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NATIONAL ENTRANCE SCREENING TEST (NEST-2009) 

Total marks: 200 Time: 3 hours 

Notes and Instructions 

1. This question booklet contains 5 sections. Each section carries 50 marks. 

2. First section is a general section and it is compulsory. 

3. Sections 2 to 5 ate subject sections (mathematics, physics, chemistry and biology). 
Choose any three. That is, omit any one of the four subject sections. 

4. Pocket calculators, log tables, cell phones etc are not permitted in the examination 
ball. 

5. Answers to the questions are to be marked in the OMR sheet provided. 

6. For question booklet A, you must answer on OMR sheet A. 

7. Rough work should be done on the sheets provided. 

8. Return the OMR sheet to the invigilator at the end of examination. 

9. Carefully read and follow the instructions given in each section. 

Instructions for ｷｲｩｴｩｮｾ＠ on OMR sheet 

1. Write your name, roll number and other required information with ball point pen 
in the appropriate boxes provided. Sign your name with ball point pen in the box 
provided. 

2. rn the remaining part of OMR sheet use HB pencil only as instructed. Make sure 
that the bubbles are filled properly (as shown in OMR sheet). 

3. Each question has four options. Fill the appropriate bubbles. Some questions (as 
specified in the question paper) have more than one correct choice. 

4. Read and follow the instructions given on the OMR sheet. 

5. Fill in the answers only when you are sure that you do not need to change the 
answer. As fat as possible, avoid erasing the answer. In case you have to erase the 
answer, do so properly so that there is no black spot inside the bubble. 

6. Ensure that you are 6lling up the bubbles corresponding to correct sections. 

7. Your roU number (given on the admit card) MUST BE ENTERED CORRECTLY. II 
entered wrongly or not entered, the OMR sheet will not be graded. 
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Section 1 General 

Total marks for Section 1: 50 

Tlus secttor1 contains 22 questions 
For each qu.estwn. only one of the 4 optior1s ill a con-eel answer. For qu.estwns from 1.1 
to 1.6, 11 correct answer will earn 3 rnar·k.9. For rest af the quest·ions, each con'f:ct answer 

will cam J! marks. For this section. rt ·wrcmg answer or an tmattem pted quesl?.on will earn 

0 mcn·k, 

Passage for Questions 1.1. to 1.3 
Read the followrng passage rarcfully and choose lhe correct option fmm the options that 

follow. 

According to the First Law of thennodynnrnics, the total energy of an isolated system 
i;, constant. If the system is not isolat<'d but can exchange etwrgy and/or u1attcr with 
its euvironweut, the First Law may ll<' applied to the w1iversc, that is, to the system 
plus its Cn\·iroruneut. But the First Law cauuot detcnnine the direction of spontaneous 
change. This is governed hy the- St.'Cond Law of Thermodynamics, which introduces a 
II('W variable of the system called cnLropy. Eutropy, roughly speaking, is '' measure of 
molecular disorder. According to th<' Srcond Law, the entropy of the universe 11lwnys 
in<"rcases for spontaneous prucesS€'8 of 11111 urc. This restriction, however, ｳ｡ｹｾ＠ nothing 
shout t h<' rate of the spontaneous process. 
A process i.s reYersible if at rvrry stage the system is in thermodynamic equilibrium 
nnd 1 h<' change from one equilibrium state lo another is infinitely slow. Further. a 
re\·ersible process in\·oln•s no di!ll-ipntin• effects (such as fri ction, viscosity. etc.). The 
rntropy of lhe uniYerse remains constant in a reversible process. ｓｰｯｮ ｴ ｾｴｮ･ｯｵｳ＠ processes 
are irre\·ersible. 
The First and Second Laws of Thermodynamics are never violated in nature. It is 
pos:;ible to express the Second Low (under certain conditions) iu ｴ ･ ｲｭ ［ｾ＠ of the variables 
of the system alone. For cxrunplc, for spontaneous processes occurring at constant 
temperature (T) and pressure (P), tho Gibbs Free Energy (G) (which is a combination 
of other thermodynamic variabl!'S] of t he system never increases, being constant for 
reversible processes. Some biological processes at constant T and P, howe\·er, are 
required to go in the direction of inrrcasing G. 

1.1 For all reversible processes. 

A) (6S)'>,.._ = 0. 

0) (6 G)..,......., > o. 
C) (6 S),yst..,. = -(6S)..,_. 

D) ( b.S)t'ftVirocunml = 0. 

[Here the symbols 68 ond 6G mean change in eutropy ru•d Gibbs Free Energy re-

spectiwlly.J 
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1.2 Consider the process of sudden condensation of a given mass of supercooled steam into 
water. In this process 

A) ( ｾｇ ＩＮｹｳｴ＼ｯ ｭ＠ = 0. C) { ｾｓＩｵｮｬｶ･ｲｳ･＠ = 0. 

B) ｻｉ ｾｓ Ｉｉ ･ｮ ｶｩｲｯｮｭｷｴ＠ >I ｻ ｾｓ Ｉｳｹｳｴ･ｭｬﾷ＠ D) Ｈ ｾｓＩ･ｮｶｩｲｯｮ ｭ･ｮｴ＠ < 0. 

[Here the symbol I I denotes the magnitude of the quantity inside the symbol.] 

1.3 A biological process at constant T and P in which G increases is 

A) necesSarily an infinitely slow reversible process. 

B) a violation of the Second Law of Thermodynamics. 

C) a non-spontaneous process requiring external agency. 

D) one in which entropy of the universe decreases. 

1.4 Two planes A and B inclined at 60° to each other intersect in a line 11• Another plane C 
not parallel to 11 intersects the planes A and B in lines 12 and 13 respectively. Then 

A) A line perpendicular to plane A makes an angle of 30° with a line perpendicular to 
plane B. 

B) the lines 11, 12 and 13 are concurrent. 

C) every line in A makes an angle of 60" with every line in B. 

D) the lines ｬ ｾｯ＠ h and Is lie in a plane. 

1.5 On a certain'parliamentary committee, 2/3 members are men. Of the men, 3/8 are from 
Rajya Sabha. FUrther, 2/5 of the total committee members are from Ra.jya Sabha. What 
fraction of the total committee members are women from Lok Sabha? 

AH. 
B) ｾﾷ＠

C) i· 
ｄ Ｉｾﾷ＠

1.6 Consider an equilateral triangle of side length a. Circular arcs of radius, a/2, are drawn 
from each of the three vertices. The area of the region formed by the three arcs as 
boundaries (shown as shaded area in the figure) is 

A) a: (2J3- 1r). 

B) ｾ＠ (7r- v's). 

C) a;. 
D) &· 

16 • 
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For the rest of the questio-ns in this section each correct answer will eam 2 marks. 

1. 7 Of the four triangular shapes (ii } to (v) ( shown in accompanying figure ), those which 
can be rotated to exactly :resemble shape (i) are 

£A£ ａｾ＠
(i) 

A} only(H}. 

B) only(iii ). 

(ii) (iii) (iv) (v) 

C) (iii ) and ( iv). 

D) (ii ) and (v). 

1.8 Observe the figures of Group 1 and Group 2 for pattern similarity between the two groups. 

Group 1: 

Group 2: 
? 

;;• ＺＺ［ｾＺ Ｚ ｰｰ＼ｯｰ＼ｾｏｏ＠ ｾ ｲ･Ｚ＠ ｲ･ｰ ｾ ＢＢＢＧ ｾ Ｚ Ｌ＠ ｾ ｃｦ＠ ood of ｇｲｯｾ＠ 2 '' 

0 Ｌ ＮＬ ｾ＠
C) F ig ( iii). 

D) Fig (iv). (iii) 

1.9 Observe the given sequence of numbers, which bas two missing numbers at the end. 
20 18 17 16 14 14 11 12 ? ? 
The most appropriate pair giving the missing numbers is 

A) 8, 10. C) 12, 11. 

B) 13, 9. D) 9, 10. 

1.10 Observe the given sequence of numbers, which bas two missing numbers at t he end. 
24 26 29 34 41 ? ? 

The most appropriate pair giving the missing numbers is 

A) 50, 61. C) 47, 59. 

B) 43, 47. D) 52, 65. 
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Group I Group 2 Group 3 
The most appropriate figure to replace the question mark at the end of Group 3 is 

A) Fig(i). 

B) ｾｩｧＨｩｩＩＮ＠

C) Fig(iii). 

D) Fig(iv). 
(i) (ii) (iii) (iv) 

1.12 T he astronomers F. Hoyle and J.V. Narli kar are known for their work on 

A) the big bang theory of the universe. 

B) the steady state theory of the Uitiverse. 

C) the inflationary phase of the big bang theory. 

D) the static model of the universe involving a new <:osmological constant. 

1.13 The quark model of matter is now well established. According to this model, 

A) a proton consists of three fundamental constituents (quarks). while an electron is an 
elementary particle with no further constituents. 

B) a proton consists of three quarks, while an electron consists of a quark and antiquark 
pair. 

C) both proton and electron are elementary part icles with no further constituents. 

D) both proton and electron consist. of three quarks each; the quarks in proton are posi-
tively charged, while those in electron are negatively charged. 

1.14 In the first artificial transmutation of elements carried out by Ernest. Rutherford in 1919. 

A) 230U nuclei were made to undergo fission by slow neutrons. 

B) neutrons were bombared on carbon nuclei to produce radioactive 14C. 

C) two trithm1 nuclei were made to undergo fusion resulting in 4He. 

D) a particles were bombarded on nitrogen nuclei producing oxygen nuclei and protons. 
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1.15 Charles Darwin, whose bicentenary is being celebrated this year, is known for his theory 
of evolution of species by natural selection. The scientist contemporary to Darwin who 
independently arrived at the same theory was 

A) Thomas Malthus. C) Louis Pasteur. 

B) Alfred Wallace. D) Gustav Kirchhoff. 

1.16 It is now generally accepted in ｾ｣ｩ･ｮ｣･＠ that life. on e.arth appeared about 

A) 3 billibn years ago. C) 100,000 years ago. 

B) 5 million years ago. D) 10,000 years ago. 

1.17 The famous Haber process of involving iron as a catalyst, is concerned with the manu-
facture of 

A) ammouia. C) uranium hexafluoride. 

B) hydrogen sulphide. D) hydrochloride acid. 

1.18 The British scientist Frederick Sanger is well-known for his work on/discovery of 

A) gas cllromatography. C) structure of insulin. 

B) electron-positron annihilation. D) masers. 

1.19 Eu1ers formula V- E + F = 2 , where V, E, Fare respectively number of vertices, edges 
and faces of a simple polyhedron, was one of the early basic results of 

A) Combinatorics. C) Chaos. 

B) Topology . 
• 

D) Coordinate geometry. 

1.20 The 19th century scientist who gave mathematical formulation of tl1e kinetic theory of 
gases was 

A) Michael Faraday. C) Lord Kelvin. 

B) James Clerk Ma'CWell. D) Albert Einstein. 

1.21 In Lhe emerging fi eld of stem-cell biology, 

A) stem of a plant is grafted to another to produce a high-yielding variety. 

B) cells from a stem are grown in tissue culture that grows into a full-grown plant. 

C) stem cells are taken from an animal and transplanted to replace its defective tissue. 

D) some special stem cells are being discovered that can give rise to both animal and 
plant cells. 
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1.22 Radon, discovered in 1900. is 

A) a high power beam of radiation. C) a m.edium wavelength radio source. 

B) a compound of radium. D) an inert gas. 

Section 2 Mathematics 

Total marks for Sect ion 2: 50 

This Section contains 14 questions. 
Fm· questions 2.1 to 2.10, only one of the 4 options is the correct answer. A correct 
answer will earn 9 marks, a wrong ans·we1· will earn {-1} mark, and an unattempted 
question will earn 0 mark. 

2.1 Which of the following curves in the x-y plane cuts every straight line in the plane? 

(I) X = t , y = t2; (II ) X = t , y = tl ; (III) X = t2 ' y = t3; (IV) X = t3' y = t•. 

A) (I) and (III) only. C) (III ) and (IV) only. 
B) (II ) and (IV) only. D) all the four curves. 

2.2 Let X = {1,2,3, · · · ,9} and A = {3,5,8,9} . The number of subsets B of X which 
satisfy the condition A\ B = {3 ,8} is 
A) zero. 
B) one. 

2.3 A fair die is thrown successively twice and the sum of the two numbers s that show 
up is noted. For any subset To£ {2, 3,4, ... , 12}, let P(T) denote the probability 
that s E 'l'. The smalleSt possible size (cardinality) ofT such that P(T) > ｾ＠ is 
A) 4. C) 6. 
B) 5. D) 7. 

2 .4 A spherical ice ball is melting in such a way that its radius is decreasing at a constant 
rate. What should be the radius R of the ball so that the rate of decrease of its volume 
is numerically equal to the rate of decrease in its surface area? 
A) R = 2. C) R = 411'. 
B) R = 211'. D) R cannot be detennined with the help of the data. 

2.5 A circle touches a parabola at two distinct points P and Q. The distance between 
the center of the circle and the midpoint of the chord PQ 

A) is a variable quautity that depends on the radius of the circle. 

B) is a constant and equals the semilatus rectum of the parabola. 

C) is a constant and equals the latus rectum of the parabola. 

D) equals 4PQ. 
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2 .6 Let ABCD be a trapC'.tium in which AB is parallel to CD. Further AC atJd BD 

intersect at 0 . lC the area of the triangle COD is 10 cm2, area of the triangle AOB 

is 40 cm2 and T denotes the area of the trapezium ABCD, then 

A) T cannot be calculated AS the data are insufficient. 

B) T can be calculated but it will have two distinct positive real values. 

C) T equals 70 cm2. 

D) T equals 90 cm2• 

2.7 Suppose f (x) = -:r2 + bx+land y(x) = x2+2x+ caresuch that max/(x) ｾ＠ ming(x) 
AS x varies over lhe set of all real numbers. The least possible value of c is 

A) 0. C) 2. 

B) 1. D) JS. 

2.8 Suppose the system of equations 

ax+y+ z - 0, 

:r + ay+z - 0, 

x+y+az - 0, 

hAS infinitely mauy solutions. The set of values of a for this to happen is 

A) {1 , -1} . C) {2,-2}. 

B) {-1.2}. D) {1,-2}. 

2 9 Th I. . f h . L' oin (.,>t</2) • 
. o mut o t e expressiOn tm.,_o ( ) , IS 

•;o(r.r/2) 

A) 0. C) ! 
B) l. D) j 

2.10 Consider the fw1ction f : !R --. !R defined by 

ｻ
･Ｚｾ＾Ｚ＠

f(x) = ｾ･ＲＺ＼＠ _ 1 
2 2 

Then f( x} is 

A) not continuous at 0. 

for x ｾ＠ 0, 

for x > 0. 

B) continuous at 0, but not differentiable there. 

C) differentiable at 0, but not twice differentiable there. 

D) twice differentiable at 0. 
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For questions 2.11 to 2.1.f. more than one of the 4 options may be correct. Your 
answer is regarded correct only if you choose all the correct option(s) and no 
incorrect option(s). A cor•rect answer will eam 5 marks, and a wr'Ong answer or 
an unattempted q11estion will earn 0 mark. 

2.11 Consider the function I: IR ..... JR, l(x) = x +sin x, x E JR. 

A) The timction is strictly increasing at every point. on IR except at x equal to an 
odd multiple of 1l' where the derivative of I is zero and where the function I is 
nQt strictly increasing. 

B) The function is bounded in every bounded interval but unbounded on whole real 
line. 

C) The graph of the function y = 1(3:) lies in the first and third quadrants only. 

D) The graph of the function y = l (x) cuts the line y = x at infinitely many points. 

2.12 A circular table is placed so that it touches two perpendicular walls. A point on the 
edge of the table is a em away from one wall and b em away from the other. It is 
required to find out all possible values of the radiits r of the table. Choose the correct 
statement(s). 

A) The data is insufficient to find any possible value of the radius. 

D) r can be found out for any positive real values of a and b. 

C) There will always be two distinct positive values of r. 

D) If r exist.s, then ｾｊ｡｢＠ < r < ( J(i + .../b)2 

2.13 Let J(m, n) = J
0
1 xm(1 - x)"dx, for all non-negative integers m , n . Then 

• 
A) I(m, n) < 1 for all (m, n) i (0, 0). 

B) I (m ,n) < I (rn+ l ,n-1) for all m ｾ＠ 0 and n > 1. 

C) 1{2,1) = ;2• 

D) I(m, n) is a decreasing function of m. 

2.14 Let a binary operation* be defined on the set C of complex numbers by z * w = zw 
for all z , w in C. Then 

A) the operation * is associative on C. 

B) given any z in C, z f 0, the equation z * w = 1 is uniquely solvable for w in C. 

C) y'Z*""Z + .Jw * w :;:: J(z + w) * (z + w). 

D) 2(n z+w* w) = (z+w) * (z + w) + (z-w) * (z-w). 
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Section 3 Physics 

Total marks for Section 3: 50 

ThiS sectron contains 1.4 questions. 
For questlons 3.1 to 9.10, only one of tlie 4 optwn.s is the correct amwer. A correct 
an..9wer will eam 3 marks, a wrong answer will eam {-1) mar*, and an u11attempted 
question will eam 0 mark. 

3.1 A physical quaut.ity A(x) is cxpt'<'lcd t.o behave, according to theory, as A(.c) = b+c.x", 
wbe're b, c, n are unknown positive constant-s. Measurements are made for A(.c) for 

a number of v-alues of .r, including .r = 0. The best way to proceed to verify the 
relation and to determine n and r is 

A) to find (A(x)- A(O)] for each measurement. Plot ln(A(x)- A(O)] vs In x and fit 
it to a straight line. Slope of the line will gh-e n and intercept will give In c. 

B) to plot A(x) vs x" for various values of n till \\'e get a straight line graph. Then 
the slope of the line gives r. 

C) to plot .4(.c) vs x. Employ the relation c = ａ ＨＺ ｱＩ Ｍ ａＨｾ＾ｬ＠ for some 11. Take the 
ｺｪ Ｍ Ｚｴｾ＠

average value of c. 

D) to plot In A{x) vs In T. Slope wi ll given. 

3.2 Consider two situations: (a) A cnpacilor of capacitance C is chargNI by a battery of 

voltage V. and then the battery is disconnected. (b) The same capacitor is chlliged 
by the same battery whic-h. however. is kept connected. Next, in both ('8SCS, a thin 

dielectric slab is inserted bC'I\I'('('D the capacitor plates. (Earlier there was only air). 
Let u. and Ub denote the electrostatic energies in the two situations. Which of the 

foUowing is true? 
A) Botp Ua and u. decrease. 

D) Both Ua and U& increase. 

3.3 An UJipolarised monochromatic b!'run of light 
is incident on a planar interface of two media 
of refractive index n1 and n11 ｲ･ｴｾｰ･｣ｴｩｶ･ ｬ ｹＬ＠ at 
IUJ angle of incidence i. It is found tbat the 
reflected beam is completely polarised. 
From this, we can conclude that 

A) n1 > nn and i > 45°. 
B) nn > n1 and i = sin-1(n,fnu ). 

C) Ua increases while U& decreases. 

D) U6 increases while U. decreases. 

C) i = tan- 1(n,fJJu). 

D) i = tan-1(nu/nJ). 

3.4 A radioacti1·c source, having a half-life of 6ve minutes, was found to have a oount-

iug rate of 12000 counts/sec at a certain point in time. Fifteen minutcs·after this 
observation, the counting rate is 
A) 1500 cotmts/sec. C) 6000 counts/sec. 

D) 4000 counts/sec. D) 750 counts/sec. 
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3.5 Two identical circular current carrying coils 1 and 2, 
each of radius n are placed adjacently a distftnce d apart 
(d << R). They carry equal curreuts I in opposite 
sense. Let L,, L, , Mt, , and 1112, denote the self and 
mutual inductances. 
Which of the foll owiug is at least appro:drnately true? 
A) L.. = -L,. C) ILd = IM2d· 

D) J\121 > L,. 

_ R__., 

I 

3.6 A capacitor C is charged by a constant volt11ge source. Let R be the net resistance 
in the charging circuit. As C charges, there is a Joule heating loss due to R. 

A) If R is small, current l (t) in the circuit is large, leading to a large Joule heating 
loss. 

B) lf R is large. t he charging takes longer which increases t he net Joule heating IOO>. 
C) Joule heating loss is over infini te p<>riod, and is therefore infinite. 
D) Net Joule heating loss is independent of R. 

3. 7 Following is a graph of veloc.ity ( v) versus 
time (t) for a pArticle. Choose the corre-ct, 
statement among the foll owing statements. 

A) Speed at P is more thart at Q and displacement at P is less t han at Q. 
B) Acceleration at Q is less than that at P and displacement at Q is more than at 

P. 

C) With time, acceleration at P is increusing while displacement is decreasing. 
D) With time, acceleration at Q is incrcnsing while displacement is alc;o increasing. 

3.8 Water drops of equal size are dripping at a constant rate from a tap at height H . 
The centre of mass of the column of drops at a gi\·en instant is located at a height of 
A) 3H/ 4 from the ground. C) H/ 2 from the ground. 
B) 2B/ 3 from t he ground. D) H/ 3 from the ground. 

3.9 In a laboratory projectiles of mass m1 c:oll id<' with a target. of mass m2 at rest. It 
is observed that t here are projectiles hurled at large scattering t\uglcs (> 150°). For 
this to happen 

A) the impact paran1eter of m1 must be large and m1 < m2• 

B) the impact parameter of m1 must be small and m1 < m2• 

C) the impact parSJneter of m1 must be large and m1 > ｾ Ｍ

D) the impact parameter of m1 must be small and m1 > m2• 
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3.10 A thiJl uniforn1 tube in the shape of "W" contain-
ing a liquid is rotated about the central vertical 
column wi th const-ant angular speed w. 

3.11 

If the separation between two adjacent columns is 
d, then 

.A) the liquid in the central colwnn rises a height (dw)2/g above that of the outer 
columns. 

B) the li quid in the outer columns rises a height (dw)2/g above that of the central 
colwnn. 

C) the liq1tid in the outer colulllllS rises a height (dw)2 / 2g above that of the central 
column. 

D) the liquid in the central column rises a height 2(dw)2/g above thnt of the outer 
coltunns. 

For questions 3.11 to 3.14 more than one of the 4 opti ons may be correct. Yom· 
answer i.s rega1rled wrrect only if you choose all the correc t option(s) and no 
incorrect option(s). A corr-ect answer will earn 5 marks, and a wrong a113we1· or an 
unattempted question will eam 0 mark. 

Two sinusoidal waves, whose displ<w.emcnts are given by Yt = A sin(2nv1t- ktx) and 
y2 = Asin(27rv2t- k2x), are sinmltaneously present in a mediwn. Given that v, = 
100Hz, 112 =200Hz, k1 = ｾｾ＠ m- 1 and k2 = ｾ＠ m- 1, an observer located at the origin 
finds 

A) an intensity ma.ximUDl at t = 0 and an intensity minimum at t = ｾ＠ s at the 
origiu. 

B) intensity minima at. t = ｾ＠ s and at t = ｾ＠ s at the origin. 

C) the speed of the waves in the medium is 300m s- l 

D) the maximUDl intensity at the origin is 2 times the rnaximwn intensity due to 
each wave in the absence of the other. 

3.12 In an o:-decay of a nucleus of A= 200 at rest in the laboratory, the Q-va.lue is 5 MeV. 
Choose the correct stat,ement(s). 

A) The de Broglie wavelengths of the emitted o: particle and of the recoil nucleus 
are equal. 

B) The kinetic energy of the o: particle and the recoil nucleus (as seen in the labo-
ratory) are nearly equal. 

C) The kinetic energy qf the a particle is approximately 4.9 MeV. 

D) The de Broglie wavelength of the a particle is approximately 1 A. 
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3.13 A cubical region (sides of 2 units) is bounded 
by the six surfaces: x = ±1, y = ±1, z = ±1, 
whiclJ together constitute a closed surface 
S. It is found t hat the nel electrostatic flux 
through S, c:l>s = 0. The volume of the cube 
is divided into 4 equal regions: 
(I) 0 <X< 1,0 < y < 1,-1 < z < 1, 
(11) -1 <x<O,O<y< 1,-1 <z<I, 
(III) - 1 < :r < 0, - 1 < y < 0,-1 < z < 1, 
and , 
(fV) 0 < :r < I, - 1 < y < 0,-1 < z < 1. 
It is found that lc:I>•I =F ｬ＼ｾ＾ ｮ ｬ ﾷ＠ We can conclude 
thll.t 

A) there are no r,harges anywhere in S, since <l>s = 0. 

B) at least one of the regions I and II have charges present. 

C) at least one of c:l>m !I.Dd c:l>1v is non-zero. 

D) lc:I>d + I'Pnl + lc:I>m l + lc:I>JVI > 0. 

3.14 A certain diatomic gas has the same specific heats as an ideal gas but a slightly 
different equation of state: PV = R(T + aT2

), a = 0.001 K- 1
• The temperature 

of the gas is raised from T1 = 300 K to T2 at constant, pressure. lt. is found that 
work done on the gas is 70% higher than what would be on an ideal gas. Choose the 
correct statement(s). 

A) ｔｾ＠ = 400 I< , internal energy increases by 250R per mole. 

B) T2 = 4001(, internal energy increases by 350R per mole. 

C) Total heat absorbed in the process is 450R per mole . 
• 

D) 'lbtal heat absorbed in t he process is 520R per mole. 

12 
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Section 4 Chemistry 
Total Marks for Section 4: SO 

This section has 14 questions. 

For questions 4.1 to 4.1 0. only one of the four options is the correct answer. A correct 
answer will earn 3 marks, a wrong answer will earn (·1) mark, and an unattempted 
question will earn 0 mark. 

4. 1 The relationship between the following pair of compounds is 

i:;OOH 

and 

A) bomomers. 

B) diastereemers. 

.tl 

HOOC - ｃ ｾ ｾ＠

C) enantiomers. 

D) geometrical isomers. 

4.2 Monochlorination of metylcyclopentane by chlorin.e, in the presence of light at 

low temperature, gives major product as 

A) 

B) THJ . U CI 

C) 

D) 

4.3 The IUP AC name for the fo.llowing compound is 

A) 4-hexen-3-one. C) 3-hexenone. 

B) 2-hexene-4-one. D) hex-3--on-4-ene. 

13 
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4.4 The molecule /ion with highest 0-N-0 bond angle is 

A) N02- C) NOz' 

B) N03- D) NOz 

4.5 Aluminum is exttacted by electrolysis from Bauxite and this process is known as 

Hall-Heroult process. In this extraction, it is advantageous to use a mixture of 

bauxite (A(z03.2HzO) and Na3AIF6. The role ofNa3AIF6 in this mixture is . 
A) to increase mel ting point of the mixture. 

8) to improve eleclrical conductivity of the ceU. 

C) to convert bauxite into aluminium fluoride. 

D) to enrich the aluminum content of the ore. 

4.6 The metal ion whose hydrated form will be almost colourless is 

A) Cu2• C) Mn2' 

4.7 For an ideal gas undergoing isothermal expansion (E: internal energy, S: entropy) 

A) ｾ＾ｏＬａｓ ＾ｏＮ＠

B) ｾ ｾｏＬ ａｓ ＾ｏＮ＠

C) AE c 0, AS c 0. 

ｄＩｾ＼ｏＬ＠ AS >0. 

4.8 The mixture of the solutions that will lead to formation of CaFz precipitate is 
• 

(solubility product of CaFl c 4X I o-11
) 

A) 100 mL of2.0 X w-• M Ca2• is mixed with 100 mLof2.0 X 10- 4 M F-. 

B) so mLof2.0 X 10- · M Ca1
• is mixed with 100 mLof2.0 X 10- 4 M r . 

C) 100 mL of2.0 x 10_... M Ca2• is mixed with 50 mL of 1.0 x to""' M F-. 

D) 100 mL of2.0 x 10·2 M Ca2• is mixed with 100 mL of 6.0 x 10-3 M r . 

14 
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.... 

.. 

4.9 Consider gaseous reaction at equilibrium: Hz (g) + [z (g) ｾ＠ 2 HJ (g). The following 

figure qualitatively indicates pressure P for these gases at equilibrium in a container. 

1-11 
!+-Time= t 

t 
p 

h 

H2 

Time-

To this equilibrium system, at time t, an extra 12(g) is added. The set of curves that 

appropriately indicates the response of the system to the above situation is 

A) 
C) 

t 
p 

ｾｨ＠

Time-

B) D) 

t 
p 

I 

H 

Tim-

4.10 The solution that is most basic is 

A) (HJO+] a I Ｐｾ＠ C) (OHl = 10""" 

B) pH =8 D) [HJO+] = 10-9 

IS 

p 
1-....!(,L.__If'-

Time-

t 
p 

H 

Time-
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For questions 4.11 to 4.14, more than one of the four options may be correct. Your 
answer is regarded correct only if you choose all the correct option(s) and no 
incorrect option(s). A correct answer will earn 5 marks, and a wrong answer or an 
una/tempted question will earn 0 mark. 

4.11 
Route I: 

Route II : 

ｾ＠ H,INi 

(I) 
CH1 

M 

l
0

1 

HN031H,SO, 

ｾ＠ {\') 
CH3 

N 

ｾＧＢ＠
Ac,O, 6 

(II) 

l 
A 

CH, 

NH3 6 

(' i) 

E: (major) 

ｾｈＬ＠

CH3 

8 

(iilj HNOJ H,SO, 

C ｾｃｏｃｈ Ｓ＠

ｾｃｈ Ｓ＠
N02 

(iv)! ｾ｡ｏｩｩ Ｌ＠ H,O 

ｾ＼ Ｌ＠
NO, 

X 

3-methyl-4-nitroaniline(X) can be prepared from M and N via ;routes I and 0 , 

respectively. Steps (i) to (vi) are involved in these routes. Choose the correct 

statement(s) for the above schemes. 

A) Steps (ii) and (iii) in route J are protcction-deproteetion steps. 

B) In route I, steps (ii) and (iii) can not be interchanged. 

C) In route U, step (vi) can be carried out easily on N. 

D) Nitration ofM will give 2,5-dinitrotoluene. 

4.12 Choose the correct statements for the series BHl, CRt. NHl and H20. 

A) Bronsted acidity increases from left to right. 

B) The central atom in each molecule can have maximum of 8 electrons in its 

valence shell. 

C) The pKa values decrease from right to left. 

D) Lewis acidity increases from left to right. 
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4.13 The potential energy curve for a reaction going from P to T is given below. 

P.E 
i 

Q 

T 

Reaction Co-ordinate 

Choose Lbe correct statement(s) for Lbe above system. 

A) Conversion of P ｾ＠ R is Lbe rate determining step of the overall reaction. 

B) S indicates presence of an intermediate. 

C) Enthalpy of Lbe reaction is given by Z + X. 

D) The reaction P ｾ＠ T is an endothennic reaction. 

4.14 A schematic diagram of voltaic cell at 25"C is shown below (Atomic mass of Cr: 
52 and Lbat of Ag : I 08) . 

voltmeter 

Salt Bridge 

r r---1- ｾ＠
ｾｉ＠

f- -
'-

ｬ ｍｃｲ ｾ＠ ｉｍａｦＡＮｾ＠

Choose the correct statement(s) for the above system. 

A) The positive ions in the solution will migrate towards Ag hal f cell . 

B) When two moles of electrons arc passed through Lbe solution, Lbe Cr electrode 

will lose its mass by about 35 g. 

C) If accidentally solid Na2S falls into Ag' e.lectrode and turbidity is observed in 

silver half cell, Lbe cell potential will decrease. 

D) The silver electrode will show increase in mass. 

17 
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Section 5 Biology 

Total Marks for Section S: 50 

71Jis section has 14 que.vtions. 

For QuestioiiS 5.1 to 5.10 only one of the 4 options is the co"ect answer. A co"ect 
answer will earn 3 marks, a wrong answer will earn (-1) mark, and an unattempted 
question wfll earn 0 mark 

S.l. The bacterium Escherichia coli bas a single circular DNA as its genome that has 4 x 
106 bp. How many moles of DNA are present in each Escherichia coli cell? 

A) I mole. 
B) 6.023 x llY 3 moles. 

C) 025 x 10-6 moles. 
D) 1.66 x w-24 moles. 

5.2. Escherichia coli cells were grown for many generations in ISNILtCl as sole nitrogen 
source. Subsequently, these cells were grown exactly for four gen.erations in 
medium ｣ｯｮｴ｡ｩｮｩｾ＠

14
NH.Cl. The DNA from these cells were isolated and 

separated. If 1sN/1 N represents the two strands of DNA where both strands have 
heavy nitrogen; 15N/14N as intermediate DNA; and 1"Nt1"N as DNA containing light 
nitrogen, the ratios for heavy: intermediate: light DNA, respectively would be 

A) 1:0:7 C) 0:1:7 
B) 1:1:6 D) 0:8:0 

5.3. The Darwinian fitness can be estimated by 
(A) documenting how long different individuals in a population survive. 
(B) counting the number of offsprings produced by different individuals in a 

population. 
(C) determining which individuals have large size in a population. 
(D) determining which phenotype is the most common one in a given 

population. 

5.4. Which of the following best characterizes an adaptive radiation? 

(A) Speciation occurs extremely rapidly, and descendent populations are 
confmed to a small geographical area. 

(B) A single lineage diversifies rapidly, and descendent populations occupy 
many habitats. 

(C) Natural selection is particularly intense since disruptive selection occurs. 
(D) Species recover after a mass extinction. 
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5.5. Which of the following graphs correctly depicts the rate of respiration of a non-
hibernating mammal living in cold climate? 

B) 

Q 

300 

0 -+---.---.-.--..--.--,--, 

300 

-30 -10 0 10 30 
Air temperature °C 

.sa 
- 200 
Ｎｾ＠
ft 
ｾ＠
ｾ＠0 

100 

0 -+--.---.-.--..--..--.--, 
-30 -10 0 10 30 

Air temperature °C 

C) 

D) 

300 

Ｍ ｾ＠
Ｎ ｾ＠ 200 
Q. 

ｾ＠
"$. 

Q 
.2 

100 

0 -+---.---.-.-..--..--r--. 

300 

-30 -·10 0 10 30 
Air temperature °C 

.s 200 
Q. 

"' u 
0:: 
"$. 

100 

0 -+--r--r--.-.,.-..--....-, 
-30 -10 0 10 30 

Air ｴ･ｭｾｲ｡ｴ｜Ａｲ･＠ °C 

5.6. What will be the effect of keeping C1 and C4 plants in an environment having 
15% oxygen? 

(A) Rate of photosynthesis of both the plants will be reduced. 
(B) Rate of photosynthesis of only the C4 plant will increase. 

' (C) Rate of photosynthesis of only the C1 plant will increase. 
(D) Rate of pbotosynth.esis of both the plants will increase. 

5.7. Relative amounts (mole%) of nitrogenous bases in a genomic DNA swnple are 
as follows: 

A: 24.7 G: 24.1 T: 32.7 C: 18.5 

The most likely source of DNA is: 

A) virus. C) Yeast. 
B) Bacterium. D) Salmon spenn. 
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5.8. Oihydroxy acetone phosphate and glyceraldehyde -3-phosphate are reversibly 
intereonvenible. 

H2-c-OH 
I 
C=O 

I ｾ＠
Hz-C-0-P-OH 

I 
OH 

Dlhydroxyacetone phosphate 

H- c- o 
I 

H-C-OH O 
I II 

H2-C-O-P-OH 
I 

OH 

Glyceraldehyde phosphate 

The enzyme that catalyzes the above reaction is 
A) Aldolase. 
B) Isomerase. 
C) Phospho gl ycerokinase. 
D) Phospho glyceromutase. 

5.9. During metabolic process the ratio of number of net ATP molecules produced 
between cytosol and mitochondrion for each molecule of glucose consumed is 

A) 1:8 C) I :I 
B) 0:1 D) I : 18 

5.1 0. Mitochondria are the sites of oxidative phosphorylation and electron iransporl. 
Hence, they are known as the powerhouse of the cell. Select the correct statement 
about these orgaucUcs. 

A) They a.re present in all prokaryotic and eukaryotic organisms. 
B) They are present only in aerobic prokaryotes and aU euk:aryotes. 
C) They are present in all living cells except viruses. 
0 ) They are present only in eukaryotes. 
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For Questions S./1 to S./4 more than one ofrlre 4 options may be correct. Your ansu·er 

is regarded correct only if you choose all tbc correct oprion(s) aad oo incorrect 

optioo(s). A correct answer will eam S marks, and a wrong answer or an unattempted 
questio11 will t.'llnt 0 IIICirk. 

5.11. The fo ll owing graph depicts the effect of temperature on the activi ty of lhe two 
enzymes A and B thnt catalyze the same reaction. 

Choose the correct statcment(s) for these .-------------------, 

results. 

A) The rate of reaction in each case 
increases with increase in tcmperarure 
and declines at higher temperatures due 
to denaturntion of the enzyme. 

B) Both the enzymes A and B arc 
thermolabile. 

.. 
f . 
ｾ＠

ｾ＠ .. 
ｾ＠

l • 
i . 

" ' \ f \ 
I B I 

' \ 
\ 

ＮＮｊＩ ＮＬ ｾ＠ ........ ut 

Tcmpcnture C 

C) At higher temperature, the reactams 
become highly energized and fail to interact with the active site, thus decreasing the 
rate of reaction. 

D) The enzyme A is from a mesophi li c organism, whereas the enzyme B is from a 
thennophil ic organism. 

5.12. Mutations in Neurospora were generated and screened to f'ind out if some 

amino acids were required to support their growth. Following table depicts the 
rcsuhsofscreeningof threesucb mutnnts(Mutl. 2. and J) that mapped to three 
genes (genes I, 2 and 3, respectively): 

Mutant Gene Supplement 
Type 

no arginine + ARGININE no arginine mo arginine 
no ornithine noomithine +ORNITHJNE MO ornithine 
no citrulline no citrulline no citrulline + CITRUlliNE 

.lfut I Gent" I no ｾｲｯｷｴｨ＠ GRO\\'fll nogr<>wth GROWTH 
Mm2 Gene 2 no l{rowth GRO\\'fH GROWTH GROWTH 
Mut3 Gt!ne 3 no growth GRO\\'fH no growth no growth 

Choose the correct statement(s) for the above experiment. 

A) A ll the three genes code for enzymes in a pathway responsible for 
synthesis of arginine. 
B) For the synthesis of arg.ininc, ornithine and citruUine are the 

intermediates. 
C) Gene 3 codes for an enzyme that catalyzes conversion of citruUine to 

arginine. 
D) Gene I codes for an enzyme thnt cntalyzes formation of ornithine from 

a precursor. 
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S.IJ. Haemoglobin and myoglobin are protein molecules thai can bind teo oxygen. 
Haemoglobin I in the graph is from Llama - a mammal living at h:igh altitude 
and haemoglobin 2 belongs to human. Choose the correct intCipretation(s) of 

the graph. Myoglobin 

A) Myoglobin is a better reservoir of oxygen 0 
irrespective of the oxygen tension in the ｾ＠
tissue. 

B) , Under reduced oxygen pressure, 
haemoglobin is more efficient in 
supplying oxygen to the tissues. 

ｾ＠ ＭＭＭＭＭＺＺＺＺＺＺＺＺＺ］ＺＺＺＺｾ＠

C) Human haemoglobin will never become '$. 
fully saturated with oxygen at high """'::;_-,------,O- ---rOO-

｡ｬｾｾ Ｍ ｾｾｾ＠
D) Llama haemoglobin has a higher affinity for 

oxygen than human. 

5.14. Lao-operon is an inducible operon that synthesizes ｾＭｧ｡ｬ｡｣ｴｯｳｩ､｡ｳ･Ｌ＠ an enzyme 
responsible for breakdown oflactose into galacose and glucose. Isopropyl thio 
galacto pyranoside (lPTG) i.s a structural analogue of lactose that also induces 
the lac-operon, but it cannot be broken down by ｾＭｧ｡ｬ｡｣ｴｯｳｩ､｡ｳ･ Ｎ＠ The kinetics of 
activation of lac-operon by lactose and lPTG are shown below. 

Amount of 
jl-galatlosldase 

+ IPTG 

Time 

Choose the correct statement(s) for the above kinetics. 

A) The different kinetics could be because the IPTG has been added in 
very high concentration whereas lactose is added in limited quantity. 

B) Since lactose is also the substrate for ｾＭｧ｡ｬ｡｣ｴｯｳｩ､｡ｳ･Ｌ＠ the !}-
galactosidase that is induced degrades lactose. Consequently, the 
concentration of lactose decreases and hence the decline in the 
induction of lac-operon. 

C) Since IPTG is not a substrate for ｾＭｧ｡ ｬ ｡｣ｴｯｳｩ､｡ｳ･Ｌ＠ its concentration 
remains unaffected by the presence of enzyme. Consequently, the 
operon is continuously induced. 

D) Lactose binds to the repressor tranSiently, whereas lPTG binds 
perrnanently. 

• •••••••• 
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NATIONAL ENTRANCE SCREENING TEST (NEST-2009) 

Total marks: 200 Time: 3 hours 

Notes and Instructions 

I. This question booklet contains 5 sections. Each section carries 50 marks. 

2. First section is a general section and it is compulsory. 

3. Sections 2 to 5 are subject sections (mathematics, physics, chemistry aJl(l biology). 
Choose any three. That is, omit any one of the four subject sections. 

4. Pocket calculators, log tables, cell phones etc are not permiued in the examination 
hall. 

5. Answers to the questions are to be marked in the OMR sheet provided. 

6. For question booklet 8, you must answer on OMR sheet B. 

7. Rough work should be done on the sheets provided. 

8. Rerum the OMR sheet to the invigilator ar the end of examination. 

9. Carefully read and follow the instructions given in each section. 

Instructions for wrltln& on OMR sheet 

I. Write your name, roll number and other required information with ball point pen 
in the appropriate boxes provided. Sign your name with ball point pen in the box 
provided. 

2. In the remaining part of OMR sheet use HB pencil only as Instructed. Make sure 
that the bubbles are OUed properly (as shown in OMR sheet). 

3. Each question has four options. Fill the appropriate bubbles. Some questions (as 
specified in the question paper) have more than one correct choice. 

4. Read and follow the instructions given on the OMR sheet. 

5. Fill in the answers only when you are sure that you do not need to change the 
answer. As far as possible, avoid erasing the answer. In case you have to erase the 
answer, do so properly so that there is no black spot inside the bubble. 

6. Ensure that you are 6lllng up the bubbles corresponding to correct sections. 

7. Your roll number (given on the admit can!) MUST BE ENTERED CORRECTLY. If 
entered wrongiy or not entered, the OMR sheet will not be grraded. 
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Section 1 G en eral 

Total marks for Section 1: 50 

Thu sectton contains 22 questions. 
For each questton. only one of the 4 optwns ｾ＠ a conlld answer. For que.,ltons from 1.1 

to 1.6, a correct a11swer ·urillearn .9 marks. For rest of the questions, each ｣ｯｭｾ｣ｴ＠ answer 
w1ll eam 2 ma,·ks. For thts sect1on, a wrong answer· or an urwltempted question will cam 

0 mark. 

Passage for Questions 1.1. t o 1.3 
Read the following passage ctll'f'fully and choose the correct optton from the options that 

follow. 

A<X.'Ording to tlu.' First Law of thcrmO<Ivnamics. the total energy of an isolated b)'Stem 
ｩＮｾ＠ ＼Ｇｏｉｌｾｴ｡ｵｴＮ＠ If the system is not L-;olated hut can exchange energy and/or matter \\;th 

its cm;ronmem, the First Law may be applied to the universe, thnt is, to the system 
plus its environrneul. But the First Lnw c11nnot determine the direction of spontaneous 

C'hA.ugc. This is governed by rhe Second Law of Thermodynamics, which introduces a 
ucw vRriable of the system call ed rnt ropy. EuLropy, roughly speaking, is a measure of 

ｭｯｬ ･＼Ｚ ｵｬｾ｜ ＱＧ＠ disonk·r. Ac·c()rding I o the Sreond Law, the entropy of t he univerS(' always 
iutrct1S<'S for spontaneous protl'SsC'S of uatu.re. T his restriction, however, says nothing 

about the rate of the spontaneous ｰｲｯ｣ｴ＾［［ＮｾＮ＠

A process is reversible if Ill <'Wry stnge the syst-em is in thermodynamic equilibrium 

and the cltru\ge from one equilibrium .,tate to another is infinitely slow. Further, a 
reversible process invoh-es no dL'iSipath-e effects (such as friction, viscosity, etc.). The 
entropy of the wliverse remains ronstant in a reversible process. Spont anrons processes 

are irreversible. 
The First and Second Laws of Thrnnod}111lllliCS are nC\'er violated iu nature. It ib 
possible lo express tJae Second Lnw (under certain conditions) in terms of the variables 

of thc system alone. For example, for spontaneous processes occurring at constant 
temperature (T) nnd pressure (P), the Cihbti f'ree Energy (G) [which is a combiuatiou 
of other t hermodynamic varit\blesj of t he system uever increases. being coustant for 
rrvcrsible processes. Some biologicuJ prot:es.'les at. constant T lUlU P, however, ure 
rl'(j uircd to go iu the dirE'Ction of iucrensing C. 

1.1 For all re,·ersible processes. 

A) (6S).> .. ｾ＠ = 0. 

D) (6C)., .. ,..,. > 0. 

C) (6S)S)'Stem = -(6 S).,,.1.....,,,_. 

D) Ｈ ａｓ ＩＮＮＬｾＮＬＮ］＠ 0. 

[Here t he S)1nbolli ｾ＠ and ｾｃ＠ mcnn C'bange in entropy and Gibbs f'ree Energy ｲｾ＠

SJ)('Cli wl v.j 

l 
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1.2 Consider the process of sudden condensation of a given mass of supercooled steam ｩｮｴｾ＠
water. ln this process 

A) ( Ｖｃ Ｉ ＮｹＮｾ･ｭ＠ = 0. C) (6S)uni......, = 0. 

B) (165}1 .... ;""""""' > I (65}.,... .... 1. D) (6S)envirorunen• < 0. 

[Here the symbol I I denotes the magnitude of the quantity inside the symbol.] 

1.3 A biological process at constant T and P iu which C increases ｬｾ＠

A) necessarily an infinitely slow reversible process. 

B) a violation of the Second Law of Thennodynamics. 

C) a non-spont.aneous process requiring external agency. 

D) one in which entropy of the universe decreases. 

1.4 Two planes A and B inclined ｡ｾ＠ 60" to each other intersect in n li ne 11• Another pla.ne C 
not parallel to 11 intersects the piMcs A and B in Hues lz and 1:1 respectively. Then 

A) every l.ine in A makes an angle of 60" with every line in B. 

B) the l.ines 11, h and !3 are concurrent. 

C) A line perpendicular to p!RUe A makes an angle of 30" with a line perpendicular to 

plane B. 

D) the l.ines 11, 12 and l1 lie in a plane. 

1.5 On a ccrtaiJl parliamentary committee, 2/3 members are men. Of the men, 3/8 are from 
R.ajya Sabha. Further, 2/ 5 of the total <.'Ommittee members are from Rajya Sabha. What 

fraction of the total committee members are women from Lok Sabha? 

A) ;,. 

B) /7. 
1.6 Consider an equilateral triar1gle of side length a. Circular arcs of •·ll.dius, a/2, are drawn 

from each of the three vertices. The area of the region formed by the three arcs as 
boundaries (shown as shaded area in t be figure) is 

A) ｾ＠ (2¥'3 - n). 

B) a: {7i- J3). 

C) a:. 
D) y'3o2 

16 • 
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For the rest of the Q'Uestions in this section each correct answer will earn 2 marks. 

1. 7 Observe Lhe given sequence of numbers, which has two missing numbers at the end. 
20 18 17 16 14 14 11 12 ? '? 
The most appropriate pair giving the missing nwnbers is 

A ) 12, 11. C) 8, 10. 

B) 9, 10. D) 13, 9. 

1.8 Of the four triangular shapes (i.i) to (v) (shown in accompanying figure ). those which 
can be rqtated to exactly resemble shape (i) are 

ﾣａｌａｾ＠
( i) ( ii ) (iii) (iv) (v) 

A) only(i.i). C) (iii ) and (iv). 

B) only(ii i). D) (ii) and (v). 

1.9 Observe l,he figures of Group l and Group 2 for pattem similarity between the two groups. 

Group 1: 

Group 2: ? 

• 
The most appropriate figure to replace the question mark at the end of Group 2 is 

ＯＧｾ＠

(Y A) Fig (i). 

B) Fig (i.i). 

(i) 
(h) D 

C) Fig (iii) . 

D) Fig ( iv). (iii) <> M 
(iv) .zy 

1.10 Observe the given sequence of numbers, which has two missing numbers at the end. 
24 26 29 34 41 ? ? 

The most appropriate pair giving the missing numbers is 

A) 50, 61. C) 47, 59. 

B) 43, 47. D) 52. 65. 

3 
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1.11 The quark model of matter is now well established. According to this model, 

A) both proton and electron consist of three quarks each; the quarks in proton are posi-

th·ely charged. while those in ele<-tron are negath·ely charged. 

13) a proton consists of three fundamental constituents (quarks), while an electron is an 

elementary particle with no furl her c-onstituents. 

C) 1\. proton consists of three quarks, while an electron cousists of .fl ｱ ｵ ｾｴｲｫ＠ nnd antiquark 

pail;. 

D) both proton and electron are elementary particles with uo furl her constituents. 

1.12 Observe the figures of Group 1, Group 2 and Group 3. 

ｾ＠ ? 

Group Group 2 Group 3 
The most appropriate figure to replace the ｱｵｾｴｩｯｮ＠ mark at the enrl of Group 3 is 

A) Fig(i). 

B) Fig(ii). 

C) Fig(ili) . 

0 ) Fig(iv). 
(i) (ii ) (ii i) (iv) 

1.13 In the first artificial transmutation of elements carried out by Ernest Rutherford in 1919, 

A) two tri\ium nuclei were made to Ulldergo fusion resulting in 4He. 

B) a part.icles were bombarded on nitrogen nuclei producing o.xygen nuclei and protons. 

C) Ｒ ｾｕ＠ nuclei were made to und(•rgo fission by slow neutrons. 

D) ueutrons were bombared on carbon uuclei to produce rru:lioactive 14C. 

1.14 The 8l!tronomers F. Hoyle lllld J.V. Narlikar are known for their work on 

A) the big bang theory of the universe. 

B) the static model of the universe iuvolving a new cosmological constant. 

C) the steady state theory of the universe. 

D) the inOationary phase of the big bllllg theory. 

4 
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1.15 Eulers formula V- E + F = 2 . where V. E, Fare rP.specLively number of vertices, edges 
and faces of a simple polyhedron, was one of the early basic results of 

A) Combinatorics. C) Chaos. 

B) Topology. D) Coordinate geometry. 

1.16 Charles Darwin, whose bicentenary is being celebrated this vear, is known for his theory 
of evolution of species by natural selection The scienti.6t contemporary to Darwin who 
inc:lependently arrived at the same theory was 

A) Louis Pastenr. 

B) Gustav Klrchhoff. 

C) ThomsJS t.huthus. 

D) Alfred Wallace. 

1.17 I t is now generally accepted in S<'ience that life on earth appeared about 

A) 3 billion y<'ars ago. 

B) 5 million years ago. 

C') 100,000 years ago. 

D) 10,000 years ago. 

1.18 In the emerging field of stem-cell biology, 

A) rells from a stem ｾｲｦＧ＠ grown in tissue culture that grows into a full -grown plant. 

B) stf'm cells 11re takPn from an animal and lransplanted to replace its defective tissue. 

C) stem of a plant is grafl ed lo another LO produce a high-yielding variety. 

D) some special stem cells are being discovered that can give rise to both animal and 
plant .ceUs. 

1.19 The famous Haber process of involving iron a;; a catalysL, is concerued with the manu-
fa('tttrl:' of 

A) ammonia. C) ura.nium hexalluoride. 

B) hydrogl:'n Rnlphide. D) hydrochloride acid. 

1.20 The British scientist Frffierirk SsmgE>r is weiJ-known for his work on/discovery of 

A) gas chromatography. 

B) elect rou-posilwn Mnihilatioo. 

C) stmcture of insulin. 

D} ｊｾｕｗ･ｲｳＮ＠

1.21 The 19th c:enlury scientist who g!\ve m11thematical formulation of the kiJJctic tbrory of 
gases ｷ｡Ｎｾ＠

A) Lord Kelvin. C) \licbaPI F11raday. 

B) Albert. E:insicw. D) James Cl!'rk Ma.xwPil. 
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1.22 Radon, disoo\"Crl'<l in 1900, is 

A) a high power IM>am of radiation. C) a medium wavelength rtiC.ho source. 

B) a compound of mdium. D) an mert gas. 

Sect ion 2 Mathematics 

Tot al mnrks for Section 2: 50 

Thts Stchon conlam.> 14 quuiloTL• 
For quest1ons 2.1 to :J.JO. only o ne of thr 4 opl10111> i.; the romrl answer. A corrnt 
answu will cam :J marks. a U!TYing 1111.>11'1 r will earn (-1) mark, 1111d an unattempted 

question w1ll 1'111'7l 0 mark. 

2.1 A fair die 111 1 hrowu successive!) twiN' and the sum of Lht• two numbers s that show 

up is nott'<l. Fur any subsM T of {2 3. 4 · · · .12}. let P(T) ､ｴｾｮｵｴ･＠ the probability 

that s E T The "wa.llest pos<rible sin• (mrcliual.ity) ofT surb that P(T) ｾ＠ ｾ＠ is 

A) 6 C) I. 

B) 7. D) 5 

2.2 Let ｘ ｾ＠ {l,:l.3,· ... 9} and A {:l,5,!1,!1}. The m1111bE'r of ｓｈｾｴＮｳ＠ B of X whi<'h 

satisfy the condition A\ B = {3. 8} is 
A) zero. 

B) one 

2 .3 Which of the following curves in 1 he x-y plane cuts every ｳｴｲｲｵｾｾ［ｨｴ＠ lme in the plane'! 

(I) r = t. y = t2· (II ) r = t. y ｾ＠ t\ (III ) :r = 12• y = 13; (IV ) .r = 13 , y = P 

A) (I) and (Ill) onlv C) (ill) and (IV) only. 

B) all the> four c·urve:.. D) (!I) and (IV) only. 

2 .4 A spherical kr b11ll is melting in sn<·h n way that. ｩｴｾ＠ radius is drerC'Asing at a constllllt 

rate. What should hi' the ｲｒ､ｨｌｾ＠ R of the ball so that the rate of decrea-SI' of its volum!' 

is numerically <'qual t{) the rate of d<'Crca..-.c in its surfare Arra"' 

A) R CIUlllOI he c!PtE'nllined with the help of the data. C) R 271'. 

B) R = 2. D) R = llr . 

2.5 A circle toucht., a parAbola at t\\11 distinct voints P and Q. The t.listanN' h!'twf>t'n 
the centrr of thr circle and the midpoint of the chord PQ 

A) is 11 vari•1hlr qlll1ntity that dt>Jwncls on the radius of thC' C'in·lr. 

B) is a t'OitStant and equals tb!' Sl'milnt n• rP< tum of the parabola 

C) is a c·on,,t;mt aud equals thP latus rcctUUJ of the parabolu 

D) ･ｱｵ｡ｬｾ＠ 2f'Q. 

6 
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2 6 Th 1. ' f 1 · li •m (•'"12) · . e 1m1t o t 1e express ton m,_0 ( ) 2 IS 
sin(=/2) 

A) ｾﾷ＠ C) 0. 

B) ｾ＠ D) l. 

2. 7 Suppose f(x) = -r+bx+ 1 and g(x) = r 2+2:c+c are such thnt ma.x f(x) $ min g(x) 
as :r varies over the set of all real numbers. The least possible value of r is 
A) 0. C) 2. 

B) ｾﾷ＠ D) v'S. 

2.8 Let ABCD be a trapezium in which AB is parallel to CD. Further AC and BD 
intersect at 0. lf the a rea of the triangle COD is 10 cm2, area of the triangle AOB 
is 40 cm2 and T denotes th!' area of the trapezium -4BCD, theu 

A) T cau be calculated but it wiU have two distinct positive real values. 

D) T cannot be calculated as the dat11 are insufficient. 

C) T equals 90 <-.m 2• 

D) T equals 70 cm2• 

2.9 Suppose the system of equations 

aJ·+y+z - 0, 
x+ay+z - 0, 

x+y+az - 0, 

has infinit ely many solutions. The set of values of a for this to ba.ppen is 
A) {1,-1}. C) {2,-2}. 
B) {-1:2}. D) {1, -2}. 

2.10 Consider the function f : IR- R defined by 

{

e3• 
f(J:) = !!Dlz - ! 

2" 2 

Then f(r) is 

for x $0, 
for ;r > 0. 

A) continuous at 0, but not differentiable there. 

B) differentiable at 0, but uot twice differentiable there. 

C) twice differentiable at 0. 

D) not contiuuous at 0. 
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For qucstrons 2.11 to 2.1./ more than one of tlte ../ optiorl8 mov br rom·ct. Your 
｡ｮＮｾｷｲｲ＠ t.s regarded rorrtcl only if you choose all the correct option(s) orrd n o 
incorrect option(s) . ..1 corrtcl ariSlL't'r unll earn 5 mll1'h, and a ti'I"Cmg an.ru•tr or 

an unattempted question v.1ll•arn 0 mark. 

2.11 !.Rt 11 binary operation • IJto dcfiul'd oo the !il't C of complex uumhl'rs hy ｾ＠ • I.L' = :u• 
for all .:: . w in C. Then 

A) .jz •::; + ...;w-;w ｾ＠ J(: + rn) • (: + 111). 

B) '2{.:: • z + w * w) = (: + w) • (: + U') + (:- w) • (.::- w). 

C) the operation " is associative on C. 

D) given any :: in C, : f. 0, the ('(Jtuttion : • w = 1 is uniquelv ROivnhln for u• in C. 

2.12 Consider the function f : :R- R. /{.r) = r Ｋｾｩｮ＠ r. r E R. 

A) The graph of the funt·tiou JJ = /{r) (Ut» the line y = x at mfirmely 1111111)' points. 

B) The function is strictly incre11.<ing nt 1'\'t't)' point on R CX("C}>l at r e<Jual to an 
odd multiple of ;r where tlw tlt•rimtive off is zero and where tltc fWJction f is 
nol strictly increasing. 

C) The function is bottndrd in every boWJded interval but unhounrlt'(l on whole real 
lint>, 

D) The graph of the funrtion y == /(.r) lit'll in the first and thir(J qtutdmnts only. 

2.13 U>t J(rn, n) = J; .cm(l - r)"d.T, for all non-negative integers m.n. Tlwn 

A) 1{2, 1) = ｾﾷ＠
B) J(np1) < 1 for all (m,r1) i= (0. 0). 

C) J{m. n) < I(m + I. n - I) for 1111 m ｾ＠ 0 and n ｾ＠ I. 

D) /(m. n) is a decreasing fWJ(liou of m. 

2.14 A circular table is placed so that it touche; two perpeuilicular walls A point on tLe 

l'dge of the table is a em nwf\y from out> wall and b em away from thl' othl'r. It is 

required to find out all ｐｾＧｩｨｬｲ＠ wtlue!S of the radius r· of the ｾｮｨｬ｣Ｎ＠ Ch(iCISI' th<' rorrl't;'t 
stntemcut(s ). 

A) The data is insufficient to find auy pos.5ihle value of the ｮｬ｣ｬｩｵｾＮ＠

B) r c.an he found out for 1\ny po!!itive real values of a and b. 

C) Tbl're will always be lwo distmct ーｯｳｴｴｩｾＧｬＧ＠ values of r. 

D) U r l'xists. then ｩｾ＠ .J(;b < r < { ..jO + ../b) 2 
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Section 3 Physics 

TotaJ marks for Section 3: 50 

Th1s sectton contatns 1./ que.sltons. 
F'or questions .<J.I to 9.10, only o ne of the 4 opttOrl3 is the correct answer. A correct 
an.<wPr will Pllrn .'J m(ll·k.s, a vmmg ｡ｲｾＮ［Ｌｷｐｲ＠ urill c·am {-1) mark, and an unattempted 
questwn Will earn 0 mark. 

3.1 Consider two situations: (a) A ｣｡ｰｾＮｕＺｩｴｯｲ＠ of capacitance C is charged by a battery of 
voltage V. aud lheu Lhe battery is disconnected. (b) The same capadtor i:; charged 
by the same battery which, however, Ls kept connected Nmct, in both rases, a thiu 
､ｩｾｬ･｣ｴｲ ｩ ｣＠ slah ｩｾ＠ inserted between the capacitor plates. (Earlier there was only air). 
ｌｾｴ＠ U. and Ub denote the e1E>Ctro:<1atir energies iu the l wo situaLious. Which of the 
foll owing is true? 
A) Ua increases whilt· U6 decreases. C) Bot.h U. and Ub decrease. 

B) Ub increases while U. decreases. D) Both Uu and Ub increase. 

3.2 A radioactive source, having a baU-liie of five minuteR, wns found to have a count-
ing rate of 12000 counts/sec at a certain point iu lime. Fifteen miuutes after ｾｨ ｩ ｳ＠

obserVlllion, thl' ｴｾｮｭｴｩｮｧ＠ rnte is 
A) 750 counts/sec. C) .. lQQO counts/sec. 

B) 1500 counts/sec. D) 6000 couutsf sec. 

3.3 A physical quaulity A(:r) is exp<'<'trd to behave. according to theory, Ill> A{.r) = b+c.c", 
wherP b, c, n arl' uuknowu positive cuustauts. ti,Jeasurements are mAde for A(x) for 
!\ number of values of ＮｾＮ＠ including x = 0. T he best way lo procred to veri fy the 
relat ion ami to detenuiue n and c is 

A) to find [A(£) - A(O}] for f'aC'b measurement. Plot ln[A(.r) - A(O)) vs In .r and fi t 
it tq a stmight li ne. Slope of Lhc line wi ll given and inter<.-ept will give In c. 

B) to plot .1(x) vs ;r" for various ''8.lues of n till we get. a straight. line graph . Then 
the slope of t lw line giws "· 

C) to plot. .4(:r) VI> .c. Employ lhe relatiou c = ａＨｾ､ Ｍａｴ ｮＡ＠ for some n. Take tht' 
ｺｩｾ＠ .. z;; 

average value of c. 

D) t.o plm In A(:r) \'};lux. Slope will give"· 

3.4 Au unpolarised monochromatic 
!Jeaw of light is incident on a pla-
nar interface of two media of re-
fr3A:'tive index n1 and n11 respec-
tivPiy, at an ang!(' of incident"e i. 
It is fmutJ t.bal the reflected beam 
is complelel.v polari£ed. 
Frow this. we can coudude that 
A) n1 > ttn and 1 > 45°. 

B) nn > n1 and 1 ］ ｾｩｮ＠ 1(nJ/nu). 

9 

n 

C) 1 = tau-1(nt/11rA)· 
D) 1. = tnn-1(nu/nJ). 
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3.5 A capacitor C is charged by a constant vol tage source. Let R be lhe net resisLance 
in the charging circuit. As C charges, there is a Joule heating loss due to R. 

A) Joule heating loss is over infinite period, and is therefore infinite. 

B) If R is smaU, ('urnmL 1(1) in lhe circuit is large, leading to a large Joule heating 
loss. 

C) If R is large, the charging takes longer which increases the net Joule heating loss. 

D) Net Joule heating loss is independent of R. 

3.6 Water drops of equal size are dripping at a constant rate from a tap at height H 
The centre of mass of tl1e col lllllU of drops at a given instant is loci!\ ted at a height of 
A) 3H/4 £rom the ground. C) H/2 from the gro•md. 

B) 2H/3 from the ground. D) H/3 from the ground. 

3. 7 Two identical circular current carrying coils and 2, 
eoch of radius R 11re pi11CI'd adjacently A distanced ap!\11. 
(d << R). They carry equal currents 1 in opposite 
sense. Let £1, 1,2, A/12, and J\121 dCilotc ilic self and 
mutual inductances. 
Which of llte foUowiug is at least approximately true? 
A) ILd = I.Afzd. C) £, = -L2. 
B) M21 > L,. D) M12 = -.\121· 

_R_ 

I 

3.8 in a laboratory projectiles of mass m1 collide with a target of mass m2 11t rest. H 
is obSCI'VL'<I that. there are projectiles hurled at large scatt-ering an,gles (> 150°). For 
this to happen 

A) the impact p11rnmeter of m1 must be small and m1 < ffi.2. 

B) tlw impact panuneler of m 1 ruust be large and m 1 > ｭｾＮ＠
C) the iinpact parameter of m1 must be small and m1 > TTI-2· 

D) the impact parameter of m1 must be large and m1 < m2. 

' 

3.9 Following is a graph of velocity (v) versus 
lime (t) for a particle. Choose the correct ＨｕＮｃＩＩ ｉＭＭＭＭＭＫＭ ＭＭＭｾ＠

statement among the following statements. 

A) Speed at P is more than 11t. Q and displacement at P is Jess than at Q. 

B) Acceleration at Q is less than that at P and displacement at •Q is more than at 
P. 

C) Wilh 1 ime, ｡｣ｲｾ＾ｬ･ｲ｡ｴｩｯｮ＠ lit P is ｩｮ｣ｲ･｡Ｎｾｩｮｧ＠ while displai'Pmen1 i» decreasing. 

D) With lime, ac<:eleration at Q is increasing while displacement is also increasing. 

10 
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I 
I 

I 
I 

.. 
3.10 A thiu llllifonn Lube iu the shape of ·"ovV" contain· 0 

ing a liquid is rotated about the central vertical 
colwnn with constant. ｡ｮｧｵｬｾｴｲ＠ speed w. 
If the separation between two adjacent columns is 
d, then 

d d 

A) The liquid in tJte central colUlllit rise.. a height (dw)2/g above that of the outer 
columns. 

B) The liquid in the outer columns rises a height (11uJ)2jg above that of the central 
column. 

C) The liquid in the outer coltmms ｲｩｾ･ｳ＠ a height (dw)2f2g above that of the <'entrnl 
colwnn. 

D) Thl' liquid in thP c:ffitral rolumn rises a height 2(dwj2fg above thai of the outer 
coltUIDlS. 

For questwns 3.11 to .J. Lf more t han one of the 4 opttan.s may be corrl'.ct. Yom· 
an.swer is regarded correct only if you choose all the corr ect op t ion(s) and no 
incorrect option(s). A correct an.swer will earn 5 marks, and a 1.umrtg aiiSt/ler· or· art 
unattempted question will earn 0 mark. 

3.11 Two sinusoidal waves. whOSI' displacements are given by Yl =A s.in{21T'vlt-k1.r) nud 
y2 = A sin(21TII2f - k2r) , are simultnneously present in a medium. Given lbal v1 = 
100Hz, v2 = 200 Az, k1 = 2; m- 1 and k2 = ｾ［＠ m- 1• an observer l·ocated at the origiu 
finds 

A) the maximwn intensity at thl' origin i5 2 timeR the ma:cinmm int.cusit.y tlue lo 
ｐＮ｡ｲｬｾ＠ WA.ve in the absence of the other. 

B) lUI intensity maximwn at t = 0 aud an intensity minimum A.t t = ｾ＠ s at the 
origin. 

C) intrnsity minima at t = ｾ＠ s and at t = ix, s at the urigiu. 

D) tbP !>-peed of the waves in the medium is 300m s-L. 

3.12 In an tt·derlty of IL m1clcus of A = 200 at rest i11 the lahoratory. the Q-value is 51-tcV. 
Choose the correct. stalemE'.nl(s). 

A) The de 13roglie wavelengths of the emit ted a particle ancl of the recoil nucleus 
are equal. 

B) The clc Broglie wavelength of the a panicle is approximately I A. 

C) The kinetic cuergy of the a panicle and the recoil ｮｵ､･Ｑｌｾ＠ (as seen in tlw !abo-
rat ory) at(' nearly equal. 

D) The kinetk energy of (,he o particle is approximately 4.9 MeV. 

11 
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3.13 1\ rubical region {sides of 2 units) is hcnmdt'<l 
b.v the six surf8CE'S: r = ± 1. y = ±I. : = ± 1, 
which togl'tb('T roru.titut<' a clllbtl<l burface 
S. It is found that lhl' nM l'h'ftrostatic fttlX 

through S, <l>s = 0. The \'Ohlml' of ｴｨｾ＠ cube 
is di\'ided into I equal rl'giotb. 
(I) 0 < .c < I. 0 < y < 1,-1 < z < L 
(II) - 1 <.r <0,0< y< 1, 1 <: < l, 
(lll)-l<x<O.-l<y<O. 1 <.:<1, 
IUld 
(IV) 0 < :r < 1,-1 < 11 < n. - 1 < • 1 
It is found that ＱｾＱ＠ '# l<l>u l. \\'<' t•un l'ondndr 
I hat 

. 
+t 

A) then• are no <'hRTg<'S •uwwlwr<' in S, 'im"t' <f>s = 0. 

0) a1 lea:; I one of the n'gions I 1111d II Lww charges prelE'nt 

C) 11.1 ll:w.l one of <l>m t\n<l 4>1\ Ｑｾ＠ non-ZC'ro. 

D) l<l>1 l<f>u + l<l>111l + 1•1>" I> 0 

.,.. 

3.14 II rt•rtain diatomic gas lu1.' thP »>Ull!' SJX1'ific heats as 1\11 ideal ｧ｡Ｎｾ＠ hut 11 slightly 

diff;orcnl equation of SliJ.lC' P\ ncr+ nT2). 0 = 0.001 K I TIH' IPIIlpt.:riJ.tllrl' 

of the gas i:. nti.<;ed from T1 - 300 I{ tu TJ at ronstant prcssurr. It is found tlun 

wotk donP on the gas 1s 70'7< higlwr I han what wtluld be onsu1 idralwts. Choose til(' 

<'Orrt'cl st.atemcnt(s). 

II) T1 = 400K, internal Pnrrszy ｩｮ｣ｮﾷ｡Ｎｾ＠ by 250R per mole. 

D) n = 100 K. internal I'IWrgy inCt(>IIJ'CS hy :JWR per mole 

C) 1\>tal heat absorbed in I b<' prtlt""-' il; .t50R per mole . . 
0) Total brat absorbM in t ht' prun-.., ts 52UR per mole. 

12 
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Section 4 Chemistry 
Total Mn1·ks for Section 4: 50 

This secrion has 14 questions. 

For quest/oTIS 4.1 ro 4.10. only one ofrhefour oprions is the correct answer. A correcr 
answer will eom 3 marks, a wrong an.rwer will eam (-1) mark, and an unauempled 
question will earn 0 mark. 

4.1. The metal ion whose hydrated fonn wiU be almost colourless is 

A) Cu1+ C) Na2+ 

4.2 for an ideal gas undergoing isotheJTllal expansion (£: internal energy, S: entropy) 

A) aE < 0, aS > 0. C) a£= o. as > o 
B) a£ = o, as = o. D) a£ > o, as > o. 

4.3 The mixture of the solutions that will lead to foiTllation of Caf2 precipitate is 

(solubiHty product of Cafz = 4x I 0"11) 

A) 100 mLof2.0 x Io-• M Ca1• is mixed with 100 ml of2.0 x 10·• Mr. 

B) 50 mL of2.0 X I o·• M Ca2
' is mixed with 100 mL of2.0 X I o·• Mr. 

C) 100 mL of2.0 x ＱＰｾ＠ M Ca1+ is ｭｩＮｾ･､＠ with 50 mL of 1.0 x IO-" Mr. 

D) 100 rnl of2.0 x 10"2 M Cal+ is mixed with 100 mL of6.0 x 10-J M F". 

4.4 The !UP AC name for the following compound is 

A) 3-hexenone. C) hex-3-on-4-ene. 

B) 2-hexene-4-one. D) 4-hexen-3-one. 

13 
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4.5 The relationship between the following pair of compounds is 

!;OOH 

H - C - CH 
• 3 

A) enantiomers. 

B) diastercomcrs. 

and 

ll 

Hooc- ｾ Ｍ ｎｾ＠

C) homomers. 

D) geometrical isomers. 

4.6 The molecule / ion with highest 0 -N-0 bond angle is 

A) N02- C) ｎｾﾷ＠

B)NO) D) NO, 

4.7 AluminunJ is extracted by electrolysis from Bauxite and this process is known as 

Hali-Hcroult process. In this extraction, it is advantageous to use a mixture of 

bauxite {Ah03.2H10) and Na3AJF6. The role ofNa3AIF6 in this mixrure is 

A) to increase melting pointofthcmixrure. 

B) to improve electrical conductivity of the cell. 

C) to ｣ｯｮｶｾＢＧｴ＠ bauxite into aluminium fluoride. 

D) to enrich the aluminum content of the ore. 

4.8 Monochlorinstion of metylcyclopentane by chlorine, in the presenc:e of light at 

low temperature, gives major product as 

A) C) 

B) D) cS_ 
Cl 

14 
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4.9 Consider gaseous reaction at equilibrium: H2 (g) + h (g)"" 2 Hl (g). The foUowing 

figure qualitatively indicates pre.= P for these gases at equilibrium in a container. 

HI 
r+-Time = t 

t 
p 

r, 

H1 

Time -

.... 
To this equilibrium system, at time t, an exlrll l2(g) is added. The set of curves that 

appropriately indicates the response oftbe system to the above si!Ulltion is 
• 

A) 
C) 

t t 
p 

p ll 1'-
H H 

Time- Time-

B) D) 

t t 
p 

h 
p 

H, H 

Time-+ Time-

4.10 The solution that is most basic is 

- A) [H30j = ＱＰＭＭＧｾ＠ C)pH=8 

B) [OHl = 10 ..... D) [HJO) = I o-" 
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For questions 4.11 lo 4.14, more thnn one of tlte four options may be correct. Your 

answer is regarded correct only if you choose all the correct option(s} and no 

incorrect option(s). A correct answer will oom 5 marks. and a wrong answer or an 

unatlempted question will eam 0 mark. 

4.1 1 The potential energy curve for a reaction going from P toT is given below. 

P.E 
i 

p 

Q 

T 

Reaction Co-ordinate 

Choose the correct Sllltement(s} for the above system. 

A) Conversion ofP ｾ＠ R is the rate dctcnnining step of the overall reaction. 

B) The reaction P ｾ＠ T is an endothermic reaction. 

C) Enthalpy of the reaction is given by Z + X. 

D) S indicates presence of an intennediate. 

4.U A schematic diagram of voltaic cell at 25°C is shown below (Atomic mass ofCr = 
52 and that of Ag ｾ＠ I 08}. 

voltmeter 

Salt Bridge 

ri-U- ｾ＠
ｾ Ｎ＠.__ 

1-

1M c,;• !MAg 1-

Choose the correct statcment(s} for the above system. 

A) The positive ions in the solution will migrate towards Ag half celt 

B) The silver electrode will show increase in mass. 

C) If accidentally solid Na2S falls intO Ag• electrode and turbidity is obser\'ed in 

silver half cell, the cell potential will decn:ase. 

D) When two moles of electrons are passed through the solution, the Cr electrode 

will lose itS mass by about 35 g. 
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4.13 Routt I: ｾＰＱ＠
I 

"'"'' (f) 

A 

Ac,O. 6 

(li) 

l tii'01111,SO, ｾ＠ NH, 6 
Routt II: ｾ＠ (\) 0 (•1) 

CH1 CH1 
N NO, 

£ (ntljor) 

ｾｏｃｈＬ＠

Ctl1 

8 (1 HNO( H,SO, 

c LCOCII, 
ｾｃｴｦ Ｑ＠

1'0:-

(h)! ｾＧ｡ｏｈ Ｎ＠ H,O 

ｾｾ Ｎ＠
N01 

X 

3-methyl-4-nitroaniline(X) can be preparod from M and N via rouiH 1 and II , 

respectively. Steps (i) 10 (vi) are uwolved in these routes. Choose the com:c:t 

statemenl(s) for the above schemes 

A) S1eps (i.i) and (iii) tn route I are ｰｲｯｴ･｣ｵｯｮｾ･ｰｲｯｴ･｣ｴｬｯｮ＠ steps. 

B) In route I, steps (ii) and (iii) can not be Interchanged. 

C) In route U, step (vt) can be earned ou1 easily on N. 

D) Nitrotioo of M will gtve ＲＬｓｾｭｬｴｲｯｴｯｬｵ･ｮ･Ｎ＠

4.14 Choose the correct s1atements for lhe series BH1, CH.. NH1 and H20. 

A) The pKa values decrease from right to left. 

B) Lewis acidity increases from left to ngbl. 

C) Bronstcd acidity iDCreases from left to righL 

D) The centra.! a1om m each molecule can have maximum of 8 elecl!Ons in its 

valence shell. 
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Section 5 Biology 

Total Marks ror Section 5: SO 

nris section lras 14 questions. 

For Questions 5. 1 to 5.10 only one of the 4 options is rlre correct auswer. A correct 
answer will eam 3 marks, a wrong answer will eam (· I) mark, and an unallemptecl 
question will eam 0 mark. 

5.1. Which of the following best characterizes an adaptive radiation? 

(A) Speciation occurs ･ｾｴｲ･ｭ･ｬｹ＠ rapidly, and descendent populations are 
confined to a small geographical area. 

(B) A smgle lineage diversifies rnpidly, and descendent populations occupy 
many habitats. 

(C) Natural selection is particularly intense since disruptive selection occurs. 
(D) Species recover after a mass extinction. 

5.2. The bacterium Eschenclria coli has a single circular DNA as its genome that has 4 x 
106 bp. How many moles of DNA are present in each Escherichia coli cell? 

A) I mole. 
13) 6.023 x I ol3 moles. 

C) 0.25 x I 0-6 moles. 
D) 1.66 x I 0 24 moles. 

5.3. Esclrericlria coli cells were grown for many generations in 1sNH4Cl as sole nitrOgen 
source. Subsequently, these cells were grown e;<actly for four generations in 
me<Hum containin,g ＱＴ ｎｾｃｉＮ＠ The DNA from these cells were isolated and 
separated. If uN/1"N represents the two S!rnnds of DNA where both strands have 
ｨ･｡ｾｹ＠ nitrOgen; Ｑ ｾｎＯ ＱＴ ｎ＠ as intermediate DNA; and 1"N!1'N as DNA containing light 
nitrogen, the ratios for heavy: intermediate: light DNA, respectively would be 

A) 1:0:7 C) 0:1:7 
B) 1:1:6 D) 0:8:0 

5.4. The Darwinian fitness can be estimated by 
(A) documenting how long different individuals in a population survive. 
(B) counting the number of offsprings produced by different individuals m a 

population. 
(C) determining which individuals have large size in a population. 
(D) determining which phenotype is the most common one in a given 

population. 
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5.5. During membolic process the mtio of number of net ATP molecules produced 
between cytosol and mitochondrion for each molcoule of glucose consumed is 

A) 1:8 C) 1:1 
B) 0:1 D) 1:18 

5.6. Relative amounts (mole %) of nitrogenous bases in a genomic DNA sample arc as 
follows: 

A: 24.7 G:24.1 T: 32.7 C: l8.5 

The most likely source of DNA is: 

A) virus. C) Yeast. 
B) Bacterium. D) Salmon spenn. 

5.7. Dihydroxy acetone phosphate and glyceraldehyde -3-phosphate are reversibly 
interconvertible. 

H1-c-OH 
I 
C=O 

I ｾ＠
H2-C-O-P-OH 

dH 
Olhydroxyacetone phosphate 

H-c=O 
I 

H-c-OH O 
I II 

H2-C-O-r-OH 

OH 

Glyceraldehyde phosphate 

The enzyme that catalyzes the above reaction is 
A) Aldolase. 
B) Isomerase. 
C) Phospho glycerokinase. 
D) Phospho glyceromutase. 

5.8. What will be the effect of keeping C3 and c. plants in an environment having 
15%oxygen? 

(A) Rate of photosynthesis of both the plants will be reduced. 
(B) Rate of photosynthesis of only the C. plant will increase. 
(C) Rate of photosynthesis of only the C3 plant will increase. 
(D) Rate of photosynthesis of both the plants will increase. 
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5.9. Mitochondria ore lhc sites of oxidative phosphorylation and electron tranSport. 
Hence, they are known as the powerhouse of the cell. Select the con-ect statement 
about these organelles. 

A) They are present in all prokaryotic and eukaryotic organisms. 
B) They are present only in aerobic prokaryotes and all eul-aryotes. 
C) They are present in all livmg ceUs except viruses. 
D) They are present only In eukaryotes. 

5.10. Which of the following graphs con-cctly depicts the rote of respiration of a non-
hibernating mammal living in cold climate? 

A) 

B) 

JOO 

" .2 
Ｍｾ＠ 200 
a. 
lJ 
p:: 
<;e. 

c 
0 

100 

0 +-....--....--...--...-,--,.-.. 

300 

-30 -10 0 10 JO 
Air temperature °C 

ﾷｾ＠ 200 
·c. ., .. p:: 

100 <;e. 

0 +-...--r--r---.-.-..,..., 
-30 -1 0 10 30 

Air temperature °C 
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JOO 

" 0 

·E 200 
·c. .. 
ｾ＠ 100 
<;e. 

0 +--r-r-r-r--r-.-, 
-30 -10 10 30 

Air temperature °C 

300 

" .g 
Ｍ ｾ＠ 200 

ｾ＠
p:: 
<;e. 

100 
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-30 -10 0 10 30 
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For Questions 5.11 to 5.14 more than one of the 4 options may be correct. Your answer 
is regarded correct only if you choose all the correct option(s) and no incorrect 
option(s). A correct answer will earn 5 mark.r, and a wrong answer or 011 rmaJtempted 
question will earn 0 mark. 

5.1 L The following graph depiciS the effect of tetnpernture on the activity of the two 
enzymes A nod B that catalyze the same reaction. 

Choose the correct smtement(s) for these r------------------, 
results. 

"' ,... 
A) The nne of reaction m each ease 
increases with increase in tempemture 
and declines at higher temperatures due 
to denaturation of the enzyme. 

' \ I \ 
I B I 

' \ 
\ 

B) Both the eozyrnes A and B are 
thermolabile. . . .. • 0 • • • ｾ＠ • - w 

T .,.,...,., 'c ' 

C) At higher tempernture, the reactants 
become highly energized and fail to interact with the active site, thus decreasing the 
rate of reactioo. 

D) The enzyme 1\ is from a mesophilic organism, whereas the enzyme B is from a 
thermophilic organism. 

5.12. Mutauons in Neurospora were generated and screened to find out if some 
Bmino acids were required to support their growth. Following table depicts the 
results of screening of three such mutants (Mut I. 2, and J) that mapped to three 
genes (genes 1, 2 nod 3, respectively): 

Mutant Gene Supplement 
Tvl>f' 

no arginine +ARGININE no arginine no arginine 
no omitlline no ornithine +ORNITHINE no ornithine 
no citrulline no citrulline no citrulline +CITRULLINE 

Mull Gene I no crrowtb GROWTH no I!I'Owth GROWTH 
Mut2 Gene 2 no urowth GROWTH GROWTH GROWTH 
MutJ Gene 3 no-.!fowth GROWT!l noomwth no I!TDwth 

Choose the correct statement(s) for the above experiment 

A) All the three genes code for enzymes in a pathway responsible for 
synthesis of arginine. 
B) For the synthesis of arginine, ornithine and citrulline are the 
intermediates. 
C) Gene 3 codes for an enzyme thai catalyzes conversion of citrulline to 

nrginone. 
D) Gene I codes for an enzyme that catalyzes formation of ornithine from 

a precursor. 
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5.13. Haemoglobin and myoglobin an: protein molecules that can bind to oxygen. 
Haemoglobin I in the graph is from Llama-a mammal living at high altitude 
and haemoglobin 2 belongs to human. Choose the correct interpn:tati.on(s) of 
the groph. 

A} Myoglobin is a better reservoir of oxygen 0 
irrespective of the oxygen tension in the ｾ＠
tissue. 

B) Under reduced oxygen pressure, 
haemoglobin is more efficicot in 
supplying oxygen to the tissues. 

C) Human haemoglobin will never become tt, ｾｌ＼ＮＺＺＺＮＮＮＭＬＭＭＭＭＭＭＮＭＭＭＭＭＮＭＭＭ
fully saturated with oxygen at high 

altitudes. 
D) Llama haemoglobin bas a higher affinity for 

oxygen than human. 

5.14. Lac-operon is an inducible operon that synthesizes jl-galactosidase, an enzyn1e 
responsible for breakdown of lactose into galacose and glucose. Isopropyl thio 
galacto pyranoside (IPTG) is a stmctural analogue oflnctose that also induces 
the lac-operon, but it cannot be broken down by ｾＭｧ｡ｬ｡｣ｴｯｳｩ､｡ｳ･Ｎ＠ The kinetics of 
activation of lac-operon by lactose and IPTG are shown below. 

Amounl of 
11-got•uosldase 

+ JPTG 

Time 

Choose the correct scatemeot(s} for the above kinetics. 

A} The different kinetics could be because the IPTG has been added in 
very high concentraiion whereas lactose is added in limited quantity. 

B) Since lactose is also the substrate for ｾＭｧ｡ｬ｡｣ｴｯｳｩ､｡ｳ･Ｌ＠ the ｾﾭ
galactosidase that is induced degrades lactose. Consequently, the 
concentration of lactose decreases and hence the decline in tlle 
induction of lac-operon. 

C) Since IPTG is not a substrate for P-galactosidase, its concentration 
remains unaffected by the presence of enzyme. Consequently, the 
operon is continuously induced. 

D) Lactose binds to the repressor transiently, whereas lPTG binds 
permanently. 

• •••••••• 
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