, t gk¡ T
fudk;  dk r ki eku r Fkk X  fudk;  dh , d Å"ekxfr dh ek=kk X esa vfr l w{e i fj or Zu gSA , d eksy , di j ekk.qd vkn' kZ xSl

ds fy ,  X = 
2
3  R ln 









AT
T

 + R ln 








Av
v

 gSA ; gk¡ V  xSl  dk vk; r u, R xSl  dk fu; r kad , TTA r Fkk VVA fu; r kad gSA

l wph-I , d i zfØ; k esa l fEefyr  dqN ek=kvksa dks n' kkZr h gSA l wph -II esa bUgha ek=kkvksa dk l aHkkfor  eku fn; k x; k gSA
l wph - I l wph - II

(I) fudk;  ds } kj k i zØe 1  2  3 esa fd; k x; k dk; Z (P) 
3
1  RTT0 ln 2

(II) i zØe 1  2  3 esa vkar fj d Åt kZ esa i fj or Zu (Q) 
3
1  RTT0

(III) i zØe 1  2  3 es fudk;  } kj k vo' kksf"kr  Å"ek (R) RT0

(IV) i zØe 1  2 esa fudk;  } kj k vo' kksf"kr   Å"ek (S) 
3
4  RTT0

(T) 
3
1  RTT0 (3 + ln 2)

(U) 
6
5  RTT0

; fn , d eksy , d i j ek.kqd vkn' kZ xSl  i j  fp=k esa fn[ kk; sa x; s TV - xzkQ fp=k d vuql kj , t gk¡ P0V0 = 
3
1  RTT0 gS, i zØe fd; k

t kr k gSA l gh feyku gS -

T

V0

1

2V0
V

2

3T0

3
T0

(A) I - P, II - R, III - T, IV - P (B) I - P, II - R, III - T, IV - S
(C) I - S, II - T, III - Q, IV - U (D) I - P, II - T, III - Q, IV - T

Sol. 1
IP; IIR; IIIT; IVP

3X R
2

  
A A

T Vn R n
T V

 

3 1 Rdx R dt dv
2 T V

 

dQ = Tdx

dQ 
3 RTd RdT dv
2 V

  



(iv) 
3 RTdQ Rdt dv
2 V

   

  0

0

2v0
v

RT
Q 0 nv

3
  

0
1 2

RT
Q n2

3  

(iii) 
0

0

T
T2 3 0
3

3 3 2Q Rdt 0 Rto RT
2 2 3    

1 3 1 2 2 3Q Q Q   

       = 0RT
(3 n2)

3
 

(ii) Change in internal energy

fu nR t
2

  

0
0

T3
u R T

2 3
 

    

0u RT 

(i) dq dw u  

dw dq u  

0
1 RT n2
3

 
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