Read these instructions carefully before answering section A, B and C.
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Instructions

Section A has 4 groups, with 8 questions in each group (total 32 questions). You have to answer any 5
questions from each group, i.e. a total of 20 questions. Each question carries 4 marks.

Time allotted: 100 minutes; Total Marks: 80
Answers for section A are to be written in the answer booklet as follows:

Group I, (Q. Nos. 1-8): your answers must be written on pages 1-3, page 4 is for rough work.
Group 11, (Q. Nos. 9-16): your answers must be written on pages 5-7, page 8 is for rough work.
Group III, (Q. Nos. 17-24): your answers must be written on pages 9-11, page 12 is for rough work.
Group IV, (Q.Nos. 25-32): your answers must be written on pages 13-15, page 16 is for rough work.

Section B has 4 questions. You have to answer any one of these questions. Your answer must be written on

pages 17-19 of the answer booklet; page 20 is for rough work.
Time allotted: 30 minutes; Marks: 30

Section C has one question. Answer this question on pages 21-25 of the answer booklet; page 26 is for

rough work.
Time allotted 50 minutes; Marks: 40
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Section A

Group I

L.

A massless string passes over a fixed frictionless pulley. Two masses m; and m, (m; > m;) are
suspended from the two ends of the string. The system is allowed to move from rest under
gravity. Find the acceleration of the centre of mass (CM) of the system of two masses. Show that
the net external force is equal to the rate of change of momentum of the CM if the total mass is

imagined to be placed there.
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The earth is getting energy from the sun whose surface temperature is 7. Its radius is R and the
radius of the earth is . The distance between the sun and the earth is d. Assume that the earth and
the sun both absorb all electromagnetic radiation incident on them and the earth is in thermal
equilibrium at a constant temperature 7. Calculate 7, from the given parameters. T, = 300 K; R =
7x10° km; = 6.4 x 10’ km; d= 1.5 x 10* km.

RA TR ®F & A= R PR EEE T e RA IR IS R G r G
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ffa 3@ 7,=300K; R=7x 10’ km; r=6.4 x 10° km; d = 1.5 x 10® km.

Consider the potential V/V,=-128R%® +R'?/r"’. Find the equilibrium position, if any. What is the
motion like near such a position?

VIVo=-128R°/° +R"/r"” Rem 2 @i TRREH 4w, Gifs s 3 B% swgem I
IS & e

The radiation emitted when an electron jumps from n= 3 to n=2 orbit in a hydrogen atom, falls
on a metal to produce photoelectrons. The electrons from the metal surface with maximum
kinetic energy are made to move perpendicular to a magnetic field of 3 x 10™ T spread in a radius
of 10 mm. Find,

i) the kinetic energy of the electrons.

ii) the work function of the metal.

iii) the wavelength of the emitted radiation. (E, = 13.6 eV)

(1)
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The force given on a bullet over the time interval £ = 0 to t = 6.0 x 107 5. is given by the formula
F = 800— 1.6 x 10° t (where F is in Newton and ¢ is in seconds).

i) Plotarough graphof Fvs. tfor t=0tot= 6 millisecond.

ii) Estimate, using the above rough sketch, the impulse given to the bullet.

iii) If the bullet achieves a speed of 200 m/s as a result of this impulse, given to it in the barrel of
the gun, what must its mass be?

e BT T = 0 U ¢ = 6.0 x 10° DIRS T < oIS W I F = 800 1.6 < 10°¢
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Discuss what happens to the force between the plates of a condenser when a dielectric material is
introduced between them, in the cases when
i) the plates are charged and insulated.

ii) the plates are kept connected to the voltage source.

aﬁwﬁww@maﬁm@q{mﬂmmwm@mw
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Sand drops vertically from a stationary hopper at a rate;ng- onto a conveyor belt moving with

velocity ‘v’ in the reference frame of the laboratory. What force is required to keep the belt

moving at a speed v?

TREERR ROk v’ @Ot e @ WeRERl fFOR (conveyor belt) Tof b B S
i M o 3 SeSIE Sfere TR RS v’ @0l T S IO T A
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Group I1

9.

Two objects of same mass are falling under gravity. One is experiencing a drag force
proportional to its velocity and the other proportional to the square of the velocity. Two objects

attain the same terminal velocity. Find which drag force is greater for the same velocity.

T2 G 5 Y WGP AW AT NG AR ST SR G TG W PO e (drag
force) TRER @ O FrEA MORER TPIT G WU [HI T O I ¢fboa e
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For the reaction A(g) — B(g) + C(g), rate law is —%':) = k[A]. At the start, the pressure is

100mm of Hg and after 10 minutes, the pressure is 120mm of Hg. Calculate rate constant (min™).

o)
dt

A (g) — B (g) + C (g), RiFmmm o ——— = k[A] T a1 oo RiFmm v @ 10

% * ot 3@ 100mm Hg 8 120mm Hg Rier 2w & Mfime e
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12.
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Glucose contains six carbon atoms, Prove that they lie along a straight chain.
PRI TS 6 & FRA I AP 2 I O AT PR SR

Among the first row transition metals of the periodic table, why does chemical reactivity increase

upto manganese and decrease thereafter?

PR AEere (iek 299 1T 97 e et tRE IR AfFTs! e 18 e a3
GO I [T A2

A large vessel was completely filled with water, the specific conductance of which was found to
be 2.50x10° S cm™. 585 g. of NaCl was then added to the water and then the specific
conductance was found to be 5.25x10* S cm™. The solution may be assumed to be very very
dilute, since the volume of water was very large. Find the capacity of the vessel. Given Agwacy =
150 S cm’.

@75 T N T W T o) ¢l v, @ weE el RafRe! 2.50x10° S em™ 1 @@ @
STE 585 g. NaCl T 3919 T Sneoifaess »fRifEst 261 5.25x107S em™ | &ted S Swwe
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All the hydroxyl groups in Glycerol are not equivalent- Justify

PPIRGR T RIRERE o ofel TIgey = - R0l Il
(3)



14. Hydrochloric acid reacts with solid marble chips.
i)  What are the products of the reaction? Give balanced equation.
ii)  What are the independent variables that affect the reaction rate?
iii) Identify a dependent variable that you could measure to follow the rate of reaction.
iv) How the rate of reaction is dependent on the concentration of hydrochloric acid?
AHEFIRT G edet e FIER e [ wm@
i) RiFes i B & R Som e R rd @i mel
ii) W @W RFerF serf ofét (independent variables) Rferm 2w HoiR® a?
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15. A current of 19.3 amp. was passed through 1 litre of a 0.5 (N) CuSO, solution for 1000 sec. using
Pt electrodes. Find out the normality of the H,SO, solution produced during the electrolysis.
Pt ofYam I3 @ 176@ 0.5 (N) CuSO, Bd vy e 1000 sec. ¥d 19.3 amp. SfeR AR
ze qUwE Ofbe Remdd ¥ oo H,S0, @9 FH0ife +© =2

16. Dissociation constant of two weak acids are 10 and 10~ at a given temperature. Calculate the
difference of pH of solution of the two acids of same concentration (0.1M).
=5 RFR ormeEr 5b e wofter Raes & WEw 10° q® 10° 1 @32 g (0.1M)
iR 7o <0G 73R pH aF *ide [

Group ITI

17. Prove that the probability of choosing a positive integer, which is smaller than pk and relatively
prime (that is gcd of these two numbers is 1) to pk, from the first pk positive integers is 1 — % !
where p is a prime number and £ is a positive integer.
a3 @ AR T pf @ wE w@h @ pf @ TerE el G R (S @)
TROMBA L N 0. T 1)1 AW FEA F, oW p AT ARG WF TS EGE RG] e
YS! Ze 1—%,Mp§a®ﬁ?zﬁﬁwmﬂtk§amﬁwm?mw

18.  Five points lie inside an equilateral triangle of side 2 units. Prove that at least two of the points

are no more than a unit distance apart

w3 a3 g AR «of e fgem g Al Ry @) aud w@ o, Rgeli seg e
W R 199 @ g S[ES T
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19.  Given three quadratic polynomials f; (x) = x2 + 2a;x + by, fo(x) = x% + 2a,x + b,, f(x) =
x% + 2azx + by such that a;a,a; = b;b,b; > 1. Prove that one of these polynomials has two
distinct real roots.

46 fawrs RFE Tom == f; (x) = x2 + 2a;x + by, f,(x) = x% + 2a,x + by, f3(x) =
x? +2a3x + by WA aya;a3 = byb,bs > 1. 2 I T, €3 ITMeTR «Fba 4 ToF
I3 o =)

20. Prove that for any complex number z, |z + 1| > Lor 1z2+1]>1
V2
2SI A T TP Sibe A 2 GF G |z+1l2%w 1z2 +1] > 1

21. A 2n digit number starts with 2 and all its digits are prime. Then find the probability that the sum

of any two consecutive digits of the number is prime.

G 2n WEFF RYI 2 WA BF W G GF A0 WF 29 GO RN OH, AT @
I PR b SF [PIER GIfers el 26T BRSOl T I3 fef 3@l

22.  Give an example of a function f:[—1,1] - R such that f is continuous exactly at two points.

Justify your answer.

f:[=1,1] > R &% wrrmwwe a3l Turad we, W S (f) v Fie Rrves e Sem
S Reset It |

23. Leta,b,c,d be four distinct real numbers such that they are in A. P. if 2(a — b)x(b —c)? +
(c—a)®=2(a—d) + (b —d)? + (c — d)?, then show that x > 16 or x > —8.

WA, a,b,c,d SRMG */F IVI MYl IA B pfdres wwm I 2(a — b)x(b —c)? +
(c—a¥=2(@-d)+(b-d)?+(c—d)’ W SRFMAS W x> 16 A x > -8 |

24. Find the least value of 250X 4 2Cosx,

25inx 4 pCosxag ey W= Ffa I

Group 1V

25.  The details of a C3 carbon reduction cycle: - Green algae were given carbon dioxide, made with a
radioactive isotope of carbon. Samples of these algae were killed at intervals. Sugars and organic
acids were separated and tested for radioactivity.

a)  In which organic molecule would you expect radioactive carbon to appear first?

b)  Would you expect any radioactive carbon to appear in ribulose bisphosphate? and why?

(5)
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After a sprint run, muscle becomes fatigued along with pain. What is the underlying biochemical

event? How does it revert back to normal?

W ES WOl TR o[ Cifieli Soimes & @R 74 59 20 @9 T @F (SRaPRee
A e e el Teirg R oo

If a 5% sucrose solution is separated from 5% glucose solution by a semi permeable membrane,

in what direction will the solvent flow?

W 5% FEFE TWARF 5% IS WA WF WO MR W@ RE I A, O GRE @ W
sffFafzs =7

Bacteria culture was growing at 37°C. Suddenly you change the temperature to 25°C. What
change do you expect in the lipid?

AP ST o DB 37°C SPR@EE F& v PR orimE 29r #fRRET 3@ 25°C
FAE O, IRl e & ey 2w 3@ oft @ @

An oxygen molecule moves from the atmosphere to blood inside a human blood capillary. Name

all the functionally important structures of the respiratory tract required for gaseous exchange.

PGS [T G0 WRHEA W AL TSR WG AR I@ VAT REAE w0 AwsaEm
IR PH el AW R

DNA is more stable than RNA. Does this differential stability confer any biological advantage?
RNA ¢7 F DNA @ 2 | @2 FR0gs SRone 0 B e (afRe R shear ame

Mammalian cells from two different sources A and B were cultured in-vitro. Cells from source A
differentiated into various cell types whereas those from source B formed cells of a particular type.
a) What cell types do A and B represent?

b) Explain the basis of their behavioural differences.

(6)
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Mammalian gut parasites have unique mechanism for anaerobic respiration through ATP

regulation. Explain the uniqueness in contrast to conventional anaerobic respiration.

S 2T CIRT TR *RERTE ATP FIaER SO O[S P @ Resw 2fdn @i
ABETS RIS PR TR TF SRIS Pid Rewast Tt I

Section B

A mass m is attached to a weightless string tied to a rigid support. The string is of length L, cross

section A, and breaking stress B. The mass is suddenly released from a point at the level of the

rigid support and allowed to fall freely under gravity.

a)  Show that the maximum tension generated in the string is at least 2mg and it increases with
the Young's modulus of the string Y.

b)  Show that Y has a upper limit beyond which the string will break. Find this limit in terms

of B. You can assume that the Hooke's law remains valid up to the breaking stress.

B VP SReTTE Y 3 TR OF i G O (m) Ml R G G L, o 4,

@&W%(breakingstress)Blgwwmmwwmﬁmmﬂt?@m{
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Alkaline fading of the cationic form of the dye crystal violet (CV) takes place initially at

[OH_] =0 >> [CV+] s

B s
o —N o+ OH - Colourless product
2 \ Me
Me

Cationic form of CV"; Coloured

(7)



What will be the order of the reaction? Design an experiment to determine the rate constant.
CH
4 3

When cetyl trimethyl ammonium bromide (CTAB) l:CHféH); N< CH3:| Br is added to the
CH;

solution, with the concentration of CTAB greater than its critical micelle constant (CMC),

micelles are formed and the CV" prefers to reside along the periphery of the micellar units.

Predict the effect of the CTAB micelles on the reaction rate.

HA RO fFHE SEAED I3 (CV) IoEa w0t (CV), e 260 vF =0 337
[OH ] 10 >> [OV ' o
Me
N ey
—N

= -
“+
- . B OH — R -mn

Cationic form of CV'; 3@
fRféFa @ (order) B Z3? RiFTRM @ §3= (rate constant) R &0 @3 Tt A==
CH;
AN T PiBIRE BiRfIiRe Surifa @iz (CTAB) I:Cﬂs—é}{); ﬁé ;{I B , A
CH;
B TP T4 W @R CTAB @R *16% A 4foq FfeF MZCRE g3 (critical micelle constant) @
WE @ 78, O ZeE T W @3 CV' @ TiRpier +fifd wiRe Affs = [Ridam 2w

T CTAB T30 @3 28R & 2@ &l

Let p(x) be a polynomial with real coefficient that is nonnegative for all real x. Prove that for

some k, there are polynomials f; (x), ... ... , fx(x) such that
K

P = ) (f )
j=1

WA, p(x) 26 @3h M I el BT Wfie W IWI x G GO YAGF Tq 2 FA
7 k @7 w0 FoReE M £ (%), ... ..o, fir (x) TR TR,

k
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A mother is of blood Group A. What would be the blood group of the father in order to have a
child of B' group? Is it possible to have a child of such group? Explain considering the genotypes

for each blood group.

(8)
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Section C

‘Science is the best method we have for understanding the world, but it does not mean
that we are doing science in the best way possible right now’.

Express your view about the contribution of the scientists from India towards the
development of science and technology globally.

Suppose you have been given a chance to pursue scientific research aiming to contribute
towards the development of science and technology. Considering the current need for
scientific research and global facilities; describe, formulate and demonstrate a science
and technology issue using your own ideas which you feel may lead to a path breaking

phenomenon for the development of science and technology globally.
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