pA.c E AITS - 11 : Physics (Paper - 1)

1. ©
As ideal pulley is massless, net force on the pulley is zero. So, tensions can be assumed as depicted in
the figure. Let acceleration of the hanging block (block A) be a and acceleration of block B and a'. As

tension force acting on C is half that of tension acting on B, so acceleration will also be half. i.e.aE :

For subsequent blocks, acceleration will keep on getting halved by same argument.

As per virtual work method sum of work done by tensions on system is zero.
= ZTi Xj = 0

Differentiating twice w.r.t. time, we get

ZTi aj = 0

— Tacos180° +Ia'cosoo +Ia—c030+.... =0
2 4 2
:>—Ta+T—a 1+l+i+ ..... =0
2 4 16
(As for infinite G.P. summation is 1i where A is first term while r is common ratio)
—r
. 3 :
—a'=—a ..
> (@)

For block A, by Fret = ma, we get
Mg—-T =ma (1)
Similarly, for B, we get

T 1
—=ma
2
T 3a . .
—=m| — using Eq. (i
=3-m(3] wsingEa )
=T=3ma ....(111)
From Eqs (ii) and (iii), we get mg — 3 =ma
g .
a=-=
= A (1v)
3a 39 . .
A'=—=— Using eq (i
—al=—== [Using eq (i)]
Velocity of block B after time t of releasing
v:u+a't:0%gt (V)

Also, tension force on block B,
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Fo g _ 3%3% Vi) [using Egs (iii) and (iv)]
Thus, power delivered to B,
2
P=Fv= grgi t [using Egs. (v) and (vi)
2. (D)

By sine rule in the triangle formed in fig. 1

CTN

' Mean '

AL R /
o e
xtrama & Ta
E \u\_%/
ol P
5

~ o

Angle of incidence i, at general point P, is maximum when the source is at extreme position shown in

figure
sini _sina
A R

o A
=sini =—sina
R

So for given A, | maximum if point P has o = 90°. Also for TIR i should be equal to critical angle C.
~.For o.=90°
A=RsinC
Also by Snell’s law, for refraction at P,
n.sin C =1. Sin 90°
= sinC= 1 ....(ii)
n

For an oscillator executing SHM, amplitude A in terms of speed v at mean position is

A= v\/% ...(iii)

Putting values of A and sin C from Eqgs. (ii) and (iii) in Eq. (i), we get

\/H R
V _——
K n
R\/?
>V=—,|—
n\m
3. (A)
From FBD of the soap film shown here in figure

prR? = pynR? + Tsin 0.4nR

4Tsin©

= P=Po+ R
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2 T sin@- 4Rk *———:—
l
8
=~EBD of
A/Eﬁ soap film
T |
hd

T cosd
Fig. 1

p is maximum, for 6=90"

4T :
SPpax =Po+— ... (1)
R
Also, for§ =90, shape of the film is hemispherical as shown in figure. Final volume of the gas,
V, = R2.2R 2 g3
3 3
4 4 ..
=V, :gnR =2V, ....(»10)
3
(as, initial volume, V, = nR2,§: 2n3R )
By conservation of number of moles , if T; is the final temperature at the instant when pressure is
maximum.
Nfinal = Minitial
— PmacVt _ PoVo (using ideal gas equation)
Tf TO
:>Tf _(pmaxvf j 0
PoVo
4T . : .
=1+ —|2T, [using Egs. (i) and (ii)]
PoR
PoR
4. ©)
Let charge on each face of the cube =q
Total flux through the cube = 59
€9
So, flux through each face ¢ = a (1)
€

Also , field due to a sheet of charge, having surface charge density o, near its surface
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E=2
2¢g,

So, flux through each face due to charge on itself,

,_ © q .
- — A=—" -
¢ 2¢, 2¢g, ()
Thus, flux through each face due to remaining five faces.
¢"=¢—¢'=2i ...... (iii)
€

0
[using Egs. (i) and (ii)]
Now consider a small element of surface area dA of face, on which we want to find force, as shown
in figure. Let its area vector is dA and electric field at its location is E as shown.

d
6 jiF
dA (J/qj;%.f_
E

Charge on the element, dq =cdA
So, force on the element
|dF|=dalE|
= cdA|E|
=cdAE @ ... (iv)

As by symmetry, net force on the face is perpendicular to it. Therefore, net force is summation of
components & forces perpendicular to the surface.

F:Ichose:IcEdAcose [using Eq. (iv)]
= F=c[EdA=c¢"

. [Using Eq. (iii)]
2¢gg
2 242
_ocod” _od ['.'q=c5d2J
2¢, 2¢,
5. (B,C,D)

As, cylindrical part of the foil is long and is carrying circumferential current it can be treated as long
solenoid. So field at its centre will be field inside ideal solenoid.

B = pg x current per unit length

|
:>Bl=poxi

So, B> due to the two planar surfaces,
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B, = ”TO' (i)
As, energy stored in magnetic field is given by
B2
U =——xVolume
2ug
Ratio of energies in cylindrical volume V1 to that in volume V2 between planes.
B2
0, M v
=L-20  _ L [ By=Bsas per Eqs (i) and (ii)]
U2 Bg V2
—X V2
2ug
U R4
Uz Ryri
k
If we consider cross-sectional view of the arrangement, magnetic field is in negative z-direction as
shown
Rk
«
X
b
«|. |kR
ikl
Y

3

Flux of the field is given by
b = BAS

== HTOI(RRZ T kR.%)

2
IR
IR 1y
.. Self-inductance of arrangement

L _ 0 _noR*(n+1)

[ I
Energy stored in the arrangement can be written as

2
U:Lﬁ;l@(nﬂ)#
2 2 |
6. (A B,C)

Conveyor belt in this case is a variable mass system. Let F be force on it by rollers to keep it moving
with constant speed v.
By Newton’s 2" law
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Fo dp _ d(mv)
dt dt
dv dm )
=m.—+V.— =0+ v.u=pv (asv = constant) .....(i)
dt dt
Power delivered by this force can be calculated by

P=Fv=Fvcos0

= Pr =pv.vcos00 = HVZ [using Eq. (i)]

By work-energy theorem

dWg +dWs =dK

Here, dWg,dW; represent work by F, work by friction and change in kinetic energy, respectively
dWe | dwp _dK

dt dt dt
1 2
AW d(zmv j
:>P|:= =
dt dt
2 2
:>MV2+M:V_d_m:&
dt 2 dt 2
dwg V2
t "2

7. (A,B,C,D)
From FBD of box shown in fig 1.

b

QD X
a (\Q
>3 S M\
Mg sing¥_~ g cose
Mg cos8 g
Acceleration of box
mgsin 0 )
a= g =gsind

= apox =9gsinoi

.. Relative acceleration due to gravity inside box
g'=9-a

= (gsin 0i —gcos 6j) —gsin Oi

=—( CoS 6]

So, relative acceleration due to gravity.

g':gcose:gcos600 :%:5ms_2
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If we rotate the figure of box for simplicity of analysis, we fig 2. Let natural length of spring is |
(initially) and spring constant is k.

%;
/ I+x
\v ’?o:
d s-n130 H: KX kxsind0®
" i 3 30°\\ N = kx/2
2 ' ;.033_5??_3.0_" = = Tng'sina0”
g‘~—-‘7-|
2 | ma’'cos 30°" mg" 30°

<

Let extension in spring in final position T be x. By sine rule in ARST, we get

l+x
sin120°  sin30°
= l+x =43l
:x:(ﬁ-l)l:(ﬁ-l)(ﬁﬂ) ...(D)
=X=2m
Maximum displacement of the bead is equal to
d=RT=1 :(\/§+1)m(given) ..(10)
As, bead comes to rest at T, after release, loss in its potential energy is equal to gain in spring potential
energy

Therefore, mg d = 1 kx?
2 2

mg'd  1x5x(\3+1)
==

5(\/§+1)

== N/m (using Egs. (i) and (ii)

=k

From FBD of bead in position T as shown fig. 2. In direction perpendicular to the wire, we get

N KX _Bmg' _\Bmg—kx
2 2 2
5(+/3+1
\/§><1><5—(4)><2
B 2
(-1
== /N
4
8. (A /BD)
P = Power =i°R = i2.p—|2
Tr

As, i through all the wires is same.
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:>Pocp—|
2
r
b pala . pels . pcl
:>PA.PB.PC= AZA. BZB. C2C
A 'B Ic
:4:§:1:24:9:2
2 3

= PA = 24P0, PB = 9P0.PC = 2P0
~.\[PgPc = Geometric mean of Pg and Pc
J9Py 2P, = /18P,

L P 2Ry,

JPaPc 18Py

By Ohm’s law in microscopic form

J= oE
i p
=>—=—=FEx—
nr2 P r2
) PA .Tp . PC
‘A /B IC

= EA :72E0,EB :27E0,EC :4EO

EZ 27° 81
- = = —
EpAEc 72x4 32

— 32E3 =81EAE¢
Drift speed v is related to current | by the relations
i [ 1
NeA  Nenr Nr

.'.VAZVBZVC=11%22—17=21622728

Also, potential difference

V:IR:I—p;:Vocp—zl
mr r
31

SVA VR Ve =4:—:==24:9:2
A-VB-VC 53

9. (5)
From FBD of pulley, tension at various points will be as shown in figure
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T

=T Fla)

P — Fl4

:/aulfgfg;/:///////// //////[ F/4b
— Q

& L '

= Fi2

Kwmng
Fl2
So, acceleration of the rod,
F umg
e F .
a=4—=——ug ()
m 4m

If we now consider portion PQ of the rod having length x, mass of PQ is % Therefore, friction on

it will be HMIX
L

T_HMOX _MX
L L

pmgx mx( F
>T-——=—+| —-—
L L (4m “gj
:>T=E.i
4 L
So, stress at point Q

T Fx

o> i
NI (it)

. Using F = ma for PQ, we get

[using Eq. (i)]

To find elastic potential energy, lets now first consider an element of a thickness dx at a distance x

from left end.

As, elastic potential energy in terms of stress o is given by

2
U=2_xvolume
2Y
Potential energy of element
F2 x? x Adx
3212A%Y
.. Total potential energy of rod
FPL  (F-)xmg)’L
96AY  (10% —4)AY
=a=0,b=10

du =

U=_[dU

[using Eq. (i1)]
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10. 3)

Refractive index of lens

— kvaccum — 6000 —
Tlens 4000

Focal length of lower unpolished lens (f1) using lens Maker’s formula is

1 (1_5_1)(1_1j 1
fl R o0 2R
Upper part can be consider as combination of lens and mirror. This combination is equivalent to a

mirror, whose equivalent focal length (feq) can be calculate using the formula
1 1 2

feq fmirror fIens
As for flat plane mirror, focal length is infinite
1 1 2 1

n 15

:%:g_ﬁz_ﬁ [USlng Eq (l)]
= foq =R (i)

Hence, the combination is equivalent to a concave mirror of focal length R. Thus, for image (11)
formation by polished part, we use mirror formula

1 1 1
—_t—_—=—
v u f
1 1 1 . ..
= —t—=— Using Eq. (ii
AT [Using Eq. (ii)]
3R
> V=—- .G
> (iii)

We are given velocity of object v . As velocity vi for object moving along axis of lens is given by

2
vi=| L] v
i (uj 0

2
.. Velocity of image -2, v, = (%j Vo [using eq. (V)]

= Vo= 4V0
Thus, velocity of image -1 w.r.t. to image -2 will be

Vrelative = V1= V2 |

Vo gy |-V
4 4
:EXE:&m/s
4 17
11. 2

For axis to remain stationary, net force on the composite body should be zero.
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To=T
R
| o
Jlr l(Xﬁ Tﬂfg _fg
m4g mrgg
FBD ofm; FBD of m, 1
Top view T,=T
of discs -

Therefore, tensions in the two strings should be equal. i.e T, =T, =T (suppose).

If we assume angular acceleration of the composite disc equal to o, accelerations of blocks of
masses m; and m,are ar, and ar,, respectively as shown in figure.

By using t=Ila, for composite body.
= T(0.3-0.2)=0.25c

=T=25a0 ... (1)
For m,, using F=ma, we get

m,g—T=mar

= m,g—2.50=m,a(0.3) [using Eg. (i)]
=>mg=(25+03m)a ... (ii)
Similarly, for m,,

T—-m,g=m,ar,

= 2.500—2.59 = 2.50(0.2)

:a:% ......(iii)

Putting value of o from Eq. (iii) into Eq. (ii) , we get
m,g =(2.5+0.3m1)%g

= m, =5Kg
P DI
m, 25
12.  (8)

Let a be the side length of square and 6 be the position where galvanometer gives zero deflection.
To have zero deflection, bridge is to be balanced.
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E
A' 'B Y
atano
X X
* a-atang
D" | C ko
RAB RBX

j— =
Rap  Rpc+Rex

[Rpc and Ry areinseries]

400
_ 100 Tatan 0
200 500+4—Oo(a—atan 0)
o
1 400tan©

~ 27 500+ 400(1tan )

Solving this, we get tan6=3/4

—=0=37

Let t be the time taken from start, then 6 = wt(6inrad)

— T y37=_
180 360
—t=74s=n%+10
..n=8
13. (4

Total increase in length of rods
= LaAT + %ocAT = SE(XAT

Let the compression in spring A'is X,,B is xg and C is X..

= Xg = % LaAT ... (i)

Energy stored,
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1 1 1
E ZEKXZA"FE(Zk)XZB“FEkXé

:%k(2x8)2+kxé+%k(2x5)2

= 2kx3 + kx5 + 2kx3 =5kx3 ....(i)
Using Egs. (i) and (ii), we get
E= 51{i LZOLZATZJ

100

_9 Ko ’L2AT?
20

_9 Ka’L°AT?
5B
=>p=4

14.  (5)
Critical angle for a pair of medium is given by

C= sin‘l[ nrarer ]
ndenser

= C:sin‘l(i)=53
5/4

So, when the ray is incident at 53" as shown, it will emerge grazingly along surface making 37" with
line OC striking screen at P. Distance moved by the laser spot.

d=0P=20tan37 =15cm ....... @)
Also, time taken for rotation of the cylinder.
=9 LTSES =35 ... (i)
®  180x 2T
540

Therefore, average speed of the laser spot = % =5cm/s
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15. (4)
As, the tube is perfectly conducting, temperature of air will remain constant.

F
] ~— 148 cm
60 cm

12 cmT
/"—_\ ----------
~_ Il S o LI
T8 2
Refare Atter

As, pV =nRT =constant

= Ptinat Vsinal = Pinitial Vinitial

= =p ><E
Pfinal 0 4

=1.25x10°Pa
.. Force =Difference in pressure x Area

- (1.25><105 —105) %1.6x107* = 4N

16.  (6)
Consider the object as two portions a uniform rod an a frustum with thermal resistances R; and R,
respectively, then

L I

R = =
! KlAl KTl:I’2

2722

I I
(2K) (7)) 4K
.. Equivalent thermal resistance,

5 .
>R, =— .. 1
M AKnr? 2

Now, if we consider the same lamina with equivalent thermal conductivity K., , then

]
—t—

Regg =R1+R;
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3l
2K gqmir®

By equating the terms of R., from Eqgs. (i) and (ii), we get
56 3l

4Knr? 2K mr?

....(iii)

K
= eq=g=1.20

= 5Kq =5x1.2=6

17. 4)
The external force on two body systems acts along Y -axis.
The initial momentum of the two body systems is zero. Hence, the CM of two body system always
moves along Y-axis

W
3

20

il TR S Sy s v syl

(0. 0
..CM of two body system lies along Y-axis, the x-coordinate of centre of mass of two body sytem is
Xem =0
S3MxX=mx9
=x=3
- Length of string = /52 +(9+3)°
=13cm
= x% —x +1(Given)
=Xx=4
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18. (V)
Let v, and v, be the horizontal and vertical components of velocity of block C.

fy N2
7
VX
et ol
VA=10m/S vy 11 .
37“ A4 ;
7:’7; f L4 p (s

The component of relative velocity of B and C normal to the surface of contact is zero.
~10+5c0s37 —v, =0 ...... (i)

v, =14m/s

From the figure, |, +1, +1; =constant

G dy
dt dt dt

(~10)+(-5-10c0s37")

+(—5$in 37 +vy) =0

Svy=26m/s

So, ratio, Ve 147
v, 26 13

sa=7
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PART (B) : CHEMISTR

1.
The product formed has 4 chiral centres.
2. (A)
In ﬁ = E i — i
kk R(T, T,
Greater E,, greater will be increase in rate constant.
3. (A)
Mn(CO)6 —e —>[Mn (CO)6 ](B most stable because Effective atomic number
=(25-1)+6x2 =36 = Atomic number of Kr
4. (A)

Molecular orbitals electronic configuration of NO, confirms the presence of unpaired electron
which can easily undergo transition from ground state energy level to excited state level by
absorbing light of suitable wavelength.

Cause of colour in N,O,

Due to low difference between occupied and unoccupied energy levels of electron among molecules
of N,O;, it absorbs a part of visible light spectrum which causes colour in N,O;.
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5. (B,C)

s T .

- zﬂa{} e
N ‘ $

(A)

(€)

a ]
) Heanangement

H—D)

(i) LIAIH, "
———— 1)
3 (i conc, HySO,
(D) e|-| .

HR
% HzPO,
A ~H,0
B ol i

= - ]® “expansion
. N

= Al, O, or ThO, shows dehydration of an alcohol into alkene via E2 elimination.

6. (A B,D)
CHs

3 o
I m-CPBA x, H;0% et H0(18) """'(SBH
O¢\|H§ -H < OH

OH
(A)
CH3
H:,O
—)
7. (A,C,D)

COOH Coo COO
QL. =@, = @I
NH, NH, NH
(i) (0 ()

All are acidic Zwitter ion All are basic groups
groups PH=pH=7)
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10.

(B, C, D)

Statements (B, C, D) are correct, whereas statement (A) is incorrect.

(A) X reaches end point earlier than Y, hence X is present in lower concentration.
(B) Greater change in pH of X at end point indicates that X is stronger acid than Y.

. . . . . 1
(C) Volume of NaOH require to neutralise Y is twice to that required for X, so [X] = 100 =0.01M

and [Y]= % =0.02M

(D) Weaker acid () produces a stronger conjugate base (salt).

(9)

)Ko/\/\ )\/k/
)J\/Y d Kk
J

\/u\o/\ /\/u\

\/‘K P
(3)

The isomeric carbonyl compounds of molecular formula, CsH,,0(86u) are

(4),(6) and (7) —— give racemic mixture of alcohols) =(5)— is a pure enantiomer and will give

diastereomers =(1),(2),(3) — give achiral alcohol.

2 2 &
\ ] | ) —_—Cc —Cc
C_.—C’C—h W=€C- & =& ~—=¢ - & "
' : G “
¢ W ° )
C » e
| Ll
C — ¢& — C - C-h B &
5 ] !

C_C4L"’L "
] 6 U’)

G kb‘)
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1. (6)

CH, CHg CH,
CN——CN NC—F—CN CN—IF—NC
NC—31—NC CN—{*_CN CN—2—CN

CH, CH, CHy
8 €3} )

12. (5
Only 1 -aliphatic amines can be prepared from Gabriel’s phthalimide synthesis, where a halogen is
replaced by NH, group. In chlorobenzene, Cl is attached to sp”-hybridised carbob, hence aniline

can not be prepared while halogen atom in 2,4- dinitrochlorobenzene is replaceable, hence
compound (vi) can be prepared.
So, (i), (iv), (v), (vi) and (vii) can be prepared.

13. (2

10 mL of 1 mM solution contains 10~ mole

23 -5
. Number of molecules in one face = M =10'®

Number of molecules in one edge = /10" =10°

— Area of 1 face = 0—54 =0.04m?°

Edge length =+/0.04m =0.2m
10° molecules are converting 0.2 m length[monoatomic layer]

~. Imolecule is covering 2x107°m length, ie. 2A.

14.  (6)
Only pr—pr:NO3,CO3,(CN),
=only dn—pm:
xe0;,ClO,, XeOF,,H;PO,
—=One pr—pmn, rest dn—pr:SO;,SO;”

15, (2)

[Ni(eN), T [Pe(en, T

Hybridisation —dsp?

Shape of molecule = Square planar

PR, PCI;

Hybridisation of molecule = Trigonal bipyramidal

BrF; Hybrdisation is spd? and shape of molecule is square pyramidal

SF.[CrR, [ [ Co(NH,), ™
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Hybridisation sp®d?,d?sp?
Shape of molecules =Octahedral
CH,, NHj,[Ni(CO), |

Hybridisation: sp®
Shape of molecule- Tetrahedral

16.  (9)
Number of atoms of A in fcc = 4[Corners+ Face centres]
Number of atoms of B at octahedral voids
=4[ Edge centres + Body centre]
= Number of effective atoms of A after removal

=4-2 x% = ? (two corners of the body diagonal are removed)

= Number of effective atoms of B after removal =4—-1=3(body centre of the body diagonal is
removed)
:A:B:%:3=5:4

So, simplest formula = A;B, and x+y =9
17. 4)

= H,0 is a weak field ligand and [Fe(HZO)ej2+ is a high spin complex

24 .46 _ ¢4 2
= Fe™ :13d° = ty,ey

% | I
{fzsf E i

= Number of unpaired electrons =4

18. (8)
Total number of isomeric monochlorides =2+4+1+1=8
The products (P) can be shown as,
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(in
CICH, — CH, — CH — CH, — CHy
(2) [1x ()]
CH,

CH,4 —T:H—(;H — CH, — CHj

Cl
(4) [2x ()]
I
CHy— CH, — CCl —CH, — CHy
(1)
CH,Cl

CHz — CH, — CH — CH, —CH,
(1)
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PART (C) : MATHEMATICS

1. ©
Consider the given series
100
> )'(Pc+%cry)
r=0
r r
i+?’T+7T+...upt010terms
2" 2ch 2
100
r=0
1 3f 7f n n n+1
— +——+——+....upto 10 terms [ Ci+ Ci1= Cr}
of 22r 23r
100 1 r 100 1 3 r 100 1 7 r
=Y (- %% (2) +Z( 1)"100¢ (4] +Z(—1)r Oocr(gj +....upto 10 terms
r=0 =
100 r 100 r 100
:Zloocr(—j +Zlooc ( j +ZlOOC ( j +....upto10 terms
r=0

1100 3 100
=(1—§) +(1—Zj +....upto 10terms { Z nCr(—x)r =(1—x)”}

r=0

2

B »100
- 1
~ 1 21000 ~ 1 21000 -1
2100 1- 1](_)0 21000 2100 1
2

2. ©)
We know the prime digits are 2, 3,5, 7. If we fix 2 at the first place then rest of 2n — 1 places can be
filled in 42™1 ways. Sum of 2 consecutive digits are (2, 3) or (2,5), thus 2 will be fixed at all alternate
places i.e.

2 | 2 | [2 |

For filling n places by 2, we have only 1 way and for filling rest of places by 3 or 5.
.. Number of favourable ways = 2"
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n

Required probability =

42n—1
_2"x4 4
a 24n _2?

3. (A)
Given functional equation is

2 (x—1) - f(l Xj Xeooon.(i)
X

Replacing x by lWe get
X

1

1-=
zf(l_lj_f ~x |1
X 1 X

X
- 2f(1 Xj Fx-1)=2 ...
X X
On multiplying by 2 in Eqg. (i) and then adding Egs. (i) and (ii) we get
Z{Zf(x—l)—f (L—Xj}h [1 Xj f(x —1)}
X X

= 2x+l:>3f(x—l) = 2x+l

X X
Now, replacing x by x + 1, we get [to generate f(x)]
3fF[(x+1)-1]=2(x+1)+

(x+1)
1
~f(x)= (Z(X +1)+ x +l)j
201+ x) +1
© 3(1+x)
4, (A)
1
f —dt f'(x)=
()= j ==z
Now, d_y == :> fydy :fldx (by separating the variables)
dx vy
2
y7 -x+C . (i)

Now, f(1) = J.Wdt—«/f

@ =1+C [From Eq ()]
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(2)

:>T=1+C:>C=1—1=0

So {f(X)} =2x = f(x) = V/2x

So f(200) =+/2.200 =+/400 =20

5. (A B,C,D)
X_(X:y_Bzz_y |f
m n

(@ We know that, the plane ax + by + cz + d = 0 contains the line

ao+b+cy+d=0and al+bm+cn=0
Now, since
(-D)-2(3)+7(-2)+21=0 and (-3)(1)+2(-2)+1(7) =0
The line given in (a) lies on the given plane
(b) Since0-2(7)+7(-1)+21=0
.. The point (0, 7, -1) lies on the plane
(c) Direction ratios of the normal to the given plane are (1, -2, 7) which are same as those of the
given in (c). So the plane is perpendicular to the line.
(d) The direction ratios of the normal to the planes given in (d) are same as those of the given plane.
So, the plane in (d) is parallel to the given plane.

6. (A B,C)

4

B8 6 D 8 C
And BD=6,DC=8
B OD 4 2
2 BD 6 3
C_ OD 4 1

andtan —=A—=—==
2 DC 8 2

tanE+tan9
tan(g_gjztan(icj:#

s tan

2 2 1—tanEtanE
2 2
2.1
=cot—= 32 zl_z
1-Sx= 4
3 2
4
=tan—=—
7
—tan—tan—=>_2
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:S—_lzl:Zs:Sa
S 3

=25=42=s5=21
LA=1s=A=4x21=84sqcm

- tan é,tan E,tan 9 all less than 1
2 2 2

. Ais acute angled
7. (B, C)

8. (A, C)
Given, plane P; contains the line r =i+ j+K+A(i —j—K)
. It contains the point i+ j+k and is normal to vector (i + j)
Hence, equation of plane Py is
(r=(i+j+Kk).(i+)=0 orx+y=2
Or
Plane P contains the line r =i+ j+k+A(i —j—Kk) and the point ]
.. The equation of plane is
x-0 y-1 z-0
1-0 1-1 1-0(=0

1 -1 -1
Orx+2y—-z=2
If 6 is the acute angle between P1 and P2 then
cos@:&

Ingl.Inz |
_(i+D(i+2j-K)
NN
__3 8

V26 2
.'.e:cos_lﬁzE

2 6

As, L is contained in P,, 0 =0°

9. 1)
y=lim | x+ X
X—>00 \3/)(
X+.7)f.
....inf inity
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1 Ix

213" 3
X X+L
....inf inity
x5/3

—_— X —_—
o1 VTR
X+7X2/3 Yy

5/3yy _ x5/3 _

= y2+(x*P)y—x

_(X5/3)i /X10/3+4'X5/3

2

=y=

X5/3+ X10/3+4X5/3

=— 5 [y>0]

5/3
=>y= ax [by rationalising]

2()(5/3 L1073, 4X5/3j

2

(1+\/1+4x_5/3)

Now, lim y= lim 2

=y=

2
1+1
10. (7
1 1
Let 1= [(@-x*)"dx Then I=[(1-x*)" 1dx
0 0

=[a-x""x-| 7(1-x)8 (=4x3) xdxT

1
=[@-x*)" xJg + 28] x*(1-x*)%dx
0

1
=0-28[ @-x* -1)(-x*)°dx
0
1 1
=-28[ (- x*)’ +28j(1—x4)6dx
0 0

1
=291=28 (1—x*)8dx
0
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1
29[ @-x*)" dx

—~_0

1
4f (- x)8dx
0
11. (2
We know, (1+x)!%0 =190 Cox100 +100 Clx99 .. 100 Cio00
And (1+x)100 =100 Co +100 Cyx 4100 CoXp +.... +100 Clooxloo
— (14 x)200 = (100C 100 100 ¢ 98 200 0 98 100
100 ¢, 4100 ¢ 5 100 ¢ 2 200 ¢ 100
=200 ¢, 190 ¢ 190¢, 10 ¢ 10¢c, 100, 10, o ) =coefficient of x'2
Let a='% Cy10¢, 190 ¢, 1%0¢, +....+1%0 Cog ' P Cigg
Letb = 100c, 100, 100 ¢ 100c 100 c 100
Then, we have
a+b=20¢c,, =20 Cg......(>I)
Clearly
(L+x)L00 (1 - x)100 — 100,100 200 0 499 | 100
(00, 200 c 5 200 2 (100 o100y
_, 100g, 100 ¢ 100c, 100 100c, (100 100, _ 4100 100c
= ¢, y=a-b ...
On adding Egs. (i) and (ii) we get
24 =200 Cop 100,

11200 100
a:_[ Cog — C49J

2

Hence A =2

2. (1)

Given equation of planes are
X—cy—bz=0 ....(1)
cx—y+az=0 ....(11)

and bx+ay-z=0 .....(111)

Now, equation of plane passing through the line of intersection of planes (i) and (ii) may be takes as
(X—-cy—bz) + A(cx—-y+az)=0

ie. A+rc)x+(-c—ANy+(-b+ar)z=0 ... (iv)

Clearly, the planes (ii) and (iv) are same

l+ch (c+A) -b+akr

b a1

By eliminating A we get

a® +b?% +c? +2abc=1
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13.

14.

(8)

We have [|x[] + [|yl] =1
This is possible, when [[x]]J= 0 and [ly]] = 1 or [|x]]= 1 and [ly]] = 1 or [|x]] and [ly]] = O

[ [I x[Jand[| y [Jareintegers ]

Case | When [[x]]=0and [ly|]] =1

Then, 0<|x|<land 1<|y|<2
=|x|kland 1<|y < 2

= xe(=11) and y €(-2,~1) U[1,2)

YT
X=-1 x=1
3 o) S y=2
1 1 yy=1
Ve id : »X
X4 2 4 0 1 2
L ———y=-1
B y=-2
)

Case Il when [[x]] =1 and [ly|]] =0

Then, 1<|x|<2and 0<|y|<1

=>xe(-2,-)u[1,2) and ye (-11)
Thus, we have the following graph

Hence, are of required region

=4(2-1){1-(-1)} = 8 sq. units..

Y

(")

We have a = xi + yj+ zk

b=i-2j+3k
c=2i+3j—k
and d=i—j+k

a makes equal 6 with b and c
sa=a(b+c)+p(bxc)

A

ik

Here, b+c=i-2j+3k+2i+3j—k=3i+]j+2k and bxc=|1 -2 3|=—7i+7]+7k

na=a@i+]+2K)+B'(=i+j+K)

Where B'=78

2 3 -
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15.

16.

"+ ais perpendicular to d

sad=0= (a3i+j+2K) +B'(=i +j+K).(—j+k)=0

a(3-1+2)+pB'(-1-1+1)=0
4o-B'=0=4a=p"

.'.a:oc(3?+]+2f<)+4oc(—f+]+f<)

a=o(3i+ ]+ 2k —4i + 4]+ 4K)
:oc(—f+5]+6lA<)
a.b=|al|b|cosO

= (=i +5j+6K) || (i —2j+3k) | cos O

= a2 +(5)2 +(6)2 (1) + (2% +(3)° cos

7= (J1+25+36)(J1+4+9)

cos2 L =124 0032 0=7
124

(0)
3

Letl = _[ 1cosec(x—ijdx
173 % X

Put x—lzt:(u%jdx:dt
X X

X X)X

2
= (x—ij +2d—X=dt

X

X X
dx dt

X t“+2

N

Where x = 1
3

I3 cosect
R L

_8/3 242

I= 0 [ the integral is an odd function)

(1)

We have

(%) +f(y)=f(x+y] ()
1-xy

Puttingx =y =0we get f(0) =0

Putting y = -X, we get f(x) + f(-x) =f(0) = 0

f(x) + f(-x) = f(0) = 0
= F(=x) = - (x)

2
(X +1]d—x=dt:>(x+3jd—x=dt

,t:—§ andx:3,t:§
3 3
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17.

Clearly f(x) = lim 1+ =f(x)
n—0 h
lim f(x+h)+f(—x)
h—0 h
f(Hh—XJ
= lim 1_(X+h)(—X)

h—0 h

(erstern)
_ lim 1+x(x+h)
h—0 h

(eestern)
_ lim 1+x(x+h)

h—0 h y
Lo x(x+h) @+x(x+h))

_ lim 1+ x(x+h) lim 1
h—0 h n—01+X(X +h)
1+ x(x+h)
1

1+X

[Using Eq. (ii)]

[Using Eq. ()]

=2x

2
2
1+X

.-.f'(1):§:1

= f(x) =

2

()

We have
r=(axb)sinx+(bxc)cosy+2(cxa)
=r.a=[bca]cosy

=rb=2[cab]

=rc=(abc)sinx

Given r.(a+b+c)=0
~.[abc](cosy+2+sinx)=0

Since a, b, ¢ are non-zero and non-coplanar
ssinx+osy+2=0
=sinx+cosy=-2

It is possible when sinx = cosy = -1

'X——E y=T7
e 2,

.. Minimum value of

4 o o 4 7122 2
—2()( +Yy )——2(T+n J

I T
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_4 . 50° .
2 4
18. (7

5 _313n-3)1(nY°

T (n=)13@En)!

i 6(3n—3)!(n)3((n-1 13
x—» (N =1)1)33n(3n —1)(3n — 2)(3n - 3)!

. 6n° 2

= lim =—
x—>03n(3n-1)(3n-2) 9

~|m=n|=[2-9|=7
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1. (6.67)

. KAAT . . : .
Thermal current in the rod, | =——— where, k is thermal conductivity , A is cross-sectional area,

AT is temperature difference and | is length of rod.
~ 80x10x10x10™* %100

20x1072

=400cal /s
Heat extracted from water in time tis I xt which can be equated to heat required to freeze m mass of

water, i.e. mL, where L is latent heat. So, we get

=

Ixt=mxL
.. Mass of water in the vessel,
_ I_t _ 400x10 _ 509
L 80

Now, velocity of efflux of water coming out of tank,
v =./2gh

=+/2x10x0.2

=2m/s
Mass flow rate of water coming out of tank,
dm _ pav =10°x10"°x 2
dt
=2x103kg/s=2g/s
Thus, mass of water in the tank after time t will be (as 50 g was already there)
m'=(50+2t)g
It time taken to freeze is t’, then we have
Ixt'=mxL
= 400xt'=(50+2t")x80

. 50
=>t'=—s
3
.. Time of delay,
_rot=2 10
3
=667s

2. (96)
By symmetry all points of octagons vertex are at same potential. So resistors connecting adjacent
vertices with not have any current and so these sixteen resistors can be removed. Now, let vertices of
octagon with centre at A be labelled C. So, 8 resistors between A and C will be in parallel. Similarly,
if we label vertices of octagon with centre at B be D, 8 resistors between B and D will be in parallel
and 8 resistors between C and D will also be in parallel. So, the equivalent circuit can be drawn
as
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(1/8)Q (/8 (1/8)Q

A —AWW— A — AW
C D
B
/1 it ot e e ki i '
; - ANV~ :
v B

Resistance of external circuit,
R=}+E+}:§Q
8 8 8 8
Effective resistance of the circuit,
1

Z=R+ 3 =0.5Q
Therefore, current in the circuit will be

I:X:i:16A
Z 05

.. Power consumed by the circuit will be

P=i’R =(16)’ ><§=96W

3. (1.50)
Consider interference of Wave-i and Wave-2 at any general point of the screen.

For journey behind the slits, extra path of Wave-2 can be determined by drawing a perpendicular
from S, at A as shown in figure. Extra path is equal to

AX, =AS, =dsin45" ... (i)

For journey from slits to screen, at a point at angle © with respect to line of symmetry, path
difference is equal to

AX, =dsin6 ... (i1)
For central maxima, net path difference is zero
= AX; = AX,

From Egs. (i) and (ii), we get
dsin45” =dsin @
=0=45
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4.

.. Distance of central maxima from O,
y=15tan45 =1.5x1=1.5m

(45)
Velocities of points Q and R of the string w.r.t. ground are as shown in Figure 1

in Fig. 2.

10 - 5=5m/s

2m/s

w.rt. pulley 5 cos 53°

Fig. 2

Thus, velocity components of Q and R along string will be as shown in Fig 2. As the string is
inextensible, these components should be equal.

(2w-5)cos37 =5c0853 +2

:(2@—5)%z5xg+2

:>20)—5z%:>m:562rad/s

(2.50)
FBD of B and C are as shown in the Figure. 1

55

: | M
a, 2 24
f=umg — )
_mg T A a
> B

Pl 7777777/ 77 77777 777777/ 777, ///?777777777
" Fig.1

Assuming motion of spool as pure rotation about instantaneous axis of rotation p, accelerations of
point Q and R are

ag=a'=a(2r) ... (i)
ag=a=o(3r) ... (ii)
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(as R is connected to B, they have same acceleration)
Dividing Eq. (i) by Eq. (ii), we get

.2
a'=—a ...
3 (111)
Using , t=Ila for spool about instantaneous axis P, we get
55 2 27’
—mg(4r)-T(3r :[mr +m(2r J—
g (4r)=T(3r) (2rf |
55 2 a .
:Emgr—BTr:Smr x(s—j [ using Eq. (iii)]
r
:>5—65mg—3T:5—r;]a (i)

For block B, using F,; =ma, we get
T—%=2ma V)
Dividing Eq. (iv) by Eqg. (v), we get
2(§ mg _STJ = §( _mj

6 3 2

23T 115mg
- — =

3 6

:>T=5%:>x:2.50

6. (0.75)
Let us find Q, for all steps.
As, AB is adiabatic,

QAB = 0 ...... (1)
As, graph of BC is straight line passing through origin,
pocT

=V =Constant(isochoric process)

=£nRAT+0
2

f
= Qgc =§nR(Tc—TB) (i)

As, CD is adiabatic ,

Qp=0 (iii)
As, graph of DA is straight line passing through origin.
pocT

=V = constant (isochoric process)

= Qpa =AU+W

=£nRAT
2

f :
= Qpa =EnR(TA—TD) cen(iV)
For the cycle ABCDA, work done by gas,
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W=0Q-AU=0Q
(As, AU is zero for cycle)
= W =Qug +Qgc +Qcp +Qpa
f
:W:EnR[(TC—TB)+(TA—TD)] ...... V)

[using Egs. (i), (ii), (iii) and(iv)]
From the given diagram,
T >Tg
While T, <Tg, therefore we get
Qpc >0 [using Eq. (ii)]
Qpa <0 [using Eq. (iv)]
As, heat supplied during cycle is sum of positive values of Q of steps, therefore
Q=Qpgc =f§nR(TC—TB) ...... (vi)
Dividing Eq. (v) by Eq. (vi),we get
W To-Tp

n=—=1+-— ... (vii)
Q Tc—Tg

vV 2/5
As, Ty =Ty (V—Aj
B

—Ta(32)" =41, L (viii)

Similarly for CD, we get

Te=4T, .. (ix)

Putting values of T; and T, from Egs. (viii) and (ix) into Eq. (vii), we get
TA — TD

aT, 4T,

—1—£:§—0.75
4 4

n=1+

7. (54.00)
The image formation is as shown below

Image of bee (mirror)

- -
- “s

...... ~~ Extreme position (Initially)

/,_.r\ ~ Mean position
éﬁ; Extreme position

At mean position, ka =mg

= Amplitude of oscillation of mirror
~mg _10'x10
Tk 10°

=lmm ....(1)
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Now, for bee, image position is given by
1,111,011

=== —4+—=——
v u f v -50 -100

=v=1Im

Now, to relate small displacement of object (du) and for small displacement of image (dv), lets
differentiate mirror formula w.r.t.u

2
:>dv=—(xj du (i)

Displacement of bee’s image w.r.t. mirror when it moves from upper extreme to mean position,

o= =5 ]

[as, du=Ausing Eq. (i)]

Amplitude of oscillation of bee’s image,

amm=4mm=a=4 = ...... (1i1)

Time period of oscillation of mirror and bee has to be equal, as they reach mean and extreme
simultaneously,

:T:27t\/E

k

=2mn {0—'1'=18
10° 50

T .
=% (given)

b=50 .. (iv)
Using Egs. (iii) and (iv), we get
a+b=50+4=54
8 (0.69)
oV

& I
— U™ - ”_q
ﬁﬁQsO
P

E=10V\/
0

If potential of P is assumed 0 V, after the key is closed, potential of point W will be W=10 V. In
branch with inductor and resistor, current i will grow as per the function

Rt
i :E[l—e L J
R

AAAA
AAAAS

AAAA
yr
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Potential difference across inductor

. Rt
vt 9o ERY
dt R'L

Rt
=V,=Ee b ... (i)
Charge on capacitor grows as per function.
q=CE(1-e*)
So, potential difference across capacitor,

V, = % —E(1-e) .. (ii)

When voltmeters read the same, V, =V,
_Rt
= Ee L =E(1-¢ )

—et=1-¢"
( R=1Q,L =1H,C=lF)

—et=2
=t=In2=0.69
9. (A B)

Consider the figure shown, as distance between C, and C, is R,AC,pC, is equilateral.

Fig.1
Let x be position of C, w.r.t. C,. As APC,A =APC,A, we have

= Position (x-coordinate) of P w.r.t. C;is % So x component of velocity of P,

X
_d(zj_z & _v

X~ 35 A" -
dt 2 dt 2
Let velocity of P (which is tangential to Ring-1) is v’. Frim Fig 1, x component of velocity of p,
v,=Vv'sin60" (iii)
From Egs. (i) and (ii), we get
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. o VvV V
v'sin6) =—=v'=—
27 B
Angular velocity w.r.t. C VoV
U R OBR

Motional emf between points P and Q (in both smaller and larger arcs) of Ring-2 will be

E = Bv(PQ) = Bv(v/3R)
Also, resistance of small and larger arcs will be in ratio of lengths/angle subtended at centre, that will

r 2r . . . . . . . . .
be 3 and 3 respectively. As Ring-1 is at rest, no motional emf is there in the ring while resistance

are as shown in the figure 2.
V3 BvR

I
Fig.2
Assuming potential of S equal to zero, potentials of other points are as shown. Potential of Q is
assumed equal to x.

By KCL for junction at Q,
I+, +ig+i, =0

X X Xx—+/3BVR +x—\/§BvR B

o7’ r 2r 0
3 3 3 3
_\3BWR
2
Current in various branches will ther2efore be as shown in Figure 3
1

I. _3V3BvF
L

i = 3V3 BVR
Fig.3

Force on smaller arc of Ring-2 will be

F =Bil= Bi3«/§R (leftwards)

Force on larger arc or Ring-2,

F, =Bil = Bi1\/§R (leftwards)

S, net force on Ring-2,

CENTERS: MuMBAI / DELHI/ PUNE / NASHIK / AKOLA / GOA/ JALGAON / BOKARO / AMARAVATI/ DHULE # 8



_I'
pAc E AITS - 11 : Physics (Paper - 2)

F=F+F, =B(i,+i;)V3R

2p 2
:B[gﬁBijﬁR: 27B%R2y

4r 4r
Similarly, net force on Ring-1 is non-zero.

10 (A, C)
As the sphere is grounded, potential at any point on its surface will be zero.

r+AR

Potential at A=0
R C I C
r-R R-d

:%:—(;jj ()

Also, potential at diametrically opposite point , (point B)=0
kg kg’
=>—+ =
r+R R+d

- qﬂ - —[ ::;j ........ (i)

From Egs. (i) and (ii), we get

r-R _r+R

R-d R+d

= (r-R)(R+d)=(r+R)(R-d)

=rR+rd—R?-Rd=rR—-rd+R?-Rd
2

:>d:R—
r

Putting this value of d in Eq. (i), we get

q'——q(R_dj
r-R

RZ

R-—__
— g r |_ 9R
r-R r
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11. (A B,C,D)
The circuit can be realised as shown below in figure.

P P
100 5100 10Q
Q
3
Q
P ) Q
100 V
Fig. 1

To find impedance Z of each branch, rms current through them and lead of voltage in terms of phase,
we can use the following formulae

Z= (X, ~Xc )’ +R?

z
o=tant[ X=Xc
R

So, branch-1,
Z,=(3-0) +4* =50
100

|, ==—— =20A
5

(3 0
o, = tan”* Zj:37
For branch-2,
Z, =+/(0-8)* +6? =10Q

10

o, =tan! %8 =53

For branch-3
Z; =4/(10-10)° +10% =10Q

10

_1(10-10
=tan!| —— |=0
bs [ = j

Thus, phasor diagram representing various phasors will be as shown. To find net current, resolve
components of current and add as vectors.
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12.

10 5in53°=8 /,=10A

93”10 cos 53°=6

[, =20A
W

20 sin37°=12

Fig. 2

Net current will therefore be
| = /(10+6+16)" +(12-8)°

=~/1040A

Impedance of circuit,
vV 100

—Q
I /1040

So, option (B) is correct.
As from the figure, current in branch of AC ammeter is sum of currents in branch-1 and branch-2.

S = 12 412

= /202 +102

~10+/5A

So, option (D) is correct

As DC ammeter reads average value reading, so DC ammeter reads zero. Also, readings of
Voltmeter-1 and Voltmeter-2 both are equal to V, —V,, or voltage of AC source , i.e. equal to 100V.

(B,C)
Force on a dipole in non-uniform field is given by pg—i. So, force on dipole -2, due to dipole-1,
d{chl}
F= -p r — 6c plpz
2 dr ré
Here, c =
4ne

In equilibrium, F is balanced by spring force kr.

Thus, kr= —Gijpz
;
— k= &L;p? ....... (i)
r
So, option (B) is correct.
Electrostatic potential energy of a dipole is given by
U =—-pEcos0

2C§ 1 c0s180°
r

So, potential energy of dipole-2 in field of dipole-1, U =—p,.
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2cp,p
r—gz ....... (iii)
Dividing Eq (ii) by Eq. (i), we get

2
U_r Lyl
k 3 3
Also, spring potential energy,
U'=Lke?

2

.. Total potential energy of system is
U+U'=2kr?
6

So, option (A) is incorrect.
If the left ball is held and right ball is slightly displaced, change in spring force.
df, =—kdr ... (iii)

Also, change in electrostatic force,
1 —4
dF, = 6cp,p,d (r_“j =6Cp,p, (r—der

_ 24c;;lp2 dr
;

= dF, =—4kdr [using Eq (1)] .....(1v)

From Egs. (iii) and (iv), we get net change in force,

dF = dF, +dF, = -5kdr

dF 5k
—a=—=——4dr
m m
As acceleration in SHM is —w?x , o on comparison, we get
5k
0=,—
m

=T=2n m
\/Sk

13. (A/B,C,D)
Consider unit length of the double tape line as shown in the figure.

] _!D -——'I—-+ 4 O .

e e e e

.

As field due to infinite sheet of current in terms of current per unit length, is % , due to upper tape,

then magnetic field at any general point O between plates,

Hol :
By=— G
0= % (1)
Likewise, magnetic field due to lower tape will also be the same in magnitude. Directions of fields
due to the two tapes will be in positive x-direction, so net field at O will be
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I i .
B=2B, = HTO [using Eq. (i)]
Therefore, magnetic flux through cross-section PQRS,
Holh
=Bh="—
¢ b

= Self-inductance per unit length,
Lozifz“Lbh ... (i)

: o A
Also, capacitance of a parallel plate capacitor is given by C = SOT
Where, A is plate area and d is plate separation.

Therefore, capacitance per unit length,

goxbxd _gb

Co = - . ....(iii)
As for an LC circuit, angular frequency of oscillation is given by
oo L o1

JLC LG,

1 ¢ [using Eqgs. (ii) and (iii)]
VHo€o
1

VHoEo
If k, is closed, the circuit will be L-C-E circuit in which charge q varies with time t as given by
following equation

q=CE(1-cosmt)
- Maximum charge, 0y -

(As,

= C as per Maxwell’s theory of EM waves)

~2CE=2C,E = Zgﬁle [ using Eq. (iii)]
14. (A, D)
For kX —rays, by Moseley’s law,
1
Z-1)oc—
(z-1)

Thus for impurity-1 having Z equal to Z

N 2 G B )
Z-1) \n,

Z3_1=2:>21=22—1

Similarly, for impurity -2,
Z-1_ A 1

Z-1 \x, 2
=Z,=0.5(Z+1)
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15. (A Q)
For steady state,

&) w)
dt in_ dt out

= (V)(is)=45(T—20)
= (500)(4.5) = 45(T - 20)
—=T=70C

V 500

Resistance at 20 C,R = —==

R, =100

Resistance at 70'C,

R=Y_50 1110
1 45

“R; =Ry (1+aAT)

111=100[1+a.(50) ]

:a:o'—“; 2.2x107%/°C
50

16. (B,C)
Capacitance of a capacitor with dielectric slabs in series is given by

C'=

L

Here, d,,d, etc. are thicknesses of slabs while K, K, are respective dielectric constants. Therefore ,
for any of the capacitors with slab, capacitance would be
€A 2e,A
C'= 0 _ 0
3d d
4x3

=2C (here, C = %)
d

5=
+7
4

Thus arrangement can be visualised as shown in Figure 1
20 © 2C C

H [-=====m=--=- | H H Branch-3-

—H Branch-2

A 20 C &

| ——roF Branch-1
Fig.1
As capacitors in branch-1 are in series , so their equivalent capacitance
1 1 1 1 1 3
Cc, C, 2 C 2C

Ceql
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2C .
Ceq, = 5 (1)
Similarly, for branch-2 and 3
C ..
eq, = E ...... (1)
and Ceq =% ...... (iii)

As, branches -1,2,and 3 are in parallel, so final equivalent capacitance,
Ceq = Ceg, 1 Ceg, +Ceq,

_x . cc
3 3 6
[using , Egs. (i), (ii) and (iii)]
O CAb = 7GC: (lV)
Before the slabs were inserted , the circuit was as shown in Figure 2
C/8
C 1}
H------ y |—|
C C/4 Cag
1 H F%i—% = = a3
C C/2 -
Flg.2- '
By using formula for parallel equivalent , equivalent capacitance between A and B,
C' ¢ —+— ¢ +E © (v)
AB 8 4 2 8 ......
So, charge supplied by cell,
Q:(CAB _C'AB)E
(e TC)e-Tce
6 8 24
[using Egs. (iv) and (V)]
.. Work done by cell,
2
W, =QE= 72E4 ....... (vi)
Change in potential energy of the arrangement.
LTz leer (vii)
2 24 48
Heat dissipated is given by
H=W-AU

_7CE® 7CE® T7CE?
24 48 48
[using Egs. (vi) and (vii)]
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. . ) . 3d .
Consider the lowermost branch which can be seen to the a series combination of T thickness of

d
dielectric and — thickness of air cored capacitor.

+0 =0
N l‘* },z Ly
N K=3 | K=1
> <——> < > < -
3d d 9 il
@& 4 4 4
Fig.3
2
Energy density (energy per unit volume) is given by
€o
So,, if charge density on capacitor is o, energy stored in volume V of capacitor is given by
o’V ¢°Ad
2Kg0 2Kza0
Thus, U ocg
K
— Udielectric :ﬂxﬁ _1
Uair Kl d2
17. (C)

As per standard Bohr’s atomic model
E= Energy of electron (in eV)

_ 136Z° 544
n? n?
U= Potential energy of electron (in eV)
Z> -108.8
= —27.2F = >

So, for n=1,E =-54.4eV. As per new reference E=0 for n=1 which implies both E and U have
been increased by 54.4 eV,
Thus, new values are

54.4

E'=—"""154.4eV
n

U =229 54 4ev
n?

l. E'——#+544 40.8eV

I1. lonisation energy in ground state is difference in total energies between n=1 and n=o0 which is

equal to
IE_5424 544_544 v
1 %

Which does not depend on reference
I11. Excitation energy
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1 1

=40.8eVV

—65.28x107%°J

108.8

V. U'=- z +54.4 =-54.4eV

=-U"'=54.4eV

18. (D)
Initial velocity of the particle (A) w.r.t. the platform (B) will be
Vag =Va — Vg
= (v2i+25]+v1R)—0
=V,i +25]+V,k ...(D)
Relative acceleration,
dag =8a —8p
- —10]—(2i+ 2.5])
= —2i—12.5] ...(ii)
For motion of the particle till it hits the platform, relative displacement is zero in y-direction so, for
y-direction.
1 0
Sy =Ut+ ant

= 0=25t+ %(—12.5)t2

[ using Egs. (i) and (ii)]

=t=4s U (1))

To hit the platform, relative displacement in x-direction should lie between 8m to 16m as per given
location and side of the platform.

—=8<s, <16

=8< uxt+%axt2 <16

=82V, (4)%(—2)(4)2 <16

[using Egs. (i), (ii) and (iii)]

=6<v,<8
Similarly, for z-direction
16<s,<24
=16<v,(4)<24
=4<v,<6
Displacement of particle w.r.t. ground at t =4s
s, = uyt+%ayt2

1

= 25(4)+§(—10)(4)2 = 20m
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PART (B) : CHEMISTR

1. (0.05)
AgBr(s) == Ag’(aq)+Br (aq);K, =K,

Ag*(aq) + 25,03 (aq) == Ag(S,03)3 (aq);K, =K;

AgBr(s)+2SQO§'(aq) = Ag(5,03)3 (aq) +Br (aq);
K =K5p XK’(

0.1M
(0.1 -2x)M X

= K=Ky xK; =5.4x107x2.9x10"°
=15.66

XZ

=K S — =15.66 = x =0.05M
(0.1-2x)

2. (0.90)
Given: T, =300K, p, =0.8atm,V, =V,, =V,n =0.6mol (i.e. 0.3 mol in each bulb)

On heating flask-11 at 117°C, n moles of H, gas will be diffused from flask-11 to flask-I, therefore
Flask-1 contains (0.3+n)mol and flask-11 contains (0.3—n) mol of H,.

p, xV =(0.3+n)xRx300...in1......(J)
P, xV =(0.3—-n)xRx390......inll....(ii)

= n=0.04mol

= Initially : 0.8x2V =0.6x0.0821x300=9.236L

= From Eq. (ii)
(0.3—0.04)x0.0821x390

P, = atm = 0.90atm
9.236

3. (9.60)

14 +7 . +6
SO, +Mn0O; ——S0%2 +Mn?*
n—f=6-4 n-f=7-2
=2 =5
mol =5 mol=2
= MnO, required =240x0.008 mmol
SO, required = 240x0.008x5mmol

=9.60 mmol
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4, (2.00)
Hi  H_ H
B B+ 2RNH; ——[BH(RNH,),]® [BH,]"
HT “H H
5, (14.00)
B
Equilibrium constant, K=[ ]eq =£=4
Al, 04
:>4:ﬁ=4><10‘2
KZ K2

=K,=10"%s"
For 50% completion of equilibrium concentration (Xe), time taken,
teg = 1 In Xe
K,+K, 50%of X,
1 X,
- 2 il
4x1072+1072 05X,
1
5x1072

In2=14s

6. (154.00)
According to given Arrhenius plot,

Ink =In A—%xw”
10°RT

3 —_—
Ink:InA+£{ ::a}
T [10°R

E
Where, a_ represent slope.
10°R P P

.. Slope = Ea =-185
10°R

3

By =18.5x10%x8.31=153.735 =154 kJ/mol

7. (13.90)
Since, the expansion occurs against a constant external pressure, pressure of the gas will remain
constant in the given condition and it will be equal to the external pressure.
=(q, =nC,AT
Or 6236J =3x2.5RAT

o AT=—9%6 100k
7.5x8.314

=T =400K
Therefore,
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In AS= nCIO InL
Tl

=3x2.5Rx2.3log 00
400
= AS=13.90]
8. (74.93)
N,O0,——=2NO,
Initial moles 1 0
Moles at equil 1-a 20
Moles fraction 1_—a 2—a
1+a 1+a
4a®
=K, =
P1-a? P
Also, pM =pRT
At 288K,
M — pRT _ 3.62x0.082x 288 8548
p 1
= 85.48 = ﬂ =a=0.076
1+a
2
4(0.076
Kp(288K)=(—)2=23x103
1—(0.076)
At 348 K,
M = 1.84x0.092x 348 505
1
= E =5250ra=0.75
1+
2
4(0.75
K, (348K) =(—)2 =
1—(0.75)
K. (348K
Now, log o ): AH (1_1j
Kp(288K) 2.3x8.314\ 288 348
og_ > __AH ( 60 j
23x107%  19.122\ 348x 288
AH =74.93kJ
0. (A,B,C,D)
2
=E, = —13.62—2
n
22

= -6.05=-13.6=
n

Solving, n=3 and as magnetic quantum number (m) is 0, itis 3p, orbital.
Hence, option (A) is correct
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10.

11.

12.

= (B) is correct as the wave function will be .
= (C) is correct, since y involves only cos9.

= (D) is correct, for radial node: 6—c=0

:>c:6:>£:6
ay

(B, D)

HOEC—@—COEH
Compound (S) is terephthalic acid, obtained from oxidaiton of (R) which is 4-
methylbenzoic acid,

is one of the hydrolysis products of compound (P) which has

structure.
]

|
HSC C—NH CH3
, (S) is terephthalic acid and is confirmed as it can

form only one monosubstituted product (by E™, electrophile) as

| i
HSC—@—-C——NH @ CHa

£ in ArSg 2reaction.
0 0 '
S (IDHZ_OH Condensation ” ”
-+ ik b liiio el = ey
(nmol) CHe—OH -HQO o C C_o CH?CHz
(n-mol) n

(Ethylene glycol) (Terylene or Dacron)

(A, B,D)

Option (A) is correct as the mode of reaction is intramolecular aldol where methylene carbon forms
carbanion (enolate ion).

Option (B) is correct as in Hofmann degradation stereochemistry (R-configuration) of the migrating
group remains same.

Option (C) is incorrect as approach of reagent is hindered due to steric effect of two methyl groups in
ortho positions of aniline in carbylamine reaction.

Option (D) is correct, it is Michael’s addition.

(A,B,C,D)

Options (A) is correct as with increase in atomic number (Ce—>Lu) basicity of Ln(OH)3
58 71
decreases, where Ln =lanthanoids.

Option (B) is correct because of lanthanide contraction , size of Zr** and Hf** is nearly same.
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Option (C) is correct as +3 is the most stable oxidation state of Ln*" ions. So ,Ce*"easily gets
reduced to Ce> . Hence , it acts as oxidising agent.
Option (D) is correct as ionic radii values are La®" (103)

Ce® (102),Pm** (97), Yb®* (86.8)in picometer.

13.  (A,B,D)
Statement(A), (B) and (D) are correct whereas (C) is incorrect

) [cu(NH,), :3d° (Cu?)

dsp? ’
= T

-
-
e

It is an inner orbital square planar | Cu(Il): dspz] paramagnetic complex.

(8) [Co(NHs), | :3d°(Co®)

@)OJDI |

sp’

6

-

111

1

—
It is an inner orbital octahedral [Co(lll):dzspﬂ diamagnetic complex.

(C) [Ni(CO), ]:3d°4s?| Ni° |

i ommn

|

-~
‘

~
-

]

v ¥
P
|

1111

SO
It is tetrahedral [Ni(O):sp?’} diamangetic complex. So, option — (C) is not correct.

(D) Mond process:::

Crude Ni ==22= [Ni(C0), | —™™ Ni +4CO

(Pure)

(\Volatile compound)

14. (A/B,C,D)
The identification test reactions of the given ions are

i {u 7
2ZnS0, + K| Fe(CN), |—>2Zn,| Fe(CN), |¥ +2K,S0,

Bllﬁshwhiteppt -
nrn T
2CuS0, + K, | Fe(CN), |—>Cu, | Fe(CN), |V +2K,SO,

Reddish—brown

FeCl, +K, | Fe(CN), ]—)Fe{F”e(CN) } L +3KCl
3

Prussian blue
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Fe'” +K,| Fe(CN), | - K,Fe(CN), white

15. (A B,C)
The reactions involved are as follows
(i) 4Au-+8NaCN +2H,0+0,—>4Na| Au(CN), |+ 4NaOH
(X) (v)
(ii) 2Na[Au((S)N)2]+ (ZTr)l——> Na, [Z(nZ§CN)4]+ 2AU

16. (A, B,D)
As Langmuir is based on mono-atomic layer over the surface, hence option (C) is incorrect.
= Langmuir isotherm, 6 = ap
1+bp

Where, 0 is the fraction of surface covered by adsorbate.
p is the pressure of the gas; a and b are Langmuir constants.

17.  (C)

AT, = K,mi

log AT, =log K}, +log (mi)

y=C+mi

(m=slope)=tan@ =tan45 =1

c =intercept on log (AT, )axis = —0.284"

Thus, when mi=1,logmi =0

~logK, =log AT, = -0.284"

(I) For 2 molal urea solution, m = 2,i =1(non-electrolyte)
log AT, =-0.284 +log 2

=-0.284+0.300=0.016

Thus, (1)-(R)

(1) For NaCl(y=2)
i=1+(y-1)x=1+x
=1+1=2

~.log(mi)=log 4 = log 2>

=2log2=0.60

log AT, =-0.284+0.60=0.316

Thus, (11)-(S)

(1) For K,S0,,(y =3)

Li=[1+(y-1)x]
=(1+2x)=1+2x0.4=18
~.log(mi)=1log3.6

=log36—log10 = Iog(22 ><32)— log10
=2log2+2log3-1logl0

CENTERS: MuMBAI / DELHI / PUNE / NASHIK / AKOLA / GOA/ JALGAON / BOKARO / AMARAVATI/ DHULE # 6



_I'
pAc E AITS - 11 : Chemistry (Paper - 2)

=2x0.3+2x0.48-1
~0.6+0.96-1=0.56

~.10g AT, =-0.284+0.56 = 0.276
Thus, (111)-(P)

(IV) For K| Fe(CN), |.(y=4)
~i=1+(y-1)x =1+3x
=1+3x0.2=1.6
~.log(mi)=1log3.2
=log32-1og10

=5log2-1log10

=15-1.0=05

- 10g AT, =—0.284+0.500 = 0.216
Thus (IV)-(Q)

18.  (B)
OTs Co'rs,f— Good leaving group
+ HSH ——-)SNQ with
T inversion
Chiral
Thus, [(1)-(Q)]
(M

BuO™ is sterically hindered base causing elimination by E2 mechanism.

Thus, [(11)—(S)]

OR
= H=, E1

! J HoS0q
| TOH

w O

3" alcohol changes to (—OHQ)- a good leaving group. Thus a carbocation is formed.

Thus, [ (11)—(R)]
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Q?H CHQI Ag _,Q—CH—CH, +Agl|

CHs
a better Ieawng 1

a good electrophile
I (A)

CHs
OH
AP i LR Qcom H0 //}ic—cr-la
by bng
EI!XJ)S, Syl

Thus, [(IV)—(P)]
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PART (C) : MATHEMATICS
1. (0.25)
{[x], X<2
We have f(x) =
0, x>2
xf (x?)
2 +f(x+1)dx

J-xxo j I—dx

—1

, W2
_1fx? _1( _1}1
=I1= =—|1 =
2[2}1 2 2

2. (21.00)
We have
la| = [b| =
And [a+b|= 3
2
—la+b[’= \Jé\

—laf +|bf? +2ab=3
2(a.b):3—2:a.b=%
Now,c=a+2b- 3(axh)

~.ac=al’ +2(ab)—3a.(axb)
—ac=1+1=2

(S}

Similarlyb.c= =

A =(axb)xc|
= A= (ac)b—(b.c)a|

N

2
:X:‘Zb—ga
2

:>k2=‘2b—§a
2

4|b| + |a| —10a.b

— 22 4+%—5:>4x2 =21

3. (33.00)
Total number of cases =19 C, =100
Now, consider x + @ >50
X

— x2 +100 > 50x
— x2 -50x > —-100
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— x2 _50x + 625 > 525
= (x—25)? > 525

:>(x—25—«/%)(x—25+\/5g)>0

= X <25—+/525 or X >25++/525

Since X is a positive integer and /525 = 22.91

We must have x <2 or x >48

Thus, the favourable number of cases is 2+53 =55
5 11

Hence, the required probability is — =—
q P y 100 20

S.m+n=11+20=33

4, (20.00)
If there numbers form a GP, then their exponents must be in AP.

We know, If a, b, c are in GP then b? =ac

Since, exponent of b is even, exponent of a and ¢ must be ether both odd or both even

Now, two odd exponents or two even exponents (from 1, 2, 3...... 10)can be selected in °C2 + °C, =
10 + 10=20 ways

-~ N=20

5. (14.00)

Let g(x) = 3x*— 8x3 — 6x% + 24X

Then, g'(x) = 12x3 - 24x% —12x + 24
= 12x(Xx*—2x—1) + 24
= 12X(X2—2x + 1 —2) + 24
=12x (x-1)>-2) + 24

For x €[1,2),9(x) is decreasing

~.min of g(t) in 1<t <x will be g(x).

Now, let h(x) = 3x +%sin2 nX+2,then h'(x) = 3+%sin(2nx) >0,VxeR
- h(x)isincreasing Vx e R
So maximum of h(x) in 2<1<x will be h(x)

x4 —8x3 —6x% +24x,1<x <2
=f(x)=

3x+%sin2nx+2,2£x£4
From the graph, it is clear, that greatest value of f(x) is 14
Y.
T
14 ............. "
13}

N
y="fx)
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6. (149.00)
We have

2

X +X+1 2
1—=a0 +agX+anX” +....
-X

= Q+x+ xz)(l—x)(l—x)_2 =ag +a1x+a2x2 +..
= (1—x3)(1—x_2) =ag +a1X +a2x2....

= (l—x3)(1+ 2X +3%2 + 4x°3 +...) = =ay +a1x+a2x2 +

142X +3x2 +3C +3x4 +..... =a +a1x+a2x2 +...

On equating the coefficient of x, X5, X3, X4...respectively
We get

a0=la; =2,ap =ag=a, =3

50

Zar =aq +ap +ag....asg

r=1

=2+3+3+.....49 times

=2+ (3x49)=2+147 =149

7. (26.00)
Let x =y =1, then we get
3f(1) = 2 + (f(1))?
= (fFM)?-30)+2=0=f(1) =12

But it is given that f(1) =1
~f@Q)=2

Now, put y = i,then we get
X

f(x)+f£1j+f(1) =2+f(x).f (lj
X X

:»f(x)+f(3]:f(x).f (EJ
X X

=f(x)=+x" +1
- F(4) =17

2@ +1=17=>n=2

Thus, f(x) = x% +1

Hence, f(5) =52+ 1 =26
8. (12.00)

1 -3 n
We have A = and A—EA2+...(—EJ
-1 1 3 3
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Premultiplied by —%,we get

2
_AB__A" 1A3 iA“_
3 3 9 27
= —% =B-A [From Eq. (i)]
:>A:B+ﬁ
3
:>A=B(I+éj

— B=3@3I+A)A
3 0] [1 -3\ 1 -3
=B=3 +
0 3 -1 1 -1 1
4 31 -3
=B=3
-1 4 -1 1
3(4 3|1 -3
=B=—
13{1 4}{—1 1}
1 -9
:>B:i
13{—3 1}
3|1 9| 3|1 a
Now, — =—
13|-3 1 13|b 1
Equating , we geta=-9, b =-3
la+blH-9-3|=12

9. (C,D)

4 4.2
We have f(x) = 2X —X
Let f(x) =y
4,2
ny=20"""%" S og, y = x4 —4x?
:x4—4x2+4zlogzy+4

= (x2-2)% = log, y+4

= x? =2+./log, y+4
:>x:\/2+«/log2 y+4
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..Range of g(x) = [-5, 2]

10. (B,C,D)
(@) Ifarg [Zz—lJ :g,then zyand z, subtend right angle at circumcentre origin.
2
=", if |z=1
4
.. The chord joining z1 and z> will subtend an angle 6 at ‘z’ such that < 0 < % if |z|>1
0>2 if |zl
4
1 1 1
(b) |21z +2p23+2371 |5 71| 25 || 23 || =+ —+—
21 2 I3
=Hz1+2p+23|H21+29 + 23]
© (23 +25) (25 +23)(23+71)
212773
_ | @+22)(zp+23)(z3+74)
21.29.23
[ (@t29)(2p+23)(2Z3+2) | [ (21+25)(2p +23)(Z3+2)) |_
212223 212223
Hence
im| BL+22)(Z2+23)(23+21) |
212273

(d) The triangle formed by joining z1, zz and zz is isosceles and right angle at z3
Hence Re[ﬂj =0
)
11. (A, D)
L 15/4

AODE-ACDA = —=——
a 5

:nga:E:(O,ga]
4 4

Similarly ABFE ~ ACFA
BF BE a/4

= — =—=
CF AC a
1 a
= BF==-(a+BF) = BF=—
4 3

(3
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12.

13.

2
AE = a2+(§aj _3,
4 4
:5+§:§
4 4
§:Ea:>a:7

4
Area of square = a = (7)% = 49

The coordination of F = (—%,aj = (—%,7}

Hence abscissa of F is —Z

(A, B, C D)

Wehavez=5-y—-x

=Xy +Y5-y-x)+(B5-y-x)x=3
=Xy +5y - y? - Xy +5Xx —yx —x?=3
=Yy +y(X—-5)+x*-5x+3=0
=(X—5)>—4(x>-5x+3)>0

— X% —10X + 25— 4x° + 20X —12 >0
= 3x%2-10x-13<0

= (3x-13)(x+1) <0

:>—1£x£E
3

Similarly, —-1<y s%

And —1£zs§

Thus, option (a), (b) and (c) are correct.
Now, required probability

pA
d

X 13
o _. 3 _13
13
A E+1 16
I dx 3
-1

Hence, option (d) is also correct

(A, B,C)

Since, angle between a and b is acute therefore
Bx+x2+2>0

i.e. X e (—00,1) U (2,x)

Also, as the angle between a and c is obtuse, therefor
3+ 1Ix+x3—9x? -6 <0
ie.x®-6x>+11x-6<0

e, (x-1)(x-2)(x-3)<0
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S X e (~0,1)U(2,3)
Hence option (a), (b), and (c) are correct

14. (A Q)
Let A(af, 2at1) and B(ag, 2at2).
2
Then, we have t, =—t, L
For AB to be shortest t, = +2
= t,= 472\/5
= tt,=-4

= /AOB is right angle
Mid-point of AB is circumcenter.

Hence, the circumcenter is (Sa, \/§a) or (Sa, —\/fa).

15.  (A,B,D)
Given f(2 — x) = f(2 +x) .1
and f(4 — x) = f(4 + x) .....(i1)
Consider
f(4+x)=f4-x)=f(2+ (2-x)))
= f(2- (2- X)) [using eq. (i)]
= f(x)

Thus, 4 is a period of f(x)
Now, consider

50 49 50
[ F00dx = [ F(x)dx+ [ £ (x)dx
0 0 48
48 2
= j f(x)dx + j f(x)dx
0 0
[putting x = 48 + t in second integral]
4 2 2
12{[f(x)dx+[f(4—x)dx}+5 [ jf(x)dx = 5,given]
0 0 0
2 2
=12[jf(x)dx+jf(4+x)dx]+5
0 0
2
= 24jf(x)dx+5=125
0
50 48
Also [ f(x)dx= [ f(x)dx [putting x =4 + 1]
0 -4
And
52 52 2
[ fo0dx = [ fegdx - [Fqdx =13
2 0 0
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4 2
[F(x)dx— [f(x)dx =13(10) -5 =130-5=125
0 0

16.  (A)

Let nzand n2 be the vectors normal to the planes determined by i, i + jand i—j, i + k respectively
Then ny =ix(i+])
And n, = (i — ) x (i +Kk)
—n;=kandn, =—j+k-i
sall(ngxny)
O
—a=A(nyxny)=21|0 0
-1 -1
a=2((-D-i+]1)
a=1=(i-1)
Let 0 be the angle between aand i—2j+ 2k
Then

PR X

A3 —).(1— 2]+ 2K)
VA2 402 1+4+4

_ A(1+2) _ 1

W23 2

=0=

cos0 =

s
4
17. (A
- 2 3 4 5 6
Let f(X) =ag+ajX+apsXx” +agX” +asX " +agX™ +agX

1

Given lim (1+@jx —e?
Xx—0 x3

lim m:O

X—0 x3

Orag=a;=a,=0

2
- lim e(84+35X436X7) o2 5, _ 2

x—0
= f(x)=2x"+ax" +a5x°
= f'(x) =8x° +5a5x4 + 6a6x5

= f'(x) = x3(8+5agx + 6agx?)

x =1 and x = 2 are points of local maxima and local minima
~f'@M=0and f'(2)=0

.'.8+53.5 +68.6 =0
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And 4+ 5as + 12as =0

. 12 2
Solving we get ag =——,ag =—

g we get ag 5863
.'.f(x)=2x4—Ex5+gx6

5 3
18. (D)

We have
f(m =f(m
Bl B AL i
[ "Cr ="Cp_s]
=2¢c,+%c, ¢ ;+..+0¢C,
_50¢

m
[.-Pc, +Pc,_, 9¢,+PC,_, 9C, +...+9C, =P*9C ]
P. Clearly, f(m) is maximum when m = 25

. Maximum value of f(m) is 50C25

50 50

Q: Clearly > f(m)=> 0c,, =%Cy+ >°C; +..+°° Cgg
m=0 m=0
_ 950
R. Clearly
Z(f(m» = z(socm) = (50C0)2+(0C)2 +....+ (B0Csg)? 210
m=0 m=0
[ ("Cg)2+("C)? +....+("Cp)% =" an
S. Consider
Consider

f(0) — 8(1) + 13f(2) — 18f(3)+...+253(50)
50
=} ()™M @+5m)f (m)

m=0

50
=Y ()M @E+5m)>c,,

m=0
50 50 50 50
=3 > (-)M>Cy |+5] > ("> Cp
m=0 m=0

50 50
=3 > ()™ c, +5(Z(—1)m.5o.49c:m_1}

m=0 m=1

50 50
=3 Y (-p™0c,, —250[2(—1)m‘1.49c:m_1]

m=0 m=1

=3(1-1)*°-250(1-1)*=0
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