Chemistry

Time:2hours Marks 60

1. Five Isomeric para-disubtituted aromatic compounds A to E with molecular formula CgH,O,
were given for identification. Based on the following observations, give structures of the
compounds.

() Both A and B form a sliver mirror with Tollen's reagent; also B gives a positive test with
FeCl, Solution.

() C gives positive Idoform test.

() D Is readlly extracted n aqueous NaHC O, solution.

(IV)E on acid hydrolysis givas 1,4-dinydroxybenzens. [5)

2. 500 mL of 0.2 M aqueous solution of acatic acld Is mixed with 500 mL of 0.2 M HCI at 25°C.
() Calculate the degree of dissociation of acatic acld In the resulting solution and pH of the

solution.
(W) IT6 g of NaOH Is added to the above solulion datermine the Nnal pH. [Assume thars IS no
change In volume on mixing; Ka of acetic acid IS 1.75x 10% mol L1). [5]

3. Deduce the structures of [NICI,> and [NI(CN),J* considering the hybridization of the metal lon.
Calculats the magnetic moment (spin only) of the species. 5]

4.  The density of the vapour of a substance at 1 atm pressure and 500 K IS 0.36 kg m™, The
vapour effusas through a small hole at a rate of 1.33 timas faster than oxygen under the same
condition.

(a) Determine (1) molecular welght, (Il molar volume, (lll) compression factor (Z) of the vapour
and (V) which forces among the gas molecules are dominating, the attractive or tha repulsive?
(D) IT the vapour behaves Ideally at 1000K, datarmine the average transiational Kinetk: energy
of a molecule. (5]

5.  'Wrnle balance equations for the reactionsof the following compounds with water,

N ALC, (i) CaNCN () BF,
(IVNCI, (V) XoF, 5]
8.  Identity X, Y and Z In the following synthelic schame and write thelr structures.
- (N Hsz'ﬂ-B-ﬂSDL) alman
CH,CHC = C-H =X Y z
IS tha compound Z optically active? Justity your answer. 5]

7. How Is boron obtianed from borax? Give chemical equations with reaction conditions. Write the
structure of B,H, and Its reaction with HCI.
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MCu (half-Iife = 12.6h) decays by p- emission (38%), p* emission (19%) and electron capture
(43%). Wiite the decay products and calkculate partial hali-lives for each of the decay processas.
(5]

When awhite crystaline compound X Is heated with K.Cr,O, and concentrated H,SO,, a reddish
brown gas A Is avolvad. On passing A Into caustic soda solution, a ysliow colourad solution of
B Is obtalned. Neutralizing the solution B with acetic acld and on subsequent addition of lead
acetalte, a yellow precipitate C Is obtalned, When X Is haated with NaOH solution, a colouriess
gas Is evolved and on pasing this gas Into K,Hgl, solution, a reddish brown precipitate D Is
formed, Identity A.B,C,D and X. Write the equations of reactions Involved. (5]

wiita structures of the product A,B,C.D and E In the foliowing scheme.

HECF&C*'I;MH Na-Hg/iHCI o HNOMS0, o

Cl (5]
Ha/Pd/C D< CHz = CHCH:ONa*

E<

A bhlogically active compound, BombyKol (Cy,H,O) Is obtalned from a natural source, The

structura of the compound Is determined bythe following reactions.

(a) On hydrogenation, Bombykol gives a compound A, C H, 0, which reacts with acatic
anhydride to give an ester;

(D) Bombykol also reacts with acetic anhydride to give another ester, which on oxKative

ozonolysls (O,/H,0,) gives a mixtura of butanolc acld, oxallc acid and 10-acatoxy decanlioc
acld.

Datarmine the number of double BONAS In BOMBbyKA. Writa the structures of compound A and
Bombykol. How many geometrical Isomears ar possible Tor Bombykol? [5]

TWO molkes of a pariact gas undargo the following processes:
{a) a revarsible Isobaric axpansion from (1.0 atm, 20.0L) to (1.0 atm, 40.0L);
(D) a reversible Isochoric change of state from (1.0 atm, 40.0L) to (0.5 atm, 40.0 L);
(¢) a revarsible Isothermal compression from (0.5 atm, 40.0 L) to (1.0 atm, 20.0 L).
(1) Sketch with lables each of the processas on the sama P-V diagram.
(Il Calculate the total work (w) and the total heat change (q) Involved In the above processas.

(Ify What will De the valuesof AU, AH and AS Tor teh overall process? 5]
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MATHEMATICS

The sides of a triangle are in the matio 1:4f3:2, then the angles of the triangle are in the ratio

(a1l :3:5 by 2:3:4 (c)3:2:1 id) 1 :2:3

Area of triangle formed by the lines x + v = 3 and angle bisectors of the pair of straight lines
X¥-y+2y=1is

(a) 2 sq. units (b) 4 5q. units (c) 6 sq. units (d) & sq. units

If three distinct numbers are chosen randomly from the first 100 ratural numbers, then the probability
that all three of them are divisible by both 2 and 3 is

4 4 4 4
(@) ®) 3 © 33 (D s
The area enclosed between the curves v = ax® and X = ay* (a > 0) is | 3q unit. Then the value of
'a' is

1
@ 7 (b) % (© 1 (d) -;

Given both ©and} are acute angles rin&:%.coﬂ-:—;. then the value of &+¢ belongs to

T x 2R 2R 5x b #
o] wEY eEH e

If tangents are drawn to the ellipse x* + 2y = 2, then the locus of the mid-point of the intercept
made by the tangents between the coordinate axes is
I

1 | _ : 2
@) ;r*’;"" ® =PRI © = (d)

25

If fix) is differentisble and _[: d(x)x=2t" then r[%] equals

2 5 5

The value of x for which smfcur'(l + X)) = cos (tam X) is

@ 3 ® 1 © 0 @ -3
Fx)=x++cx+dand 0 < V¥ < ¢, then in (—=, =)

(a) f(x) is strictly increasing function (b) fix) has a local maxima

(c) f(x) is strictly decreasing function (d) fix) is bounded

If w(zl) be a cube root of wnity and (1+w*)® = (1+n")", then the least positive value of n is
(a) 2 (b) 3 ) 5 (d) 6

If f(ix) =x° log x and f{0) = 0, then the value of « for which Rolle’s theorem can be applied in
[0, 1] is
(a) -2 (by -1 (c) 0 (d) Yz
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Let V be the volume of the paralleloplped formed by the vectors A=a,i+a,j+a.k,

b=bji+b,j+bk &=cj+c,j+ck,. Ifar br, cr, where r = 1, 2, 3, are nonnegative real

numbers and i'{a,. +b,+¢,)=3L, show that V=L,
For any natural number m, evaluate [(x* +x™ +x"}2x™ + 3x™ +6)""dx,x > 0.

x+a if x<0 X+1 if x<0
et ﬂﬂ:{h-‘q if xz0, mdﬁx}:{{:-fm it x20,

where a and b are nonegative real numbears. Determine the composite function g of. If (gof) (x)
Is continuous for all real x, detarmine the values of a and b. Further, for thesa values of a and
b, IS g of differentiable atx =0 7 Justify your answer.




Physics

1

Time:2hours Marks:60

Two narrow cylindrical plpes A and B have the same length. Plpa Als open at both ends and IS

fllled with a monoatomic gas of molar mass M,. Pipe B Is open at opne end and closed at the

other end, and IS fllled with a diatomic gas of molar mass M, Both gases are at the same

temparatura,

(a) If the frequency of tha sacond harmonic of the Tundamental mode In Pipe Als equal to the
frequency of the third harmonic of the fundamental moda In pipa B, datermine the valuea of

M, /M.
(D) Now the opean and fo pipe B Is also closed (5o that the pipa Is closad at both ands). Find the
ratio of the Tundamental frequency In pipe Ato that In pipe B. [3+2]

A cubical box of side 1 meter contalns hellum gas (atomic welght 4) at a pressure of 100N/m?2,
During an observation time of 1 second, an atom travelling with the root-mean-square speed

paralkel to oneof the edges of the cube, was fund to make 500 hits with a particular wall,
wolthout any collision with other atoms.

Take R =%J.Jml—|( andk = 1.38x10° J/K

(a) Evaluate the temperature of the gas.
(D) Evaluate the average Kinetic anargy per atom.
(¢) Evaluate the total mass of halulm gas In the box. [2+1+2)

A uniform solid cylinder of density 0.8 g/cm?® floats In equilibrium In a
combination of two non - mixing liquids A and B with Its axis vertical. The | I
densities of the liquids A and B are 0.7 g/cm® and 1.2 g/cm?®, respactively.

The helght of liquid A Is h, = 1.2 cm. The length of the part of the cylinder | A ha
Immersed In liquid B Is h, = 0.6 cm.
{a) FInd the total force exerted by liquid A on the cylinder. g he

(D) Find h, the langth of the part of tah cylinder In alr.

(¢) The cylinder Is depressad In such a way that Is top surface IS Just below the upper surface
of liquid A and Is then released. FInd the acceleration of the cylinder Immediately arter It Is
relasad. [1+2+2]

A thin uniform wire AB of length 1m,
an unknown resistance X and a

resistance of 1241 are connected by

thick conducting strips, as shown In
the figure. A battery and a
galvanometer (with a siiding Jockey
connected to It) are also avallable Connectlons are to be made to measure the unknown
resistance X using the principlé of Wheatstona bridge. Answer the following quastions.

A




(a) Are there positive and negative terminals on the galvanometar?

(b) Copy the figure In your answer book and show the battery and the galvanometar (with
Jockey) connactad at appropriate points.

(c) After appropriate connections are made, It Is found that no deflection takes place In the
galvanometer when the sliding Jockey touches the wire at a distacne of 60 cm from A.
Obtaln the valuaot the resistance of [2+1+2)

A hydrogendike atom (described by the Bohr model) Is observed to emit six wavelengths,
onginating from all possible transitions batween a group of lveals. Thesa levels have anergles
betwaan -0.085 &V and -0.544 &V (Including both thasa valuas).

(a) FInd the atomic number ofthe atom.

(b) Calculate the smallest wavelkngth emitted In these transitions.
(Take hc = 1240 eV-nm, ground state energy of hydrogen atom = -13.6 aV) [4+1)

A polnt source S emitting light of wavelangth G00nm Is placed p
at a very small helght h above a fat reflecting surface AB

(Sea Ngure). The Intansityol the reflectad light Is 36% of the
Inckient Intensity. Intarfarence MNges are obsanvad on a Screen :
placed paraliel to the refiecting surface at avery larga distacne

D from It.
(a) What Is the shapa of the Interfarence Tinges on the screen?

(b) Calculate tha ratio of the minimum to the maximum
Intensities In the Intarferance fringes formed near tha I}DIM

P (shown In the ngure).
(€) If the Intensity al point P corresponds to a maximu,

calculate the minimum distanca through which the reflecting surface AB shoukl bé shiftad
so that the Intensity at P aglan becomes maximum. [1+3+1]

-+ Screen

b B

=k

A rectangular loop PQRS made from a uniform wire
has length a, width b and mass m. ItIs fres to rotate
about the arm PQ, which ramains hinged along a
horizontal line taken as the y-axis (see Ngure). Take
the vertically upward direction as the z-axis. A uniform

magnetic ekt B = (3i +4k)B, exists Inthe region. The

loop Is held Intha x-y plane and a cument | Is passad
through It. The loop IS now releasad and Is found Lo
stay In the hortzontal position In @quilibrium.
(@) what Is the direction of the curent | In PQ?
(b) Find the magnetic Torce on the arm RS, X ——
(€) FInd the expression for /In terms of B, a, D
andm. [1+1+3]

Two metalikc plates A and B, each of area sx107'w?, are placed paraliel to eachother ata separation

of 1.¢m. Plate B camles a positive charge o133.7 » 1072C. A monochroomatic beam of light, with
photons of energy 5 &V ecah, starts talling on plate A att = 0 so that 10® photons fall on It per
square meter per sacond. Assume that one photosiectron Is emitted for every 10¢ incident
photons. Also asume that all the emitted photoalectrons are collectad by plate B and the work
function of plate A remalns constant at the value 2eV. Datermine




(€
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(a) the numbarof photoslectrons emitted upto t = 10 s,

(D) the magnituda of the alecric Neld between the plales Aand Batt=10s, and

(¢) the Kinetic enargy of the most anargetic photoslectron emitted at t = 10 s when It reaches
plate B.

Neglect the time taken by the photoslectron to reach plate B.

Take £,=8.85x<10°% C*/N-nm? [1+2+2)

A metal bar AB can slide on two parallel A
thick metallic ralls separated by a distanca
[. Arasistance R and an Inductance L are ™
connected to the ralls as shwon In the
figura. A long stralght wire carrying a R
constant current |, Is placed In the plane of
the ralls and perpendicular to them as /
shwon. The bar AB Is held al rest al a 0

distance X, from the long wire. ALt =0, itis L
made to slide on the ralls away from the
wire, Answer the following questions. L'

di . db
— and —,
dt dt < X0 >
where | Is the currantin the circult and 4 1S
the Mux of the magnetic Meld due to the long wire through the circult,

(D) ItIs obsarved that at tme t =T, the metal bar AB Is at a distnace of 2x, from the long wire

and the resistance R camles a curment I, Obtaln an expréssion for the net chargs that has
flown through resistance Rfromt=0tot=T.

(a) FInd a relation among |,

i
The bar Is suddenly stopad at time T.The cumrent through resistanca R s und to be 7"- at

time 2T. Find the value of L/R In terms of tha other given quantities. D[1+2+2]

On frictionless horizontal surface, assumed to be the x-y plane, a
small trolley A Is moving along a stralght line parallel to the y-axis

(sea Nigure) with a constant velocity of (Ji-*t) m/s. At a particular

Instant, when the line OA makes an angle of 45° with the x-axis, a
ball Is thrown along the surtace rom the origin O. Its velocity makes

an angle ¢ with the x-axis and It hits the trolley.
(a) The motion of the ball Is obsarved from the frame of the trolky.

Calculate the angle @ made by the velocity vector of the ball with
the x-axis In this frame.

(D) Find the speed of the ball with respect to the surface, If $=48/2 [2+3]

A spherical ball of mass m Is kept at the highest point In the space betwesn two fixed, concentric
spheres A and B (See figure). The smaller sphere A has a radius R and the space betwean the
two spheres has a width d. The ball has a diameter very slightly less than d. Al surfaces are
frictioniess. The ball Is given a gentle push (towards the right In the ngure). The angle made by
the radius vector of tha ball with the upward vertical Is denoted bye (Shown In gure).

(@) Express the total normal reactionforce exarted by the sphera on the bal as a funclion of




angle &.

(b) Let NA and NB denote the magnitudes of the normal
reaction forcas on the ball exartad by the sphere A and B,

respactively. Sketch the variations of NA and NB as functions
of cose In the range Q<@ <n by drawing two separate
graphs In your answre book, taking cose on the horzontal

axes. [2+3]

Three particles A, B and C, each of mass m, ans connactad
to each other by three massless rigid rods to form a rigla,
equilateral trlangular body of side /. This body Is placed on
a horizontal trictionless table (x-y plane) and Is hinged to It
at the point A 0 that it can move without friction about the
vertical axis through A (See figure). The body Is set Into
rotational motion on the table about A with a constant
angular velocity o .

(a) Find the magnitude of the hortzontal force axerted by
the hinge on the body.

(b) At ime T, when the slde BC Is paraliel to the x-axis, a
forca F Is applied on B along BC (as shown). Obtaln the u-—i"
component and the y-component of the force aexerted by
the hinge on the body, Immediately atter time T.




