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PART I : PHYSICS
SECTION-I (Maximum Marks : 18)

1. Consider regular polygons with number of sides n = 3, 4, 5  as shown in the figure. The center of mass of all the

polygons is at height h from the ground. They roll on a horizontal surface about the leading vertex without

slipping and sliding as depicted. The maximum increase in height of the locus of the center of mass for each

polygon is . Then  depends on n and h as :

fp=k }kjk n'kkZ;s lecgqHkqtksa dh Hkqtkvksa dh la[;k n = 3, 4, 5 gSA lHkh cgqHkqtvksa dh lgafr dsUnz vuqHkwfer ry
ls h Å¡pkbZ ij gSA ;s fcuk fQlys f{kfrt ry ij izfrxkeh 'kh"kZ (leading vertex) ds pkjksa vksj ?kw.kZu dj vxzlfjr
gks jgs gSaA izR;sd cgqHkqt ds lagfr dsUnz ds js[kkiFk (locus) dh Å¡pkbZ dh vf/kdre o`f)  gSA rc  dh h rFkk
h ij fuHkZjrk fuEu esa ls nh tk;sxh%

h

   
h

    
h

(A) 
2h sin

n

 
   

 
(B) 

2
h sin

n

 
   

 

(C) 
2h tan

2n

 
   

 
(D) 

1
h 1

cos
n

 
 
   

  
  
  

Sol.
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PHYSICS

1
h

cos 1
n

 
 
 

      

2. Consider an expanding sphere of instantaneous radius R whose total mass remains constant. The expansion is

such that the instantaneous density  remains uniform throughout the volume. The rate of fractional change in

density 
1 d

dt

 
 
 

 is constant. The velocity v of any point on the surface of the expanding sphere is proportional

to :

,d izlkjh xksys (expanding sphere) dh rkR{kf.kd (instantaneous) f=kT;k R ,oa nzO;eku M vpj jgrs gSaA izlkj

ds nkSjku bldk rkR{kf.kd ?kuRo  iwjs vk;ru esa ,dleku jgrk gS ,oa vkaf'kd ?kuRo dh nj  
1 d

dt

 
 
 

 vpj

(constant) gSA bl izlkjh xksys ds i`"B ij ,d fcUnq dk osx v fuEu ds lekuqikrh gksxk%

(A) R (B) 
1

R
(C) R3 (D) R2/3

Sol.
34 R

m
3


 

4
n(m) n n( ) 3 n(R)

3

 
    

 
l l l l

1 d 3 dR
0 0

dt R dt


  




dR 1 d

v R
dt dt

   
      

   

v R

3. A photoelectric material having work-function 
0
 is illuminated with light of wavelength 

0

hc 
  

 
. The

fastest photoelectron has a de Broglie wavelength 
d
. A change in wavelength of the incident light by  results

in a change 
d
 in 

d
. Then the ratio 

d
/ is proportional to

izdk'k fo|qr inkFkZ (photoelectric material) ftldk dk;ZQyu (work-function) 
0
 gS] rjaxnS/;Z  

0

hc 
  

 
 ds

izdk'k ls iznhIr fd;k x;k gSA nqzr izdk'k bysDVªkWu dh Mh czksXyh (de Broglie) rjaxnS/;Z 
d
 gSA vkifrr izdk'k

dh rjaxnS/;Z esa  ds ifjorZu 
d
 ds eku esa 

d
 dk ifjorZu gksrk gSA rc 

d
/ dk vuqikr lekuqikrh gksxk%

(A) 2 2
d /  (B) d /  (C) 3

d /  (D) 3 2
d / 

Sol. max

hc
W WE 
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e d
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2
d2 3

e d

hhc ( 2)
d 0 d
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3
d e d

2 2

d 2m
.hc

d h

 


 

3
d d

2

d

d

 


 

4. Three vectors P


, Q


 and R


 are shown in the figure. Let S be any point on the vector R


. The distance

between the points P and S is b R


. The general relation among vectors P


, Q


 and S


 is

rhu lfn'k P


, Q


 rFkk R


 fp=k }kjk n'kkZ, x, gSaA lfn'k R

ij ,d fcUnq S n'kkZ x;k gSA fcUnq P o fcUnq S

ds e/; dh nwjh b R


 gSA P


, Q


 rFkk S

 ds lfn'kksa ds e/; laca/k gS%

XO

Y
P

P
S

Q

Q PR

Q

S

b|R|

= –

(A)  2S 1 b P bQ  
 

(B)  S b 1 P bQ  
 

(C)  S 1 b P bQ  
 

(D)   2S 1 b P b Q  
 

Sol.  S P bR P b Q P P(1 b) bQ       
      

5. A person measures the depth of a well by measuring the time interval between dropping a stone and receiving

the sound of impact with the bottom of the well. The error in his measurement of time is T = 0.01 seconds and

he measures the depth of the well to be L = 20 meters. Take the acceleration due to gravity g = 10 ms–2 and the

velocity of sound is 300 ms–1. Then the fractional error in the measurement, L/L, is closest to :

,d O;fDr ,d iRFkj dks dw,as esa fxjkrs le; vkSj dq,a dh ryh esa la?kV ls mRiUu /ofu ds le; varjky dk
ekiu djds dq,sa dh xgjkbZ dk irk yxkrk gSA og le;karjky ds ekiu esa =kqfV T = 0.01 lsds.M ,oa dq,as dh
xgjkbZ L = 20 m ekirk gSA xq:Rokd"kZ.k Roj.k g = 10 ms–2 ,oa /ofu dh xfr 300 ms–1 nh x;h gSA L/L ds
ekiu esa fudVre vkaf'kd =kqfV (fractional error) gS%
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(A) 1% (B) 5% (C) 3% (D) 0.2%

sol.
L L

t
5 300

 

1/21 1 1
dt L dL dL

2 3005

  
   

 

1 1 dL
dt dL 0.01

3002 5 20
  

15
dL 0.01

300

 
  

3
dL

16


dL 3 1 15
100 100 1%

L 16 20 16
     

6. A rocket is launched normal to the surface of the Earth, away from the Sun, along the line joining the Sun and

the Earth. The Sun is 3×105 times heavier than the Earth and is at a distance 2.5×104 times larger than the

radius of the Earth. The escape velocity from Earth's gravitational field is v
e
 = 11.2 km s–1. The minimum initial

velocity (v
s
) required for the rocket to be able to leave the Sun-Earth system is closest to

(Ignore the rotation and revolution of the Earth and the presence ofany other planet)

jkWdsV Hkwry ds vfHkyEcor lw;Z ,oa i`Foh dks tksM+us okyh js[kk esa lw;Z ls nwj dh rjQ (radially outward from

the direction of the sun) iz{ksfir fd;k x;k gSA lw;Z i`Foh ls 3 × 105 xquk Hkkjh gS ,oa f=kT;k ls 2.5×104 xquh nwjh
ij fLFkr gSA i`Foh ds xq:Rokd"kZ.k {ks=k ds fy, iyk;u xfr 11.2 km s–1 gSA jkWdsV dks lw;Z ,oa i`Foh fudk;
(Sun-earth system) ds xq:Rokd"kZ.k ls eqDr gksus ds fy, de ls de izkjfEHkd osx (v

s
) dk fudVre eku gS

(i`Foh dh pØh; xfr vkSj ifjHkze.k rFkk fdlh vU; xzg dh mifLFkfr dh mis{kk djsa)
(A) v

s
 = 72 km s–1 (B) v

s
 = 22 km s–1

(C) v
s
 = 42 km s–1 (D) v

s
 = 62 km s–1

Sol.

Given 
eRGM

11.2km / s
R



2 e s
4

GmM GM m1
mv 0

2 R 2.5 10 R
  



for v = v
e

2 e s
e 4

2GM 2GM
v

R 2.5 10 R
 



5
e e

4

2GM 6 10 GM

R 2.5 10 R
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eGM
(2 24)

R
 

e26GM
40.4km / sec.

R
 

7. A symmetric star shaped conducting wire loop is carrying a steady state current I as shown in the figure. The

distance between the diametrically opposite vertices of the star is 4a. The magnitude of the magnetic field at the

center of the loop is :

tSls dh fpf=kr fd;k x;k gS] ,d lfEeJ rkjs (symmetric star) ds vkdkj ds pkyd esa vifjofrZr /kkjk I cg
jgh gSA ;gk¡ foijhr 'kh"kksZa (diametrically opposite vertices) ds chp nwjh 4a gSA pkyd ds dsUnz ij pqEcdh; {ks=k
dk eku gksxk%

I

4a

(A) 
0I 6 3 1

4 a


  

(B) 
0I 6 3 1

4 a


  

(C) 
0I 3 3 1

4 a


  

(D) 
0I 3 2 3

4 a


  

Sol.

Total Magnetic Field
at centre = 12 times magnetic field due to one wire

0 012 l l 3 1
B [sin 60º sin 30º ] 12

4 a 4 a 2 2

  
     

   

  0lB 6 3 1
4 a


  



SECTION-II (Maximum Marks : 32)

8. A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the figure. A

constant force is continuously applied on the surface of the wheel so that it just climbs the step without slipping.

Consider the torque  about an axis normal to the plane of the paper passing through the point Q. Which of the

following options is/are correct?

,d f=kT;k R rFkk nzO;eku M dk ifg;k ,d R Å¡pkbZ okys n`<+ lksiku (step) ds ry ij j[kk gS (tSls fp=k esa

PHYSICS
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fn[kk;k x;k gS)A ifg;s dks lksiku ij p<+kus ek=k ds fy, ,d vpj cy ifg;s ds i`"B ij lrr dk;ZjÙk gSA
dkxt ds i"̀B ls vfHkyEc fn'kk esa (perpendicular to the plane of the paper) fcUnq Q ls tkus okyh v{k ds lksiku
cyvk?kw.kZ  ekfu;sA fuEu esa ls dkSulk/dkSuls dFku gS/gSa%

S

Q
P

X

R

(A) If the force is applied normal to the circumference at point P then  is zero

(B) If the force is applied tangentially at point S then  # 0 but the wheel never climbs the step

(C) If the force is applied at point P tangentially then  decreases continuously as the wheel climbs

(D) If the force is applied normal to the circumference at point X then  is constant

(A) ;fn fcUnq P ij ifg;s dh ifjf/k ls vfHkyEc fn'kk esa cy yxk;k tk;s rc  'kwU; jgsxk
(B) ;fn fcUnq S ij Li'khZ; cy yxk;k tk;s rc   0 gS fdarq ifg;k lksiku ij dHkh ugha p<+sxk
(C) ;fn fcUnq P ij Li'khZ; cy yxk;k tk;s rc tSls ifg;k lksiku ij p<+sxk oSls  lrr ?kVsxk
(D) ;fn fcUnq X ij ifg;s dh ifjf/k ls vfHkyEc fn'kk esa cy yxk;k tk;s] rc  vpj jgsxk

Sol. (A) is incorrect

If force is applied normal to surface at point X

 = F
y
 R sin 

Thus  depends on  and it is not constant

(B) is incorrect

PHYSICS
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if force applied tangentially at S

 = F × R  0

but it will climb as mentioned in question.

If force is applied normal to surface at P then line of action of force will pass from Q and thus  = 0

(D) is incorrect.

if force is applied at P tangentially the

t = F × 2R = constant

9. Two coherent monochromatic point sources S
1
 and S

2
 of wavelength  = 600 nm are placed symmetrically on

either side of the center of the circle as shown. The sources are separated by a distance d = 1.8 mm. This

arrangement produces interference fringes visible as alternate bright and dark spots on the circumference of the

circle. The angular separation between two consecutive bright spots is . Which of the following options is/

are correct?

nks dyklaca/k ,do.khZ (coherent monochromatic) fcUnq L=kksr S
1
 rFkk S

2
 ftudh rjaxnS/;Z  = 600 nm gS ,oa oÙ̀k

ds dsUnz ds nksuksa vksj lefer voLFkk eas fLFkr gS (tSls fp=k esa fn[kk;k x;k gS)A L=kksr S
1
 rFkk S

2
 ds e/; dh

nwjh d = 1.8 mm gSA bl O;oLFkk }kjk O;frfdj.k fÝUtsa (interference fringes) izfrorhZ nhIr ,oa vnhIr fpfÙk;ksa
(spots) ds :i esa ,d o`Ùk dh ifjf/k ij fn[krh gSA  nks Øekxr nhIr fpfÙk;ksa ds e/; dks.kh; nwjh (angular

spearation between two consecutive bright spots) gSA fuEu esa ls dkSulk/dkSuls dFku lgh gS/gSa%

P1

P2S2S1

d

PHYSICS
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(A) The angular separation between two consecutive bright spots decreases as we move from P
1
 to P

2
 along

the first quadrant

(B) A dark spot will be formed at the point P
2

(C) The total number of fringes produced between P
1
 and P

2
 in the first quadrant is close to 3000

(D) At P
2
 the order of the fringe will be maximum

(A) izFke o`Ùkikn esa P
1
 ls P

2
 rd tkus esa nks Øekxr nhIr fpfÙk;ksas ds e/; dh dks.kh; nwjh ?kVrh gS

(B) P
2
  ij ,d vnhIr fcUnq cusxk

(C) P
1
 rFkk P

2
 ds e/; ds izFke o`Ùkikn (first quadrant) esa dqy djhc 3000 fÝUtsa cusxh

(D) P
2
 ij fÝUtksa dk Øe mPpre gksxk

Sol.

nm

at P
1

x = 0

at P
2

x = 1.8 mm = n

No. maximum will be = n 
x 1.8mm

3000
600nm


  



at P
2

x = 3000

hence bright fringe will be formed.

at P
2

3000th maxima is formed.

for 'D' option

x = dsin

dx = dcos.d

Rdcos.Rd

R
Rd

d cos


 



as we move from P
1
 to P

2

cos  Rd 

10. A point charge +Q is placed just outside an imaginary hemispherical surface of radius R as shown in the figure.

Which of the following statement is/are correct ?

/kukRed fcUnq vkos'k +Q ,d dkYifud v/kZxksyh; i`"B ftldh f=kT;k R gS] ds ckgj j[kk gS (tSlk fd fp=k
esa fn[kk;k x;k gS)A fuEu esa ls dkSulk/dkSuls dFku lR; gS/gSa%

PHYSICS
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R

(A) The electric flux passing through the curved surface, of the hemisphere is 
0

Q 1
1

2 2

 
    

(B) The component of the electric field normal to the flat surface is constant-over the surface

(C) Total flux through the curved and the flat surfaces is 
0

Q



(D) The circumference of the flat surface is an equipotential

(A) v/kZxksyh; ofØr i`"B ls xqtjus okys fo|qr ¶yDl (electric flux) dk eku 
0

Q 1
1

2 2

 
    

 gS

(B) fo|qr {ks=k dk lery i`"B ls vfHkyfEcr ?kVd lEiw.kZ i`"B ij vpj jgsxk

(C) ofØr ,oa lery i`"B ls xqtjus okyk dqy ¶yDl 
0

Q

  gS

(D) lery i`"B dh ifjf/k ,d lefoHko i`"B (equipotential  surfac) gS

Sol. (C)

total due to charge Q is 
0

Q



so through the curved and flat surface will be less than 
0

Q



(B)
The component of the electric field perpendicular to the flat surface will decrease so we move away from the
centre as the distance increases (magnitude of electric field decreases) as well as the angle between the normal
and electric field will increase.
Hence the component of the electric field normal to the flat surface is not constant.
Aliter :

R
x

cos




2

2 2

KQ KQ cos
E

x R


 

PHYSICS
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3

2

KQcos
E

R




As we move away from centre cos   so E

(D)

Since the circumference is equidistant from 'Q' it will be equipotential 
KQ

V
2R



(A)

cosº

0 0

Q 2 (1 cos ) Q

4 4

   
    

   

0

Q 1
1

2 2

 
     

11. A rigid uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as shown in the

figure). At some instant of time, the angle made by the bar with the vertical is . Which of the following

statements about its motion is/are correct?

,d L yEckbZ dk n<̀+ naM (rigid bar) AB viuh m/okZ/kj fLFkfr ls ?k"kZ.kghu vuqHkwfer ry (frictionless horizontal

surface) ij fp=kkuqlkj fQly jgk gSA le; ds fdlh {k.k ij naM }kjk m/okZ/kj ls cuk;k dks.k  gSA fuEu esa
ls dkSulk/dkSuls dFku lR; gS/gSa%

O

B

L

A

(A) Instantaneous torque about the point in contact with the floor is proportional to sin 

(B) The trajectory of the point A is a parabola

(C) The midpoint of the bar will fall vertically downward

(D) When the bar makes an angle  with the vertical, the displacement of its midpoint from the initial position

is proportional to (1 – cos )

(A) naM vkSj Hkwry ds Li'kZ fcUnq ds pkjksa rjQ rkR{kf.kd cy;k?kw.kZ (Instantaneous torque) sin  ds lekuqikrh gS
(B) fcUnq A dk iziFk ijoyf;d (parabolic path) gS
(C) naM dk e/; fcUnq m/okZ/kj uhps dh vksj (vertically downward) fxjsxk
(D) tc naM m/okZ/kj ls  dks.k cukrk gS rc naM ds e/; fcUnq dk foLFkkiu mlds vkjfEHkd fLFkfr ls (1 – cos )

ds lekuqikrh gS

PHYSICS
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Sol.

x sin
2

  
l

y = lcos

2 2

2 2

y 4x
1 

l l

Path of A is ellipse
(B) torque about point of contact

mg sin I
2

  
l

hence torque sin 

(D) cm

L
y (1 cos )

2
  

(C) midpoint will fall vertically downwards

12. A source of constant voltage V is connected to a resistance R and two ideal inductors L
1
 and L

2
 through a

switch S as shown. There is no mutual inductance between the two inductors. The switch S is initially open. At

t = 0, the switch is closed and current begins to flow. Which of the following options is/are correct?

nks vkn'kZ izsjd (ideal inductor) L
1
 rFkk L

2
 vkSj ,d izfrjks/k esa (resistance) R dks ,d vpy oksYVrk V ds L=kksr

ls ,d fLop S }kjk tksM+k tkrk gS (tSlk fp=k esa fn[kk;k x;k gS)A L
1
 rFkk L

2
 ds e/; vU;ksU; izsjdRo (mutual

inductance) ugha gSA izkjEHk esa fLop S [kqyk gSA le; t = 0 ij fLop can fd;k tkrk gS vkSj /kkjk cguh izkjEHk
gksrh gSA fuEu esa ls dkSulk/dkSuls dFku lR; gS/gSa%

L2L1

R

S

V

(A) After a long time, the current through L
1
 will be 

2

1 2

LV

R L L

(B) After a long time, the current through L
2
 will be 

1

1 2

LV

R L L

(C) The ratio of the currents through L
1
 and L

2
 is fixed at all times (t > 0)

PHYSICS
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(D) At t = 0, the current through the resistance R is 
V

R

(A) nh?kZdky ds ckn L
1
 esa izokfgr /kkjk 

2

1 2

LV

R L L  gksxh

(B) nh?kZdky ds ckn L
2
 esa izokfgr /kkjk 

1

1 2

LV

R L L   gksxh

(C) L
1
 rFkk L

2
 esa izokfgr /kkjk dk vuqikr gj le; (t > 0) fu;r jgrk gS

(D) t = 0 ij izfrjks/k R esa izokfgr /kkjk 
V

R
 gS

Sol. (A) & (B) After long time current through R = 
V

I
R



and LI
1
 = L

2
I

2

1 2

2 1

I L

I L


2
1

1 2

L I
I

L L



1 1

2

1 2 1 2

L I L V
I

L L L L R

 
   

  

(D) t = 0 I = 0

13. A uniform magnetic field B exists in the region between x = 0 and x = 
3R

2
(region 2 in the figure) pointing

normally into the plane of the paper. A particle with charge +Q and momentum p directed along x-axis enters

region 2 from region 1 at point P
1
 (y = –R). Which of the following option(s) is/are correct?

,dleku pqEcdh; {ks=k (uniform magnetic field) B dkxt ds ry ds vfHkyEc fn'kk esa x = 0 rFkk x = 
3R

2
 ds

e/; ds {ks=k (fp=k esa region 2) esa loZ=k (tSlk fd fp=k esa iznf'kZr gS) mifLFkr gSA ,d d.k ftldk vkos'k +Q

,oa laosx p gS] og x-v{k ds vuqfn'k {ks=k 2 esa fcUnq P
1
 (y = –R) ij izos'k djrk gSA fuEu esa ls dkSulk/dkSuls

dFku lR; gS/gSa%

Region 1 Region 2 Region 3

B

P2

O
x

3R/2

+Q P1

(y= –R)

×

××

×

×

×

×

×

×

×

×

××

×

×

×

×

×

×

×

×

××

×

×

×

×

×

×

×

y
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(A) When the particle re-enters region 1 through the longest possible path in region 2, the magnitude of the

change in its linear momentum between point P
1
 and the farthest point from y-axis is p / 2

(B) For B = 
8 p

13 QR
, the particle will enter region 3 through the point P

2
 on x-axis

(C) For B > 
2 p

3 QR
, the particle will re-enter region 1

(D) For a fixed B, particles of same charge Q and same velocity v, the distance between the point P
1
 and the

point of re-entry into region 1 is inversely proportional to the mass of the particle

(A) tc d.k lcls yEcs lEHkoiFk ds {ks=k 2 (region 2) ls {ks=k 1 (region 1) esa iqu% izos'k djrk gS] rc fcUnq P
1

rFkk y-v{k ls lcls nwj fcUnq ds fy, jsf[kd laosx ds ifjek.k esa cnyko p / 2  gS

(B) B = 
8 p

13 QR
 ds fy, d.k {ks=k 3 (region 3) esa x-v{k ij fcUnq P

2
 ls izos'k djsxk

(C) B > 
2 p

3 QR
 ds fy, d.k {ks=k, 1 (region 1) esa iqu% izos'k djsxk

(D) ,d fu;r B ds fy, leleku vkos'k Q ,oa ,d leku osx v okys d.kksa ds fy, fcUnq P
1
 ,oa {ks=k 1 (region 1)

esa iqu% izos'k fcUnq dh nwjh dk varj d.kksa ds nzO;eku ds O;qRØekuqikrh gS
Sol. (A)

 | p | 2p 


(B)
mv

R '
QB



2mv
d 2R '

QB
  d m
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(C) R' (1 – cos) = R

3R
R 'sin

2
 

sin 3

1 cos 2




 

2

2sin cos
32 2
22sin

2

 




3 2
cot tan

2 2 2 3

 
  



2 42
4 9 123 3tan

4 5 3 5 51
9 9

 
 
      



12
sin

13
 

12 3R 13R P 8P
R ' ; R ' ; B

13 2 8 QB 13QR

 
    

 

(D)
P 3R

QB 2


2P
B

3QR


14. The instantaneous voltages at three terminals marked X, Y and Z are given by

rhu VfeZuyksa ds fcUnqvksa X, Y rFkk Z ds fy, rkR{kf.kd oksYVrk (instantaneous voltage) nh xbZ gS
V

x
 = V

0
 sin t,

V
y
 = V

0
 sin 

2
t

3

 
  

 
and / vkSj

V
z
 = V

0
 sin 

4
t

3

 
  

 

An ideal voltmeter is configured to read rms value of the potential difference between its terminals. It is con-

nected between points X and Y and then between Y and Z. The reading(s) of the voltmeter will be

,d vkn'kZ oksYVekih (ideal voltmeter) nks fcUnqvksa ds foHkokUrj dk vkj ,e ,l (root mean square, Vrms) eku
nsrk gSA ;g oksYVekih fcUnq X rFkk Y ls tksM+k tkrk gS fQj Y rFkk Z ls tksM+k tkrk gSA bl oksYVekih dk ekiu
gksxk/gksaxs%

(A) 
rms
YZ 0

1
V V

2
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(B) 
rms
XY 0

3
V V

2


(C) independent of the choice of the two terminals / fdlh Hkh nks fcUnqvksa ds p;u ij fuHkZj ugha djrk

(D) rms
XY 0V V

Sol. xy x y xy 0 1V V V (V ) sin( t )     

2 2 2
xy 0 0 0 0 0

2
(V ) V V 2V cos 3V

3


   

xy 0

xy rms 0

(V ) 3
(V ) V

22
 

yz y z yz 0 2V V V (V ) sin( t )     

2 2 2
yz 0 0 0 0 0

2
(V ) V V 2V cos 3V

3


   

yz 0

yz rms 0

(V ) 3
(V ) V

22
 

xz x z xz 0 3V V V (V ) sin( t )    

2 2 2
xz 0 0 0 0 0

4
(V ) V V 2V cos 3V

3


   

yz 0

xz rms 0

(V ) 3
(V ) V

22
 

SECTION-III (Maximum Marks : 12)

PARAGRAPH 1

Consider a simple RC circuit as shown in Figure 1.

Process 1: In the circuit the switch S is closed at t = 0 and the capacitor is fully charged to voltage V
0
 (i.e.,

charging continues for time T >> RC). In the process some dissipation (E
D
) occurs across the resistance R.

The amount of energy finally stored in the fully charged capacitor is E
C
.

Process 2: In a different process the voltage is first set to 
0V

3
and and maintained for a charging time T >> RC.

Then the voltage is raised to 
02V

3
 without discharging the capacitor and again maintained for a time T >> RC.

The process is repeated one more time by raising the voltage to V
0
 and the capacitor is charged to the same

final voltage V
0
 as in Process 1.

These two processes are depicted in Figure 2.
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,d lk/kkj.k RC ifjiFk dks nsf[k;s] tSlk fp=k 1 eas n'kkZ;k x;k gSA
izØe 1: t = 0 ij fLop S }kjk ifjiFk iw.kZ fd;k tkrk gS ,oa la/kkfj=k iw.kZ :i ls oksYVrk V

0 
ls vkosf'kr gks tkrk

gS (T >> RC le; rd vkos"k.k pyrk jgrk gS)A bl izØe esa izfrjks/k R ds }kjk dqN fo|qr&ÅtkZ {k; (Energy

dissipated), E
D
 gksrh gSA iw.kZ :i ls vkosf'kr la/kkfj=k esa lafpr ÅtkZ (stored energy in a charged capacitor)

dk eku E
C
 gA

izØe 2: ,d vyx izØe esa igys 0V

3
 oksYVrk dks vkosf'kr le; T >> RC ds fy, vuqjf{kr fd;k tkrk gSA

rc fcuk la/kkfj=k vkos'k foltZu ds le; dks T >> RC ds fy, vuqjf{kr djds oksYVrk dks 02V

3
 rd c<+k;k

tkrk gSA oksYVrk dks V
0
 rd c<+kus ds fy, ;g izØe ,d vkSj ckj nksgjk;k tkrk gSA la/kkfj=k dks vafre oksYVrk

V
0
 ( tSlk fd izØe 1 esa gS) rd vkosf'kr fd;k tkrk gSA

;s nks izØe fp=k 2 esa fn[kk, x;s gSaA

S

R

C

Figure 1

V
           

T>>RC

Figure 2

V0

2V0/3

V0/3

t2TT

15. In Process 1, the energy stored in the capacitor E
C
 and heat dissipated across resistance E

D
 are related by:

izØe 1 esa la/kkfj=k esa lafpr ÅtkZ E
C
 vkSj izfrjks/k R }kjk ÅtkZ {k; E

D
 esa laca/k gS%

(A) E
C
 = E

D
 ln 2 (B) E

C
 = E

D
(C) E

C
 = 2E

D
(D) E

C
 =

1

2
E

D

Sol.
2

C 0

1
E CV

2
 ;

2
D 0 0 0

1
E V CV CV

2
 

2
0

1
CV

2


E
C
 = E

D

16. In Process 2, total energy dissipated across the resistance E
D
 is:

izØe 2 ds nkSjku izfrjks/k ds }kjk dqy {k; ÅtkZ E
D
 gS%

(A) E
D
 = 

2
0

1 1
CV

3 2

 
 
 

(B) 
2

D 0

1
E 3 CV

2

 
  

 

(C) E
D
 = 3 2

0CV (D) 
2

D 0

1
E CV

2


Sol.
1

2 2 2
0 0 0 0 0

D

V CV V CV C1
E C.

3 3 2 3 9 18
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2
0CV

18


2

2 2

0 0 0 0 0
D

2V 2CV CV 2V V1 1
E C C.

3 3 3 2 3 2 3

      
        

       

2 2
0 0 0 02V CV 4V V1

C
3 3 2 9 9

  
    

   

2 2 2
0 0 0

2 1 2 1 12 9
3 CV CV CV

9 2 9 9 6 9 6

     
          

      

2

2
D 0

1
E CV

18


3

2

20 0
D 0 0 0

2CV 2V1 1
E V CV CV C

3 2 2 3

    
      

     

2 2
0 0

1 1 4
CV CV 1

3 2 9

 
    

2 2 2
0 0 0

1 5 6 5 1
CV CV CV

3 18 18 18

     
        
     

Total 2
0

1 1 1
CV

18 18 18

 
   
 

2
0

3
CV

18


2 2
D 0 0

3 1 1 1
E CV CV

9 2 3 2

   
       

PARAGRAPH 2

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in Figure 1. In the

process the finger never loses contact with the inner rim of the ring. The finger traces out the surface of a cone,

shown by the dotted line. The radius of the path traced out by the point where the ring and the finger is in

contact is r. The finger rotates with an angular velocity 
0
. The rotating ring rolls without slipping on the outside

of a smaller circle described by the point where the ring and the finger is in contact (Figure 2). The coefficient

of friction between the ring and the finger is  and the acceleration due to gravity is g.

,d oÙ̀kkdkj oy; (circular ring) (nzO;eku M rFkk f=kT;k R) ,d maxyh ds ifjr ?kqzr?kw.kZu djrk gS (tSlk fp=k 1
esa n'kkZ;k x;k gS)A bl izØe esa maxyh oy; ds varfjd i`"B ls lnSo Li'kZ djrh gSA maxyh ,d 'kadq (cone)

ds i`"B dk vuqjsf[k; iFk dk vuqlj.k djrh gS tSls dh fcUnqfdr js[kk }kjk n'kkZ;k x;k gSA maxyh ,oa oy;
ds Li'kZ fcUnq ds vuqjsf[k; iFk dh f=kT;k r gSA maxyh dks.kh; osx 

0
 ls ?kw.kZu dj jgh gSA oy; r f=kT;k okys

oÙ̀k ds ckgjh i`"B ij fQlyu jfgr ?kw.kZu (rolls without slipping) djrk gSA tSlk fp=k 2 esa oy; ,oa maxyh ds
Li'kZ fcUnq }kjk n'kkZ;k x;k gSA oy; ,oa maxyh ds e/; ?k"kZ.k xq.kkad (coefficient of friction) , ,oa xq:Roh;
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Roj.k g gSA

r
R

R

  Figure 1                     Figure 2

17. The total kinetic energy of the ring is :

oy; dh dqy xfrt ÅtkZ gS%

(A)  
22

0M R r  (B)  
22

0

1
M R r

2
  (C) 2 2

0M R (D)  2
0

3
M R r

2
 

Sol.  Bonus

18. The minimum value of 
0
 below which the ring will  drop down is :

U;wure 
0
 ftlds de gksrs gh oy; fxj tk;sxk] og gS%

(A)  
g

2 R r  (B)  
3g

2 R r  (C)  
g

R r  (D)  
2g

R r 

Sol.

N = mu2 (R – r) sin + mg cos
f = µN = µmu2(R – r) sin + µmg cos = mg sin

2 g sin µg cos
u

µ(R r)sin

 


 

2 g sin
u

µ(R r)sin




 


2 g

µ(R r)
 



g

µ(R r)
 




