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SOLUTIONS

CHEMISTRY S.

1.

(@ ChromiuminCr(CO)gisinzero oxidation state and has
[Ar]18 3d°4sl asthe el ectronic configuration. However,
CO isastrong ligand, hence pairing up of electrons
takes place leading to following configuration in
Cr(CO)g.

3d 4s 4p
|TJ,|’]‘¢|T¢|><><|><><||><><||><><|><><|><><|

d?sp° Hybridisation
Since the complex has no unpaired electron, its
magnetic moment is zero.

(d) Migrating tendency of hydride is greater than that of
akyl group. Further migration of hydridefrom C-2gives
more stable carbocation (stabilized by +R effect of OH
group and +1 and hyperconjugative effects of methyl
group).

H
V)
1 2" T3+ |4 s .
H,C-C— C-C-CH l,2h¥dr|de
| || shift
OH H CHj
H H
+ ]
H,C=e™ CEC ek
MOH H| CHy
More stable carbocation
logk =logA Ea 1
@ ogk=100A 7 30sRT (1)
i 1
Also given logk :6.0—(2000)? O

On comparing equations, (1) and (2)
logA=60= A=108s1

Ea _ 2000
and 5303 R ?

=E, = 2000 x 2.303 x 8.314 = 38.29 kJmot~*

> H,C” -N"=N
11
Octet complete,
6 covalent bond,
—-vechargeon C

® H,C=N*=N~
|

Octet complete,
6 covaent bond,
—vechargeon N

>H,C"=N=N">H,C' -N =N"
Il v
Octet incomplete, Octet incomplete,
5 covalent bond, 5 covalent bond,
—vechargeon N —vechargeon C

(ab,c) Lower amineslikeNH,, CH;NH,and (CH),NH break
diborane moleculeunsymmetrically, whilelarger amines
like (CH3)3N, GHgN break diborane in symmetrical
manner.

B,H g+ 2NH3 ——[H,B(NH;3),]*[BH 4]~

B,Hg + 2NH3 —— 2HB«——N(CH,);

Ox _O
(@b N=N -0 N-NZ
@ Ye)
(b)
Ox 50 Oy o)
N-N__ N-O-N__
o) e onl o

(© (d)

(ab,d) The species having less reduction potential with
respect to NO;~ (E° = + 0.96 V) will be oxidised by
NO;. These speciesare V, Fe and Hg.

8. _—Me know that carbohydrates having acetal linkageare

10.

non-reducing while that with hemiacetal linkage are
reducing. In the give structure,
X has acetal linkage, hence non-reducing.
Y has hemiacetal linkage, hence reducing.
Further X is o-anomer, while Y is B-anomer of D-(+)-
glucose.
(ad) Internal energy and molar enthal py are statefunctions.
Work (reversible or irreversible) is apath function.
(A),s; (B)—q,s; (C) —,t; (D).t
(A) 3Cu + 8 HNOgz(dil.)

——2NO + Cu(NO3), 4H,0
p s

(B) Cu+4HNOg(conc.)

——PN 02 @U(NOg)Z BHZO
q S

(© 4Zn+10HNOL(dil.)

—42“('\'03)2 N'Z O 5 20
t

r

(D) Zn+4HNOg(conc.)

——Zn(NO3),+ 2NOy+ 2H,0
t q
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11 (A) _p:Qut,(B)_pnsyt,(c)_r,S,(D)_p

© Nu
Nu: o
— + Br
P (j:/l/
Br )
(A) ] :B (-HBr)
(a)
PA-C/ A, -H, Br
HX(SN) X +H,0
—>
()
CHCO0)0 O-C-CH
5 | (CRCO) i 3
(B) ® o
CHO
_HZ
0 ©/

Nu
e @
Nu . H OH
()
OH

CHO
oI -
OH

(CHCO0)0 CHO
©
o- % —CH,
o)
Br © Nu °
NouE tou
Nno, @ NO,

12. Thenumber of water moleculesdirectly bonded to the metal
centrein CuSO,.5H,0is4.

13. pH of sodium salt of weak acid

1
= E(pKW +pKa +10gC)

1
=S W+4-2)=8
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14. 2MnO, +4KOH + O, —— 2K,MnO 4+ 2H ,0
Oxidation number of Mnin K,MnO, is6

KoMNnQ,; 2+ x— 8—0
’3RT ’ZRTy
15. of X = Vip ©
X

Givenv,
,SRT
2RTny 2x60x40
3RT 3x400

X
16. Theseven possible cyclic structural and stereoisomers are

CHj4
CoHs HsC_ CH,
3 3 H,C H HsC H
H CH, H CH,
cis, (Mmeso) trans, enantiomers

17.-Coordination number of Al is6. It existsinccp latticewith 6
coordinate layer'structure.
18. Energy released by combustion of 3.5 g gas
=2.5x(298.45—-298) kJ
2.5x0.45

=9kJmol t
3.5/28

Energy released by 1 mole of gas=

Pb214
82
Hence total number of particles emitted are2 +6=8

MATHEMATICS

20. (¢ Thelinehas+veandequal direction cosines, theseare
1 1 1
FET
lines passes through P (2, -1, 2).

Equation of lineis
X=-2 y+1 z-2
1 1 1
Let Q(A+2,A—1,A+2) beapoint onthislinewhere
it meetsthe plane
2X+y+z=9
Then Q must satisfy the eg” of plane

19. 92U238 —6a ESOX 214 2B N

or direction ratios are 1, 1, 1. Also the

=2 (say)



21.

22.

(©

(©

ie. 2A+2)+A-1+A+2=9
= A=1

Q has coordintes (3, 0, 3)

Hence the length of line segmentsPQ

=\/(2—3)2+(—1—0)2+(2—3)2 -3
. X2y

Thegivenellipseis ?+2—2=1

such that a2 = 16 and b2 =4

2 4.3 W
16 4 2
Let P(4cos6,2sin6) beany point ontheellipse, then
equation of normal at P is

4xsin®—2ycosO =12sin6 coso
X y

3cos®  6sinf
Q, the point where normal at P meetsx —axis, has

coordinates (3cos0,0)

Mid point of PQis M (7(:259 ,sine)

For locus of point M we consider

7cose and y=sing

= —+Yy° = (1)

Also the latus rectum of given ellipseis

x:iae:i4x§:i2\/§ or x=+2/3 ..(2)
Solving equations (1) and (2), we get

4)(12 2_1 - y2__
49

49
1
The required points are (i 2\/5,17) .

Giventhat foran A.P, S, =cn?
Then T,=§,-S,1= cn?— ¢(n-1)2

=(2n-1)c
Sum of squares of ntermsof thisA.P

= ZT,? = 2(21—1)2.02
= c2[42n2—42 n+ n]
_ 2 [4n(n+13)(2n+1) ~ 4n(r;+]) N n}

Zn{ 2(2n2 + 3n+ 1) —6(n+1) + 3]
3

2 2 2
_ 2 an° -1 _ n(4n“ -1)c
3 3

23.

24.

©)

(b,c d)

Thetriangle isformed by the lines
A (Pa(p+1)(a+1))

(y=0)

(p.0)
AB:(1+ p)x— py+ p(l+ p)=0
AC:(1+qg)x—-qgy+q(l+q)=0

BC:y=0

So that the vertices are

A(pg, (p+1)(a+1)), B(-p,0),Cq,0)

Let H(h,k) be the orthocentre of A ABC. Then as

AH 1 BC and passes through A(pq,(p+1)(q+1))
Theeq" of AH is X= pg

h=pq (1
Also BH is perpendicular to AC
k-0 1+q
mm =t p q
K xﬂ=—1 (usingeq” (1)
pg+p q
= k=-pg (2

From (1) and (2) we observe h+k=0
Locus of (h, K) is X+ Y=0 which is a straight
line.

Wehave, f(x)= xcos%, x=1

1 1.1
f'(x)=cos—+—sin—
X X X

lim f'(x) = cosO +(0) x (somefinite value)
X—> oo

= lim f'(x)=1
X—>o0

1.1 1.1 1 1
Also f"(X)=—=sin———Sin———cos—

¥YOX ¥ X 3 X
= f"(x)=;—;cos$ <0, Vx {1, =9

= f'(X) isstrictly decreasingin[1, )
f'(x) > lim f'(x)

X—>o0

f(x+2) - f(x)
= (X+2)—x >1

= fX+2-f(X)>2
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25. (a,d)Let P(atz, 2at) beany point on the parabola

y2 =4ax.

X
Then tangent to parabolaatPis y= T+ at

which meetsthe axis of parabolai.e x-axisat
T (- at?, 0).

Also normal to parabolaat Pis t x+ y = 2at +at°
which meets the axis of parabolaat N(2a+at?,0)
Let G (x, y) bethecentriod of APTN, then

_atz—at2+2a+at2 an y_@
- 3 3
2a+at? 2at

= X=—73 and y=—

Eliminating t from above, we get the locus of centriod

Gas
3y Y 4 2
3x=2a+a| = _maf, 2
X (Za) = = 3(x 3a)

which isaparabolawith vertex (2—; ,0) , directrix as

2a a a
—_——=—— 0r X=—
3 3 3
focus as(a, 0).
26. (a,b,c)Wehave

latus rectum-as 4?‘3 and

sinnx

Iy = J—dx (D)
J @+ n*)sin x

= 0= J‘ snn (-x)
oo+ n%)sin(-x)
b
ugngjf(x)dx=j f(a+b— x)dx
a
= - j nxsinr.1x
- (1+7*)sin x
Adding equation (1) and (2), we get

sinnx SII’]I’]X
J = ZJ
sin x smx

dx -+(2)

[as integrand is an even function]

™
sinnx

- In:J.sinxdx
0

T . .
sin(n+ 2)Xx—sinnx

Now 1,51, = (n+2)

0 sinx

dx
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T .
_ [ 2cos(n+Dxsinx
sinx

_ 2[5in(n+1)xr o
0

1Y
dx = ZJ- cos(n+ 1) xdx
0

n+1

ne2=In

T
Alsol; = [1dx=7 andly=0
0
10
Hence2I2m1:I3+l5 +17+..09
m=1
=101 (using lp.o =1p)
=10 n
10
and 2I2m= o+ 14+ gt .4 Iy
m=1
=20x1y (using l,,o=1,)
=20x0=0
277 (c,d) Wehave

6
_Z cosec[e + (mzll)n]cosec[e +%} =42

| —
m=1

6 sin%
= X 1)n]_[ mn]_4
m=1l Sin sn| 0+—
4 4
6 sSin (6+m)—(6+(m;1)nﬂ
=4

N L
Z‘l sin(9+@)sin(e+ %)

sin[9+ m]cos[e+ (m-1) n) |
4 4

e+w\|
4

—co ( \s

2 gn(w 5 (o2
4 4

6

= Zcot(9+—(m_1)nJ (e+mn) =4

m=1 4 4

= [cote—cot( 9+§)J1 +[rcot(6+%)—cot( e+27”]1

|: { 5n
+...+| cot| 6+ —
4

3

= coto —CO'[(G

=4
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= cos” 0+ Sin%0= 4sind cosd

. 1
= sin=—= 29=£or5—7E
2 6

12 12

(a, b) The given hyperbolais

28.

2 2 1
_y2 = (1
XS —y @

whichisarectangular hyperbola(i.e. a=b)
2 2

e= 2.
Let theellipsebe —+ =1
a“ b

- 1
Its eccentricity =—

Ny

#=a(1i-3) = =L
2 2
So, the equation of ellipse becomes
X2 + 2y2 =a (2
Let the hyperbola (1) and elipse (2) intersect each
other at P(xg,¥).
Then slope of hyperbola (1) at P is given by

dy x|
-
Xy N

and that of ellipse (2) atPis

m (dy) X
b =| — = ——
oy N

Asthe two curvesintersect orthogonally,

mym, =-1
= ﬁ.(—i]z—l

i\ 2y
= x=2y¢ (i)
Also P(x ,y;) lieson x2—y2:%

F- = i)

o N 2 1 2
Solving (i) and (ii), we get i =3 and x{ =1

Also P(x ,y;) liesonellipse x* +2y? = &2

x2+2y? =a? = 1+1=a2ora2=2

Therequired ellipseis X° + 2y2 =2 whose foci

1
are (tae,0)=|+/2x—=,0| =(*1,0
(s00)= 2 f5 0] ~(110
29. A gs B prst;,C t;,D

(A) Thegivenequationis

30.

13
2sin@+sin20 =2

2sin®0+ 4sin®0cos’0—2=0

.
= sin0+2sin®0(1-sin’g -1=0
= 2sin*0-3sin?0+1=0

= 2sin%0-2sin’0-sin?0+1=0
= 2sin?0(sin®0—1)-1(sin®0-1) =0
= (sin6-1)(2sin’6-1)=0

= sin26=10rsin29=%

. : T . . T
= smzezsmzz or sin2@=sin’—

T T
= 0=—o0r—

2 4 2 4

(B) Weknow that [X] isdiscontinuousat all integral values,
therefore [%:l isdiscontinuous at x = E, r ,E
T 6 32

3
m. Also cos[—x];to for any of these values of x.
s

[Q ]co{ §:| isdiscontinuous at x =
— B B

ola
wla
Na

and .
(G We/know that the volume of a parallelopipe with

coterminus edges as a,b and ¢ isgiven by [a b €]
The required volumeis = abxc
110
=[1 2 O|==
11
(D) Wehave a+b=—3c= |<€1+5|2:3|E|2
= (a+b)(a+b)=3cc
= aa+bb+2ab=3cc = 1+1+2cos6=3
(where @ istheanglebetweena and b)

1
= cosG:E = ezg

A p;B q,5,C qrst;D r
j . T
(A) For thesolution of xe™"*—cosx=0in (O’E)
L et us consider two functions

y=xe"*andy = cosx
inx. e L
The range of y= xeS”X|s(o,%), also it is an

increasing function on (0, g) Their graph are as

shown in the figure below :
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Clearly thetwo curvesmeet only at one point, therefore

the given equation has only one solutionin (0, g) .

(B) Threegiven planesare
kx+4y+z=0

4Ax+ky+2z=0
2x+2y+2z=0

Clearly all the planes pass through (0,0,0).

Their lineof intersection also passthrough (0, 0, 0)
Let a, b, c, bethedirection ratios of required line, then
we should have

ka+4b+c=0
4a+ko+2c=0

2a+2b+c=0
For the required line to exist the above system of
equationsin a, b, ¢, should have non trivial solution
i.e

N X

N XN

BN R
1]
o

= Kk(k-4)-4(4-4)+18-2k)=0

= k?-6k+8=0= (k-2)(k-4)=0
= k=2or4
(C©) Wehave f(x)=|x 1| + x-2| +|x+1| +|x+2|

—4x , X <2

22X+, 2 «x <4
=46, -1 «x <«

2x+4, 1<x<£2

4x X2

The graph of the above function is as given below
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AY
18
6
~4 349 10587
\

Clearly, from graph, f(x)>6

= 4k=26 = kzg

(D) Given that
dy
—=y+land y(0)=1
rvinl y(0)
dy
J—:de = In|y+1l=x+c
y+1
Atx=0,y=1= c=In2
s Iny+HlEXx+N2 = y41=2e"= y=2e*-1
—(112) = 2612 _1=2x2- 1= 3

31. Integer answer : '8
Let r/bethe radius of required circle.

Clearly,in ACCC,, C,C=C,C=r+1
and P ismid point of C,C,
CPLCC,
Also PM .L CC,
Now APMC; ~ ACPC; (by AA similarity)
MG _PG
PG CG




[IT-JEE 2009 SOLVED PAPER - I

32.

33.

34.

35.

l:i:r +1=9=r=8

3 r+l1
Integer answer : 4

Let ZACC' =6
then /AC'C=6 (- AC=AC’)
and ZAC’B =180- 6.

=

Applying sinelaw in A ABC’, we get
4 22

Sn(180—6) sin30°

1
= sinb=—f%= = 0=45°

V2
ZCAC’ =90°
So, therequired area = ar (AABC) — ar (AABC")
= ar(AACC’) = %x ACXx AC’

= %x 2J2x22 = 4 sg. units.

Integer answer : 0

Giventhat f (x)= jox f(t)dt

37.
Clearly f(0)=0.Also f’(x) = f(x)
o
f(x)
Integrating both sides with respect to x, we get
f (X)dx=jldx
f(x)
= Inf(x)=x+InC = f(x)=Ce
Now f(0)=0 = CceX=0 = C=0
f(x)=0V x= f(In5)=0
Integer answer : 7
The given system of equationsis
3XxX-y-2z=0
-3x+ z=0
-3Xx+2y+2z=0 38.

Let x=p wherep isan integer
theny=0andz=3p

But x2+y2+22S100 = p2 +9p2S100

= p?<10 > p=0+1+2+3
i.e. p can take 7 different values.

Number of points (X, y, z) are 7.
Integer answer : 2

Giventhat f(x) =x°+e*/?

36.

15

Let g(x) = f (%)

then we should have gof (x) = x
= g(f(x)=x

= gC+e?)=x
Differentiating both sides with respect to x, we get

g’ (xC+ e)(/z).(3x2 +eX/2 %): 1

X/2)= 1
121

= g’(x3 +e
3% + ¥

1
= ,1:—:2
Forx=0,weget 9'() 12

Integer answer : 2
Thegiven equationis
X% —8kx+16(k% —k +1) =0
Both theroots are real and distinct
D>0 = (8k)2-4x16(k’>—k +1) >0
= k>1
Both the roots are greater than or equal to 4

oa+pB>8 and f(4)=0
= k>1
_and 16—-32 +16(k% -k +1) >0
= k2_3k+220= (k-Dk-2)=0
= kel =102 9 (i)
Combining.(i), (ii) and (iii), we get k >2 or the smallest

vaueof k =2.
Integer answer : 7

Thegivenfunctionis f(x)=2 X —15 %+ 36 48
and A={x|x’+20<9x%}

(i)

= A:{x|x2—9x+2030}

=  A={x|(x-4(x-5 <0}

= A=[4,9

Also f/(x)=6x%—30x+36 = 6(x% —5x + 6)
=6(X-2)(x-3)

Clealy V x €A, f’(x)>0
fisstrictly increasing function on A.
Maximum value of f on A

= f(5)=2x 5 —15x5% + 36x5— 48
=250-375+180-48 =430-423=7.
Integer answer : 0

Let p(x) = ax*+ bC+cx2+dx+e

[1+M:| =2

Now lim

X—0 2

X

p(x)
_2 =1

(D)

lim
x—0 X
= p0)=0= e=0

=

Applying L’Hospital’srule to eq" (1), we get
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PHYSCS

39.

40.

lim M:1=> p’(0)=0
x—=0 2X

= d=0
Again applying L ‘Hospital’srule, we get

IimpT(X)=1 = p"(0)=2

x—0

= 2c=2orc=1

p(x) = ax?+ b3+ X2

= p/(x) =4ax°+ X% +2x
As p(x) hasextremumatx =1 and 2

p’'=0 and p(2)=0

= 4a+3b+2=0 (i)

= 32a+12b+4=0 or 8a+3b+1=0

(i)

Solving eg’s (i) and (ii) we get a:% ad b=-1

®)

@

p(x) :%x4 —x3+x?

So, that p(2):?—8+4:0

X
Theforcesacting on the bead as seen by the observer
in the accelerated frame are : (&) N ; (b) mg ; (c) ma
(pseudo force).
Let 0 isthe angle which the tangent atP makeswiththe
X- axis. Asthebeadisin equilibriumwith respect tothe
wire, therefore
N sin® =maandN cos6 =mg

0 2 [
t =
ano=" 0
But y = k x2. Therefore,

%:20(: tan® ... (i)
From (i) & (ii)

dx=2 = x=—>

g 2kg

The energy possessed by photons of wavelength

550 nmis @ = 2.25eV
550

The energy possessed by photons of wavelength

41.

42.

@

AN \\\jI l

§

(©
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450 nmis @ = 2.76eV
450

The energy possessed by photons of wavelength

350 nmis —1240 = 3.54eV
350

For metal platep : =2eV.

All the wavelengths are capabl e of g ecting electrons.
Therefore, the current is maximum. Also as the work
function is lowest in p, the kinetic energy of gjected
electron will be highest and therefore, the stopping
potential is highest.

For metal plateq : =25¢eV.

Photons of wavelength 550 nmwill not be ableto gject
electrons and therefore, the current is smaller than p.
The work function is greater than q therefore the
stopping potential islower in comparison top.

For metal plater : G =3eVv

Only wavel ength of 350 nmwill beableto e ect electrons
and therefore, current is minimum. Also the stopping
potential isleast.

ki ko

P M
[TT7717TT77777T77777777777 177777771777 777177777
Case (i)

s

N H

M
TTO77TTITT7 77777777 7777777777777 777777777777
Case (ii)
In case (ii);:the springs are shown in the maximum
compressed position. If the spring of spring constant
k; iscompressed by x; and that of spring constantk,
is compressed by x, then

X+ %=A o

0

-

kixq

and kyx; =koxo = %o =
X2

From (i) & (ii)

ko A
x1+—X:A = X = 2
2 ko + kg

Figure shows the rod at an angle 6 with respect to its
equilibrium position. Both the springs are stretched by

0
length —.
g 2
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The restoring torque due to one spring
= — (Restoring force) x perpendicular distance

2

Y A VO
2 )2 4

Therefore, the total restoring torque due to both the

ings= 2x| kL d - k2 o
springs = 2x Tﬂ_ -

If 1 isthe moment of inertia of the rod about M then

T=lo Idze (ii)
= =1 (]
dt?
From (i) & (ii), we get
d?e %0 2 2 _ 2
|—2=—k—=> ﬂ=_5€_ ez—kf_ ¢
dt 2 a2 1 2 Me?2/12 2
a2 M

Comparing it with the standared equation of rotational
SHM we get

de
—22—0)29$ m2:6_k = o= 6_k

dt
= 2nv= ,ﬁ = v:i‘/ﬁ.
M 2t \M

43. (b,d) For processB —- C — D:

44,

@

Thetemperature at B isgreaterthan thetemperature at
D. Therefore, AU =—ve. Alsowark donein the process
isnegative. Thus heat flows out of the gas during.the
process.

For thecyclic processABCDA :

Asthe process takes place in the clockwise direction:
Therefore the work doneis positive.
Processduringthepath A — Biscircular andtherefore
the processis not isothermal (for isothermal process,
the path in P-V graph isarectangular hyperbola).
DuringA — B — C, thework doneis positive.

—

\"

Thesituation isshowninthefigurewhichissimilar to
a planet revolving around sun. The distance of — q
from + Q is changing, therefore, force between the
chargeswill change.

The speed of the charge —q will be greater when the
charge is nearer to + Q as compared to when it is far.
Therefore, the angular velocity of charge—q is also
variable. The direction of the velocity changes
continously, therefore, linear momentumisalsovariable.
The angular momentum of (- q) about Q is constant
because the torque about + Qs zero.

17
45. (b, d)
When current | isswitched onin both the solenoidsin
identical manner, eddy currents are setup in metallic
rings A and B in such a way that rings A and B are
repelled.
hA
L
Given h, >hg. This shows that eddy currents
produced in A are greater than in B. This is possible
when p, <ppg (the rate of change of flux is same in
both the rings, therefore induced emf is same). The
height attained isindependent of the masses of ringsA
and B.
46. (b, c)
Ve :2\/0
If \70 isthe velocity of centre of the sphere, then
Ve =2Vo, VB =Vo and VA =0
Ve VB =2o-Vo=Vo
VB-VA=Vo-0=Vo
. Vc-VB=VB-Va
(b) isthe correct option.
Now, [V -V al=|2Vo -0|=|2Vo | 2| Vo |
N - o i e
and [Vc-Val=2|Vg-Vc|
(c) isthe correct option.
47. (a d)Atsecondresonancethelength

of air columnismoreascompared e
to first resonance. Now, longer ; F
the length of air column, moreis
the absorption of energy and
lesser is the intensity of sound
heard.

Asshowninthefigure, the length of theair column at

the first resonance is somewhat shorter than %th of

thewavelength of thesound inair dueto end correction.
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A
{+e=— =——
2 l e

4

48. A—(p.qt);B —q);C (9:D (9

(P)

(@)

(s

(t)

When an uncharged capacitor isconnected to abattery,
it becomes charged and energy is stored in the
capacitor. (A) isthe correct option.
When a gas in an adiabatic container fitted with an
adiabatic piston is compressed by pushing the piston
(i) theinternal energy of the system increases

AU =Q -W =0-(-PdV) = +Pdv
(i) mechanical energy is proceeded to the piston
which is converted into kinetic energy of the gas
molecules.
Noneof theoptionsin column| matches. Asthegasin
arigid container getscooled, theinternal energy of the
system will decrease. The average kinetic energy per
molecule will decrease.
When a heavy nucleusinitially at rest splitsinto two
nuclei of nearly equal masses and some neutrons are
emitted then
(i) internal energy of the system is converted into
mechanical energy (precisely speaking kinetic energy)
and
(i) massof the system decreaseswhich convertsinto
energy.
When aresistive wireloop is placed in atimevarying
magnetic field perpendicular to its palne.
(i) Induced current showsin the loop due to which
the energy of systemisincreased.

X X X
X X
X X X

49. A—(p,s);B—(q);C—(1);D —(r,st)

(A)

S P,
[ Pj_
Po

S

For path difference )./ 4, phase differenceis /2.
For path difference ),/ 3, phase differenceis 25t /3.
Here, SRy - SR, =0

6(Po) =0
Therefore, (p) matches with (A).

The path difference for P; and P, will not be zero. The
intensities at P is maximum.

I(Ry) = I1+I2+2JEJECOSO°
= W +12? =(JTo +4T0)% = 41,
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|(F3L)=|l+|2+2JEJEcos%
1(Py) = Iy + 15+ 211,15 cos(2n/3)

=+l =l 40 4 H kK

1(R)>1(R)
Therefore, (s) matches with (A).

B)
S | P,
L Pj_
Po
S

3(R)=2, 5(R)=0,8 () ==
[(Ry) =1 +15+2/l14[l, cosm/2

el (F) =1yt 1, 42,1131, =41

1(R)= Iy +15+2|f1;\fT; cosn /6

= I1+I2+\/§\/E\/E

= |0+ |0+ ‘\/§|0
=2+,
Therefore, g matcheswith (B)
© ‘
S| " P2
\
| i
i

Here 8(Ry) =—A/2; 8(F;) =—A/4, 5 (F,) =—1/6
1(R) =1y +15 +2\[114/1;, cos(-n)
=1+ 1 =21\l =lg +1g-215 =0
[(R) =I1+I2+2\/E\/Ecos(—n/2)
=li+l,=lg+lg=2l,

|(P2)=|1+|2+2JEJEco{-%)
= I+l +4flflo =g +1g +19 =3l

1(R)>1(R)
(t) matches (C).
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(D)
s P2
.Pl
PO
S
Here, 5(R)) = 3A/4;8(P) =—1A/2;8(P,)= -5A/12
I(Ry) = I1 +15+2\f11 |2cos(_—;’“)
=l +1,=lg+1g=2l,
1(R) =11 +1,+2,[1;4l; cos(~m)
= I+ 1= 211\l =l +1g=21g4/1g =0
1(Py) =1y +1,+ 21341, cos[ -5/ 6]
=|l+|2—J§JE\/T=(2—J§)|O
= (N, (9, (t) match with (D).
50. (8J)

Givenm=0.36 kg, M = 0.72 kg.
Thefigure showsthe forces onmand
M. When the system is released, let
the acceleration be a. Then

T-mg=ma
Mg-T= Ma 1N
a=—(M_m)g=g/3 at [ T
M +m
and T= 4mg/3 g M| &
For block m : T
= = = =2
u=0,a=g/3,t=1s=" Mg

1
s=ut+ -at2=0+ l><g><12 =g/6
2 2 3

Work done by the string onmis

Te=Ts=4M9, 9 _4x036x10x10 _ g,
3 6 3x6
51. (6)
For bubbleA:

If P, isthe pressureinside the bubblethen

i '
8Nm

4T 4x0.04
Ry, 002
According to ideal gas equation,

Py—8= =8= Py=16N/m’

PAVA =NART, = 16><g1t(0.02)3=nARTA . ()

For bubbleB :
If Pgisthe pressure inside the bubble then

19

n _g AT _4x004
"Ry 004

According to ideal gas equation,

4 = By =12N/n?

4
RVe = NgRTg = 12x(0.04)° =ngRTg .. (i)
Dividing (ii) by (i) we get

12><fn(o.o4)3 0
—i =L [+ TaA=Tg]
16x—7(0.02)3 A
3
"™ _g
Na
52. (k =7)

Theright angled triangleisshowninthefigure. Let usdrop
aperpendicular from P on QR which cutsQR at M.
Themagnatic field dueto currentsinPQ and RP at Piszero.
The magnetic field dueto current inQRat P is

P ax R
Wo | .
= ———-(Ccos0, + cosO .
am P 001 2) 0
In APQM,
9%2 = PMZ2 + a2 ()]
In‘APRM,

16x2=PM 2 + (5x — a)? ... (iii)

= 7x% =25¢°—10xa = 10xa= 18
= a=18x .. (iv)
From (i) & (iv),

952 = PM? +(1.8%)°

= PM =ox2 3242 =/5.76x% =2.4x... (V)
a 18

Also coselz—:—xz
3x  3X

ox—a _o5x-1.8x 32

= ===

06 .. (Vi)

Cos0, = 0.8 ... (vii)
X 4x
From (i), (v), (vi) and (vii),
B=20. ! 06+08]
It 24X

Mo g g| Ml
4 2.4X 487X

L _ U-o'
Comparing it with B = k
48n

x} ,weget, k=7
53. (6mm)
Initially, the pressure of air column above water isP; = 10°

NnT2 and volume V; = (500— H) A, where A is the area of
cross-section of the vessel.



20

54,

55.

Finally, the volume of air column above water is
300A. If P, isthe pressure of air then

P, +pgh =10°

P2+103><10><£=105
1000

— .~b > A
R =10°N/m P,
Vi = (500-H)A||e
Fem=======||E V, = 300A
C-----=-=-Z||e
_________ o
r------=Z|I*® |L________
HlgzzzzzzzZ|| €fTfFzzzzzzz=z
c-—-—-z—zzzz|| E|Ez=zzzzzz==
r-=======|| 8Q|fgzZz=zz=z=z===
F======-HJ & ======ZZS¢
Initialy Finally

P, = 9.8x10* N/ m?
Asthetemperature remains constant, according to Boyle' slaw
PV = PV,

10° x (500 — H) A= (9.8 x10%) x300A

= H=206mm

- Thefall of height of water level dueto the opening of
orifice=206—-200=6 mm

(5¢cm)

Weknow that, v = \/i
0

where T = tension in the string and 1L =

V= _2—5 =10m/s
\410 /0.2

The wavelength of the wave established

Y _10  5im=10em
f 100
The distance between two successive nodes

2 2

length

(a=2)

Let us consider a spherical shell
of radiusx and thicknessdx. The
wdued thsdd| i s#&2(dx).
The charge enclosed in this
spherical shell is

dg = (4nx®)dxx ko

dq = 4nkx®dx.

Forr=R:
Thetotal charge enclosed in the sphere of radiusRis
R

Q= J4nk X2+ iy = 47k ?
0

a

+a-
The€electricfieldatr = Ris

__1 4nkRT® 1 4ank g,
1= 4neg (3+ a)R?  4meg 3+a

56.

57.
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Forr=R/2:
Thetotal charge enclosed in the sphere of radiusR/2is
R/2 3a
4nk(R/2
Q|= J‘ 41.[kX2+adX= Tl:k( )
5 3+a

Theelectricfieldatr = R2is
1 ek (R/2)%2

2" Aney 3+a (RI2)2  4nep3+a

1 4rk (B)“a
2

1
Given, Ey = 3 E;

1 47k E)1+a_ix 1 4k s
dneg 3+a)l 2) 237 4neg 3+a
= l+a=3= a=2
(=9
Heat flowfrom PtoA:
A = B
Ice o Water
0°C 100°C

— AX—e—— (10— A)x —»
The heat flow per unit time
KA(400-0)

Q:T—ml—fus .. (D

adaeke.K = thermal conductivity of rod and A its area of
—=Cross-section, m = mass of ice melting /sec.

Heat flowfrom Pto B :
The heat flows per unit time

o KA(400-100)
T px
m= mass of water evaporated/sec
Dividing (1) by (i), we get

400(10-2) _ Lrus _ 80

... (i)

Ax300 L, 540
o, A0-yH_ 4
3 27
= 90-9% =A
= 10L=90
= A=9
(4m/s)

The velocity of B just after collision with Ais
(Mg —Ma)ug  _2MaUA

VB =

mg + Mp mp + N
m 2m m
A B C
0
:ﬂzemls
m+2m

The collision between B and C is completely inelastic.
mg Vg = (Mg +my v
6% 2m
V=
2m+m

= 4m/s.



