
Q.l Transposons are distributed throughout the human genome and constitute about 45% of the 
genome. Retrotransposons are 

(A) transposable elements that transpose from one site to another in the genome via reverse 
transcription through an RNA intermediate 

(B) repetitive sequences in the genome 
(C) DNA elements which move in the genome 

(D) satellite DNA sequences 

Q.2 Several enzymes are involved in DNA repair pathways. Which one of the following enzymes 
is also referred to as a suicidal enzyme? 

(A) Ligase (B) Polymerase 
(C) Methyltransferase (D) Excision repair enzyme 

Q.3 In the lactose operon, the lac repressor binds to the operator and does NOT allow RNA 
polymerase to bind to the promoter. Allolactose reduces the affinity of the repressor. for the 
lac operator by binding and changing its conformation. Thus, addition of lactose or a synthetic 
inducer stimulates the transcription of the lac operon structural genes. 

Synthetic inducers are called gratuitous inducers because 

(A) they will be metabolized by beta-galactosidase to glucose and galactose 
(B) they activate transcription but are NOT metabolized 
(C) their removal does NOT lead to immediate inhibition of induced transcription 
(D) RNA polymerase CANNOT bind to promoter in their presence 

Q.4 Group I lists certain plant fungal diseases. Group II lists the causative agents. Match the 
diseases with the corresponding causative agents. 

Group I Group II 

P. Damping off disease l. Phytophthora infestans 
Q. Late blight or rot disease of potato 2. Pythium debaryanum 
R. Downy mildew 3. Peronospora parasitica 
S. Club root disease of broccoli 4. Plasmodiophora brassicae 

(A) P-2, Q-1, R- 3, S--4 (B) P- 1 Q- 2 R--4 S- 3 
' ' ' 

(C) P- 3, Q-2, R--4, S-1 (D) P-2, Q-3, R- 1, S-4 

Q.S Some mushrooms are poisonous and are popularly called "death caps" or "destroying angels". 
Which one of the following is the deadliest mushroom? 

(A) Amanita vema 
(C) Agaricus xanthodermus 
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Q.6 Flower is a modified shoot or a branch. Which one of the following DOES NOT provide 
evidence in support of the above statement? 

(A) Axis nature of the thalamus 
(B) Leaf-like arrangement of the floral members 
(C) Homology of floral and vegetative buds 
(D) Occurrence of mitosis in the floral tissues 

Q. 7 A few bacterial genera have cell walls composed of pseudo murein. These polymeric structures 
resemble eubacterial peptidoglycan but are very different in composition. Which one of the 
following possesses such structures in its cell wall? 

(A) Salmonella 
(C) Streptococcus 

(B) Methanobacterium 
(D) Mycobacterium 

Q.8 Anoxygenic photosynthetic bacteria possess bacteriochlorophyll which absorbs light in the 

(A) visible range 
(C) same range as plant chlorophylls 

(B) infra-red region 
(D) ultra-violet region 

Q.9 Which one of the following statements on 'cro repressor' and 'immunity repressor' of lambda 
phage is NOT correct? 

(A) Both bestow immunity to externally infecting phage 
(B) Both inhibit phage gene expression and help in the integration into host genome 
(C) The production and maintenance of the lysogenic state is due to the antagonism of two 

repressors 
(D) Upon infection by lambda phage, cro gene is transcribed resulting in the synthesis of a 

protein repressor that inhibits the synthesis of immunity repressor 

Q.lO Following uncoating in the cytoplasm, parental (+)-strand RNA of poliovirus is used as 
template for the synthesis of the polymerase that catalyzes the formation of the (-)-strand 
RNA. This enzyme is call ed 

(A) reverse transcriptase 
(C) RNA-dependent RNA polymerase 

(B) DNA-dependent RNA polymerase 
(D) RNA-dependent DNA polymerase 

Q.ll Viriods are agents of infectious diseases. Which one of the following statements is NOT 
correct? 

(A) Viriods usually do NOT possess a protein coat 
(B) Viriods replicate autonomously in cells of susceptible plant species 
(C) Viriods comprise of infectious molecules of RNA 
(D) Viriods need helper viruses to infect host plant 
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Q.l2 Each of the four options given below contains the name of an antibiotic, an organism which 
produces an antibiotic and a possible mode of action. Which option contains the correct 
combination? 

(A) Erythromycin : Streptomyces venezuelae : binds to 30S subunit and prevents 
transpeptidation and translocation 

(B) Streptomycin : Streptomyces griseus : inhibits the interaction of mRNA with 50S 
subunit 

(C) Chlorotetracyclin :Streptomyces aureofaciens : inhibits the binding of amino acyl tRNA 
to 30S subunit 

(D) Chloramphenicol : Streptomyces erythraeus : binds to 50S subunit and inhibits protein 
synthesis 

Q.13 Commensalism refers to 

(A) a relationship in which both organisms benefit from the association 
(B) a relationship between organisms in which one species benefits and the other is NOT 

affected 
(C) two different species of microorganisms occupy the same microenvironment without 

affecting each other 
(D) a type of mutualistic association involving exchange of nutrients between two species 

Q.14 How many times can a 6 kb fragment be present in 3.9 micrograms of DNA containing 
6 billion bases? Assume the MW of one bp to be 650 Da. 

(A) l (B) 100 (C) . 600,000 (D) 100 million 

Q.l5 Numerous bacteria are present in the human intestinal tract. Group I lists bacteria and Group II 
lists their usual location. Match the bacteria with their location. 

Group I Group II 

P. Gram-positive cocci and bacilli 1. Duodenum 
Q. Enterococci, lactobacilli 2. Jejunum 
R. Enterobacteriaceae 3. Ileum 
S. Escherichia coli 4. Colon 

(A) P-4, Q-3, R- 2, S- 1 (B) P- 1, Q-2, R- 3, S-4 
(C) P- 3, Q-2, R-4, S-1 (D) P- 2, Q-3, R- 1, S-4 

Q.16 Charles Darwin's theory about evolution by natural selection was influenced by the works of 

(A) Thomas Malthus (B) Gregor Mendel 
(C) Lynn Margulis (D) Mayr and Dobzhansky 

Q.17 Which one ofthe following sequence is logically INCORRECT ? 

(A) Chordata, Hominidae, Man (B) Angiosperm, Poaceae, Rice 
(C) Insecta, Crustacea, Butterfly (D) Chordata, Reptilia, Dinosaur 

BL-3/20 

www.examrace.com



Q.18 Biological nitrogen fixation by free-living and symbiotic microorganisms refers to the 
enzymatic conversion of 

(A) dinitrogen to ｡ｾｭｯｮｩｵｭ＠
(C) nitrate to nitrite 

(B) ammonium to nitrous acid 
(D) nitrate to dinitrogen 

Q .19 · The following figure represents population growth in two species. 
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Which one of the following options is consistent with this graph? 

(A) Species l has higher carrying capacity 
(B) Species 2 has higher growth rate, and lower carrying capacity 
(C) Species 1 has higher growth rate, but lower carrying capacity 
(D) Species. 2 has higher growth rate, and higher carrying capacity 

Q.20 Darwinian theory of evolution by natural selection can explain the 

(A) sudden arrival of a new trait or character in a population 
(B) gradual increase in population size 
(C) changes in frequency of different all eles in a population 
(D) sudden changes in environmental conditions 

30 

Q.21 C3 photosynthesis involves the conversion of atmospheric carbon dioxide to 3-carbon 
phosphoglycerate. Likewise, C4 photosynthesis converts carbon dioxide to 4-carbon 
oxaloacetate. The C4 pathway 

(A) reduces photorespiration and water-use efficiency 
(B) increases photorespiration and water-use efficiency 
(C) reduces photorespiration but increases water-use efficiency 
(D) increases photorespiration but reduces water-use efficiency 
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Q.22 Consider the following anatomical features: 

P. Notochord 
Q. Dorsal nerve chord 
R. Rumen 
S. Four-chambered heart 
T. Binocular vision 

All chordates are characterized by the presence of 

(A) only P (B) only P, Q and R 
(C) only P, Q, SandT (D) only P and Q 

Q.23 In which of the following are the plant structures correctly matched with their edible parts? 

P. Leaf: Onion 
Q. Stem : Carrot 
R. Endosperm : Coconut 
S. Thalamus : Apple 
T. Root : Potato 

(A) P, Q and T only (B) Q, RandS only 
(C) P, Rand S only (D) R, S and T only 

Q.24 When different species interact, they may exert selective pressures on each other. 
Below, different types of species interactions are matched with expected evolutionary 
responses: 

P. Competition: NO selection on either competitor 
Q. Competition: selection towards decreased competitive effects 
R. Predation : selection towards enhanced prey defense · 
S. Predation: selection on predator's traits that counter improved prey defense 
T. Commensalism : NO selection on either the commensal or the host 

Which pairs are correctly matched? 

(A) Only P and R (B) Only Q, Rand S (C) Only P and T (D) Only Q and S 

Q.25 The term "biodiversity hotspot" refers to which of the following? 

P. Hot and humid regions of the world 
Q. Areas with high species richness 
R. Areas with high levels of endemism 
S. Areas where endangered species congregate in summers 
T. Areas where warm-blooded species ｡ｲｾ＠ more common than cold-blooded species 

(A) Only P (B) Only.Q and R (C) Only S and T (D) Only Rand S 

Q.26 In a population at Hardy-Weinberg equilibrium, the frequency of a recessive allele that causes 
a genetic disorder is 0.3. What percentage of the population is expected to suffer from this 
condition? 

(A) 9% (B) 0.3% (C) 0.09% (D) 30% 
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Q.27 Chimpanzees have ABO blood group types similar to humans. In one year, a female 
chimpanzee mated with a B-type male and had an 0-type baby. Next year, she mated with an 
A-type male and had an AB-type baby. What is the blood group genotype of this female 
chimpanzee? 

(A) IAIB (B) IAt (C) I8 i (D) n 

Q.28 Double fertilization in angiosperms leads to the production of 

(A) diploid zygote and diploid endosperm 

(B) triploid zygote and diploid endosperm 
(C) diploid zygote and triploid endosperm 
(D) triploid zygote and triploid endosperm 

Q.29 Many disease-causing microbes are becoming resistant to drugs. This could be an example of 

(A) directional selection (B) stabilizing selection 
(C) disruptive selection (D) adaptive radiation 

Q.30 Deserts are arid ecosystems that occur near latitudes of 30 degrees North and South. Which 
one of the following can explain this geographic pattern? 

(A) High mountains in these regions create ｾｸｴ･ｮｳｩｶ･＠ rain shadows 
(B) Effect of global warming is stronger in these regions 
(C) These regions used to be lush forests, but have been converted to deserts due to 

extensive logging and subsequent degradation 
(D) Patterns in atuiospheric circulation called Hadley cells that influence temperature and 

moisture content of air 

Q.31 Shown below is the schematic representation ofthe UV absorption spectrum of a protein: 

R3 

200 220 240 260 280 300 320 

Wavelength (nm) 

Choose the option which correctly associates the regions marked in the schematic with the 
characteristic absorption maxima of different moieties found in proteins. 

(A) Rl: amide bond, R2: none and R3: aromatic amino acids 
(B) Rl: aromatic amino acids, R2: amide bond and R3: disulphide bond 
(C) Rl : peptide bond, R2: disulphide bond and R3: aromatic amino acids 
Ｈｄｾ＠ Rl: none, R2: aromatic amino acids and R3: disulphide bond 
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Q.32 The following are some types of non-covalent interactions that stabilize biomolecules and 
their complexes: 

(P) Hydrogen bond interactions 
(Q) Ionic interactions 
(R) London dispersion interactions 
(S) C- H ... pi interactions 

Which of the above interactions are possible between the side chains of valine and tyrosine? 

(A) Only P, Q and R (B) Only P, RandS 

(C) Only Rand S (D) Only Q and S 

Q.33 The complexity of DNA can be less than or equal to its molecular mass. It depends on the 
degree of repetitiveness of the sequence. 

Shown below is the schematic of a double stranded 30-mer oligonucleotide wherein the 3 bp 

at the two termini are of different sequences: 

s· --------------------------------3' 
r ｾ＠

3bp EcoRI BamHI EcoRI BamHI 3bp 

Assuming that the molecular mass of a bp is M Da, what is the complexity (in Da) of the 
oligonucleotide sequence given above? 

(A) 30xM (B) 24xM (C) 18xM (D) 12xM 

Q.34 Prpteins are intrinsically dynamic and retain some flexibility even in the crystalline state. 

Determine the correctness or otherwise of the Asserti on [a] and Reason [r] given below with 

respect to the above statement. 

Assertion: Even when X-ray diffraction data are collected at cryo temperatures, disorder due 

to flexibility is NOT completely frozen. 

Reason: Cryo temperatures freeze only dynamic disorder but NOT static disorder. 

(A) Both [a] and [r] are true and [r] is the correct reason for [a] 
(B) [a] is false but [r] is true 
(C) Both [a] and [r] are true but [r] is NOT the correct reason for [a] 

(D) Both (a) and [r] are false 

Q.35 A globular protein containing approximately 200 amino acid residues was crystallised. X-ray 

diffraction data were collected using this crystal and the 3-dimensional structure was 

determined successfully. 

Which one of the following statements is consistent with the information given above? 

(A) The crystal is completely devoid of solvent molecules 
(B) The positions of the hydrogen atoms have been determined 
(C) The crystal contains around 80 to 100 molecules of the protein 

(D) Even though the crystal is tightly packed, small molecules (MW 80-100 Da) can diffuse 

through it 
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Q.36 Two molecules of a protein associate to form a homodimer. Let S be the combined 
translational and rotational entropies of one monomer. 

The combined translational and rotational entropies of the homodimer will be 

(A) 2xS (B) S 
(C) Marginally more than 2xS (D) Marginally more than S 

Q.37 The effect of isotopic substitution on reaction rates can be used to characterize transition 
states. The rate of breakage of a C- N bond varies depending upon the isotopes of C and N 
present in the bond. 

Which one of the following gives the correct order of the rates for C-N bond breakage? 

(A) 13C_I4N < 12C_I4N < 13C_ISN 
(C) 12C_I4N < 13C_I4N < 13C_ISN 

(B) 13C_ISN < 12C_I4N < 13C_I4N 
(D) 13C_ISN < l3C_I4N < ＱＲｃＭＧｾ＠

Q.38 A protein P can exist in either the native form N or the denatured form D. A ligand L binds 
to N but not to D. Thermal denaturation of P was monitored both in presence and in absence 
of L . 

Which one of the following statements holds true for these denaturation experiments? 

{A) Tm is higher in the absence of L 

(B) At a given temperature, amount of D is more in presence of L 
(C) At a given temperature, amounts of D and N are same whether or not L is present 
(D) Tm is lower in the absence ofL 

Q.39 Which one of the following will have the highest number of stereoisomers? 

NH2 NH2 NH2 NH2 

I I I I OH 
/ 

CH2 CHOH CH - CH(Me)z CH-CH 

I I I I "\M e 

COOH COOH COOH COOH 

p Q R s 

{A) p (B) Q (C) R (D) s 
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Q.40 The following Assertion [a) and Reason [r] are in relation to the way water molecules 

interact with different types of solutes. 

Assertion: Heat capacity at constant pressure of an aque0us solution of a polar amino acid is 

higher than that of an apolar amino acid. 

Reason: The water molecules that surround polar molecules form a hydrogen bonded 

clathrate-like cage structure 

(A) Both [a) and [r] are true and [r] is the correct reason for [a) 

(B) [a] is false but [r] is true 
(C) Both [a] and [r] are true but [r] is NOT the correct reason for (a] 

(D) Both [a) and [r] are false 

Q.41 A Ramachandran map depicts the regions that are sterically allowed for various combinations 

of phi and psi. The allowed region is related to the geometry (i.e., bond lengths and bond 

angles) of the molecule. 

Shown below is the schematic of an end-protected alanine: 

II H" )b I 
C' ca N' 

Me/ '-......N/ '-......c/ '-......Me 
II 

H 0 

For this molecule, the allowed region 

(A) increases when the bond angle N-Ca-C decreases 

(B) decreases when N-Ca and Ca-C bond lengths increase 

(C) decreases when the bond angle N-Ca-Cb increases 

(D) increases when N-Ca bond length increases 

Q.42 The concept of a folding funnel is widely used to understand various aspects of protein 

folding. 

Which one of the following statements related to folding funnel is FALSE? 

(A) The large circumference of the upper rim is indicative of the large number of 

conformations possible for the unfolded state. 

(B) The number and location of local and global minima will be identical irrespective of the 

conditions. 
(C) The global minimum corresponds to the native state only under certain conditions. 

(D) Conformational entropy decreases as one moves from the rim of the funnel to the tip. 

Q.43 Reduced glutathione is gamma-glutamyl-cysteinyl-glycine. At pH 9.0, the net charge on 

reduced glutathione is 

(A) 0 (B) - 1 (C) - 2 (D) - 3 
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Q.44 An enzyme follows Michaelis-Menten kinetics for the conversion of a supstrate to a product. 
Under certain conditions of assay, there is no net conversion of the substrate after 30 min of 
incubation. The product can be reliably detected from 2 min after the incubation begins. 
In order to calculate Km, the assay should be carried out for 
(A) 2 min. (B) 5 min. (C) 30 min. (D) 60 min. 

Q.45 Standard free energies (6G0
) for the transfer of a series of alkanes to different solvents were measured. 

The series of solutes considered were methane, ethane, propane, n-butane and n-pentane. 
The solvents were water, benzene, DMSO and methanol. 
The plots of free energy versus surface areas of the solutes are shown below. The four lines marked A, B, C and D correspond each to one solvent. 

Surface area 

The line marked A corresponds to 
(A) benzene . (B) DMSO (C) methanol (D) water 

Q.46 Shown below are the schematics ofthree SDS-PAGE gels: 

kOa Markers Sample kOa Markers Sample kOa Markers Sample 

uo 120 120 
90 90 90 
65 65 65 

45 45 45 

25 25 2S 
20 20 20 
14 14 14 

p Q R 

A mixture of proteins was subjected to gel filtration. Fractions corresponding to 45 kDa MW were pooled and subjected to SDS-PAGE. Which of the above three gels can possibly be obtained in this experiment? 
(A) Only P and R (B) Only P and Q (C) Only R (D) P, Q and R 
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Q.47 ATP is a cellular energy currency. Free energy available upon ATP hydrolysis is used by cells 
to perform work. 

Which one of the following statements about the free energy of ATP hydrolysis is correct? 

(A) It is same in all compartments of the cell 
(B) It varies with the metabolic state in a sub-cellular compartment 
(C) It is same within mitochondrial matrix and cytosol 
(D) It is same whether it is intracellular or extracellular 

Q.48 Bacteriorhodopsin is a light-harvesting proton pump. Its prosthetic group undergoes a 
conformational change during the proton pumping cycle. 

A derivative of which one of the following also undergoes a similar conformational change as 
part of its function in human beings? 

(A) Vitamin A (B) Vitamin C (C) Vitamin D (D) Vitamin K 

Q.49 Under identical conditions of assay, an enzyme from E. coli converts 45% of a substrate to 
product whereas the same enzyme from yeast converts 66% of the substrate. 

The following explanations were put forward as possible reasons to explain this difference: 

P. The equilibrium constants are different. 
Q. The rates of the reactions are different. 
S. The temperatures for optimal activity are different. 

Which of the above three are likely to be true? 

(A) Only P and Q (B) Only P and S (C) Only Q and S (D) P, Q and S 

Q.50 Shown below is the absorbance I emission spectra of certain chromophores: 

.. 
u 
ｾ＠ A 
::: .. 
0 
ｾ＠._ .. 
u c 
"' ..0 

0 .. 
..0 

"' .. . ｾ＠
iO 
Qj 
cr:: 
ｌＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

Wavelength -

Under which one of the following conditions can FRET be observed? 

(A) Donor: spectrum A; acceptor: spectrum B; donor. . . acceptor distance> 1.5 nm 
(B) Donor: spectrum A; acceptor: spectrum B; donor. .. acceptor distance< 1.0 nm 
(C) Donor: spectrum B; acceptor: spectrum A; donor. .. acceptor distance> 1.5 nm 
(D) Donor: spectrum B; acceptor: spectrum A; donor. . . acceptor distance< 1.0 nm 
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Q.51 The ions that mediate the upstroke of a typical neuronal action potential is 

(A) sodium (B) chloride (C) potassium (D) magnesmm 

Q.52 What happens to the propagation velocity of an action potential when the diameter of the 
nerve increases? 

(A) Decreases (B) Increases 
(C) Remains the same (D) Propagation cannot be sustained 

Q.53 Which one of the following is FALSE in mammalian neurons under normal physiological 
state? 

(A) The extracellular sodium concentration is lower than the cytosolic sodium concentration 
(B) The extracellular potassium concentration is lower than the cytosolic potassium 

concentration 

(C) The extracellular calcium concentration is higher than the cytosolic calcium 
concentration 

(D) The extracellular chloride concentration is higher than the cytosolic chloride 
concentration 

Q.54 Match the signaling molecules l isted in Group I with the receptors listed in Group ll. 

Group I Group 11 

P. Glutamate 1. Muscarinic receptor 
Q. Acetylcholine 2. 5-HT2 receptor 

R. Epinephrine 3. Kainate receptor 
s. Serotonin 4. P-Adrenergic receptor 

(A) P-3· Q-1· R-4· S- 2 
' ' ' 

(B) P-3· Q-4· R- 1· S- 2 
' ' ' 

(C) P-4· Q-J· R-3· S-2 
' ' ' 

(D) P-4· Q-2· R-3· S- 1 ' ' , 

Q.55 Under normal physiological conditions, the calcium pump of the smooth endoplasmic 
reticulum pumps calcium into the 

(A) lumen by hydrolysing cytosolic A TP 
(B) lumen by hydrolysing A TP in the lumen 
(C) cytosol by hydrolysing cytosolic A TP 
(D) cytosol by hydrolysing A TP in the lumen 

Q.56 For the function y = x3 -3x2+ 3x+ 1, the point x = 1 is 

(A) a mmm1um (B) a max1mum 
(C) an inflection point (D) NOT on the function 
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Q.57 A plot of cos 9 on theX-axis and sine on theY-axis for 0 S 9 S 2n will be a 

(A) circle (B) sinusoid (C) straight line (D) parabola 

Q.58 If2Y= ex, where ex= exp(x), then : is . 

Q.59 

(A) ln (2) (B) l lln (2) 

The decay of the function y = exp(-xl10), 
y = exp( -xl20) will be 

(A) same (B) twice slower 

(C) exp (2) (D) 1/exp (2) 

with reference to the decay of the function 

(C) slower (D) faster 

Q.60 If you plot the fraction of white hairs on a typically aging man as a function of his age, the 
function will take the form of a 

(A) parabola (B) sigmoid (C) sinusoid (D) cosinusoid 

Q.61 A free-falling body takes 10 seconds to touch the ground after being dropped from a height of 
y metres. If gravitational acceleration is a rn/s2

, then the value of y is 

(A) 100 x a I 2 metres (B) 100 x a metres 
(C) 10 x a I 2 metres (D) 10 x a metres 

Q.62 A curtain has circular holes of radius r metres. A rod with its cross-section defined as a square, 
with each side set at x metres, has to be inserted through these circles. The maximum value of 
X lS 

(A) 2 x r metres (B) r metres (C) J2 x r metres (D) r I .J2 metres 

Q.63 A student obtained an average of 78% from 10 courses that she took in the first two years of 
her degree. In the third year, she took an additional 5 courses, and her overall average 
spanning all 15 courses was 80%. What is her average percentage in the 5 courses that she 
took in her third year? 

(A) 84% (B) 79% (C) 82% (D) 85% 

Q.64 The two functions y = x2-2 andy= 4x-6 intersect at 

(A) (4, 10) and (4; 14) (B) (4, 10) 
(C) (2, 2) and ( 4, 1 0) (D) (2, 2) 

Q.65 A thread of a given length was used to make a circle of radius r metres. The same thread was 
then used to make a square with each side set at a metres. The value of a, in metres, is 

(A) ml4 (B) ml2 (C) m 2/4 (D) m 2/2 
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Q.66 The value of the integral J (1 + cos2x) dx IS 

0 

(A) 7t (B) 0 (C) (D) 7tl2 

Q.67 The value of the series 1 + .!:. + .!:. + 2. + · · · is 
3 9 27 

(A) oo (B) 2 (C) 3/2 (D) 3 

Q.68 The tetrapeptide Gly-Ala-Ala-Gly is a palindrome. Ilow many such palindromic tetrapeptides 
can be formed from 20 different amino acids? 

(A) 204 (B) 420 (C) 202 (D) 220 

Q.69 Cell theory states that 

(A) all multicellular organisms are made up of cells 
(B) cells are membrane bounded units that contain an aqueous solution of chemicals 
(C) cells are formed by division of pre-existing cells 
(D) cells contain genetic material 

Q. 70 Chromatin has several levels of structure. The bead on a string structure of DNA wound 
around the nucleosome has a width of 

(A) 11 nm (B) 33 nm (C) 22 nm (D) 5.5 nm 

Q.71 In equilibrium sedimentation, cellular components are separated on the basis oftheir 

(A) size only (B) size and buoyant density 
(C) charge and buoyant density (D) buoyant density only 

Q.72 Which of the following neurotransmitters is NOT a monoamine? 

(A) Dopamine (B) Endorphine 
(C) Serotonin (D) Norepinephrine 

Q.73 An isolated heart from a frog with the vagus nerve attached was stimulated electrically. This 
slowed down the heart rate. The solution surrounding the vagus nerve was collected and added 
to a second isolated frog heart preparation. This resulted in the heart rate in the second heart 
slowing down. This experiment shows that electrical stimulation of the vagus nerve 

(A) is NOT important to slow down the heart rate 
(B) is necessary to slow down the heart rate 
(C) is NOT sufficient to slow down the heart rate 
(D) releases substances that can slow down the heart rate 
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Q.74 When the gene that causes Huntington's disease was found, researchers introduced the mutant 

allele into mice to create transgenic mouse models of the human disease. This allowed the 

investigators to do which of the following? 

(A) To study how the Huntington gene is regulated 

(B) To make large quantities of mutant Huntington protein 

(C) To study Huntington gene transmission 

(D) To test the potential of drug therapies without endangering human lives 

Q.75 The bat wing, the porpoise paddle and the human hand are examples of 
(A) Structural homologies 

(C) Convergent evolution 

Q.76 Analogous traits are those that 

(A) existed in a common ancestor 

(B) do NOT have a similar function 

(C) are similar to homologous traits 

(D) are the result of convergent evolution 

Q.77 An enzyme catalyst 

(B) Functional homologies 

(D) Convergent traits 

(A) decreases the difference in free energy between reactants and products 

(B) decreases the activation energy of a chemical reaction 

(C) increases the difference in free energy between reactants and products 

(D) decreases the activation energy in proportion to the decrease in the difference in free 

energy between reactants and products 

Q. 78 Which one of the following statements is true? 

(A) TCA cycle enzymes are found in the outer membrane of the mitochondria 

(B) Glycolysis takes place in the outer membrane of the mitochondria 

(C) TCA cycle enzymes are found in the mitochondrial matrix 

(D) A TP-ADP ·translocase is found in the outer membrane of the mitochondria 

Q.79 Which of the following experimental data revealed that DNA has regularly repeating three-

dimensional structure? 

(A) Fibre diffraction 

(C) Crystal structure 
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Q.80 Breathing at high altitudes, compared to that at sea level, is difficult because the. 
(A) percentage of atmospheric oxygen is less 
(B) partial pressure of carbon dioxide is more 
(C) percentage of carbon dioxide is more 
(D) partial pressure of atmospheric oxygen is less 

Q.81 Which one of the following synthesized by embryonic tissue activates gene transcription in the 
developing embryo? 

(A) Folic acid (B) Retinoic acid (C) Vitamin Bl2 (D) Vitamin D 

Q.82 Which one of the following structure DOES NOT develop from the prosencephalon region of 
the embryo? 

(A) Hippocampus (B) Olfactory bulbs (C) Thalamus (D) Tectum 

Q.83 Teratocarcinomas arise from 

(A) primordial germ cells 
(C) cells of the embryonic mesoderm 

(B) epithelial cells of the dermis 
(D) Sertoli cells 

Q.84 Antidiuretic hormone (ADH) regulates water reabsorption by the collecting ducts in the 
kidneys. ADH is produced by the 

(A) renal corpuscle (B) loop of Henle (C) pituitary (D) hypothalamus 

Q.85 The zygotes of fishes, reptiles and birds contain large amounts ofyolk, and therefore undergo 
(A) bilateral cleavage 
(C) holoblastic cleavage 

(B) meroblastic cleavage 
(D) rotational cleavage 

Q.86 Which of the following cells constitute the cutaneous immune system? 
(A) Melanocytes and Langerhans cells (B) Langerhans cells and T cells 
(C) Melanocytes and T cells (D) Melanocytes and keratinocytes 

Q.87 A healthy adult human produces about 3 g of antibodies every day. About 66% of this is of the 
immunoglobulin class 

(A) lgA (B) IgG (C) lgE (D) lgM 

Q.88 Antigen processing is the conversion of native proteins into MHC-associated peptides. This 
process is indispensable for the recognition of antigens and the subsequent activation of 
(A) natural killer cells (B) only T cells 
(C) B cells and T cells (D) dendritic cells 
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Q.89 Which one of the following statements is true about cytokines produced in response to foreign 
antigens? 

(A) Cytokine secretion is brief and self-limiting 
(B) One cytokine targets only one cell type 
(C) Cytokine action is restricted to local sites 
(D) Cytokine secretion is constitutive 

Q.90 The complement system consists of plasma and cell surface proteins that interact with one 
another to trigger a cascade that destroys pathogens. 

The functions of the complement system include which ofthe following? 

P. Opsonisation and phagocytosis 
Q. Clearance of immune complexes 
R. Lysis of cells through membrane attack complex 

(A) Only P (B) Only Q (C) Only R (D) P, Q and R 

Q.91 Neutrophils recognize microbes through 

(A) Toll-lik e receptors 
(C) surface immunoglobulins 

(B) MHC antigens 
(D) cytokine receptors 

Q.92 Mammals comprise three major monophyletic groups: monotremes, eutherians and 
marsupials. 

Which one of the following statements is true? 

(A) Monotremes and eutherians have placentae 
(B) Corpus luteum is NOT maintained in marsupials 
(C) Monotremes and marsupials have long gestation periods 
(D) Corpus luteum is NOT maintained in eutherians 

Q.93 Like in all adaptations, endothermy and ectothermy involve trade-offs. 

Which of the following is an advantage for ectotherms over endotherms considering both are 
of equal size? 

(A) Ectotherms require lower food intake 
(B) Ectotherms are less vulnerable to predators in cold weather 
(C) Ectotherms are more successful in maintaining nocturnal activity 
(D) Ectotherms have higher metabolic rates 

Q.94 The mechanism of action of several anti-cancer drugs is by inhibition of DNA synthesis. 
Which one of the following drug molecules impairs purine biosynthesis? 

(A) 5-Fluorouracil (B) Cisplatin (C) Methotrexate (D) Acyclovir 
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Q.95 Glycolysis is the pathway used by cells to extract energy from glucose. Oxygen is NOT 
necessary for glycolysis and the presence of oxygen can indirectly suppress glycolysis. This 
phenomenon is known as 

(A) Pasteur effect (B) Warburg effect 

(C) Keneman effect (D) Klein effect 

Q.96 Amino acids are classified into different groups based on the characteristics of their side 
chains. Which one of the following is a conservative substitution? 
(A) Valine for leucine 
(C) Lysine for leucine 

(B) Histidine for proline 
(D) Aspartic acid for alanine 

Q.97 Which of the following inhibitors can change the Km of an enzyme? 
(A) Competitive 

(C) Irreversible 

(B) Non-competitive 

(D) Uncompetitive 

Q.98 The rearrangement of the gene segments such as VDJ in the immunoglobulin gene is a 
pre-requisite for the B cell s to be functional. The rearrangement occurs 

(A) in the bone marrow 
(B) in the spleen 
(C) in the lymph nodes 
(D) after exposure of the B cells to antigens 

Q.99 The largest reserve of energy in humans is 

(A) muscle glycogen 
(C) adipose tissue triacylglycerol 

(B) liver glycogen 
(D) blood glucose 

Q.lOO Which one of the following statements on Single Nucleotide Polymorphism (SNP) and 
Restriction Fragment Length Polymorphism (RFLP) is NOT correct? 

(A) Every individual has a unique constellation of SNPs 
(B) Once an RFLP is assigned to a linkage group, it can be used as a genetic marker 
(C) Restriction map is independent of gene function 
(D) There are more RFLPs than SNPs 
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Q.l Match the proteins listed in column I with their major cellular function in Column IT: 

II 

(i) TAT A binding protein (p) Replication 
(ii) DNA primase (q) Recombination 
(iii) Aminoacyl tRNA synthetase (r) Transcription 
(iv) RecA (s) Translation 

(A) (i)-(p), (ii)-(r), (iii)-(s), (iv)-(q) (B) (i)-(q), (ii)-(r), (iii)-(p), (iv)-(s) 
(C) (i)-(r), (ii)-(p), (iii)-(s), (iv)-(q) (D) (i)-(q), (ii)-(p), (iii)-(s), (iv)-(r) 

Q.2 Amongst the following, the elongated, fibrous protein is 

(A) Myoglobin (B) Keratin (C) Albumin (D) Calmodulin 

Q.3 The mutation likely to cause the least perturbation in the tertiary structure of a protein is 

(A) Lysine to Aspartate 
(C) Aspartate to Glutamate 

(B) Lysine to Valine 

(D) Aspartate to Isoleucine 

Q.4 Match the techniques in column I with their primary applications in Column II: 

I 

(i) Circular Dichroism 
(ii) Ion exchange chromatography 
(iii) lmmunoprecipitation 
(iv) X-ray crystallography 

(A) (i)-(q), (ii)-(s), (iii)-(p), (iv)-(r) 
(C) (i)-(r), (ii)-(p), (iii)-(s), (iv)-(q) 

II 

(p) Atomic resolution structure of proteins 
(q) Identifying protein-protein interaction 
(r) Secondary structure of proteins 
(s) Separation of protein mixtures 

(B) (i)-(q), (ii)-(s), (iii)-(r), (iv)-(p) 
(D) (i)-(r), (ii)-(s), (iii)-(q), (iv)-(p) 

Q.5 Amongst the fo ll owing statements about biological membranes, the INCORRECT one is that 
they 

(A) are covalent assemblies of lipids and proteins 
(B) form selectively permeable barriers 
(C) may have channels and pumps 
(D) show fluid-like behaviour 

Q.6 The introduction of a new fish species into a lake resulting in the extinction of several native 
fish species from the lake is an example of 

(A) Co-extinction 
(C) Over-exploitation 
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Q. 7 The taxonomic hierarchy in descending order of size is 

(A) Family, Class, Phylum, Order 
(C) Class, Phylum, Family, Order 

(B) Phylum, Class, Order, Family 
(D) Order, Family, Class, Phylum 

Q.8 If the recessive disease phenylketonuria (PKU) occurs in a genetically constant population 
with a frequency of 1 in 10000, the frequency of the carrier genotype is 

(A) 0.99% (B) 19.9% (C) 1.99% (D) 9.9% 

Q.9 Amplification of a DNA fragment by PCR yields only one faint band of the expected size on 
an agarose gel. For such a sample, the best way to increase the yield of the PCR product is to 

(A) decrease magnesium ion concentration 
(B) decrease annealing temperature 

(C) use shorter primers 

(D) increase extension time 

Q.l 0 The cellular organelle which function(s) as a store for Ca2+ ions is 

(A) Endoplasmic reticulum (B) Golgi bodies 

(C) Endosomes (D) Nucleus 

Q.ll If the N-terminal 21 amino acids were missing from a mitochondrial protein, its cellular 
location after synthesis would be 

(A) Mitochondria 

(C) Nucleus 

(B) Cytosol 

(D) Plasma membrane 

Q.l2 Packaged biomaterials are dispatched to intracellular and extracellular locations from the 

(A) cis-compartment ofthe golgi complex 

(B) medial-compartment of the golgi complex 
(C) trans-compartment of the golgi complex 

(D) apical-compartment of the golgi complex 

Q.13 The preferred ligand for SH2 domain is 

(A) serine-phosphorylated peptide 

(C) glucose-6-Phosphate 
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Q.14 The binding of a hormone to its receptor activates adenylyl cyclase through a stimulatory 
G protein. If, due to a mutation, the G-protein binds but does NOT hydrolyze GTP, the 
consequence will be 

(A) Adenylyl cyclase will be continuously activated 

(B) Adenylyl cyclase will never be activated 

(C) Adenylyl cyclase will be occasionally activated 

(D) Adenylyl cyclase will be degraded 

Q.l5 A toxin wruch causes accumulation of twice the normal amount of DNA in a dividing 
manunalian cell, most likely blocks the cell cycle 

(A) during Go phase (B) after G1 phase 

(C) after M phase (D) during G2 phase 

Q.16 Bt toxin, produced by Bacillus thuringiensis, does NOT kill the bacteria itself because the 
toxin is 

(A) isolated in a special intracellular sac 

(B) in an inactive form inside the bacterial cell 

(C) active only against eukaryotic ribosomes 

(D) produced in very small quantities 

Q.17 The inactivation of an mRNA due to its binding to a complementary RNA molecule is called 

(A) RNA interference (B) RNA splicing 

(C) RNA translation (D) RNA looping 

Q.l8 Given are the sequences of one strand of double-stranded DNA. The one with the highest 
melting point (Tm) is 

(A) GAGATCTCGAGATCTC 

(C) GAGATATCGATATCTC 

(B) GAGA TCTTGA T A TCTC 

(D) GAGATATCTATATCTC 

Q.19 The standard pregnancy kit, used to detect Human Chorionic Gonadotrophin (HCG) in urine, 
is based on 

(A) gene amplification through PCR 

(C) biotin-streptavidin interaction 

(B) antigen-antibody interaction 

(D) nickel affinity chromatography 

Q.20 The preferred system for large-scale production of influenza virus for vaccination is 

(A) genetically modified bacteria (B) transgenic plant 

(C) chick embryo (D) yeast culture 
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Q.21 A monoclonal antibody produced against a small peptide derived from protein X, is unable to 
bind X in an ELISA. This is because 

{A) peptide antibodies do NOT bind to immobilized proteins 

(B) the peptide epitope is exposed in X 

(C) monoclonal antibodies CANNOT be used in ELISA 

(D) the peptide epitope is buried in the interior of X 

Q.22 The lac repressor is produced from a stretch of DNA called the 

(A) regulator (B) operator (C) promoter 

Q.23 The repeating units in chitin are 

{A) (a 1-4 GlcNAc) 
(C) (a 1-4 GalNAc) 

(B) Ｈｾ＠ 1-4 GlcNAc) 

(D) Ｈｾ＠ 1-4 GalNAc) 

(D) inducer 

Q.24 The correct ascending order of melting points of oleic acid (0), linoleic acid (L), palmitic 
acid (P) and stearic acid (S) is 

(A) L, 0, P, S (B) 0, L, P, S (C) L, 0, S, P (D) 0, L, S, P 

Q.25 A peptide Glu-His-Trp-Ser-Gly-Leu-Arg-Pro-Gly, having an isoelectric point of 7.8, is 
placed in an electric field at pH 3.0. It will migrate towards 

(A) anode (B) cathode 

(C) both anode and cathode (D) neither anode nor cathode 

Q.26 X-ray diffraction of wool shows repeated structural units spaced at 5.2 A, which is changed to 
7.0 A on steaming. This is due to the conversion of secondary structure from 

(A) ｾＭｳｨ･･ｴ＠ to random coil (B) a-helix to random coil 

(C) ｾＭｳｨ･･ｴ＠ to a-helix (D) a-helix to ｾＭ sheet 

Q.27 At E1 = 20 nm and substrate concentration = 40 J.lM, the reaction velocity Vo of an enzyme is 
9.6 J.lM s-1 

• Assuming kcat to be 600 s-1 
, the KM will be 

(A) 0.1 J.lM (B) 1 J.lM (C) 10 J.lM (D) 100 J.lM 

Q.28 Which of the following statements is NOT true for an enzyme catalyzed reaction? 

(A) Reaction rate and equilibrium both are altered 

(B) Activation energy is decreased 
(C) Enzyme-substrate complex is formed 
(D) Enzymes undergo induced fit on substrate binding 
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Q.29 Which of the following is NOT an allosteric regulatory enzyme in glycolysis? 

(A) Hexokinase 

(C) Phosphoglycerate kinase 

Q.30 Match the enzymes of TCA cycle in 

Group I 

P. Isocitrate dehydrogenase 

Q. Succinate dehydrogenase 

R. Fumarase 

s. a-Ketoglutarate dehydrogenase 

(A) P-1 Q-2 R-4 S-3 ' , , 
(C) P-2 Q-4 R-3 S-1 , , ' 

(B) Phospho-fructokinase I 

(D) Pyruvate kinase 

Group I with that of their products listed in Group II . 

Group II 

1. a-Ketoglutarate 

2. Succinyl CoA 

3. Fumarate 

4. Malate 

(B) P-3, Q-1, R-2, S-4 

(D) P-1. Q-3, R-4, S-2 

Q.31 Addition of the uncoupler 2,4-Dinitrophenol to actively respiring mitochondria causes 

(A) decrease in A TP production and increased rate of 0 2 consumption 

(B) decrease in A TP production and decreased rate of 0 2 consumption 

(C) increase in A TP production and increased rate of 0 2 consumption 

(D) increase in A TP production and decreased rate of 0 2 consumption 

Q.32 C4 plants overcome photorespiration activity of Rubisco by fixing C02 • firstly as 

(A) oxaloacetate (B) 3-phosphoglycerate 

(C) 2-phosphoglycerate (D) ribulose 1 ,5-bisphosphate 

Q.33 Which of the following is a non-symbiotic nitrogen fixing bacteria? 

(A) Rhizobium leguminosarum 

(C) Azotobacter chrococcum 

(B) Nitrosomonas nitrosus 

(D) Alcaligenes faecalis 

Q.34 Vasopressin, an antidiuretic hormone, responsible for increased absorption of water by the 

kidney, is secreted from 

(A) adrenal gland 

(C) pituitary gland 
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Q.35 Match the vitamins in Group I with their deficiency disorders listed in Group II. 

Group I Group II 

P. Thiamin 1. Pernicious anemia 

Q. Cholecalciferol 2. Pellagra 
R. Niacin 3. Rickets 
S. Cyanocobalamin 4. Beri-beri 

(A) P-1 Q-2 R-3 S-4 
' ' ' (B) P-4 Q-3 R-2 S-1 

' ' ' 
(C) P-2, Q-4, R-1, S-3 (D) P-3 Q-1 R-4 S-2 ' ' ' 

Q.36 Which of the following enzymes are secreted by pancreas? 

P. Pepsin 

Q. Aminopeptidase 

R. Trypsin 

S. Carboxypeptidase 

T. Chymotrypsin 

(A) P,Q,R (B) Q, R, T (C) R, S, T (D) P, R, T 

Q.37 Which part of the human brain controls body temperature? 

(A) Cerebrum (B) Medulla 

(C) Cerebellum (D) Hypothalamus 

Q.38 The action potential for initiating and maintaining the rhythmic contraction of heart ts 
generated by 

(A) sino-atrial node 

(C) bundle of His 

(B) atrio-ventricular node 

(D) atrio-ventricular bundle 

Q.39 The antigen binding sites in immunoglobulin JgG are present at 

(A) variable region of heavy chains 

(B) variable region of light chains 
(C) constant region of heavy chains 
(D) variable region of heavy and light chains 

Q.40 Fertilization of human sperm and ovum takes place in the 

(A) ovary (B) uterine cavity 

(C) fimbriae-infundibulum (D) istharnus-ampulla junction 
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Q.41 Match the pathogenic microorganisms in Group I with the diseases listed in Group II. 

Group I Group II 

P. Treponema pallidum I. Whooping cough 

Q. Bordetella pertussis 2. Yellow fever 

R. Flaviviruses 
..., 
.). Kala azar 

S. Leishmania donovani 4. Syphilis 

(A) P-1 Q-4 R-3 S-2 
' ' ' 

(B) P-4 Q-1 R-2 S-3 ' ' . ' 
(C) P-4 Q-2 R-3 S-1 

' ' ' 
(D) P-1, Q-3, R-2, S-4 

Q.42 An example of a eukaryotic chcmoorganotroph microorganism lacking chlorophyll and 

having mycelial thallus is 

(A) yeast (B) bacteria (C) fungi (D) protozoa 

Q.43 A Bacillus sp. divides every 30 min. If a culture is inoculated with 1000 cells, how many cells 

will be generated after 3 hrs? 

(A) 30,000 (B) 64,000 (C) 90,000 

Q.44 The selective media mannitol salt agar is used for the isolation of 

(A) Lactobacillus 

(C) Staphylococcus 

(B) Enterococcus 

(D) Salmonella 

(D) 128,000 

Q.45 In liver cells, glucose is converted to glucose-6-P which can then be utilized towards 

glycolysis or glycogen synthesis. If K,,1Giycolysis and KuGiycogen correspond to the enzymes 

involved in the first steps of glycolysis and glycogen synthesis, the true statement amongst the 

following is: 

(A) Glycogen synthesis is favoured at high glucose concentrations if KMGiycolysas < K,.pycogen 

(B) NO glycogen is formed at high glucose concentrations if KMGiycolysis > KuGiycogen 

(C) NO glycolysis occurs at high glucose concentrations if KuGiycolysis < K ,,?ycogen 

(D) Glycolysis is favoured at low glucose concentrations if K,.pycoi-,"Sas > K .,?ycogen 

Q.46 An enzyme requires both aspartate (pKa of side chain = 4.5) and histidine (pKa of side chain= 

6.5) residues in the catalytic site to be protonated for activity. The expected enzyme activity 

(in%) at a pH of 5.5 would be closest to 

(A) 90 (B) 78 (C) 50 (D) 10 
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Q.47 By weight, 95% of an E. coli cell's components are water (-70%), protein (-15%), nucleic 
acids (DNA - 1% + RNA - 6%) and polysaccharides (-3%). Given that there is only one 
chromosome and about 3000 different proteins in an E. coli cell lysate, the number of different 
molecules of DNA and RNA is expected to be 
(A) DNA - RNA= 3000 (B) DNA = RNA> 3000 
(C) DNA = 1, RNA> 3000 (D) DNA > 3000, RNA = 1 

Q.48 Determine the correctness or otherwise of the following Assertion [a] and the Reason [r]. 
Assertion: The general trend across a period is an increase of the ionization energy. 
Reason: The potential energy of attraction between the electron and nucleus increases with the 
nuclear charge. 

(A) Both [a] and [r] are true and [r] is the correct reason for [a] 
(B) [a] is false but [r] is true 
(C) Both [a) and [r] are true but [r] is NOT the correct reason for [a] 
(D) Both [a] and [r] are false 

Q.49 The monomer which leads to a conducting polymer is 

(A) but-2-yne (B) E-but-2-ene 
(C) Z-but-2-ene (D) buta-1 ,3-diene 

Q.SO The pH at the equivalence point when 50 mL of 0.1 M acetic acid is titrated against 0.1 M 
NaOH is closest to 

{A) 6.0 (B) 7.0 (C) 8.0 (D) 9.0 

Q.Sl The mass (in g) of glycine, NH2CH2COOH, required to make 250 mL of a 0.015 M solution is 
(Atomic weights in amu: H = 1, C = 12, N = 14, 0 = 6) 

(A) 1.13 (B) 0.84 (C) 0.56 (D) 0.28 

Q.52 The arrangement of ligands in ascending order of the crystal field splitting is 
(A) 1 < I hO < OH- < CN- (B) 1 < OH- < H20 < CN-
(C) H20 < OH- < CN < 1 (D) H20 < CN- < 1 < OH-

Q.53 Determine the correctness or otherwise of the following Assertion [a] and the Reason [r]. 
Assertion: The boiling points of the group VIA (16) hydrides increase with size without 
exception. 
Reason: London dispersion forces increase with molecular weight. 

(A) Both [a] and [r] are true and [r] is the correct reason for (a] 
(B) [a] is false but [r] is true 
(C) Both [a] and [r] are true but [r] is NOT the correct reason for [a] 
(D) Both [a] and [r] are false 
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Q.54 Determine the correctness or otherwise of the following Assertion [a] and the Reason [r] . 

Assertion: Boiling points of aldehydes and ketones are higher than the boiling points of the 

corresponding ethers and lower than alcohols. 

Reason: The carbonyl group is polar but does not undergo intermolecular hydrogen bonding. 

(A) Both [a] and [r] are true and [r] is the correct reason for [a] 

(B) [a] is false but [r] is true 

(C) Both [a] and [r] are true but [r] is NOT the correct reason for [a] 

(D) Both [a] and [r] are false 

Q.55 In the reaction sequence below, X, Y, and Z, respectively, are 

Br MgBr 

.... ... y z ... 0 X 

(A) Br2. FeBr3; MgCh; CH20, H+ 

(C) Br2, hv; MgCh; CH20, H+ 

(B) HBr; I lgCh; CH3CHO, H+ 

(D) Br2, FeBr3; Mg, THF; [)o, H+ 

Q.56 On completion of the reaction 

w 

HBr Br 

OH 

the Br atom is attached to carbon atom 

(A) w (B) X (C) y (D) z 

Q.57 An aqueous solution is a mixture of a carboxylic acid (pK3 = 4.0) and an amine (pKa of 

protonated amine= 10.0). To separate the components, the solution at a pH of2.0 is shaken 

with diethyl ether. On standing, the 

(A) top water layer would contain the amine 

(B) top ether layer would contain the amine 

(C) top water layer would contain the acid 

(D) top ether layer would contain the acid 
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Q.58 The major product, Z, obtained in the reaction 

(A) 

0 

(C) 

/ 
0 

/ 
0 z 

H 

I 
0 

....,___ C --OCH3 
(B) 

I 
011 

OH H 

(D) 6-1-OCH3 

OH 

Q.59 The compound that shows a line in the 1H NMR spectrum at the lowest o value is 

(B) CHCh 

Q.60 Water is injected into a balloon filled with ammonia gas. The balloon shrinks and it is hot to 
touch. According to the convention I:!.U = q + w, for this process 

(A) q > 0, w > 0 (B) q > 0, w < 0 (C) q < 0, w > 0 

Q.61 A process CANNOT occur spontaneously at constant T and P when 

(A) Mf <0, 6S < 0 

(C) I:!.H > 0, 6S < 0 

(B) I:!.H < 0, 6S > 0 

(D) M-I > 0, 6S > 0 

Q.62 lf an atomic orbital has 2 radial nodes and 1 angular node, it is a 

(A) 2p orbital (B) 3d orbital (C) 3p orbital 
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Q.63 Determine the correctness or otherwise of the following Assertion [a] and the Reason [r]. 

Assertion: Water at 100 °C and 1 atm is acidic with a pH less than 7. 

Reason: The ionic product of water, Kw, decreases when T increases because the enthalpy of 
the dissociation of water is endothermic. 

(A) Both [a] and [r] are true and [r] is the correct reason for [a] 

(B) [a] is false but [r] is true 

(C) Both [a] and [r] are true but [r] is NOT the correct reason for [a] 

(D) Both [a] and [r] are false 

Q.64 A mixture initially containing 2 mol of CO and 2 mol of H2 comes to equilibrium with 
methanol, CH30H, as the product of the reaction CO (g) + 2H2 (g) ｾ＠ CH30H (g). At 
equilibrium the mixture will contain 

(A) 2 mol of methanol 

(B) more than 1 mol but less than 2 mol of methanol 

(C) 1 mol of methanol 

(D) less than 1 mol of methanol 

Q.65 Given that the standard electrode potentials £0 (Cu2+1Cu) = +0.340 V and £0 (Cu+ICu) = +0.522 V, 

the £0 (Cu2+1Cu +) is 

(A) +0.862 (B) +0.182 (C) +0.1 58 (D) -0.158 

Q.66 The number of water molecules required to balance the chemical reaction when Mn04- is 
converted to Mn02 in basic solution is 

(A) 1 (B) 2 (C) 3 

Q.67 For a reaction a A+ b B ｾ＠ c C + d D, the relation that holds is 

(A) 

(B) 

(C) 

(D) 

d[A] _ b d [B] _ d[C] _ d d[D] 
a d1 - d1 - c dt - dt 

a d[AJ = b d[B] = -C d [C] = -d d[D] 
dl dl dl dl 

1 d [A] 1 d[B] 1 d[C] 1 dlDJ 
;d[ = t;d[= ;dt = ddt 

1 d [A] 1 d [B] 1 d[C] 1 d[D] 
ad/= "bdl = -;dl = - 7idl 
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Q.68 Match the type of transition in the left column with the frequency of the electromagnetic 
radiation in the right column. 

I. Nuclear Spin P. Infrared 

II. Rotation Q. Ultraviolet-visible 

III. Vibration R. Radiofrequency 

IV. Electronic S. Microwave 

(A) I-P, II-Q, III-R , IV -S (B) I-S, II-P, ill-R , IV-Q 

(C) I-R, II-S, III -P, IV -Q (D) I-R, II-P, III-S, IV-Q 

Q.69 The postulates of Bohr's theory ofthe atom are 

(I) Electrons move in stable circular orbits around the nucleus 

(II) Electrons may absorb light of specific energy and be excited to higher energy states 

(III) Angular momentum of electrons in stable orbits is quantized 

(IV) Angular momentum of electrons in stable orbits is uncertain 

(A) I, II , III , and IV (B) I and II (C) 1, II, and Ill (D) I, II , and IV 

Q.70 Detei111ine the correctness or otherwise of the following Assertion [a] and the Reason [r]. 

Assertion: Blood pressure in humans is greater at the brain than at the feet. 

Reason: Human heart is farther from the feet than the brain. 

(A) Both [a] and [r] are true and [r] is the correct reason for [a] 

(B) [a] is false but [r] is true 

(C) Both [a] and [r] are true but [r] is NOT the correct reason for [a] 

(D) Both [a] and [r] are false 

Q.71 A jellyfish appearing translucent in the sea disappears when immersed in an aquarium having 
liquid X. Tfthe refractive index ofthejellyfish is n, refractive index ofX is 

(A) I l n (B) n (C) 112n (D) 2n 

Q. 72 The dimensions of shear strain are 

Q.73 In S.I. units, electric flux , which is the dot product of electric field intensity and area vector, 
are 
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Q.74 The zeroth law of thermodynamics 

(A) gives a fundamental limitation to the efficiency of a heat engine 

(B) deals with thermal equilibrium leading to the concept oftemperature 

(C) is a direct consequence of the general law of conservation of energy 

(D) implies that the co-efficient of performance of a refrigerator can never be infinite 

Q.75 If a human heart beats at an average frequency of 1.25 Hz, the number of beats per minute is 

Q.76 

(A) 75 (B) 60 (C) 85 (D) 120 

For a mammalian skeletal muscle, if the extracellular potassium ion concentration, 
[K+]out = 4 mM, and, the intracellular potassium ion concentration, [K+]in = 128 mM, the 
approximate potassium ion (K+) potential (in m V) is 

Assume: Faraday's constant= 9.65xl 04 C mol- 1
: Gas constant= 8.31 J K- 1 mol-1

; mammalian 
temperature = 3 7°C 

(A) -47 (B) - 94 (C) - 27 (D) 0 

Q. 77 Optical resolution of a light microscope is I imited by 

(A) Size of the specimen being observed 
(C) Intensity of light 

(B) Size of specimen stage 
(D) Wavelength of visible light 

Q.78 Aqueous environment in a spherical endosome - a closed vesicle of 100 nm diameter, is at a 
pH 5.0, in order to denature and hydrolyze the material internalized by a cell. Assuming 
Avogadro's number to be 6 x I 023

, the number of free protons in an endosome is closest to 

(A) 24 (B) 3 (C) 2400 

Q.79 Newton's second law of motion deals with 

(A) conservation of total momentum of an isolated system of particles 

(B) acceleration of a body as a result of applying an external force 

(D) 300 

(C) rate of change of momentum as a result of applying an external force 

(D) the magnitude and direction of forces occurring between pairs of bodies 

Q.80 If the work done by a human heart is 0.5 J per beat. with the time period "T" of 0.8 seconds 
for a beat, the approximate energy (in kcal) required by a human heart to beat in a day is 

Assume: 1 calorie 4.2 Joules 

(A) 13 (B) 26 (C) 130 (D) 260 

Q.81 The maximum depth (in m) reachable by a research submarine, designed to withstand an 
external pressure of 100 atm, is 

Assume: Density of water = 1000 kg/m3
, acceler<!tion due to gravity = 10 m/s2

, and, 
atmospheric pressure at the water surface = 1 atm = 1 O' Pa 

(A) 99 (B) 990 (C) 9900 (D) 99000 
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Q.82 The number of water molecules present in a 300 residue soluble protein of spherical shape 
(diameter= 2 nm) having 20% (V /V) water is closest to 

Assume: density of water= 1000 kg/m3
, Avogadro's number= 6 x 1023

. 

(A) 224 (B) 9 (C) 140 (D) 28 

Q.83 If the four bases, A, T, G, and C, occur with equal likelihood in a five nucleotide DNA 
sequence, the approximate probability of finding the sequence CGAGT through random 
chance is 

(A) 0.06250 (B) 0.01563 (C) 0.00391 (D) 0.00098 

Q.84 A new life form has DNA with 5 nucleotides instead of 4, 5 naturally occurring amino acids 
instead of 20, and a codon size of 2 bases instead of 3. Assuming the central dogma of biology 
applies to the new life form, the degeneracy of its genetic code 

(A) is likely to be more than ours 
(C) is likely to be identical to ours 

(B) is likely to be less than ours 
(D) does NOT exist 

Q.85 20 microbial colonies appear on an agar plate having sucrose and cellulose as the only carbon 
sources. Of the 20 colonies, microbes in 12 colonies can metabolize sucrose. If microbes in 
4 colonies metabolize both sucrose and cellulose, the number of colonies with microbes which 
can metabolize cellulose is 

(A) 4 (B) 8 (C) 12 (D) 20 

Q.86 A heavy chain of an immunoglobulin is a result of recombination of one DNA segment each 
from 200 different V segments, 12 D segments and 4 J segments from the corresponding DNA 
sequence. Further, a light chain results from recombination of one segment each from 200 
different V segments with 5 different J segments. If a heavy chain and a light chain form an 
immunoglobulin, the maximum number of different immunoglobulins that can be synthesized 
is closest to 

(A) 103 (B) 105 

Q.87 Weight of a colony of a newly discovered unicellular organism can be predicted by the 
empirical equation W (in g) = (x)", where x = 1.01 and n = number of cells in the colony. [fa 
dog weighs 1 0 kg, the correct statement amongst the following is 

(A) A colony of one million cells is lighter than a dog 

(B) A colony of one million cells is heavier than a dog 
(C) A colony of one million cells weighs the same as a dog 
(D) None of the above 
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Q.88 Given that a hetero-trimeric protein is formed by 3 proteins with their center of masses at the 

coordinates (1, 1, 2), (3, -5, 7) and (-1, 7, -6) respectively, the coordinates of the centroid of 

the triangle formed by joining the three center of masses is 

(A) (3, 3, 3) (B) (3, 1, 3) (C) (1, 3, I) (D) (1,1,1) 

Q.89 Two linear and paraJlel RNA strands, defined by the equations 3x-4y + 6 = 0 and 3x-4y + 5 = 0 

are hydrogen bonded together. The distance between the two strands is 

(A) 0.2 (B) 1.0 (C) 1.2 (D) 2 

Q.90 (p, q+r), (q, r+p) , and (r, p+q) are the coordinates of 3 co-planar atoms in a molecular 

structure. Area occupied by the three atoms is 

(A) pq + qr + pr 
(C) p 2 + q 2 + r 2 

(B) pqr 

(D) None of the above 

Q.91 The angle between two linear transmembrane domains defined by the following vectors 

a=i+]-k 
b=f-}+k 

IS 

(A) cos-1(-1/3) (C) sin-1(-1/3) 

Q.92 A straight DNA segment defined by 6i + 2}- 8k is bound to a linear transcription factor 

defined by 4i-4} + 2k. The correct statement amongst the following is 

(A) The transcription factor is parallel to the DNA segment 

(B) The transcription factor is perpendicular to the DNA segment 

(C) The transcription factor is at an angle of 45° from the DNA segment 

(D) None of the above 

Q.93 A protein backbone can be traced by plotting the coordinates of Ca atoms of its constituent 

amino acids. If area of the triangle formed by joining the coordinates of Ca atoms of a 

tri-peptide is zero, 

(A) the tri-peptide is linear (B) the tri-peptide is circular 

(C) the tri-peptide forms a curved loop (D) the tri-peptide forms an open curve 

Q.94 Priyanka has blood type 0. Her mother's blood type is Band father's blood type is A. If both 

of Priyanka's grandmothers had blood type AB, and assuming NO child was adopted, blood 

type of either of her grandfathers CANNOT be 

(A) A (B) B (C) AB (D) 0 
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Q.95 Given that you have 2 parents, 4 grandparents, 8 great grand parents, and so on, the number of 
your ancestors during ten (1 0) generations of your family preceding you is 

(A) 510 (B) 1022 (C) 2046 (D) 4090 

Q.96 The intracellular non-enzymatic fractional degradation of a compound X, j{x), is related to its 
concentration x through 

J(x)= lim ｾ Ｍ Ｑ Ｎ＠
x-.0 X 

At a negligible concentration of X, its fractional degradation is 

(A) 0.00 (B) 0.25 (C) 0.50 (D) 0.75 

Q.97 The distance x (in f..UTl) covered by a molecule starting from point A at time I = 0 and stopping 
at another point B is given by the equation 

x = t
2(2-j} 

The distance between A and B (in ) .. un) is closest to 

(A) 10.7 (B) 20.7 (C) 40.7 (D) 50.7 

Q.98 Dependence of the weight, y (in kg), of an organism on the number of hours, x, when it is in 
motion, is given by the differential equation 

dy = -4x/. y;tO. 
dx 

Given that y = 1, when x = 0, the weight of the organism after moving for one hour is 

(A) 0.11 (B) 0.33 (C) 0.67 (D) 0.75 

Q.99 A hospital has 35 patients, 24 ofwhich are HIV + and 16 have TB infection. All patients have 
at least one ofthe two infections. The number of patients with both HIV and TB infections is 

(A) 5 (B) 8 (C) 9 (D) 11 

Q.l 00 The average weight of four kids is 29.6 kg. If three of the kids weigh 29.8 kg, 28.6 kg and 
29.7 kg respectively, the weight of the fourth kid (in kg) is 

(A) 29.3 (B) 29.6 (C) 30.3 (D) 30.6 
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IMPORTANT NOTE FOR CANDIDATES 

• Part-1 consists of 35 objective type questions. The first ten questions carry Q!!!I. mark 

each and the rest of the objective questions carry two marks each. There will be negative 

marks for wrong answers. For each 1 mark question the negative mark will be 113 and 

for each 2 mark question it will be 213. 

• Write the answers to the objective questions by filling in the appropriate bubble on the 

left hand side of the included ORS. 

• Part-11 consists of 8 descriptive type questions each carrying five marks. 

PART-I: Objective Questions 

Q.l - Q. 10 carry one mark each: 

Q.l For square matrices M and N, ifMN = M and NM = N, then: 

(A) M2 = M and N2 = N (B) N2 iN and M2 = M 

(C) M2 i M and N2 i N (D) M2 i M and N2 = N 

Q.2 The energy of an electron in a hydrogenic atom wi th nuclear charge Z varies as: 

(A) Z (B) Z2 (C) 1 I Z (D) 1 I Z2 

Q.3 The carbonyl stretching frequency (vc=e) is highest for: 

(A) (B) (C) (D) 

Q.4 The homolytic breaking of the Ca- Cb bond is easiest in: 

(B) 

(D) 
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Q.5 Tollen's test will be negative for: 

(A) Glucose (B) Mannose (C) Sucrose (D) Galactose 

Q.6 Which one among the following is a sesquiterpene? 

H CH3 

(A) ｈ Ｓ ｣ｾ＠ (B) 

H3C CH3 

(C) (D) 

&OH 
;""".... 

H3C CH3 

H H 
ｾｎｮＺ＠ S CH3 

ｾＭﾷﾷ＠ 0 N-l··cH CH · 3 
3 0 H ···cooH 

Q.7 The predicted geometry ofTeF4 by VSEPR theory is: 

(A) Octahedral 

(C) Tetrahedral 

Q.8 Among the following, the isoelectronic pair is: 

(A) NO and CO 

(C) NO+ and CO 

(B) Square planar 

(D) Trigonal bipyramidal 

(B) 0 2- (superoxide anion) and NO-

(D) 02- (superoxide anion) and NO+ 

Q.9 The metal ion of an enzyme involved in hydration of C02 is: 

(A) Cu (ll) (B) Fe (ll) (C) Mg (ll) 

Q.lO Among the following, the element having maximum inert pair effect is: 

[Given: Atomic number ofGe = 30, Pb = 82, Si = 14 and Sn =50] 

(A) Ge (B) Pb (C) Si 
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Q. 11 - Q. 35 carry two marks each: 

Q.ll The reactivity of compounds I-IV with maleic anhydride (V) fo ll ows the order: 

］Ｚｾｾ＠ /H' 0 

0 f Qo CH3 

CH;H3 CH3 0 
I II III IV v 

(A) I < II < III < IV (B) II < IV < III < I 

(C) II < I < III < IV (D) II < I < IV < I II 

Q.l2 Which one among the following molecules is chiral? 

Cl ,H Cl H 
(A) )=c . (B) }=c=c=\ 

Cl ｾｃｉ＠ H Cl 

Cl 

Cl F ,CI <=8J (C) ｣ｾﾷ＠ (D) /; 
H ｾ ｈ＠ I 

H 

Q.13 Identify the starting material I in the given reaction. 

I 

(A) (B) 

(C) (D) 
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Q.l4 The major product for the following reaction is: 

Product 

0 

{A) C() (B) Lo 
0 

(C) (D) Co 
Q.l5 The structure of the major product in the following reaction is: 

0 

ｾｂｲ＠
Me2Culi 

Product 

0°C 

(A) 65 (B) 6) 
CH3 CH3 

0 

(C) 
H,OJ 

(D) Co 
CH3 

Q.16 The correct orientation of dipoles in pyrrole and pyridine is: 

(A) 01 
H or (B) 01 

H 
01 

(C) Ot 01 (D) or or N ' H H 

CY-4/20 

www.examrace.com



Q.17 Specific rotations of freshly prepared aqueous solutions of I and II are +112 and +18.7, 
respectively. On standing, the optical rotation of aqueous solution of I slowly decreases to 
give a fmal value of +52. 7 due to equilibration with II . Under this state of equilibrium, what is 
the ratio 11:1 ? 

CHO 
OH H OH 

OH 

H04 HO H ｈｾｾｏｈ＠HO H ---- --------
OH H OH OH 

OH H OH 
H 

CH20H II 

[a)0
25 = +112 [a]0

25 = +18.7 

(A) 0.57 (B) 1.00 (C) 1.75 (D) 5.9 

Q.18 The major product formed in the following reaction is: 

UCOOH i) Na/liquid NH3 

ii) C4H9Br 
Product 

ｾ＠

YCOOH 
COOH 

Oc4H9 
ｾ＠

(A) (B) 
C4H9 

OCOOH OCOOH 
(C) (D) 

ｾ＠
C4H9 C4H9 

Q .19 In boron neutron capture therapy, the initial boron isotope used and the particle generated after 
neutron capture respectively are: 

(A) 11B and a particle (B) 10B and a particle 

(C) 11 B and fJ particle (D) 10B and fJ particle 

Q.20 The number of a and fJ particle(s), generated in the following radioactive decay process, are: 

(A) one a and t.vo fJ particles 

(C) one a and four fJ particles 

238u ｾ＠ 234u 
92 92 
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Q .21 In the measurement of hardness of water by complexometric titration, identify P and Q in the 
following equation. 

red colourless 

(A) P-MgY ; Q = Mgln 

(B) P = MgY2; Q = Mgln2 

(C) P = Mgln2; Q = MgY2 

(D) P Mgln ; Q = MgY 

colourless blue 

Q.22 An aqueous solution of hemoglobin has a molar absorptivity value of 18,600 L mol-1cm-1 for 
an absorbance value of 0.1 at 540 run (Given: cell thickness = 1 em). The concentration 

(in fJ.M) of the hemoglobin solution is: 

(A) 0.537 (B) 5.37 (C) 53.7 (D) 537.0 

Q.23 The electronic transitions responsible for the colour of K2Cr201 and porphine in their solid 
state respectively are: 

(A) ､ｾ､＠ ; ＱｴｾＱｴＪ＠

(B) ｍｾｌ＠ charge transfer; ＱｴｾＱｴＪ＠

(C) ｌｾｍ＠ charge transfer; ｮｾＱｴＪ＠

(D) ｌｾｍ＠ charge transfer; ､ｾ､＠

Q.24 The correct order ofM-C (M = Ti, V, Cr and Mn) bond stretching frequency is: 

(Given: Atomic number ofTi = 22, V = 23, Cr - 24 and Mn 25) 

(A) (Y(CO)<>r < Cr(C0)6 < [Mn(C0)6f < [Ti(C0)<>]2 

(B) (Ti(C0)6]2- < [V(C0)6r < Cr(C0)6 < [Mn(C0)6t 

(C) [Mn(C0)6f" < Cr(C0)6 < [V(C0)6r < [Ti(C0)6]2
-

(D) [Mn(C0)6t < [V(C0)6r < Cr(C0)6 < [Ti(C0)6]2-
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Q.25 For the following reactions, the metal complexes X andY are: 

(i) Ni (s) 

(ii) FeCI., 

(A) X = Ni(C0)4; Y= Fe(115-Csllsh 

(C) X = Ni(CO)s; Y= Fe(115-CsHsh 

co (g) 
X 

I atm I 25 °C 

2 NaC5H5 y 

(B) X= Ni(C0)4; Y= Fc(111-CsHsh 

(0) X = Ni(C0)6; Y= Fe(111-CsHs)2 

Q.26 The correct order of crystal field strength is: 

(Given: en= ethylenediamine) 

(A) Cl- < H20 <en< (115-CsHsf 

(C) H20 < (115 -CsHs) <en< Cl-

(B) H20 < Cl < (115 -CsH;)" <en 

(0) en< Cl < H20 < (115 -CsHsf 

Q.27 The carbon-oxygen bond in an organic compound absorbs electromagnetic radiation of 

frequency 6 x 1013 Hz. This frequency corresponds to the region: 

(A) Infrared (B) Microwave (C) Ultraviolet (D) Visible 

Q.28 According to the equipartition principle of energy, the molar heat capacity at constant volume 

for C02 (g), S02 (g) and H20 (g) follows the trend: 

Q.29 

(A) C02 = S02 = H20 

(C) H20 > S01 = C02 

(B) C02 > S02 = H20 

(D) C02 S01 > H20 

[ 
-h

2 
d

2 
h

2a
2
x

2
] 2 h

2 
2 

{ ) 2 + { 2 ) exp{ -ax ) = C-{ 2 ) exp{ -ax ), where 
8;r2m dt 2;r m 4;r 

h, Jr, m and a are 

constants. Then C is: 

(A) 2a/m (B) a/2m (C) aim (D) d!m 

Q.30 Among Ar, NH.tCI, HF and HCl, the strength of interatomic, intermolecular forces follows the 

order: 

(A) ｾｃｉ＠ > HF > HCI > Ar 

(C) HCI > Ar > NlltCI > HF 
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Q.11 The number of degrees of freedom in the homogeneous liquid region of a two component 
system with a eutectic point, at one atmosphere pressure, is: 

(A) 0 (B) (C) 2 (D) 3 

Q.32 The ionic strength of 0.1 M aqueous solution of Fe2(S04)3 is: 

(A) 0.1 M (B) 0.65 M (C) 1.3 M (D) 1.5 M 

Q.33 If the transport number of Na+ is 0.463 (dilute solution of NaCI in methanol), the transport 
number ofW (dilute solution ofiiCI in methanol) is: 
(Given, A a) (NaCl in methanol)= 96.9 ohm 1 cm2 mol 1 and 
ａｾ ﾷ＠ (IICI in methanol)= 192 ohm 1 cm2 mol 1

) 

(A) 0.27 (B) 0.46 (C) 0.54 (D) 0.73 

Q.34 Charcoal (I gram) of surface area 100 m2 per gram, absorbs 60 mg of acetic acid from an 
aqueous solution at 25 °C and I atmosphere pressure. The number of moles of acetic acid 
adsorbed per cm2 of charcoal surface is: 

(A) 10-2 (B) ＱＰ ｾ＠ (C) 1 o-s (D) 10-9 

Q.35 The change in entropy for the following transformations is respectively: 
(+indicates increase,- indicates decrease and 0 indicates no change) 

(i) S02Cl2 (g) 
1:1 

S02 (g) + Cl2 (g) 

( ii) n CH2 = CH2 (g) 
Catal}st 

-tcH2-CH2-b (s) 

(iii) 12 (s) 1:1 
12 (v) 

1 atmosphere 

(iv) Adiabatic reversible expansion of an ideal gas 

(A) +, -,0,+ (B) +,-,0,0 (C) -, +,+, 0 (D) +,-,+,0 
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PART-II: Descriptive Questions 

Q. 36 - Q. 43 carry five marks each. 

Q.36 Using crystal field theory (CFD, for the [Co(NHJ)6]3+ ion 

(a) draw the d-orbital splitting including their orbital labels (designations) and show their 

electron occupancy. 

(b) calculate the crystal field stabilization energy (ignore pairing energy) and spin-only 

magnetic moment values. 

(Given: atomic number of Co = 27) 

CY-9/20 
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Q.37 (a) Write the correct order of lattice energy for LiX. X= F. CL Brand I. 
(b) A first order reflection from (111) plane is observed for LiX with 20 = 24.6° (X-ray of 

wavelength 1.54 A). Assuming LiX to be a cubic crystal system. calculate the length of 
the side of the unit cell in A. 
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Q.38 For the reaCtion: 

2 NO + 2 H2 
700 °C 

(i) Write the expression for the rate of the reaction in terms of the change in concentrations 
ofNO and H20. 

(ii) Given the following data for the above reaction, ftnd the order of the reaction with 
respect to (a) NO and (b) H2 and the rate constant of the reaction along with the proper 
unit. 

[NOlr-0 (mol dm -J) [H2lr-0 (mol dm-J) Initial rate (mol dm-J s-1
) 

Experiment 1 0.025 0.01 2.4 X 10-6 
Experiment 2 0.025 0.005 1.2 X 10-6 
Experiment 3 0.0125 0.01 0.6 X 10-6 
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Q.39 The vapour pressure of benzene is 5333 Pa at 7.6 °C and 53330 Pa at 60.6 °C. Calculate the 
heat of vapourization of benzene and the normal boiling point of benzene. 
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Q.40 The following graph represents the dependence of certain properties I to V (given below) as a 
function of temperature. 

Property 

. ·· .. .. .. 

' .. ··· . . 
ｾ ﾷﾷ＠

.. . . 
.. .. .. 

.. 

- - - _.:,: - - - - -
.. ... ·· .. 

.. .. 

298K 
Temperature 

. . .·· .. 

E 

D 

A 

c 

B 

lOOOK 

I The enthalpy change of a gas phase reaction in ｾｨｩ｣ｨ＠ the sum of the number of 
moles of products is greater than the sum of the number of moles of reactants 

II The osmotic pressure of an ideal solution at a given concentration 

Ill The standard Gibbs free energy of formation of metal oxides 

IV The molar heat capacity at constant volume for a an ideal gas, as predicted by 
the equipartition of energy 

V The rate constant of a reaction with Ea = I 00 kJ mor1 

The lines/curves A, B, C, D and E corresponding to the appropriate property are: 

Answer: 

Property Line/Curve 

I 

II 

Ill 

IV 

v 
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Q.41 Draw the structures A-E for the given transformation. 

ｾｏ＠ _Br-=--2 .. ｾ＠
H3C CH3 

( + )-pulegone 

A 
NaOEt 

EtOH 
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Q.42 In the reaction sequence given below, draw the structures of A, C, D and reagent B. 

CHO B CH3 
H3CHO 6 aq. NaOH OH 

+ A (reagent) 

H3C H 

(excess) 

Rearrangement ! W 

I c l ... D 

(Intermediate) 

CY-15/20 

www.examrace.com



Q.43 (a) How many 1H NMR signals are expected for 2-chlorobut-2-ene? (ignore spin-spin 
coupling) 

(b) Write down the iron containing chemical species, E, F and Gin the following reactions. 
KCN 

(excess) H2S 
E [FeCIJlaq F 

l(NII 3],q 

H+ 

G 
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IMPORTANT NOTE FOR CANDIDATES 

• Part-1 consists of 35 objective type questions. The first ten questions carry 2.!:!.£ mark 
each and the rest of the objective questions carry two marks each. There will be 
negative marks for wrong answers. For each 1 mark question the negative mark will 
be 1/3 and for each 2 mark question it will be 2/3. 

• Write the answers to the objective questions by filling in the appropriate bubble on 
the left hand side of the included ORS. 

• Part-11 consists of 8 descriptive type questions each carrying five marks. 

PART-1: Objective Questions 

Q. 1-Q. 10 carry one mark each. 

Q.l Identify the pole to the great circle 1t in the given stereographic projection. 

Q.2 

(A) p 

Transform fault is a 

(A) strike-slip fault 

(C) reverse fault 

p 

(B) Q 

N 

s 

(C) R 

(B) normal fault 

(D) thrust fault 

(D) 0 

Q.3 In what type of country rock do sink-holes develop? 

(A) Phyllite (B) Gneiss (C) Limestone (D) Sandstone 

Q.4 The Gutenberg discontinuity li es between 

(A) crust and mantle 

(C) outer core and lower mantle 

GG-1120 

(B) lithosphere and asthenosphere 

(D) inner core and outer core 
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Q.5 Among the following ores, of which is gossan a characteristic surface indicator? 
(A) pyrite-chalcopyrite (B) cbromite-magnetite 

(C) pyrolusite-psilomelane (D) columbite-tantalite 

Q.6 Which of the following physical properties characterize galena? 

(A) Prismatic form (B) Cherry red streak 
(C) Yellow colour (D) High specific gravity 

Q.7 In which of the following rocks does groundwater flow obey Darcy's law? 

(A) Shale (B) Sandstone 
(C) Marble (D) Granite 

Q.8 Which of the following minerals belongs to the cubic system? 

(A) Orthoclase (B) Quartz 
(C) Gamet (D) Apatite 

Q.9 Which one of the following rocks has maximum compressive strength? 
(A) Marble (B) Slate 

(C) Sandstone (D) Granite 

Q.l 0 From the sedimentary rocks listed below, select the most fine-grained. 
(A) Sandstone (B) Conglomerate 

(C) Siltstone (D) Claystone 

Q. 11 - Q. 35 carry two marks each. 

Q.ll Which combination of geological entities occurs in the same craton? 

(A) Cbitradurga schist belt-Closepet Granite-Hutti gold mine 
(B) Bhilwara Supergroup-Sittampundi anorthosite-Zawar Pb-Zn deposit 

(C) Kolar schist belt- Malani rhyolite- Malanjkband copper deposit 
(D) Mansar Fonnation-Makrana marble-Sukinda chrornite deposit 

Q.l2 Choose the correct statement from the following: 

(A) Vindbyan Supergroup is devoid of limestone 

(B) The top ofthe Cuddapah Supergroup is Phanerozoic 

(C) Kaladgi basin is situated in the Bastar Craton 

(D) The Mesozoic Bhuj Formation consists predominantly of sandstone 

GG-2/20 
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Q.13 Identify the correct chronostratigraphic sequence of the Siwalik Group from the following 
(oldest to youngest): 

(A) Pinjor-Nagri-Dhok Pathan-Tatrot 

(B) Nagri-Dhok Pathan-Tatrot-Pinjor 

(C) Dbok Pathan-Tatrot-Nagri-Pinjor 

(D) Tatrot-Pinjor-Nagri-Dhok Pathan 

Q.l4 If the strike of an inclined bed is N l5°E, the dip direction can be 

Q .15 Parallel fold is one in which 

(A) the orthogonal thickness is same all around the fold. 

(B) the thickness is same parallel to the axial plane of the fold. 

(C) the outer and inner arcs have same curvature. 

(D) the dip isogons are parallel to each other. 

Q.l6 'Comb structure' with 'symmetrical banding' is formed by 

(A) Early magmatic process (B) Hydrothermal process 

(C) Chemical sedimentary process (D) Residual concentration process 

Q.17 Match the items of Group-I with appropriate items in Group-H. 

Group-I Group-ll 

P. Banded Iron Formation l. Copper 

Q. Andesite porphyry 2. Diamond 

R. Lamproite 3. Rare metals 

s. Pegmatite 4. Blue dust 

(A) P-4 Q-1 R-2 S-3 
' ' ' 

(B) P-3, Q-2, R-4, S-1 

(C) P-4, Q-3, R-1, S-2 (D) P-4, Q-1, R-3, S-2 

GG-3/20 
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Q.l8 Which one of the following minerals is commonly used for determination of vibration 

direction of the polarizer in a petrological microscope? 

(A) Muscovite (B) Hornblende (C) Augite 

Q.19 A mafic rock in the eclogite facies may contain the assemblage 

(A) chlorite-epidote-albite 

(B) garnet-clinopyroxene-hornblende-plagioclase 

(C) garnet-clinopyroxene 

(D) garnet-clinopyroxene-orthopyroxene-plagioclase 

(D) Tourmaline 

Q.20 Elevation contours of ground surface (values in parenthesis) and groundwater table (values in 

normal font) are given in the figure below . 

. 
P• .· 

. 
10, (10) 
ｾ＠

- 9 
(9) 

-Elevation of g-round surface (m) 

- - Elevation of groundwater table (m) 

What do the points P, Q and R represent? 

(A) P-recharge area, Q-spring, R-discharge area 

(B) P-discharge area, Q-spring, R-recharge area 

(C) P-spring, Q-recharge area, R-discharge area 

(D) P-discharge area, Q-recharge area, R-spring 

GG-4/20 
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Q .21 Airy's model of isostasy 

(A) requires mountains to have higher density than the oceanic crust 

(B) requires mountains to have lower density than the oceanic crust 

(C) requires mountains to have the same density as oceanic crust 

(D) does NOT consider the densities of mountain and oceanic crust 

Q.22 Choose the correct statement about ｾ･＠ igneous forms, lopolith and laccolith. 

(A) Both are concordant; lopolith is convex upward while laccolith is concave upward. 

(B) Both are discordant; both are convex upward. 

(C) Both are concordant; laccolith is convex upward, while lopolith is convex downward. 

(D) Both are discordant; both are convex downward. 

Q.23 Which one ofthe following belongs to the Equidae family? 

(A) Stegodon 

(C) Ramapithecus 

Q.24 Which one of the following flora is a conifer? 

(A) Glossopteris 

(C) Buriadia 

(B) Stegolophodon 

(D) Gigantopithecus 

(B) Gangamopteris 

(D) Schizoneura 

Q.25 Match sedimentary features in Group-1 with the processes in Group-D. 

Group-I Group-II 

P. Flute cast 1. Deformation of sediments 

Q. Convolute lamination 2. Erosion 

R. Cross-stratification 3. Fluctuating current 

s. Flaser bedding 4. Migration of bed forms 

_(A) P-2, Q-1, R-3, S-4 (B) P-2 Q-1 R-4 S-3 , ' ' 
(C) P-1, Q-2, R-4, S-3 (D) P-2 Q-3 R-4 S-1 , ' ' 

GG-5/20 
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Q.26 Stress-strain deformation curves for four rocks P, Q, RandS are given below. The dots at the 
ends of the curves indicate the respective failure points of each rock. Choose the rock with the 
highest brittle strength. 

Q.27 

p 

Strain 

(A) p (B) Q (C) R (D) s 

A closed form belonging to crystal class _!_ 3 _1_ intercepts the axes at a = 1, b = 1 and c = oo. m m 

The name and the Miller Indices of the form are 

(A) Octahedron ( 111) 

(C) Cube ( 1 00) 

(B) Hexoctahedron (321) 

(D) Dodecahedron (110) 

Q.28 Match the mineral deposits in Group-1 with the localities of their occurrences in Group-II . 

Group-I Group-II 

P. Lignite 1. Dariba 

Q. Fluorite 2. Noamundi 

R. Chromite 3. Panandhro 

S. Sphalerite-Galena 4. Amba Dongar 

5. Naushahi --

(A) P-2 Q-3 R-4 S-5 , , , (B) P-3 Q-4 R-5 S-1 , , , 
(C) P-3 Q-4 R-2 S-1 , , , (D) P-4 Q-5 R-1 S-2 , , , 
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Q.29 Match the minerals in Group-1 with their optical properties in Group-H. 

Group-1 Group-11 

P. Quartz 1. Oblique extinction 

Q. Hornblende 

R. Muscovite 

S. Gamet 

(A) P-3, Q-2, R-1, S-4 

(C) P-4, Q-1, R-3, S-2 

2. 

3. 

4. 

(B) 

(D) 

Isotropic 

Mottled extinction 

Uniaxial positive 

P-4 Q-3 R-2 S-1 
' ' ' 

P-3 Q-4 R-1 S-2 
' ' ' 

Q.30 Two minerals, P and Q, were studied under the microscope. Mineral Pis characterized by two 
orthogonal cleavages. Mineral Q has more than one set of cleavage, but these are NOT at right 
angles; Q also changes relief on rotation of the stage. Identify P and Q from the following 
alternatives: 

(A) P -hornblende, Q - calcite 

(C) P -diopside, Q -hornblende 

(B) P -calcite, Q -diopside 

(D) P -diopside, Q - calcite 

Q.31 A potash-rich ultrabasic rock containing phlogopite both as megacrysts and groundmass is 

(A) leucite syenite (B) K-rich granite (C) carbonatite (D) kimberlite 

Q.32 Identify the interference figure given below. 

(A) Biaxial optic normal figure 

(C) Uniaxial optic axis figure 

Optic 
normal 

(B) Biaxial acute bisectrix figure 

(D) Uniaxial flash figure 

GG-7/20 
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Q.33 Match the genera in Group-1 with the phyla in Group-II. 

Group-I Group-ll 

P. My a 1. Echinodermata 

Q. Micraster 2. Mollusca 

R. 0/enoides 3. Brachiopoda 

S. Leptaena 4. Arthropoda 

(A) P-3 Q-4 R-1 S-2 
) ' ) 

(B) P-2 Q-1 R-3 S-4 ' ) ' 
(C) P-2 Q-4 R-1 S-3 

' ' ' (D) P-2 Q-1 R-4 S-3 
) ' ' 

Q.34 Match the landforms given in Group-1 with the causative processes given in Group-11. 

Group-1 Group-ll 

P. Strath 1. Glacial deposition 
Q. Drumlins 2. Glacial erosion 

R. 
S. 

(A) 

(C) 

Cirque 

Point bar 

P-4 Q-1 R-2 S-3 
) ' ' 

P-4, Q-2, R-1, S-3 

3. Fluvial deposition 

4. Fluvial erosion 

(B) P-3, Q-1, R-2, S-4 

(D) P-1, Q-2, R-3, S-4 

Q.35 Which of the following symbols indicates a synform? 

p 

(A) 9-
p 

Q 
(C) Q (D) 

GG-8/20 
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PART - II : Descriptive Questions 

Q. 36- Q. 43 carry five marks each. 

Q.36 The figure below is a schematic section across an ocean-ocean subduction zone. Identify the 
features A, B and C that are characterized by sedimentary accumulations. What does the 

elevated zone D represent? What is the zone E that li es on both sides of the subducting 
oceanic lithosphere? 

mean sea level mean sea level 

A 

oceanic lithosphere 

E E 

A: 

B: 

C: 

D: 

E: 

GG-9/20 
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Q.37 Given below is a list of gastropods. 

Conus, Turritella, Vermetus, Calliostoma, Aporrhais, Acteonella, Schizos/Oma, Bellerophon 

Identify the biconical, discoidal and turretted forms. 

Biconical: 

Discoidal: 

Turretted: 

Distinguish between holostomatous and siphonostomatous apertures in gastropods. 

GG-10/20 
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Q.38 Based on the geological map, answer the questions below. 

ｾ＠ Axial plane and axis of the fold 

ｾ＠ Dip of the beddW!g plane 

Identify the nature of the surface passing through A. 

Identify the sets of beds and the relative ages of those sets. 

Identify the nature of the fo ld at B. 

In the map. vertical fault F-F cuts across the dyke and adjacent beds. Find the nature of slip 
along the fault. 

Why is the dyke NOT displaced by the fault? 

GG-11/20 
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Q.39 Which type of topography and climatic conditions are suitable for formation of plateau-type 

bauxite deposits? 

Name two essential minerals found in bauxite. 

The figure below shows an idealized anticlinal hydrocarbon reservoir containing oil, gas and 
water. Which zone out of A, B and C will be occupied predominantly by oil, and why? 

GG-12/20 
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Q.40 Study the textural relations given below: 

ｾ＠ Schistosity (muscovite+ biotite) 

----
ｾ＠ -------- A --

In what sequence are the minerals garnet, chlorite and staurolite formed? Give reasons for 
your answer. 

Two pelitic rocks, A and B, contain the following assemblages: 

A : Quartz-sillimanite-garnet-muscovite-biotite-graphite 

B : Quartz-sillimanite-gamet-K-feldspar-biotite-graphite 

Which of the two can be called a 'khondalite', and why? 

GG-13/20 
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Q.41 The figure below represents an isobaric binary system involving the solid phases A, Band C 
and their liquidus phase relations. Based on the figure, answer the following questions. 

Liquid X Liquid Y liquidu s 
• • s 

/; 
T 

Field 2 

E 
T ("C) 

Field I 

A C B 

• Compositi on 

What phases (among A, B, C and liquid) are stable in Field 1 and Field 2, respectively? 

At which point in this figure can a 'corona' texture develop? 

Trace the equilibrium crystallization histories of liquid X and liquid Y. 

GG-14/20 
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Q.42 The figure below is a stereographic projection of the symmetry elements in the class 4/m of 
the Tetragonal system, with a tetrad axis normal to a plane of symmetry. Given the projection 
of one face (marked by a dot in the figure), how many faces will the form have? What is the 
name of this form? 

I 
I 
I 
I 
I 
I 
I 

ＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭ

Write the Si:O ratios of olivine, diopside and nepheline. 

GG-15/20 
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Q.43. A stratigraphic column, consisting of formations A, B and C (from bottom to top), having 
mutual gradational contacts, is characterized as follows: 

C - shore-face sandstone 

B- inner to middle shelf sandstone-shale alternation 

A - outer shelf mud with occasional thin sandstone 

What does this stratigraphic column indicate- transgression or regression? Justify. 

Which formation has the sandstone with the least matrix, and why? 

• 

Which formation has the most rounded sand grains? 

GG-16/20 
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Booklet No. 
501870 

Test Paper Code : MA 

QUESTION BOOKLET CODE 0 Reg. No. I I I I I I I I 
Time : 3 Hours Name: I I 
Maximum Marks : 100 

GENERAL INSTRUCTIONS 
1. This Question-cum-Answer Booklet has 28 pages consisting ofPart-I and Part-11. 

2. An ORS (Optical Response Sheet) is inserted inside the Question-cum-Answer Booklet for 

filling in the answers of Part-1. Verify that the CODE and NUMBER Printed on the ORS 

matches with the CODE and NUMBER Printed on the Question-cum-Answer Booklet. 

3. Based on the performance of Part-J, a certain number of candidates will be shortlisted. 

Part-II will be evaluated only for those shortlisted candidates. 

4. The merit list of the qualified candidates will depend on the performance in both the parts. 

5. Write your Registration Number and Name on the top right comer of this page as well as 

on the right hand side of the ORS. Also fill the appropriate bubbles for your registration 

number in the ORS. 

6. The Question Booklet contains blank spaces for your rough work. No additional sheets will 

be provided for rough work. 

7. Non-Programmable Calculator is ALLOWED. But clip board, log tables, slide rule, 

cellular phone and other electronic gadgets are NOT ALLOWED. 

8. The Question-cum-Answer Booklet and the ORS must be returned in its entirety to the 

lnvigilator before leaving the examination hall. Do not remove any page from this 

Booklet. 
9. Refer to special instructions/useful data on the reverse of this page. 

Instructions for Part-1 

10. Part-1 consists of 35 objective type questions. The fi rst 10 questions carry ONE mark each 

and the rest 25 questions carry TWO marks each. 

11. Each question has 4 choices for its answer: (A), (B), (C) and (D). Only ONE of the four 

choices is correct. 

12. Fill the correct answer on the left hand side of the included ORS by darkening the 

appropriate bubble with a black ink ball point pen as per the instructions given therein. 

13. There will be negative marks for wrong answers. For each 1 mark question the negative 

mark will be 1/3 and for each 2 mark question it wi ll be 2/3. 

Instructions for Part-11 

14. Part-11 has 8 subjective type questions. Answers to this part must be written in 

blue/black/blue-black ink only. The use of sketch pen, pencil or ink of any other color is not 

permitted. 

15. Do not \\Tite more than one answer for the same question. In case you attempt a descriptive 

question more than once, please cancel the answer(s) you consider wrong. Otherwise, the 

answer appearing last only will be evaluated. 
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Special In stru ctions I Useful Data 

: The set of all positive integers 

: The set of all real numbers 

f', f" : First and second derivatives respectively of a real function f 

og og ag 
- -"" , ""' , a ox ｾｶ＠ = 

: Partial derivatives of g with respect to x , y and = respectively 

log : The logarithm to the base e 

i, j , k : Standard unit orthogonal vectors 
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IMPORTANT NOTE FOR CANDIDATES 

• Part-1 consists of 35 objective type questions. The first ten questions carry one mark 

each and the rest of the objective questions carry two marks each. There will be 

negative marks for wrong answers. For each 1 mark question the negative mark will 

be 1/3 and for each 2 mark question it will be 2/3. 

• Write the answers to the objective questions by filling in the appropriate bubble on 

the left hand side of the included ORS. 

• Part-11 consists of 8 descriptive type questions each carrying five marks. 

PART- I 

Objective Questions 

Q. 1 - Q. 10 carry one mark each. 

Q.I Let f(x) = lx2
- 251 for all x e lR. The total number of points of lR at which f attains a local 

extremum (minimum or maximum) is 

(A) I (B) 2 (C) 3 (D) 4 

Q.2 The coefficient of (x-1)2 in the Taylor series expansion of f(x)=xe·r (x elR) about the 

point x = I is 

(A) 
e 

(B) 
2 

2e (C) 
3e 
2 

(D) 3e 

10 lr 

Q.3 Let f(x,y) =I ( x2 
-/) for all (x,y) elR2

• Then for all (x,y) eR2
, 

Ira! 

(A) x: (x,y)-y! (x,y)=O (B) X a.r (x,y)+ y of (x,y)=O 
Ox Oy 

(C) a.r a.r (D) y 8f (x,y)+ x Of (x,y)=O y-(x,y)-x-(x,y)=O 
Ox Oy ox Oy 

Q.4 For a, b, c e R, if the differential equation 

(ax2 +bxy+ y 2 )dx+(2x2 +cxy+ y2 )dy=0 

is exact, then 

(B) b = 4, c = 2 

MA-1/28 

(C) b = 2, c - 4 
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Q.5 If f(x,y,z) = x2y+ y 2z+z2x for all (x, y, z)e IR
3 

and ｖＧ］ｾ ｩ Ｋｾ ｪ Ｋｾ ｫ Ｌ＠ then the value ox cy Oz 
of V' • (v x V'f)+ \7 . (Vf) at (I, I, I) is 

(A) 0 (B) 3 (C) 6 (D) 9 

00 

Q.6 The radius of convergence ofthe power series L22
n Xn

2 

is 
n=O 

(A) ｾ＠
4 

(B) 1 (C) 2 (D) 4 

Q.7 Let G be a group of order 17. The total number of non-isomorphic subgroups of G is 
(A) 1 (B) 2 (C) 3 (D) 17 

Q.8 Which one of the follow ing is a subspace of the vector space R
3
? 

(A) { (x,y,z) eR3
: x+2y=O, 2x+3z=O} 

(B) { (x,y,z) eR3
: 2x+3y+4z-3=0, z=O} 

(C) { (x,y,z) eR3
: x;?:O, y;?:O} 

(D) {(x,y,z)eR3 :x- I =O,y=O} 

Q.9 Let T: IR 
3
--+ IR 

3 
be the linear transformation defined by T(x, y, z) = (x + y, y + z, = + x) for all 

3 (x, y, z)e IR . Then 

(A) rank(T) = 0, null ity(T) = 3 

(C) rank(T)-= I , nullity(T) = 2 

(B) rank(T)-2, nullity(T) = 1 

(D) rank(T) = 3 , nullity(T) = 0 

A 

Q 10 Let f: IR--+ R be a continuous function satisfying x + J f(t) dt = e' -1 for all x e 1R. Then 

the set {x e 1R: 1 s; f(x) s; 2} is the interval 

(A) [log 2. log 3] 

(C) [e-1,e2 -1] 

MA-2/28 
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(B) [21og2, 31og3] 

(D) [0, e2
] 
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Q. 11 - Q. 35 carry two marks each. 

Q.11 The system of linear equations 

Q.12 

x - y +2z = b1 

x+2y- z = b2 

2y-2z = b3 

is inconsistent when (bP b2, b3) equals 

(A) (2, 2, 0) (B) (0, 3, 2) (C) (2, 2, 1) (D) (2, -1, - 2) 

[

a - 1 

Let A= 0 b 

0 0 
ｾ｝＠ be a matrix with real entries. If the sum and the product of all the 

eigenvalues of A are 10 and 30 respectively, then a2 + b2 equals 

(A) 29 (B) 40 (C) 58 (D) 65 

Q.l3 Consider the subspace W = {(xpx2 , ••• ,x10)ER 10 :xn=xn_1 +xn_2 ｦｯｲＳ ｾ ｮｾｉｏｽ＠ of the 

vector space R 10
• The dimension of W is 

(A) 2 (B) 3 (C) 9 (D) 10 

Q.l4 Let y 1(x) and y2 (x) be two linearly independent solutions ofthe differential equation 

Q.l5 

x2y"(x)-2xy'(x)-4y(x)= O for xE[1, 10). 

Consider the Wronskian W(x)=y1(x)y;(x)-y2(x)y;(x). If W(l)=l, then W(3)-W(2) 

equals 

(A) 1 (B) 2 (C) 3 (D) 5 

The equation of the curve passing through the point ( t'C, 1) and having slope sin;x) -
2
Y at 

2 X X 

each point ( x, y) with x ｾ＠ 0 is 

ｾ＠

2 -1'( -

(A) -x y+cos(x) =-
4 

(C) 

MA-3/28 

(B) 

ｾ＠ • 1'(2 

(D) x-y+sm(x) = -+1 
4 
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Q.l6 The value of a E R for which the curves x2 +ay2 = 1 andy= x2 intersect orthogonally is 

(A) -2 (B) 
-1 

2 
(C) 

1 

2 
(D) 2 

Q.I7 Let x. ｾ＠ 22
" (l-eas(;.)) for all n E N. Then the sequence { x.} 

(A) 

(C) 

does NOT converge 

1 
converges to -

2 

(B) 

(D) 

converges to 0 

1 
converges to -

4 

Q.l8 Let {xn} be a sequence of real numbers such that lim (xn.-1- xn)= c, where c is a positive real 
n_.ao 

Q.19 

Q.20 

number. Then the sequence {; } 

(A) is NOT bounded 

(C) converges to c 

(B) is bounded but NOT convergent 

(D) converges to 0 

ｾ＠ ｾ＠ (- IYn (-1)" Let ｾ ｡ｮ＠ and ｾ＠ bn be two series, where an = ' bn = ( ) for all n E N . Then 
n= l n= l 2n log n + 1 

"' ｾ＠

(A) both L an and L bn are absolutely convergent 
n I n-1 

00 00 

(B) L an is absolutely convergent but L bn is conditionally convergent 
n I n=i 

00 00 

(C) Lan is conditionally convergent but L bn is absolutely convergent 
n• l n= l 

"' 00 

(D) both .L>n and L)n are conditionall y convergent 
n I n • l 

The set { x
2 

ｾ＠ : x E R } is 
1 +x-

(A) connected but NOT compact in IR 

(C) compact and connected in IR 

MA-4/28 

(B) compact but NOT connected in IR 

(D) neither compact nor connected in IR 
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Q.21 

Q.22 

The set of all limit points of the set {-
2
- : x e (-1, 1)} in R is 

x+l 

(A) [1, oo) (B) (1, oo) (C) [ -1, 1) (D) [ -1, oo) 

LetS=[O, l] u[2,3) ｡ｮ､ｬ･ｴｦＺｓｾｒ＠ bedefinedby ｦＨｸＩ］ｻ Ｒ

Ｘ ｾ Ｒ ｸ＠ .,iff xe[O,l], 
x e[2, 3). 

If T={ f(x) :xeS}, then the inverse function f- 1
: ｔｾｓ＠

(A) does NOT exist 

(C) exists and is NOT continuous 

(B) exists and is continuous 

(D) exists and is monotonic 

Q.23 Let f(x) = x3 + x and g(x) = x3
- x for all x e R. If f- 1 denotes the inverse function off, 

then the derivative of the composite function g o f -1 at the point 2 is 

Q.24 

Q.25 

2 
(A) }3 (B) 

1 

2 
(C) 

11 

13 

{

X if y = 0, 
Forall(x,y)eR2 ,letf(x,y)= 3 . (/) 

x-y sm 1 y if y :;t: 0. 

Then at the point (0, 0), 

(A) f is NOT continuous 

(B) f is continuous but NOT differentiable 

(C) aj exists but a[ does NOT exist 
ax ay 

(D) f is differentiable 

ｻ
ｾｾｸＲＫｹＲ＠

For all (x, y) eR 2 , let f(x,y) = ｾｸｉ＠

a[ a[ 
Then -(0, 0) + -(0, 0) equals ax ay 
(A) -1 {B) 0 

MA-5/28 

if X :;t: 0, 

if X= 0. 

(C) 1 

(D) 
11 

4 

(D) 2 
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Q.26 Let f:IR-+lR be a function with continuous derivative such that J(.Ji)-2 and 
1 x+t 

f(x) =lim- J s f'(s)ds for all x E R. Then f(3) equals 
ｲｾｯ＠ 2t 

.\ I 

(A) J3 (B) 3J2 

I x
2 

' 

Q.27 The value of J J J (y+2z)dzdydx is 
x 0 y:O :•0 

(A) 
53 

(B) 
2 

21 

(C) 3.J3 

(C) 
1 

6 

(D) 9 

(D) 
5 

3 

Q.28 If C is a smooth curve in R 3 from ( -1, 0, I) to {1, I, -1), then the value of 
J (2.xy+z2 )dx+(x2 +z)dy+(y+2xz)dz is 
c 

(A) 0 (B) 1 (C) 2 (D) 3 

Q.29 Let C be the boundary of the region R = { (x, y) E R 2 
: -1 ｾ＠ y ｾ＠ 1, 0 ｾ＠ x ｾ＠ 1-/} oriented 

in the counterclockwise direction. Then the value of ｾｹ＠ dx + 2x dy is 

-4 
(A) 

3 
(B) 

-2 
3 

c 

(C) 
2 

3 
(D) 

4 

3 

Q.30 Let G be a cyclic group of order 24. The total number of group isomorphisms of G onto 
itself is 

(A) 7 (B) 8 (C) 17 (D) 24 

Q.31 Let S, be the group of all permutations on the set {1, 2, ... , n} under the composition of 
mappings. For n > 2, if His the smallest subgroup of Sn containing the transposition (1, 2) 
and the cycle (1. 2, ... , n) , then 

{A) H = Sn 

(C) the index of H in Sn is 2 

MA-6/28 

(B) H is abelian 

(D) H is cyclic 
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Q.32 Let S be the oriented surface x 2 + y2 + z2 = 1 with the unit normal n pointing outward. For 

the vector field F(x, y, z) =xi+ yj + zk , the value of fJ F · n dS is 

Q.33 

Q.34 

s 

(A) 
3 

(B) (C) 
4.7r 

3 
(D) 4.7r 

Let f: (0, oo) ｾ＠ IR be a differentiable function such that f'(x 2
) = 1-x3 

/(1) = 0. Then f( 4) equals 

for all x > 0 and 

-47 -47 
(A) 5 (B) 10 (C) 

-16 
5 

(D) 

Which one of the following conditions on a group G implies that G is abelian? 

(A) The order of G is p 3 for some prime p 

(B) Every proper subgroup of G is cyclic 

(C) Every subgroup of G is normal in G 

-8 
5 

(D) The function f: G ｾ＠ G, defined by f(x) = x- 1 for all x E G, is a homomorphism 

Q.35 Let S = { x E R. : x6 
- x5 ｾ＠ 100} and T = { x2 

- 2x : x e (0, oo) } . The set S n T is 

(A) closed and bounded in IR 

(B) closed but NOT bounded in IR 

(C) bounded but NOT closed in IR 

(D) neither closed nor bounded in IR 

MA-7/28 
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PART- II 

Descriptive Questions 

Q. 36 - Q. 43 carry five marks each. 

Q .36 Find all the critical points of the function I : lR 
2 
ｾ＠ lR defined by I ( x, y) = x3 + xy + / for all 

(x,y) ElR2
• Also, examine whether the function I attains a local maximum or a local 

minimum at each of these critical points. 

MA -8/28 
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Q.37 Given that there is a common solution to the following equations: 

P: y'+2y=e'/, y(O)= l, 

Q: y" -2y' +ay = 0, 

fmd the value of a and hence fmd the general solution of Q . 

MA-10/28 
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Q .3 8 Let f: lR ｾ＠ lR be a twice differentiable function such that f ( ;n ) = 0 for all n E W . Show 

that f'(O) = 0 = f"(O). 

MA-12/28 
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Q.39 Let A be an n x n matrix with real entries such that A2 = A. If I denotes the n x n identity 
matrix, then show that rank(A - I) = nullity(A). 
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Q.40 Evaluate fJ ) xy ., dS, where the surface S = { (x, y, x2 + y) e R3 
: 0 ｾ＠ x ｾ＠ y, x + y ｾ＠ 1}. 

s l + 2x-
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Q.41 Let f: (0, ｉ Ｉｾ＠ R be a differentiable funct ion such that 1 f'(x) Ｑｾ＠ 5 for all x E (0, I). Show 

that the sequence { f ( n ｾ＠
1
)} converges in JR . 
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Q.42 Let H be a subgroup of the group (R, +) such that H n [-1, I] is a finite set containing a 
nonzero element. Show that H is cyclic. 
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Q.43 If K is a nonempty closed subset of IR, then show that the set { x + y : x e K, y e [1, 2]} is 
closed in IR . 
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IMPORT ANT NOTE FOR CANDIDATES 

• Part-1 consists of 35 objective type questions. The frrst ten questions carry Q!l!. mark 

each and the rest of the objective questions carry two marks each. There will be 

negative marks for wrong answers. For each 1 mark question the negative mark will be 

1/3 and for each 2 mark question it will be 2/3. 

• Write the answers to the objective questions by filling in the appropriate bubble on the 

left hand side of the included ORS. 

• Part-II consists of 8 descriptive type questions each carrying five marks. 

Part -1: Objective Questions 

Q. 1 - Q. 10 carry one mark each. 

Q.1 The equation 

has 

(A) exactly one root in the interval (1 , 2) 

(B) exactly two distinct roots in the interval (1, 2) 

(C) exactly three distinct roots in the interval (1, 2) 

(D) NO roots in the interval ( 1, 2) 

Q.2 A circle of random radius R (in em) is constructed, where the random variable R has U (0, 1] 

distribution. The probability that the area of the circle is less than 1 cm2
, IS 

(A) 1 (B) 1 (C) 1 (D) I 
4..{; 3..[; 2..[; ..[; 

Q.3 Let the random variable X have moment generating function 

Then P(X ｾ＠ 2) is 

1 
(A) 

4 

M (t) = e21(l+t) 1 E lR 
X ' 

(B) 
1 

2 

MS-1/32 

(C) 
1 

3 
(D) 

2 

3 

www.examrace.com



Q.4 A system consisting of n components functions if, and only if, at least one of n components 

functions. Suppose that all the n components of the system function independently, each with 

probability ｾ＠ . If the probability of functioning of the system is 
63 

, then the value of n is 
4 64 

(A) 2 

(C) 3 

Q.5 The matrix 

(A) is an elementary matrix 

(B) 4 

(D) 5 

(B) can be written as a product of elementary matrices 

(C) does NOT have linearly independent eigenvectors 

(D) is a nilpotent matrix 

Q.6 Let the mappings ｾＮ＠ T2, J;, ｾ＠ from JR3 to lR3 be defmed by 

ｾＨｸＬｹＬｺＩ］Ｈｸ Ｒ Ｋｹ Ｒ Ｌ＠ x+z, x+y+z); 

J;(x,y,z)=(y+z, z+x, x+y); 

I;(x,y,z)=(x+ y, xy, x-z); 

ｾＨｸＬｹＬｺＩ］ＨｸＬ＠ 2y, 3z). 

Then which of these are linear transformations of JR3 over lR? 

(A) 1( and T2 

(C) T2 and T4 

MS-2/32 

(B) T2 and T3 

(D) 1j and T4 
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Q.7 Let 

Then the matrix of the linear transformation T: lR3 ｾ＠ IR3 defined by T (X)= T X; with 

respect to ilie basis B = { ｛ｾｈｩｽ＠ [ m over R is 

(A) ｛ｾ＠ ＭｾＱ＠ ｾＺＩ＠ (B) ｛ｾ＠ ｾ＠ i) . (C) [: ｾ＠ i) 
Q.8 Let X,, X2, X3 and X 4 be independent random variables. Then which of the following pairs 

of random variables are independent? 

(A) (X, +X2, X2 +X3) 

(C) (X,+ X2, X 3 ) 

Q.9 The series 

f ｬｯＦＨｬＺｾ Ｉ＠
n=l n 

(A) converges if a > 0 
(C) converges if a= 0 

(B) (X,, X, +X3) 

(D) (X2, X,+X2 +X3) 

(B) diverges for all a e lR 
(D) converges if a < 0 

Q.l 0 Let X be a random variable of continuous type with probability density function 

ｦＨｸｩｂＩ］ｻｾＨｾｲ＠ · 
0, 

if X> 3 
B>O. 

otherwise 

Based on single observation X, the most ｰｯｷ･ｾ＠ test of size a = 0.1, for testing 

H0 : (} = 1 agajnst H 1 : B = 2, rejects H 0 if X < k. Then the value of k is 

(A) 1 (B) 10 
3 
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(C) 
11 

3 
(D) 4 
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Q. 11 - Q. 35 carry two marks each. 

Q.ll Let X be a random variable of continuous type with probability density function j(x). Then, 

based on single observation X, the most powerful test of size a = 0.1 for testing 

H 0 : j(x) = 2x, 0 < x < 1, against H 1 : j(x) = 4x3
, 0 < x < 1, has power 

(A) 
9 
10 (B) 

1 

10 (C) 
81 

100 (D) 
19 

100 

Q.l2 Let X and Y be two random variables of discrete type with respective probability mass 
functions as 

and 

1 
Px(0)=2p, Px(1)=2p, Px(2)=1-4p, 0 <p<4, 

Then, among statistics X and Y , 

(A) both X and Yare complete 

(B) X is complete but Y is NOT complete 

(C) both X and Yare NOT complete 

(D) X is NOT complete but Y is complete 

Q.l3 Let X and Y denote the lifetimes (in years) of two independent components connected in a 
series with respective probability density functions 

1 _:_ y _l_ 

fx(x)=2e 2
, x>O, and fr(y)=4e 2

, y>O. 

Then the probability that the system will survive for at least 2 years, is 

(C) 3e-2 (D) 4e-2 
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Q.14 The distribution function of a random variable X is given by 

0, x<O 

1 
4' 

ｏｾｸ ＼Ｍ
4 

1 1 1 
2' 

Ｍｾｸ＼Ｍ

F(x)= 
4 2 

3 1 3 

4' 
Ｍｾｸ＼Ｍ
2 4 

x+3 3 
Ｍｾｸ＼Ｒ＠

5 4 
1, ｸｾＲ＠

Then P (.! ｾ＠ X ｾ＠ 1) is 

(A) 
1 (B) 

l1 
(C) 

7 (D) 
13 

- - -
20 20 20 20 

Q.15 Four persons P, Q, R and S take turns (in the sequence P, Q, R, S, P, Q, R, S, P,-·· ) in 

rolling a fair die. The first person to get a six wins. Then the probability that S wins is 

(A) 125 
671 

Q.16 The function 

(B) 
125 

571 
(C) 

125 

471 . 
(D) 125 

371 

f(x,y) = 3(x2 + l ) - 2(x3
- i)+6xy, (x,y) E R2

, 

has 

(A) a point of maxima 

(C) a saddle point 

(B) a point of minima 

(D) NO saddle point 

Q.17 Theareaoftheregionboundedby y= 8 and y=lx2 -ll, is 

(A) 50 
3 

(B) 
100 
3 
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(C) 
110 
3 

(D) 52 
3 
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n 
Q.l8 Let X .. X 2, ••• be a sequence of i.i.d. U[O, 1) random variables. If ｾ］ ｌ ｘＬＬ＠ n = 1,2, ... , ,., 

then 

ｬｩｭｐ Ｈｾ＠ ｳｾＫ＠ ,-;J = 
n-+» 2 VU 

(A) 0.9413 (B) 0.7413 (C) 0.8413 (D) 0.6413 

Q.19 Let%_= (XpX2) have a bivariate normal distribution with 

) 
2 2 1 E(X1) = E(X2 = 0, E(X,) = E(X2 ) = 1 and E(X1 X 2 ) =2. 

Then P( X1 + 2X2 > ../7) = 

(A) 0.1587 (B) 0.5000 (C) 0.7612 (D) 0.8413 

Q.20 There are two urns U1 and U2 • U1 contains four white and four black balls, and U2 is empty. 

Q.21 

Four balls are drawn at random from U1 and transferred to U2 . Then a ball is drawn at 
random from U2 • The probability that the ball drawn from U2 is white is 

(A) 
1 

(B) 
1 

(C) 
2 

(D) 
3 - -

3 2 3 4 

The integral 
I 2.t 

J f f(x,y) dy dx 
0 x2 

is equal to 

I .fi 2 I 

(A) f I f(x,y) dx dy +I I f(x,y) dx dy 
0 y/2 l y/2 

2 I 2 

(B) J f f(x,y) dx dy 
0 

l .fi 2 2y 

(C) f I f(x,y) dx dy +I I f(x,y) dx dy 
0 ) 2 I y 

2 2./Y 
(D) J I f(x,y) dx dy 

0 y 

MS-6/32 
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Q.22 In which case the system of equations 

x1 - 2x2+ x3= 3 

2x1 - 5x2+2x3= 2 

x1 + 2x2+A.x3= J.l 

has infinite number of solutions? 

(A) A.=l , p =-19 

(C) A. = 2, J.l = 18 

(B) A.= -1, p = 19 

(D) A. = 1, p = 19 

Q.23 Which of the following differential equations is satisfied by functions y
1
(x) = e(-t+.fi)x and 

y2(x) = e-zx? 

d2 d 
___L +52+ 6y = 0 
dx2 dx (A) 

(B) 

(C) 

(D) 

Q.24 Let 

t =!( l +-
1
- +···+-

1-J n-1 2 , n .J2 ,J;; ' - ' , .. .. 

Then 
00 

(A) the series It , converges and the sequence {t , } converges to 0 
,_, 

00 

(B) the series Ir , converges but the sequence {t , } does NOT converge to 0 

00 

(C) the series Ir , diverges but the sequence {t , } converges to 0 

00 

(D) the series It , diverges and the sequence {t J does NOT converge to 0 
ncl 
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Q.25 Let {a,} be a sequence of positive real numbers such that lim ｡ｾ＠ = ..!_. Then the function 
n-400 4 

. 1 0 xsm-
2

, ｸｾ＠

X 

f(x)= . Jog(l+a,) 

hm ( )' n _.,., • 7[ 
sm a, +"2 

x = O 

is 

(A) continuous at x = 0 but NOT differentiable at x = 0 
(B) continuous everywhere except at x = 0 
(C) differentiable at x = 0 
(D) nowhere differentiable 

Q.26 The value of the limit 

IS 

(A) 0 

(B) 

(C) 
2e 

(D) 
2e 

lim 
I 

X-->-
2 

X 

J cos2 m dt 
112 

Q.27 The number of distinct eigenvalues of the matrix 

1 l 
1 1 

1 1 

1 l 
IS 

(A) 1 (B) 2 

MS-8/32 
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Q.28 Let X 1, X 2, ••• be i.i.d. random variables with common probability density function 

{ 

1 e-(x;') 
f(x) = 2 ' 

0, 

if X> 1 

otherwise 

Define Y, ］｟Ａ｟ＺｾＺＩｘ Ｌ＠ -1 )2
, n = 1, 2,.... . lf lim P( I Y, - k I > & ) = 0, V & > 0, then k = n t • l n -.oo 

(A) 7 (B) 9 (C) 8 (D) 10 

Q.29 Let X" ... , Xn ( n > 2) be a random sample from a population with probability density 
function 

f(x l 8) = 8 e-olxl, - oo<x< oo, 8 > 0. 
2 

Then a uniformly minimum variance unbiased estimator of 8 is 

(A) .!_I I X, I (B) ｮｾｉ＠ t.l X, I n 1 t 

(C) 
n 

(D) 
n - 1 

n n 

LIXi l LIX,I 
'"'' , ... 

Q.30 Let X= (X" X 2 ) have joint probability density function 

0, ｯｴｨ･ｾｳ･＠

Then the variance of random variable X 1 is 

(A) 
1 

3 
1 

(B) -
2 

(C) 
2 

3 
(D) 

3 

4 

Q.31 Let Sn denote the number of heads obtained in n independent tosses of a fair coin. Using 
Chebyshev's inequality, the smallest values of n such that 

ｐ Ｈ ｬｾ＠ Ｍ ｾ＠ ｾ＠ ｯｴ Ｉｾ＠ !· 
lS 

(A) 400 (B) 200 (C) 300 (D) 100 
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Q.32 Let X and Y be independent Bin( 3, ｾ Ｉ＠ random variables. Then the probability that the 

matrix 

P = 

is orthogonal, is 

5 
{A) 9 

X 

.fi 
1 

-.fi 

(B) 

y 

.fi 
1 

.fi 

65 
81 

(C) 
4 

9 
(D) 

16 
81 

Q.33 Let X 1, ... , XII be a random sample from a population with the probability density function 

2 -ax3 

f(x,a)=3ax e , x>O, a > O. 

Then the maximum likelihood estimator of a is 
n n 

L:x,2 L:x? 
{A) 

n 
(B) 

n {C) t=l (D) t=l 

n n 

L:xi L: x/2 n n 

t = l 1=1 

Q.34 Let X1> ... ,X, be a random sample from a U[O,B] distribution, 8 >0. Let 7; =3.Ix. 
n 1• 1 

and T2 = max ( X 1, ••• , XII). Then which one of the following is NOT a correct statement? 

(A) 7; is method of moments estimator and r; is the maximum likelihood estimator of B 

(B) Both 7; and T2 are consistent estimators of B 

(C) Both 7; and r; are unbiased estimators of B 

(D) 7; is NOT a sufficient statistic, but T2 is a sufficient statistic 

Q.35 Consider the differential equation 

X dy = y + fY, X>!, y > 0. 
dx ｶｾ＠ 3 

If y(l) = 1, then y(4) is 

{A) 
33 1 

16 
(B) 

121 
16 
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(C) 
9 
16 

(D) 
225 

16 
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Part -11: Descriptive Questions 

Q. 36 - Q. 43 carry five marks each. 

Q.36 The solid sphere { (x,y, z) E IR3
1 x2 + y 2 + z2

::; 1} is cut into two parts by the plane z = ｾＮ＠

Find the volume of the smaller part. 
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Q.37 Suppose that 5 distinct balls are distributed at random into 3 distinct boxes in such a way that 
each of the 5 balls can get into any one of the 3 boxes. Find the probability that exactly one 
box is empty. Also fmd the probability that all boxes are occupied. 
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Q.38 Let X1, X 2 be i.1.d. random variables with common probability density function 

f(x)= ' .. {
e-<•-o> if x > B 

0, otherwise 

Let Y = min {XpX 2}. Find a confidence interval, forB, of the type 

[Y - b, Y], ｏｾ｢＼ｯｯＬ＠

having confidence coefficient 0.95. 
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Q.39 Two cars A and B are travelling independently in the same direction. The speed of car A is 
normally distributed with the mean 100 kilometers per hour and standard deviation 
J5 kilometers per hour, and the speed of car B is normally distributed with the mean 
100 kilometers per hour and standard deviation 2 kilometers per hour. Initially (at timet = 0) 
the car A is 3 kilometers ahead of car B. Find the probability that after 3 hours these two cars 
will be within a distance of 3 kilometers. 
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Q.40 Let the conditional probabili ty density function of X, given Y = y (y > 0), be given by 

f(x ly) ={ ey-x, ｘ＾ｾ＠ ' 
0, otherw1se 

and let Y have the probability density function 

g(y) =A e--ty , y > 0, A> 0, A :;e I. 

Find the marginal density of X. Also find the correlation coefficient between X and Y. 
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Q.41 Let X"X2 , ••• ,X5 be a random sample from a population with probability density function 

f(x!p)={ep-z, if ｘｾｾＮ＠ ;p>O. 
0, otherwise 

Find the likelihood ratio test of size a for testing H 0 : 11 5 1 against H1 : 11 > 1. 
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Q.42 Solve the differential equation 

: - Ｈ ｾ＠ + 3x
2
) y = xy

2
, ｹ＾ｏＬｏ ＼ ｸ ｾ ｬ＠

with the condition y(l) = ｾＮ＠
2 
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Q.43 Expand the function f(x,y) =sin (x+y), (x,y)eR2
, into its Taylor's series about the 

point ( 0, ; ) having terms up to second degree. 
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IMPORT ANT NOTE FOR CANDIDATES 

• Part-1 consists of 35 objective type questions. The first ten questions carry 
one mark each and the rest of the objective questions carry two marks each. 
There will be negative marks for wrong answers. For each 1 mark question the 
negative mark will be 1/3 and for each 2 mark question it will be 2/3. 

• Write the answers to the objective questions by filling in the appropriate 
bubble on the left hand side of the included ORS. 

• Part-11 consists of 8 descriptive type questions each carrying five marks. 

PART-1: Objective Questions 

Q. 1 - Q. 10 carry one mark each. 

Q.l Forvectors a=}+k, b=2f+3}-5k and c=}-k, thevectorproduct ax(bxc) is 

Q.2 

Q.3 

(A) in the same direction as c 
(C) in the same direction as b 

(B) in the direction opposite to c 
(D) in the direction opposite to b 

A particle of mass m carrying charge q is moving in a circle in a magnetic field B. According 
to Bohr's model, the energy of the particle in the nih level is 

(A) ｾ Ｒ＠ (':!) (B) ｮＨｾＡＩ＠ (C) ｮＨｾＡｾＬＩ＠ (D) ｮＨｾＡｾＩ＠

A conducting slab of copper PQRS is kept on the xy plane in a uniform magnetic field along 
x-axis as indicated in the figure. A steady current I flows through the cross section of the slab 
along the y-axis. The direction of the electric field inside the slab, arising due to the applied 
magnetic field is along the 

X 

(A) negative Y direction 
(C) negative Z direction 

z 

PH-1120 

(B) positive Y direction 
(D) positive Z direction 
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Q.4 A collimated beam of light of diameter 1 mm is propagating along the x-axis. The beam is to 
be expanded to a collimated beam of diameter 10 mm using a combination of two convex 
lenses. A lens of focal length of 50 mm and another lens with focal length Fare to be kept at a 
distance d between them. The values ofF and d respectively, are 

(A) 450 mm and 10 mm 

(C) 550 mm and 600 mm 

(B) 400 mm and 500 mm 

(D) 500 mm and 550 mm 

Q.5 Octal equivalent of decimal number 47810 is 

(A) 736s (B) 673s (C) 637s (D) 367s 

Q.6 A spherical ball of ice has radius ｾ＠ and is rotating with an angular speed ro about an axis 
passing through its centre. At time t = 0, it starts acquiring mass because the moisture (at rest) 
around it starts to freeze on it uniformly. As a result its radius increases as R(t) ］ｾＫ｡ｴＬ＠

Q.7 

where a is a constant. The curve which best describes its angular speed with time is 

(A) (B) 

(C) (D) 

2 
In 1-dimension, an ensemble of N classical particles has energy of the form E = Px +_!_kx2

• 
2m 2 

The average internal energy of the system at temperature Tis 

Q.8 In a photoelectric effect experiment, ultraviolet light of wavelength 320 nm falls on the 
photocathode with work function of2. l eV. The stopping potential should be close to 

(A) 1.8 V (B) 1.6 V (C) 2.2 V (D) 2.4 V 

PH-2/20 
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Q.9 In an ideal operational amplifier depicted below, the potential at node A is 

5V 

(A) l V (B) 0 V (C) 5 V (D) 25 V 

Q.lO To operate a npn transistor in active region, its emitter-base and coll ector-base junction 
respectively, should be 

(A) forward biased and reversed biased 

(B) forward biased and forward biased 

(C) reversed biased and forward biased 

(D) reversed biased and reversed biased 

Q. 11 - Q. 35 carry two marks each. 

00 

Q.ll The value of 'L>n sin (nB) for r = 0.5 and B = f is 
n=O 

(A) }J (B) .jf (C) .Jf (D) .J3 

Q.l2 In a parallel plate capacitor the distance between the plates is 10 em. Two dielectric slabs of 
thickness 5 em each and dielectric constants K 1 = 2 and K2 = 4 respectively, are inserted 
between the plates. A potential of 100 V is applied across the capacitor as shown in the figure. 
The value of the net bound surface charge density at the interface of the two dielectrics is 

(A) 
2000 

---eo 
3 

(B) 

I 
K2=4 

K 1=2 

I 

1000 
---eo 

3 

-'-

PH-3/20 
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(C) -250 e0 (D) 
2000 
--eo 

3 
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Q.l3 The electric fields of two light sources with nearby frequencies COt and co2, and wave vectors 

kt and k2, are expressed as E
1 
= E

10
i ･ＭｩＨｫ Ｑ ］ＭｾｙｊｴＩ＠ and E2 = E

20
t e-i(k2=-0>J.t), respectively. The 

interference pattern on the screen is photographed at t = t0 ; denote (k1 - k2 )z-(cu1 - OJ2 )t0 

by B . For this pattern 

(A) a bright fringe will be obtained for cosB = -1 

(B) a bright fringe intensity is given by (£10)
2 + (£20)2 

(C) a dark fringe will be obtained for cosB = 1 

(D) a dark fringe intensity is given by (£10 - £20)2 

Q.14 A solid metallic cube of heat capacity Sis at temperature 300 K. It is brought in contact with 
a reservoir at 600 K. If the heat transfer takes place only between the reservoir and the cube, 
the entropy change of the universe after reaching the thermal equilibrium is 

(A) 0.69 S (B) 0.54 S (C) 0.27 S (D) 0.19 S 

Q.l5 If the surface integral of the field A(x, y, z) = 2axi + f3 y]- 3y z k over the closed surface of 

an arbitrary unit sphere is to be zero, then the relationship between a , f3 and r is 

(A) a + f3 I 6- r = 0 

(C) a I 2 + f3- r I 3 = 0 

(B) al3+f316-yl2=0 

(D) 2 I a + 11 f3 - 3 I y = 0 

Q .16 The moment of inertia of a disc about one of its diameters is IM. The mass per unit area of the 
disc is proportional to the distance from its centre. If the radius of the disc is R and its mass is 
M, the value of 1M is 

(B) 1.MR2 
5 

(C) 

Q.17 A rigid uniform horizontal wire PQ of mass M, pivoted at P, carries a constant current I. It 
rotates with a constant angular speed in a uniform vertical magnetic field B. If the current 
were switched off, the angular acceleration of the wire, in terms of B, M and I would be 

(A) 0 (B) 

(, ........ --···"'';··-···---.......... \ Q 

Ｇ ｬ Ｍｾ ｦ ｪ＠

281 
3M 

PH-4120 

(C) 381 
2M (D) ｾ＠

www.examrace.com



Q.l8 Two points Nand S are located in the northern and southern hemisphere, respectively, on the 
same longitude. Projectiles P and Q are fired from Nand S, respectively, towards each other. 
Which of the following options is correct for the projectiles as they approach the equator? 

(A) Both P and Q will move towards the east 

(B) Both P and Q will move towards the west 

(C) P will move towards the east and Q towards the west 

(D) P will move towards the west and Q towards the east 

Q.19 Two particles A and B of mass m and one particle C of mass Mare kept on the x axis in the 

order ABC. Particle A is given a velocity vi. Consequently there are two collisions, both of 
which are completely inelastic. If the net energy loss because of these coll isions is -f of the 

initial energy, the value of M is (ignore frictional losses) 

(A) 8 m (B) 6 m (C) 4 m (D) 2 m 

Q.20 The line integral fA·dl of a vector field A(x,y)=-!r(-yf +x}), where r 2 =x2 +y2
• IS 

taken around a square (see figure) of side unit length and centered at (x0, y0) with I x0 I> t 
and I Yo I > t. If the value of the integral is L, then 

y 

8 
X 

(A) L depends on (x0 , Yo) 

(B) Lis independent of (x0 , y0 ) and its value is - 1 

(C) L is independent of (x0 , y0) and its value is 0 

(D) L is independent of (x0 , y0) and its value is 2 

Q.21 Diamond lattice can be considered as a combination of two fcc lattices displaced along the 
body diagonal by one quarter of its length. There are eight atoms per unit cell. The packing 
fraction of the diamond structure is 

(A) 0.48 (B) 0.74 (C) 0.34 (D) 0.68 

PH-5/20 
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Q.22 Thennal neutrons (energy= 300 k8 = 0.025 eV) are sometimes used for structural 

detennination of materials. The typical lattice spacing of a material for which these can be 

used is 

(A) 0.01 nm (B) 0.05 nm (C) O. l nm (D) 0.15 nm 

Q.23 What is the maximum height above the dashed line attained by the water stream coming out at 

B from a thin tube of the water tank assembly shown in the figure? Assume h = 10 m, L = 2 m, 

and e = 30°. 

A 
ｾＭＭ

h 
ｾＬｂ＠

］ｲｾ･ Ｍ -- y=O -----1 __ 

(A) 10 rn (B) 2m (C) 1.2 m (D) 3.2 m 

Q.24 A steady current in a straight conducting wire produces a surface charge on it. Let Eout and Em 

be the magnitudes of the electric fields just outside and just inside the wire, respectively. 

Which of the following statements is true for these fields? 

(A) Eout is always greater than Ean 

(B) Eout is always smaller than E10 

(C) Eout could be greater or smaller than Ean 

(D) Eout is equal to Ean 

Q.25 A small charged spherical shell of radius 0.01 m is at a potential of 30 V. The electrostatic 

energy of the shell is 

(A) 10-JO 1 (B) 5 X 10-IO 1 (C) 5 X 10-9 1 (D) 10-9 1 

Pll-6/20 
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Q.26 At an instant shown, three point masses m, 2m and 3m rest on a horizontal surface, and are at 

the vertices of an equilateral triangle of unit side length. Assuming that G is the gravitational 

constant, the magnitude and direction of the torque on the mass 3m, about the point 0, at that 

instant is 

{A) 

(B) 

(C) 

(D) 

Zero 

ｾ＠ G.J3m2
, going into the paper 

2 

3G.J3m2
, coming out of the paper 

ｾ＠ G.J3m2
, gomg into the paper 

4 

2m 

Q.27 A sine wave of 5 V amplitude is applied at the input of the circuit shown in the figure. Which 

of the following waveforms represents the output most closely? 

3V 

(A) (B) 

(C) (D) 

PH-7/20 
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Q.28 1011 binary input have been applied at x3 x2 XI Xo input in the shown logic circuit made of 
XOR gates. The binary output Y3 Y2 Y1 Yo of the circuit will be 

Q.29 

::_: ____ _ 

(A) 1101 (B) 1010 (C) 1111 (D) 0101 

A ring of radius R carries a linear charge density A. . 
magnetic field at its center is 

3 f.10A(J) 
(A) 

2 
(B) 

(C) 
f.loA(J) 

It is rotating with angular speed f:J. The 

Q.30 A stationary source (see figure below) emits sound waves of frequency /towards a wall. If an 
observer moving with speed u in a direction perpendicular to the wall, measures a frequency 
f' = f f at the instant shown, then u is related to the speed of sound Vs as 

Source 
Wall 

(A) Vs (B) VJ2 (C) VJ4 (D) VJ 8 

PH-8/20 
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Q.31 A real gas has specific volume v at temperature T. Its coefficient of volume expansion and 

isothermal compressibility are a and kr, respectively. Its molar specific heat at constant 

pressure Cp and molar specific heat at constant volume Cv are related as 

C = C Tva 
(A) CP=C.,+R (B) P "+ 

kT 

(C) 
C =C + Tva2 

p v k 
T 

Q.32 Two frames, 0 and 0', are in relative motion as shown. 0' is moving with speed c/2, 

where c is the speed of light. In frame 0, two separate events occur at (x 1, t1) and (x2, t2). 

In frame 0', these events occur simultaneously. The value of(x2 -x1)/(t2 - t1) is 

c/2 ____. 
0 0' 

X 

(A) c/4 (B) c/2 (C) 2c (D) c 

Q.33 White light is incident on a grating G, with groove density 600 lines/mm and width 50 mrn. 

A small portion of the diffracted light is incident on another grating G2 with groove density 

1800 lines/mrn and width 15 mrn. The resolving power of the combined system is 

(A) 3xloJ (B) 57xl03 (C) 8lx107 (D) 108x105 

Q.34 Four particles of mass m each are inside a two dimensional square box of side L. If each state 

obtained from the solution of the Schrodinger equation is occupied by only one particle, the 

minimum energy of the system in units of h
2

2 
is 

mL 

(A) 2 (B) 
5 
2 

(C) 
11 

2 
(D) 

25 

4 

Q.35 At atmospheric pressure (= 105 Pa), aluminium melts at 550 K. As it melts, its density 

decreases from 3 x 103 kg/m3 to 2.9 x 103 kg/m3
. Latent heat of fusion of aluminium is 

24 x 103 J/kg. The melting point of aluminium at a pressure of 107 Pa is closest to 

(A) 551.3 K (B) 552.6 K (C) 558.7 K (D) 547.4 K 
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PART - II: Descriptive Questions 

Q. 36-Q. 43 carry five marks each. 

Q.36 Find the solution of the differential equation ｾ［ﾷ＠ + 5: = 0 with the boundary condition 

y(O) = 2 and ｾｸ］ｏ＠ = 2, giving all steps clearly. Find the value ofx where y = 0. 

PH-10/20 
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Q.37 The electric field in an electromagnetic (EM) wave is E=&isin[2tr(106z-3x1014t)]. 
What is the intensity of the EM wave and the number of photons per second falling on the unit 
area of a perfectly reflecting screen kept perpendicular to the direction of propagation? When 
a photon in this beam is reflected from the screen, what is the impulse it imparts to the screen? 
Use this to find the pressure exerted by the EM wave on the screen. 

PH-11120 
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Q.38 A uniform rod of mass m and length l is hinged at one of its ends 0 and is hanging vertically. 
It is hit at its midpoint with a very short duration impulse J so that it starts rotating about 0. 
Find the magnitude and direction of the horizontal impulse that 0 applies on the rod when it is 

hit. 

0 

J 

PH-12/20 
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Q.39 An easy derivation of pyY = constant for an ideal gas undergoing an adiabatic process : 
Consider P and V as the basic variables of an ideal gas and write the heat exchanged dQ in 
terms of dV and dP. Next, using the definition of Cp and c,, in the expression for dQ, obtain a 
differential equation relating P and V for an adiabatic process and solve it to get the desired 
relationship. Derivation SHOULD NOT use the first law of thermodynamics. [For a function 

f(x, y) the differential df = (! )Ydx+ Ｈ ｾ Ｉ ｸ＠ dy]. 

PH-13/20 
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Q.40 As shown in the figure below, an unpolarised beam of light of wavelength 500 nm is incident 
on a linear polariser at AF with vertical polarisation. The light beam then passes through a 
wave plate BE (half wave or quarter wave plate) of thickness 1.00125 rnrn and gets reflected 
from a mirror CD. The reflected light is indicated by the dashed line (DEF) in the diagram. 
The ordinary and extraordinary refractive indices for the material of the wave plate are 1.658 
and 1.558, respectively. Light is incident normally on all surfaces. 

Linear 
polarizer 

Wave plate 

(a) What is the polarisation of the beam at C? 

(b) What is the polarisation of the beam at E and F? 

PH-14/20 
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Q.41 A standing wave of light is formed between two mirrors and a beam of atoms is incident on it 
nonnally (see figure below) from the left. On the right side, atoms are detected in the 
direction of the beam and also at an angle B as shown in the figure. This is due to material 
waves of atoms diffracted by the standing wave that acts like a grating; the slit width of this 
grating is given by the distance between two maxima of the light intensity. If the atomic beam 
is made of atoms of mass m moving with speed v and the light wave has wavelength A.L, find 
the smallest angle B by using the diffraction condition. 

Atomic beam -

PH-15/20 
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Q.42 According to Wien 's theory of black body radiation, the spectral energy density in a blackbody 
cavity at temperature Tis given as 

U (1) dl = _!!__ e p IA.T dl 
T C3AS 

where a and f3 are constants and c is the speed of light. Further, the intensity of radiatioA 

coming out of the cavity 
co 

is urc, where ur = J ur(l)dl is the total energy density of 
4 0 

radiation. Given that Stefan-Boltzmann constant CY = 5.67xl0-8 wm-2K-4 and 
00 

A.maxT = 2.90 x 1 o-3 m.K, find the values of a and f3. The value of integral J x3 e-x dx = 6. 
0 
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Q.43 A horizontal rod of proper length L moves with uniform speed V > 0 along the x-axis of a 
coordinate frame. A ground observer measures the position coordinates of its two ends at two 
different times, with time difference M > 0. The observer finds that the difference between the 
two coordinates is L. Calculate M in terms of L, V and the speed of light c. If measured 
correctly, what would have been the length of the rod in the ground frame? 
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