? SOLUTIONS
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As Sh,S; is a negative sol, so Al,(SO,), will be the
most effective coagul ant dueto higher positive charge
on Al (AIP*) —Hardy-Schulzerule.
Average atomic mass of Fe

_ (54x5)+ (56 x 90) + (57 x5)

100

Carboxylic acid is stronger acid than phenol. The
presence of electron withdrawing group (e.g. Cl)
increases acidic strength, while presence of electron
donating group (e.g. CHy) decreases acidic strength.
—CN hashighest priority. Further the sum of locantsis
7in(b) and 9in (d).
Correction factor for attractive forceforn molesof real
gasisgiven by the term mentioned in (b).
Nylon and cellulose, both have intermolecular
hydrogen bonding, polyvinyl chloride has dipole-
dipole interaction, while natural rubber has van der
Waal forces which are weakest.

P, +30, P,Og

Here N, acts as a diluent and thus retards further
oxidation. Reaction of P, under other three conditions.
(@ P;+30, P,0g—=2—P,0y4

(©) Inmoist air, P,Og is hydrolysed to form HgPO,

2. (b

=55.95

4. (b)
5 (b)

6 (d)

in presenceof N

7. (b

P,Og + 6H,0—— 4H;PO3
(d) Inpresence of NaOH,

P, +30H" + 3H,0——> PHy+8H,PO;
8 (8 Pny=XuXy,

08x5=1x10°x Xy,

oAy, =4x107°
Solubility in 10 moles=4 x 1074,

Cl
trans
O HN gemrrmreerrnsy
o
'NH,

cis

10.  (ab) 4Na+ O, (limited) —— 2Na,O

2Na+ O, (excess) SN Na,O,

11. (b,c)Frenkel defect is adislocation effect, observed when
the size of the cation and anion differ largely. F-center
is created when an anion is lost from the lattice and
vacancy isfilled by trapping of an electron. Schottky
defect changes the density of acrystalline solid.

12. (ad) CHz— CH—CH = CH - CH—CHj
| |

OH OH

Ster ecisomer Configuration

| d cis d

I | cis I

Il d cis I

v d trans d

\ | trans |

Vi d trans |
Enantiomers I ag(si I IVtgln(iV
Diastereomers I (or I1), 1l (or 1V), V and VI

Meso Illand IV
For 13-15

Reaction of Y indicatesthat it is Fe3* salt.

AFe% + 3[Fe(CN)g]* —— Fey[Fe(CN)gls |

e NEXaCYy anof errate (1) Intense blue ppt. solublein
or ferrocyanide excess of ferrocyanide

Fe’ + /[Fe(CN)g]>~ —— Fe[Fe(CN)g]
Y hexacyanoferrate (111) Brown colour
or ferricyanide

Further since the product formed (methylene blue) has
sulphur in its structure, it should be supplied by the
compound X which'isthus Na,S.

Na,S+2H" —— H,S+ 2Na"

FeCl, +H,S—>FeCl,+ 2HCI+S

MeN NMe,
NH, H,N

2

MeN KIM%
NG § OF
N

Methylene blue
Thus
13. (d) 14. (¢) 15. (b)
For 16-18

lodoform test of compound P points out that P has—COCH,
group which showsthat it may be either option (a) or (b) of
Q. 16. Further sincethe dicarbonyl compoundR hasat | east
one a-H atom w.r.t to one of the carbonyl groups which is
possible when R isproduced from (b) of Q. 18; (&) option of
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Q. 16 will give dicarbonyl compound having two —CHO,

none of which hasao-H atom.
CT X e Y Lo
Me

(B)P

Me
H,SO X
= OOk
Ny D~ Me
Me Og/Zﬂ
COCH

(|)MeMgBr
(ii)H*, KO

R*
(@)
OH~ H
Intramolecular —
aldol condensation COCH,
Me Me

s

* Structure of R would be R' when P |s(A)

16.  (b) 17. (a) 18. (b)

9. (A)-p, r,t;(B)—st; (C)-p,q,r;(D)-p,r,s
(A) B, ol ,6*1s? 625 o* 2 n2py = n2p;
Bond order =1

(A)

03/Zn
HZO

Paramagnetic
B) N, 0152,0*152,0232,0*252,02p)2(,n2p§:n2p§

Bond order =3 Diamagnetic

11

(© O, ols? ,0*182;62820*252;62[))2( ,1t2p§,

= n2p§, Tc*2p§ =Tt*2p1Z
Paramagnetic
(D) O, ol ,6*1s? 625% o*28 ,62p%,m2p5

Bond order = 1.5

=n2p§, n*2p§,=n*2plz

Bond order =2 Paramagnetic
2. (A)-p.a.,st; B)-p.st; (C) —-p; (D)-r
Pd—C/H, or
(A) CH3CH,CH,CN Sl fHClor
DIBAL-H
CH3;CH,CH,CH ,NH,

CH3CH,CH,CN — " CH3CH,CH,CO0™
2

Pd—C/H, or
%
(B) CH3CH,0C0CH; — 25— CH3CH;0H

CH3CH,0COCH; —
2

CH3CH,OH + CH,C00™
ke CH 3CH = CHCH,OH —P4=CTH2
CH3CH,CH,CH,OH
(D) CH3CH,CH LCH NH,— 3

CH3CH,CH,CH,NC
Isonitrile (foul smelling)

MATHEMATICS

21. (c) Given that fis a non negative function defined on
[0, 1] and

X X

Ji-(r©)? « = [tod, 0<x<1

0 0

Differentiating both sides with respect to x, we get

VI-LFO0P =f (%)
= 1-[f/(x]? (]2
= [ =1 f(x)]?

= %f(x):i,/l—[ f(x)]?
= i—d Ut =dx

NETSR

Integrating both sides with respect to x, we get
J d f(X

NG j( >
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22.

23.

@

(©

= isin_lf(x)=x+C

-+ Giventhatf(0)=10

= C=0

Hencef(X) = +sinx

But asf(x) isanon negative function on [0, 1]
- f(x)=9gnx

Now Sinx< xV x> 0

fl<landf1<i.
2) 2 3] 3

Giventhat P (3, 2, 6) isapoint in space andQisapoint
online

r=( -] 2K +( 3 4 5k

X-1 y+1 z-2

-3 1 5

Let coordinates of Qbe (=3 +1,u —1,5u+ 2)
d.rsof PQ=-3u-2,u—3 5u—4

As PQ isparalel totheplanex—4y+3z=1
1.(-3u-2) 4( u3 345 W O

or =“’

= 8u=2 orH:%

a,b,c and d areunit vectors,

Let axb=(sin o), and cxd =(sin P,
then (ax b).(cxd) =1

= (sino)n.(sinp)n, =1

= snasinBnn,=1

= sinasinfcosy=1

whereyis the angle between n; and n,.
Now y=0° = axb| cxd

Let axb = A(c xd)

= (axb).c=XNcxd)c =0

and (axb).d = \(cxd).d =0

— abg are coplanar
Also ¢, =90°
— albandp=92°
= cld

But angle between a and ¢ is ©/3 (- ac=

)

NI

So, angle between b and d should also be /3.
Hence b and d arenon parallel.
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24. (¢) Wehavetoform 7 digit numbers, using the digits 1,
2 and 3 only, such that the sum of the digitsin a
number = 10.

Thiscanbedonebytaking2,2,2,1,1,1, 1, or by taking
2,311,111
7! !
- Number of ways = ——+— =
341 5l
25. (b) TangentsPA and PB are drawn from the point P (1, 3)
tocircle X + y2 —-6x 4y 41 86withcentreC (3,2)
P(1,8): )
Clearly thecircumcircle of APAB will passthroughC
and as Z/A=9 (, PC must beadiameter of thecircle.
Equation of required circleis
(x-D(x3) ky 8y 3 G
= x2+y?-4x 40y 19 H
Alternative:
P(18)
Equation of chord of contacti.e. ABis
x1+y8-3(x+) 2y 8) 41 ©&
or x-3y #5 =0
Now eguation of circle passing through intersection
point of circle x2+y2 —-6x 4y 41 8 and of line
x—3y 5 =0 isgivenby S+AL =0
ie 0C+y> —6x 4y 1) Hk 3y 18 O
Asthiscircle passes through P (1, 8) also, we get
(1+64-6-32-11)+A (1-24+15)=0
= A=2
Therequired circleis
(C+y* —6x 4y 1) 2x 3y 15) G
or X%+ y2 —-4x 40y 49
26. (d) z=cosq +ising

= 7™ = (cosq +ising)

= cos(2m—1) 64 sin(2m -1) ¢

2m-
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usingDeM oivre'stheorem 1
(cosq +i sing)" = cosnq +isin qu

Im(22™ 1) =sin(2m -1)q

15 15
LY ImZ™ ) = Dsinzm-1)q
m=1

m=1

=8nO +sin3 +sin® +......+ uptol5terms

sin[lS(%)].sin[e +14%0]

sno

_sin(nb /2).sin[a +(n-1)b /2]
B sin(b /2)

[Using sina +sin(@ +b)+sin(a +2b ) +....nterms |

_ sin150.sin159  sin30°.sin30°

sin® sin2
1
4sin2°
X2 2
27. (@ Thegivenellipseis x*+9y* =9 or =5 +=5-=
? 1
A
M
B
‘\o AN
So, that A(3,0) andB (0,1)
EquationofABisi+X=1
31
or x+3y—-3=0 (1)
Also auxillary circle of given ellipseis
x2+y2:9 2

Solving equation (1) and (2), we get the point M where
line AB meetsthe auxillary circle.

Putting x =3—3yfrom 9" (1) in " (2)
we get (3-3y)? +y? =9
= 9-18y +9y2 +y2 =9

= 10y2 -18y =0

= y=0,

12
x=3 22
= 5

Clearly M (__lzgj

5
1 0 01 27
Areaof AOAM =— 3 0 1|=—
2 9 g 10
— =1
5 5
Alternative:
. 2 y2
The given eII|pse|s_+_2=1, so that
1
OA=3,0B=1
A
M
B
. ojA\?
Let ZOAM =6 = ZOMA (- OA=0OM)

In AOAB, tanezé
Alsoin AOAM, ZAOM = 180—29
So that sin ZAOM = sin(180—20) =sin®

1 .
Ar(AOAM)= E><OA2 xsin ZAOM

N =

r? sin@ forisoscel estriangIeJ]

:lx32x§ = 27

-

2 5 10
Givenz=x+iy wherex andy are integer
Also zZ° +72° =350

2,52, 2\ _
= |z|°(Z“+2z°) =350

= (C+y)(¥-y)=175

28. (@
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= (C+y?) (- y?)=25x7 ()

or (X2+y?)(x2-y9)=35%x5 (i)
x andy areintegers,

. x?+y?=25 and x2—y? =
— x2=16 and Y* =9

= X=14 and y=13
Vertices of rectangle are
4,3),4,-3),(-4,-3),(-4,3).

So, areaof rectangle = 8 x 6 = 48 sg. units

Now from eg. (ii)

or x2+y2=35andx2-y2=5

= x2= 20, whichisnot possiblefor any integral value

of x

[Fromeq (i)]

2
X
2 2

a-va _
4 ,a>0

29. (ac)Giventhat L=1im 7
x—0 X

and L isfinite.
X X

2 2 2
Now L = lim¥& —X
x—0 4x3
(Using L’ Hospital’srule)
1 1

22 2
= limN& =X

X—0 4)(2
L isfinite, limiting value of numerator should be

zero whichis so when i_l =0

Ja2

iea=2 (- a>0)
Applying L ‘Hospital’ srule again, we get

X
2
L= lim@ -x°)
x—0 8x

3/2

= lim
x—0 8(3_

1 1
" gxa3 8x8
1
64
30. (b,c)In AABC, given that

2)’3/2

(usinga=2)

. 2 A
cosB+cosC =4sin®—

-C
2

B+C B
= 2Cc0Ss CoS

.2 A
—4sm25=0

= 2sin— A cosﬁ—ZSm A]
2 2 2J

B 1C
2

= sin§=0 or cos —C —2cos =0
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: _ A
Butinatriangle smzqt 0

B-
Ccos

)
cos|

2
Applying componendo and dividendo, we get

B+C B-C
cos +cos| —=
2 2 ) 1+2

B+C B-C) 1-2
COS —CO0s
2 2

B C
Zcosacosz
= —B_C
—-2sin—sin—
2 2
B, C 1
tan—tan———
= 2 3
_, [sza)s=) [(s a)(s b) 1
s(s—h) (s —) 3
= ﬁ—lor 2s=3a
S 3
= /a+b+c=3a or b+c=2a

i.e. AC+ AB = constant
(- BaseBC =aisgiven to be constant)

= | Almoveson an ellipse.

31..(b,cd)
The area bounded by the curve y= e* and lines
x= 0andy=eisasshowninthe graph.

X

Y A y=e
)
) o™ / y=e
/C (L€
A0y
< > X
v
Required area

= ﬁ(e—ex)dx =[ext} —J.;exdx

1
= e—J efdx.=1
0

Also required area

e
:Iony (where e =y = x=Iny)
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32.

33.

34.

@h)

@

®

| “Inyd
= n
| ydy

e Usingtheproperty
= Ine+ 1-y)y | o
: J

a

b
f(x)dx:Ja f (a+b—x)dx

Given that
sin? X, cos? x _1
2 3 5

3sin® x+ 2cos? x :g

4 4 4 6
sin” x4+ 2[sin™ X+ cos x]=g
.4 .2 6
sin” x+2[1-2sin xcoszx]=§
sin% X+ 2— 4sin? x(1 -sin2 x) =§;

Y I 6
5sin® x—4sin x+2~5 £

25sin* x— 20sin® x +4 =0

= (5sin®x-2)? =0
L2
sin?x=%
= 5
= cof x=2 and tan?x=2
5 3

sin® x cosgx_iJr 3 5 1

Also 7 65 65 65 125

-+ Each element of set A is 3 x 3 symmetric matrix

with five of itsentriesas 1 and four of itsentriesas 0,
we can keep in diagonal either 2 zero and one 1 or no
zero and three 1 so that the left over zeros and one's
are even in number.

Hencetaking 2 zerosand one 1 in diagonal the possible

3 3 9
cases are EXE =
and taking 3 onesin diagonal the possible cases are

1
1><i =3
2!

- Tota eIementsA canhave=9+3=12

The given system will have unique solutionif | A|#0
which isso for the matrices.

10 1] [1 1 0]
0 0 1] ad|1 0 1|;
110 010

35. ()

36.

37.

15

0 0 1] [0 1 1]
0 1 1|land|1 1 Of;
110 100
01 1] [0 1 0]
10 0/and 1 0 1
101 011

which are 6 in number.
For the given system to be inconsistent |A| = 0. The
matricesfor which|A|=0are

1 00] 10 1] 11 0]
01 1/,|0 10,11
011 101 00

@) (i) (iii)

11 1] [o10] [0oo01]
anleO},lll,OOl

100 010 11

(iv) (V) (vi)

1

x

1
Onsolving Al y| = 0
z 0

e\ € find for A= (i)

By Cramer'srule D; = 0 =D, =Dg
-~ /infinite many solution
For A =(ii)
By Cramer’'srule Dy # 0
=>, no solutioni.e. inconsistent.
Similarly-we find the system as inconsistent in cases
(i) (v) and (vi).
Hence for four cases system isinconsistent.
P (X = 3) = (probability of not asix in first chance) x
(probability of not asix in second chance)
x (probability of asix in third chance)
55 1 25
= —X= X— =—
6 6 6 216
P(X 23)=1-(X <3

=1-[P(X &) (X =2)]

®)

T I D R
6 6 6J 3% 36
Alternative:
P(X23)=P(X=3)+P(X=4)+PX =5) +...0
551 5551 555151
SIX= XD o X=X= X = X= X% X X k. <
6 6 6 6 6 6 6 6 6 6 6
x5l 5 (5
= J1+=4| = | +...e0
216[ 6 |6
25 1 25 6 25
= — X—m —_— X =
16 1_§ 216 1 36
6
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38. (d)

39. A
(A)

(B)

Let us define the events
A=X> 6 and B=X> 3
sothat AMB=X >6= A

5 6
Now P(A):(g) xé+(g) x%+....oo

5 . 2
=(§J ><1|1+E+[§) +....oo‘\
_(5Y, 1.1 _(5Y
_(6) 6 1_5"(6]

6

3 4 3
and P(B)=(§) x1+(§) ><1+....oo:(§)

6 6 \6 6 6

P(A/ B) =

P(B) P(B) (Ef 36

pas B ptiC partD s
(x=3)°y +y =0

= J’—%dy} (x-13)2 dx

or Iog|y|:i+logc,x¢3
x—-3
= Iog(zjzi,x;ﬂ
c|] x-3
1 1
y

= Z=ex3 o y=ceX3, x =3
c

The solution set is (— o5 ) {3}

22

This set contains the interval (_E E),(O,E), and

(QE}
8
(A)— p.qs

qu-nu-aa-aa-@«—am

Alsowhen x—>1,t —?2

5 5
P(ANB) _ P(A) :(E) 25

©
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and when X—5,t —2
Integral becomes

jia+2xnuxa—na—adt

=j2u€—naz—®m=o

asintegrand isan odd function.

Ois contained by (—%g) and (-1 9
(B)— pt.

Let f(x):coszx+sinx

= f’(X)= -2sin xcosx +cosx

For critical point f’(x) =0

= sinx=— or cosx =0

= X=—, , OF X=—,

o|g Nk
N a
N‘«‘—l

r
6
Now f”(X) = —2cos2x -sin X

f”(x)|x:n/6 =-ve

e f (X =-\e
( )|X:51't/6

(D)

7Ry r/p=+ve and  F7(X)],__./p=+ve

% and S—g arethe points of local maxima.

Clearly all theintervalsgivenin columnl| except(o
contain at least one point of local maxima.

(C)® p,qr,t

Let f(x)= tan‘l(sin X+ COSX)

= ten! [Jési n(x+ %ﬂ
m.ﬁcos(x +%)

For f (X) to be an increasing function,
f(x)>0

f(x) =

= CO0S x+E >0 = _ = <x+7£ <E
4 2 2

b 3n
Clearl ly|0,— -
earyony( B)C( 4 4)

(D) —>s.

T

1
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40. A p;B st;C r,D qgs

A u=0
(p) Astheline hx+ky =1, touchesthecircle X2+ y2 =4 a=10 m/s2
Length of perpendicular from centre(0, O) of circle s=72m

toline=radius of thecircle 20m
1 1 B Cj
= ——=2= h24K2== 7, T
Vh? + k2 4

Locusof (h, k) is x2 + y2 =% ,whichisacircle. l

() Weknowthatif |z—z |-z 2| k

where [k|<|z -2z, | ¢ fish

42. (b) Thechargesonthesurfacesof themetallic spheresare
then ztraces ahyperbola showninthediagram. Itisgiventhat thesurfacecharge
Here |z+2]| -]z 2| =38 densities on the outer surfaces of the shells are equal .

Locus of zis ahyperbola. Therefore N
+
1-t? 2t m—_—C
(N Wehave X=\/§ — Y= (Qr Qe +
1+t 1+t Q+Q) + Qi+ QF Q3
2
X 1-t
= —==—— ady=
3 1412 1+t?
On squaring and adding, we get b
+
2 N2 2
X, 2:(1t)2+24t -1 -
3 (1+19) "
+
2 2
3 1

which isthe equation of an ellipse.
(s) Weknow eccentricity for aparabola=1
forandlipse<1
for ahyperbola> 1
.. The conicswhose eccentricity liesin 1< x< e ae
parabola and hyperbola.
(t) Let z=Xx+iy then @ __ Q1+Q22:Q1+Q2+2Q3:X($y)
4R 4n(2R) 47 (3R)

Re[(x+1)+iy]? = +y? +1

e [(x+D)+iy] y Q = 41R?x
2_y2_y2 .2

= (X+D) -y =x“+y° 4 Q1+Q2=4n(2R)2x=4{4nR2X]

= y2=X,whichisaparabola N Q2=4[475R2X]—Q1
— danR2x] - 4nRlx = 4]
41. (c) Consider the activitiy AtoB. AlsoQ+Q+Qy = 4n(3R)% x = 4T RPX]
Applying v2 —u? = 2as o Qy=9[4nR>]-Q -Q, =9[4nR?X] - [4nR?x]
V2 —0% =2x10x 7.2 —34nR?X] = 5[4nR>x]
= v =12m/s = Q:Q:Q=1:3:5

43. (d) The magnetic field is increasing in the downward
direction. Therefore, accordingto Lenz' slaw the current
[, will flow inthedirectionaband I, in the directiondc.

The velocity of ball as perceived by fishis

V' =Ly XV :gxlz =16m/s



(d) Fromthegraphitisclear that theamplitudeis1cmand

thetimeperiod is8 second. Therefore, the equation for
theSH.M.is

Xx=asn 2—n xt =1sin 2—“ t
T 8

. T
X=sn—t

Thevelocity (v) of the particleat any instant of time* t’

is
&x d| . (= T b4
V=—=—|sin| — [t [=—cos| — |t
dt dt{ (4)} 4 (4)

The acceleration of the particleis
—=—|—| gn[—|t
dt? 4 4
4
At tzgs we get

d?x T|:2.1'C4—1t2.1|:
—=—|—| sin—=x—=——sn—

dt? 4 4 3 16 3
_ 2
=icm/s2

32

For the block to slide, the angle of inclination should
be equal to the angle of repose, i.e.,

tan "t = tan"/3 =60°. Therefore, option (a).is
wrong.

For the block to topple, the condition of the block will
be as shown in the figure.

In APOM |, o~

PM 5cm 2
g=tanf=—-=————=—

oM 75cm 3
For this, 6 < 60°. From this we can conclude that the
block will topple at lesser angle of inclination. Thus
theblock will remain at rest onthe planeuptoacertain

anlgle 6 and then it will topple.

ANy

3C
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From thefigure it is clear that the charge enclosed in

the cubical surface is 3C+2C-7C=-2C.
Therefore the electric flux through the cubeis

o= q_n = ﬁ
€0 €0
Let theradius of thecircleber. Then thetwo distance
travelled by the two particles before first collision is
2nr. Therefore V. A 2v
2vxt +vxt=2nr
wheret is the time taken
forfirst collisionto occur.

2nr
t=""oH
3v
Distance travelled by particle with velocity
2nr 2mr
V=EyXx——=——.
3v 3

Therefore, the collision occurs at B.

| — V
Asthe collision is elastic and the particles have equal

masses,; the vel ocitieswill interchange asshowninthe
figure. According to the same reasoning asabove, the
2nd collision will take place at C and the vel ocities will
again interchange.

2v

With the same reasoning the 3 collision will occur at
A. Thus, there will be two elastic collisions before the
particles again reach at A.

Thesystemismade up of fivebodies(threecirclesand
two straight lines) of uniform mass distribution.
Therefore, we assumethe system to be made up of five
point masses where the mass of each body is
considered at its geometrical centre.

Ya Y,

-a a) @ a)

©,0)

(0, -2)
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They-coordinate of the centre of massis

_ MY+ MoYo+ MYz + MyYs + MEYs

Yam My + M+ Mg+ My+ My
_ 6mx0+mx0+mx a+mx a+ m—a)
Yem = 6M+m+m+m+m
_ma_a
“10m 10
49. (c,d)Given f=-24cm
Applying 1,11
v u f
For (66, 33)
111 1,1 -66+24 —®
v f u -24 66 24x66 24x66
o oy 2BX66_ o0g

42

But the value of v = 33. The absolute error is37.7 — 33
=4.7 cmwhich isgreater than 0.2 cm. Therefore, itisa

wrong reading.
For (78, 39), whenu = 78 then
1 1 1
—_t
v —78 -24
= v=-34.67
The absolute error is39 —34.67 = 4.33 whichis greater
than 0.2 cm.
50. (ad)
%kQ 3
|I Ri lA
——
24V G = "
; 24V
BkQ <R, —
I
2
_RoxR _6x15 9
P"R+R_ 6+15 75
| = 24 mA = 24X7'5:7.5mA
9
—+2
75

= option (a) iscorrect.
The potential difference across
R_ = potential difference acrossR,
= (7.5mA) S kQ =9V
75
= option (b) isincorrect.
(15
Power dissipationacross R~ 2x10°
" Power dissipationacross R, (9)2
6x10°

I 6 _ga3
2 " 9x9

= option (c) isincorrect.

51.

52.

53.

| —
| —

@
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The magnitude of power dissipated across R is

97
watt.
1.5x10°
Now, whenR; and R, areinterchanged, the equivalent
resistance between R, and R = 2x15_ 3
2+15 35
% R2 =6k Q
24V h G
XQ<R g
I
| o
Potential drop across this equivalent resistance
3x10°
= 3Lxm _ 3 ;-3
(— + 6) %103
35

Potential difference across

R = F 1 &
15x10°  9|15x10°
The magnitude of the power dissipationinR_ will

decrease by afactor 9 if R; and R, are interchanged.
(d)isthe correct option.

- d Psystem
5 Fo S

Given 2 Foc =0 = Psystem = Constant

Duetointernal forces acting in the system, thekinetic
and potential energy may change with time.

Also zero external force may create atorqueif theline
of action of forcesare along different directions. Thus
the torque will change the angular momentum of the
system.

(b,d)Cp -G, =R forall gases

@

For monoatomic gas :

3 5 _Cp_5

= — 'C =_R"Y____
C=5R S =5R e, s

15

cp_c\,:z;cp+c\,=4
For diatomic gas :

5 7 Cp_7

=—R;Cy,=-R;v=% =7 and
C=3RiIC =R IT=C =5

35
CpCy =" Cp+Cy=6

The collection of fH nuclei and electron isknown as

plasmawhichisformed dueto high temperatureinside
the reactor core.
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54. (a) Applying conservation of mechanical energy, we get,
Loss of kinetic energy of two deuteron nuclei
=Gainintheir potential energy.
1 exe

dneg T

2x 15T =

(1L44x10°eVm)
4x107®m

=2x1.5x (8.6><10_5 %J xT =

1.44x107°

2x1.5x8.6x107° x 4x10 1
=0.0139x 1011 = 1.4 x 10°K
55. (b) Forthereadinggiveninoption (b), weget, nt,>5x 101
which is the Lawson criterion for a reactor to work
successfully.

= T=

2
56. (a) J=-' and E=_

p 2m
nloops___
x:opzj RS _’;::q x=a
h2

= E=

2m2
Thelengthinwhichtheparticleisrestrictedto moveis

A
a. Thislength isa multiple of 5

Now, n&= a= A= 2a
2 n
h’n? n’h?

= E

- 2mx 4a2 - 8ma?

= Eowa?for aparticular value of n.
57. (b) Forgroundstaten=1,
Givenm=10x1039kg,a=66%10%m
1 x(6.6x107%)? _10%®
8x1x10 ¥ x(6.6x107°)% 8x107™®

20
:10 3
8
10720 1
= 0 19ev= 0 meV =8meV
8x1.6x10" 8x1.6
58. @) A=t = 1ol o et
p mv A
Butﬁ:a = }\’:2_8
2 n
2a 2am

59. [A=>(pr9L[B—(r.91[C—(pg )], [D—(r.9)
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Theelectricfield at M dueto the chargesat thecorners
of regular hexagon is as shown
E_
E.
120°
120°
E.120° E,

E

Here |E, |=|E_|. The symmetry of the situation

shostheatE=0at M.
Therefore, (A) isthe correct option.
The electric potential due to all the charges at M is
zero.
Therefore, (B) isincorrect option.
When the system of chargesisrotated about line PM,
the net current will be zero.
Therefore, the magnetic field at M is zero.
Hence, (C) isthe correct option.
When magnetic field is zero, thenu =0
e (D) 1SiNCOrTECt OptionN.

P
A+ - +

(@) i

Q

The electric field due to the inner most positive and
negative chargesat M is E; = Z[k%] towards left.
r

The electic field due to the next positive and negative

chargesatMis E, =2 ki towards right. The
(3)?

electric field due to the next positive and negative

chargesatM is Eg = 2{ki2 towards|eft. Similarly,
(5r)

it will go on. Clearly the vector sum of these electric

fieldsis not zero.

(A) isincorrect option.

The electric potential due to the charges at M

- k[ﬂ_ﬂ+i_i+ﬂ_i+ ..... ] ~0
r-r 3 3 5 b5r

(B) isincorrect option.

The net current due to the innermost positive and

negative chargesis zero. Similarly, the net current due

to other chargesin pair iszero. Thereforethe magnetic

field at M is zero. Also the magnetic moment is zero.

(C) isthe correct option

(D) isincorrect option.
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(s)

(®)

The net electric field due to negative charges in the
inner circleiszero. Similarly, thenet electricfield dueto
positive chargesin the outer circleis zero.

(A) isthe correct option.

The electric potential due to negative chargesat M is
different from the electric potential due to positive
charges at M. Therefore, the electric potential at M is
not equal to zero.

(B) isthe correct option.

When the system of chargesrotate, we get acurrentl;
due to negative charges and another current | due to
positive charges. The magnitude of the magnetic field
at M dueto the currentsis different. Therefore, B= 0
and u= O

(C) isincorrect option.

(D) isthe correct option.

2a
<>
=, -
af oM
P . Q
a1

The electric field at M due to all the charges iszero
becausetheelectric field dueto different charges cancel
out in pairs.

(A) isthe correct option.

The potential at M dueto the chargesis

R I I G R | IS
al2 al2 5a
4

(B) isthe correct option.
When the whole system is set into rotation with a
constant angular velocity about the line PQ , we get
threeloopsin which current isflowing.
The magnetic field due to these currents produce a
resultant magneic field at M whichisnot equal to zero.
Therefore, a net magnetic dipole moment will be
produced.
(C) isanincorrect option.
(D) iscorrect option.

P

AN |
R PR CF
Q

Therewill beanet electricfield dueto the arrangement
of charges at M towards the right side.

(A) isanincorrect option.

The electic potential at M will cancel out in pairs by

60.
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positive and negative charges, due to symmetrical
arrangement of charges.

(B) isanincorrect option.

When the system of charges rotates about PQ, the net
current is zero due to symmetrical arrangement of
charges. Therefore, B=0andu=0

(C) isthe correct option.

(D) istheincorrect option.

[A=(pt)]; [B—=(@st)];[C=(prt)] [D=>@)]

Asthevelocity is constant,

f =Mgsin®
But f =uN =uMgcosb
From (i) and (ii),
uMgcosd = Mgsin® = u=tan®
The force by X on Yisthe resultant of fand N and is
equal to

524 N2 = Ju2NZ 4 N2 = (Ju2+ )N

(Q)

= \/tanz 0+1) Mg cos6 = secOMg cosb = Mg
=weight of Y.

Therefore, option (A) iscorrect.

Now, dueto the presence of frictional force betweenY
and X, themechanical energy of the system (X +Y)

decreases continously asY slides down.
Therefore, option (C) is correct.

P
4Dz |y

b |l

Mg

X

Asthelift moves up, X also moves up and therefore
the gravitational energy of Xiscontinously increasing.
.. Option (B) is correct.
The torque of the weight of Y about P is zero as the
perpendicular distance of the line of action of force
from the point P is zero.
.. Option (D) iscorrect.
The force exerted by X on Y will be equal to
Mg +Mg =2Mg where Mg iswt. of Y and Mg isthe

forceonYduetoZ
Option (A) isincorrect.
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)

(s)

M

In this case the force exerted by X on Yis same asthe
force exerted by Y on X. The forceon X duetoYis

R=/(Mg)? +[(my + M)g]? #Mg
Mg

M9

R
Mg

Therefore, option (A) isincorrect.
The mechanical energy of the system X + V) is
continously decreasing asthe systemiscoming down
and its potential energy is decreasing, the kinetic
energy remaining the same.
Therefore, option (C) is correct and (B) isincorrect.
The torque of the weight of Y about P is not zero.

The force on Y by X is equal to the wt. of liquid
displaced which cannot be equal to Mg asthe density
of Yisgreater than density of X (asYissinking)
Therefore, option (A) isincorrect.

The gravitational potential energy of X increases
continously because as Y moves down, the centre of
mass of X moves up.

Therefore, option (B) is correct.

(t)
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Sphere Y is moving with terminal velocity. Therefore,
the net force on Yiszero, i.e,

B F,

Mg

Mg =B +F,
where B = buoyant force and F,, = viscous force.
B +F, areexerted by Xon .
Therefore, option (A) is correct.
The gravitational potential energy of Xiscontinously
increasing because as Y moves down, the centre of

—elidaSs Of X moves up.

Option (B) iscorrect.

The mechanical energy of the system X+ V) is
continously decreasing to overcome the viscous
forces.

Option (C) is correct.



