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Q.1 E1asmobranchs are 

(A) jelly fish 

(C) cartilaginous fish 

(B) bony fish 

(D) cartilaginous gills 

Q.2 Biomimetics is the science of designing functional objects by drawing inspiration from nature. 
The design of Velcro was inspired by 

(A) interlocking sutures of bivalves 

(B) hairy fruit 

(C) hairy feet of lizards 

(D) interlocking spicules of sponges 

Q.3 The mode and the median of the following set of numbers are respectively: 

1,1,1,1,1,1,3, 5, 5, 7, 7, 7, 7 

(A) 1, 3 (B) 7, 3 (C) 3, 7 (D) 5, 7 

Q.4 Flower colour in a population of wild plant species is in Hardy-Weinberg equilibrium. The 
yellow flower allele is dominant over the white flower allele. If the frequency of white 
flowers in this population is 0.09, then the frequency of the yellow flower allele is 

(A) 0.91 (B) 0.7 (C) 81 (D) 0.49 

Q.5 In some insects, XX-XO is the sex-determining mechanism. XX is a female and XO is a male. 
Red body colour is caused by a recessive mutation, while the wild type body colour is green. 
The gene for body colour is on the X chromosome. If a homozygous red female is crossed 
with a wild type male, the phenotypes of their offspring will be 

(A) all females red; all males green 

(B) all females green; all males red 

(C) all females red; all males red 

(D) all females green; all males green 

Q.6 In order to test whether tail lengths differ significantly between male and female fish, one 
must use the following statistical test 

(A) Mantel test (B) Chi-square test 

(C) t-test (D) binomial test 

Q.7 In a family with 3 children, what is the probability that 2 are boys and 1 is a girl? 

(A) 1/8 (B) 3/8 (C) 1/3 (D) 2/3 
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Q.8 Which of the following has the longest cell cycle? 

(A) Human liver cells 

(C) Yeast cells 

(B) Human fibroblasts 

(D) Escherichia coli 

Q.9 A line is described by the equation 3y = 5x.The slope of this line is 

(A) 5 (B) 3 (C) 1.67 

Q.l 0 Myelination results in 

(A) an increase in conduction of synaptic potentials 

(B) a decrease in conduction of action potentials 

(C) an increase in conduction of action potentials 

(D) a decrease in conduction of synaptic potentials 

(D) 0.6 

Q.ll The phenomenon in which one gene affects the trait determined by a non-allelic gene is called 

(A) dominance (B) linkage 

(C) epistasis (D) pleiotropy 

Q .12 The 'eyes' of a potato tuber are 

(A) shoot meristems 

(C) floral buds 

(B) root meristems 

(D) leaf primordia 

Q .13 were present during the Mesozoic era. 

(A) Pangolins (B) Sabre-toothed tigers 

(C) Woolly manunoths (D) Dinosaurs 

Q.l4 During evolution, which is the most likely sequence of events: I) differential reproduction; 
II) new selection pressure; III) environmental change; IV) phenotypic change 

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

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

Q.l5 If a mosquito population of size N shows exponential growth, then which of the following 
plots will be a straight line? 

(A) N over log( time) (B) N over time 

(C) Log(N) over log( time) (D) Log(N) over time 
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Q.l6 Insects have never become as large as elephants. This is most likely because of a constraint in 
(A) tbe feeding rate 
(B) the mutation rate 
(C) strength oftbe exoskeleton 
(D) oxygen diffusion 

Q.17 The metaphase to anaphase ratio in human cervical cancer cells is 4:1. The cell cycle duration 
is 20 hand only 0.5% oftbe cells are in anaphase. The duration oftbe metaphase is 
(A) 60 min (B) 24 min (C) 36 min (D) 48 min 

Q.IS Whicl1 oftbe following processes is tbe least likely to have an impact on the evolution of body 
size of frogs in a large population? 
(A) Immigration 
(B) Emigration 
(C) Random genetic drift 
(D) Environmental change 

Q.l9 Which oftbe following plant species would be least vulnerable to extinction over long periods 
of evolutionary time? 
(A) Outcrossing plant with specialist pollinator 
(B) Self-pollinating plant witb generalist pollinator 
(C) Outcrossing plant witb generalist pollinator 
(D) Self-pollinating plant witb specialist pollinator 

Q.20. Which classification is correct? 
(A) ｍｯｬｬｵｳ｣｡Ｍｇ｡ｳｴｲｯｰｯ､｡ｾｓｱｵｩ､＠

(B) Arthropoda-Myriapoda-Scorpion 
(C) Mollusca-Cephalopoda-Octopus 
(D) Artbropoda-Diplopoda-Lobster 

Q.21 You have optimized tbe production of phenol hydroxylase for a period of 36 hours in a 
fermenter, witb addition of phenol at 12 hours and 24 hours. This is an example of 
(A) fed batch fermentation 
(B) fed continuous fermentation 
(C) batch fermentation 
(D) continuous fermentation 
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Q.22 A biologist collected two plant species, one native to the Himalayan region and the other to 
the Rajasthan desert. If she/he analyzes the cell membranes of these two species, which of the 

following would she/he note? 

(A) Both species have equal proportions of saturated and unsaturated fatty acids in the cell 

membrane 

(B) The Himalayan species would have more tmsaturated fatty acids than the desert species 

(C) The desert species would have more unsaturated fatty acids than the Himalayan species 

(D) There are no unsaturated fatty acids in either species 

Q.23 An enzyme is active only when four wild type protomers make a tetrarner. A mutant form of 

the enzyme can form tetrarners, but shows no enzyme activity. If the enzyme is purified from 
an organism which is heterozygous for the gene coding for the mutant protomer, what fraction 

of the protein would be active? 

(A) 100% (B) 50% (C) 25% (D) 20% 

Q.24 In the complete absence of recombination and crossing over in Drosophila (n=4), Arabidopsis 
(n=5) and humans (n=23), the amount of variation in successive generations would be 

(A) the maximum in humans 

(B) the maximum in Drosophila 

(C) the maximum inArabidopsis 

(D) similar in all three species 

Q.25 Humans have 23 pairs of chromosomes. What is the probability that two randomly chosen 
traits, A and B, would be on chromosome 1? 

(A) 232 (B) 223 (C) (112i3 (D) (1123i 

Q.26 In a square field of 100 metres length, if the distance between two adjacent plants must be 
maintained at not less than 1 metre, then the maximum number of seedlings that can be 

planted is 

(A) 9,900 (B) 10,000 

(C) 10,100 (D) 10,201 

Q.27 An atom contains 6 protons, 6 electrons and 6 neutrons. What is its atomic weight? 

(A) 6 (B) 12 (C) 24 (D) 18 
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Q.28 Arrange the following processes in increasing order of their energy content, from the smallest 
to largest: 

1. ATP hydrolysis in cells 

11. average thermal motions 

m. complete oxidation of glucose 

iv. non-covalent bond in water 

(A) ii, iv, i, iii (B) iii, ii, i, iv (C) i, ii, iii, iv (D) iv, ii, i, iii 

Q.29 Which of the following property of an enzyme is primarily responsible for its saturation 
behavior (i.e., a maximum rate insensitive to increasing substrate concentrations)? 

(A) The enzyme does not change the overall equilibrium constant for the reaction 

(B) The enzyme lowers the activation energy of the chemical reaction 

(C) The enzyme has a fixed number of active sites to which the substrate binds 
(D) The product of the enzyme reaction inhibits the enzyme 

Q.30 Consider an uncatalyzed reaction A <--> B. The rate constants for the forward and reverse 
reactions are kr= 10-4/sec and k, = 10-7/sec. What is the overall reaction rate at equilibrium? 

(A) 0 (B) 1000 (C) 1 (D) -1 

Q.31 An enzyme follows Michaelis-Menten kinetics. By what factor should the substrate 
concentration increase to change the rate of1he reaction from 20 % to 80 %? 

(A) 4 
(B) 8 
(C) 16 
(D) Factor cannot be calculated without knowing the Km 

Q.32 An eukaryotic organism 

1. is haploid for most of its life 

11. can show the phenomenon of locomotion 

111. can occur both as multicellular and unicellular forms 

1v. has no flagella 

Select the organism. 

(A) Plasmodium vivax 

(B) Dictyostelium discoideum 
(C) Physarum polycephalwn 

(D) Chlamydomonas vivalis 
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Q.33 If a giant spherical cell of 80 ｾｵｮ＠ radius undergoes 4 rounds of symmetrical division without 
any net increase in volume, the total surface area would approximately 

(A) decrease 2.5 times 

(B) increase 2.5 times 

(C) increase 16 times 

(D) remain unchanged 

Q.34 In the shoot meristem of an actively growing plant, cell division is 

(A) equal all over the meristem 

(B) more at the centre and less in the periphery 

(C) less at the centre and more at the periphery 

(D) absent 

Q.35 Papaya, a dioecious species, has the XY genotype for male and XX for female plants. 

Fallowing double fertilization, what would be the genotypes of the endosperm and the 

embryo? 

(A) All seeds would have XXX endosperm and XX embryo 

(B) All seeds would have XXX endosperm and XY embryo 

(C) All seeds would have XXX endosperm and 50% would have XX embryo and 50% 

would have XY embryos 

(D) 50% of the seeds would have XXX endosperm and XX embryo. The other 50% would 
have XXY endosperm and XY embryo 

Q.36 If the total red blood cell (RBC) count of a person is 3 x 1013
, and the average longevity of a 

red blood cell is 120 days, then how many new RBCs are produced per day in the bone 

marrow? 

(A) 2.5 X 1011 

(C) 3.6 X 1015 

(B) 3 X 1013 

(D) (3 X 1013
) -120 

Q.37 If arginine (R), glycine (G), isoleucine (I), phenylalanine (F) and tryptophan (W) are coded by 

6, 4, 3, 2, and 1 codons respectively, then how many unique DNA sequences can code for the 

following peptide: I-R-R-G-W-F-G-1? 

(A) 24 (B) 10,368 

(C) 16 (D) 432 

BL-6/20 

www.examrace.com



Q.38 While comparing sequences of two homologous proteins 

(A) sequence identity is always equal to sequence similarity 

(B) sequence identity is always more than sequence similarity 

(C) sequence identity is always equal to or less than sequence similarity 

(D) sequence identity is never equal to sequence similarity 

Q.39 !3-oxidation of fatty acids in eukaryotic cells leading to the formation of acyl CoA takes place 
in the followed by the _____ . 

(A) cytoplasm, mitochondrial cisternae 

(B) cytoplasm, mitochondrial matrix 

(C) mitochondrial matrix, mitochondrial cristae 

(D) cytoplasm, mitochondrial membrane 

Q.40 Your friend has measured the absorbance (y) of a double stranded DNA sample at 260 nm as a 

function of temperature (x), between 25 and 100 °C. If you now plot dy as a function of x, 
dx 

the plot would resemble 
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Q.41 The feature distinguishing DNA polymerase I from RNA polymerase in E. coli is the 

(A) direction of chain elongation 

(B) need for a primer 

(C) need for a template 

(D) bidirectional activity 
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Q.42 Two pure-bred parents Pl and P2 are crossed to generate the hybrid F1, which is then back-
crossed to Pl for several generations. If the fraction of the Pl genome is measured after each 
back-cross and plotted as a function of the number of back-crosses, it would resemble 
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Q.43 Allosteric enzymes are distinguished by their response to substrate concentration, in addition 
to their susceptibility to regulation by other molecules. Which of the following curves 
represents an allosteric enzyme? 
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Q .44 Consider the following equations 

1.\H = 1.\G + TL\S 

1.\G = -RTlnK 

The intercept of the plot InK ｶ･ｲｳｵｳｾ＠ will be 

-LIH LIH 
(A) 

R 
(B) 

R 
(C) 

LIS 

R 
(D) 

-AS 

R 

Q.45 SNPs are substitutions of one base at a precise location within the genome. What are cSNPs? 
(A) Complementary SNPs 

(B) SNPs that occur in coding regions 

(C) SNPs that occur in circular DNA 
(D) Group of common SNPs 

Q.46 For a single-substrate enzyme-catalyzed reaction, tbe double reciprocal plot at three different 
enzyme concentrations would look like 
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Q.47 During DNA replication, the lagging strand is produced in relatively short stretches of 
Okazalci fragments in the 5' to 3' direction, using RNA primers. The RNA primers are 
removed by 
(A) 5' to 3' exonuclease activity of DNA polymerase I 

(B) proof reading activity of DNA polymerase I 

(C) RNase H 
(D) 5' to 3' exonuclease activity of DNA polymerase III 
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Q.48 Base pairing between the Shine-Dalgarno sequence and the complementary sequence within 
the l6S rRNA of the 30S subunit in the ribosome, ensures translation of the correct reading 
frame by 
(A) positioning of the ribosome at the 5' end of the mRNA 
(B) establishing the correct starting point (i.e., AUG) for movement of the ribosome along 

themRNA 
(C) positioning the mRNA with the incoming elongator !RNA to establish codon-anticodon 

complementarity 
(D) prevent interaction of the 60S subunit with the complex during initiation 

Q.49 The size of the DNA in a mutant microorganism is 15 ｾｭ＠ in length, wllile the non-mutant 
organism has a DNA length of 18.4 ｾｭＮ＠ How many base pairs are missing in the DNA of the 
mutant strain? 
(A) 100 (B) 1000 (C) 10,000 (D) 100,000 

Q.50 Histones are by far the most abundant proteins associated with eukaryotic DNA. The assembly 
of nucleosomes involves the ordered association of the 'core llistones'. Which of the following 
comprise the core histones? 
(A) H2A, H2B, H3, H4 (B) H1, H2, H3, H4 
(C) H1, H2A, H2B (D) H1, H2A, H3 

Q.51 Which of the following mutational changes would you predict to be the most deleterious to 
gene function? · 
(A) Insertion of a single nucleotide near the end of the coding sequence 
(B) Removal of a single nucleotide near the begillning of the coding sequence 
(C) Deletion of 3 consecutive nucleotides in the nliddle of the coding sequence 
(D) Deletion of 4 consecutive nucleotides in the nliddle of the coding sequence 

Q.52 M13 virions produce turbid plaques because 
(A) virions are released without killing the infected cells 
(B) virions lyse the host cells 
(C) Ml3-infected host cells grow faster than uninfected cells 
(D) virions do not replicate inside the host cell 

Q.53 Which of the following viral genomes do not contain a positive-stranded RNA? 
(A) Poliovirus 
(B) Rhinovirus 
(C) Severe Acute Respiratory Syndrome (SARS) virus 
(D) Influenza virus (HIN1) 
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Q.54 While host cell RNAs are synthesized in the nucleus, poliovirus RNAs are synthesized in the 
cytoplasm. This is because viral RNAs are replicated by the action of 
(A) DNA-dependent RNA polyn1erase (B) RNA-dependent DNA polymerase 
(C) RNA-dependent RNA polymerase (D) host-encoded RNA polymerase 

Q.55 Antigenic shift is thought to bring about major pandemics and epidemics of influenza. 
Antigenic shift is a phenomenon where 
(A) the RNA genomes from two genetically distinct strains infecting the same host cell are 

reassorted 
(B) the neuraminidase in the influenza virus is altered 
(C) the haemagglutinin proteins on the surface of the influenza virus are altered 
(D) mutations in the polymerase gene occur that induce changes in the influenza virus 

Q.56 Mimi virus is the largest known virus in terms of its physical size and genome size. It normally 
infects 
(A) Bacillus subtilis 
(C) Paramecium 

(B) Amoeba 
(D) Green algae 

Q.57 Select the correctly matched options between items of column A and column B 

ColumnA ColumnB 
1. antibody a. non-specific defense 
2. innate immunity b. the entity that interacts with peptides and MHC 
3. T cell receptor c. a substance secreted by T lymphocytes 
4. cytokine d. B cell antigen receptor 

(A) 1-a, 2-c, 3-b, 4-d (B) 1-d, 2-a, 3-b, 4-c 
(C) 1-c, 2-a, 3-d, 4-b (D) 1-d, 2-b, 3-a, 4-c 

Q.58 Molecules produced by macro phages that play an important role in the induction of fever are 

(A) opsonins (B) interferon y 

(C) interleukin I (D) TNFa 

Q.59 In newborn and very young animals, the organ that undergoes involution and is almost 
completely replaced by fat tissues in the adult is the 
(A) thymus (B) spleen 
(C) appendix (D) pancreas 

Q.60 Which of the following antibodies has the highest avidity? 
(A) IgM (B) IgG (C) IgA (D) IgE 
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Q.61 Myasthenia gravis is a classical autoimmune disease where a major role in tissue injury is 
played by 

(A) T-cells (B) antibodies 

(C) macrophages (D) interleukins 

Q.62 B2 microglobulin is involved in the final assembly of 

(A) T cell receptors 

(C) MHC-I 

(B) MHC-II 

(D) B cell receptors 

Q.63 All immunoglobulin molecules in the immature B cell belong to the ____ class. 

(A) IgD (B) IgA (C) IgM (D) IgG 

Q.64 The use of HAT medium in the generation of monoclonal antibodies is an example of 

(A) positive selection 

(B) neutral selection 

(C) negative selection 

(D) sequential negative and positive selection 

Q.65 The molar absorption coefficient of benzene is 100 M- 1 cm-1 at 260 nm. What concentration 
would allow 1% of the light to be transmitted through a 1 em cell? 

(A) 0.02 M (B) 0.002 M (C) 0.2 M (D) 0.01 M 

Q.66 Infrared spectroscopy (IR) deals with light in the infrared range of 103-105 nm. Measurements 
using IR are based on 

(A) ground state to excited state electronic transitions 

(B) vibrational level transitions within the ground electronic state 

(C) rotational spin level transitions in the ground electronic state 

(D) both vibrational and rotational spin levels 

Q.67 Calculate the standard free energy change (i'.G") for the isomerization reaction of 
dihydroacetone phosphate (DHAP) to glyceraldehyde 3-phosphate (GAP) given that the Keq at 
25 "Cat pH 7.0 is 0.0475. (Log10 0.0475= -1.3233 and R = 1.987x 10-3) 

(A) 0.9 kcal/mol (B) 1.8 kcal/mol 

(C) 3.6 kcal/mol (D) 18 kcallmol 
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Q.68 Nerve impulse transmission through an axon occurs in the form of action potential, which is 
initiated by 
(A) simultaneous influx of K+ and eft1ux ofNa + 
(B) simultaneous efflu.x ofNa+ and K+ 
(C) K+ influx 
(D) Na +influx 

Q.69 In animal cells, the nuclear envelope breaks down during 
(A) the onset of mitosis (B) telophase 
(C) S phase (D) anaphase 

Q. 70 Cells replicate DNA during the 
(A) G1 phase (B) S phase (C) G2 phase (D) Mphase 

Q.71 The contractile ring in animal cells is made of 
(A) microtubules 
(C) actin filaments 

(B) intermediate filaments 
(D) FtsZ filan1ents 

Q.72 Which of the following organelles is thought to have originated from bacteria? 
(A) Endoplasmic reticulum (B) Golgi apparatus 

(C) Mitochondria (D) Lysosomes 

Q.73 If a double stranded DNA molecule contains 15% thymidine then the percentage of guanosine 
would be 
(A) 35 (B) 15 (C) 40 (D) 85 

Q.74 Which of the following statements is correct for the 'plus' end of a microtubule? 
(A) It grows faster than the minus end (B) It grows slower than the minus end 
(C) It is positively charged (D) It binds to the centrosome 

Q.75 G proteins are important for cell signaling. Which statement is true for the active form of its 
a-subunit? 
(A) It is complexed with GTP (B) It is complexed with GDP 
(C) It is phosphorylated (D) It is complexed with ATP 

Q.76 Which of the following is in the correct order, based on cell membrane permeability? 
(A) DNA> glucose> ethanol> N2 (B) N2 > glucose> ethanol> DNA 
(C) N2 > ethanol> glucose> DNA (D) Ethanol> glucose> N2 > DNA 
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Q.77 Erythrocytes, when placed in a 2M NaCl solution, will 

Q.78 

Q.79 

Q.80 

Q.81 

Q.82 

Q.83 

(A) swell (B) shrink 
(C) maintain the same size (D) start dividing 

The transformation of nitrates to gaseous nitrogen (denitrification) is accomplished by some 
microorganisms in soil. Which one of the following genera of bacteria is usually NOT 
involved in the loss of nitrogen from the soil? 
(A) Agrobacterium 
(C) Bacillus 

(B) 
(D) 

Pseudomonas 
Rhizobium 

Symbiotic associations between fungi and green algae are called 
(A) mycorrhizae (B) lichens 
(C) haustoria (D) pycnidia 

Regulation of the lactose operon in E. coli is an example of 
(A) positive control of transcription (B) negative control of transcription 
(C) dual control of transcription (D) a two component regulatory system 

The generation time of E.coli is 20 min. After an initial phase of exponential growth for 
2 hours, the number of cells in the culture was found to be 64 x 106

• The number of cells at 
the beginning of the experiment was 
(A) 2 X I 04 (B) I X 105 (C) I X 106 (D) 2 X I 06 

Select the correct matches between the items in column A and column B 

ColumnA ColumnB 
I. Thiamine a. coenyzmeA 
11. Vitamin A b. beriberi 
iii. Pantothenic Acid c. hormone 
IV. Catecholamine d. night blindness 

(A) i-a; ii-b; iii-c; iv-d (B) i-b; ii-d; iii-a; iv-c 
(C) i-d; ii-c; iii-b; iv-a (D) i-b; ii-a; iii-d; iv-c 

The pKa value of acetic acid is 4.8. Wbat will be the pH of a solution containing 0.4 M 
sodium acetate and 0.2 M acetic acid? 
(A) 4.8 (B) 5.1 (C) 4.5 (D) 5.5 

Q.84 Ligand 'L' binds to human serum albumin at a single site with a dissociation constant of 
9 J.!M. If 10 J.lM of human serum albumin is mixed with 10 J.lM of the ligand 'L', the 
concentration of the protein-ligand complex will be 

ｗＵｾ＠ ｾＩＴｾ＠ ｾＸｾ＠ ｾＳｾ＠
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Q.85 A peptide of 23 amino acid residues folds into a double stranded antiparallel ｾＭｳｴｲｵ｣ｴｵｲ･＠ with a 
3-residue hairpin turn. What could be the maximum length of this folded peptide? 

(A) 35 A (B) 40 A (C) 30 A (D) 45 A 

Q.86 Bone is made by cells called 
(A) fibroblasts (B) osteoblasts 
(C) chondrocytes (D) epithelial cells 

Q.87 For a right handed a-helix the rise per residue is 
(A) o.66A (B) 1.5 A (C) 3.6A (D) 1.8 A 

Q.88 Which of the following statement(s) is/are NOT true? 
(i) The crystal structure of oxy-haemoglobin is significantly different from its deoxy form 
(ii) Haemoglobin is a homotetramer 
(iii) The globin fold is present in haemoglobin and myoglobin 
(iv) Haemoglobin is a heterotetramer 

(A) rv (B) ii (C) ii and iii (D) i and iii 

Q.89 The fraction of radioactivity remaining in a sample after 10 half-lives is approximately 
(A) 115 (B) 1110 (C) 11100 (D) 111000 

Q .90 is present in low quantities in the plasma membrane of mammalian cells and has 
an important role to play in cell signaling. 
(A) Phosphatidylcholine (B) Phosphatidylethanolamine 
(C) Phosphatidylinositol (D) Phosphatidylserine 

Q.91 In the 1860s Louis Pasteur noticed that when he added oxygen to a culture of yeast growing 
anaerobically on glucose, the rate of glucose consumption declined dramatically. This can be 
explained on the basis of 
(A) more ATP generation per glucose molecule in the presence of oxygen. 
(B) less ATP generation per glucose molecule in the presence of oxygen. 
(C) utilization of other metabolites as the carbon source in the presence of oxygen. 
(D) the yeast cell membrane becomes more impermeable and rigid, thereby reducing glucose 

intake. 

Q.92 In cells, the enzyme that unwinds DNA during replication is 
(A) topoisomerase I (B) helicase 
(C) DNA gyrase (D) DNA polymerase 
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Q.93 The transition ofvetiebrates from an aquatic to tenestriallife style was helped mostly by 
(A) the presence of jointed legs (B) the evolution of the amniote egg 
(C) thick heat-resistant scales (D) fully terrestrial respiration 

Q.94 The structure which has shown a disproportionate increase in size during the evolution of 
humans from hominid ancestors is the 
(A) corpus callosum (B) corpora allata 
(C) cerebral cortex (D) cerebellum 

Q.:J5 Melatonin does NOT 
(A) influence circadian rhythms 
(C) act as an antioxidant 

(B) protect against sunlight 
(D) regulate breeding 

Q.96 Which of the following is true about plants with the crassulacean acid metabolism (CAM) 
pathway? 
(A) They are mostly found in areas of high rainfall 
(B) Their stomata open during the night 
(C) They fix carbon during the day 
(D) The Calvin cycle occurs in their bundle sheath cells 

Q.97 In 1973 Komad Lorenz was a recipient of the Nobel Prize for research in animal behavior. He 
was well known for his work on 
(A) the dance language of the honey bees (B) imprinting 
(C) conditioning (D) habituation 

Q.98 The loop of Henle is likely to be large in animals which are found in 
(A) deserts (B) rain forests 
(C) temperate meadows (D) woodlands 

Q.99 I-Iomeotic genes are primarily responsible for 
(A) body size 
(C) olfaction 

(B) location and identity of body parts 
(D) vision 

Q.lOO The lens, retina and cornea of the vertebrate eye originate from 
(A) ectodenn and mesodenn (B) ectoderm, mesoderm and endodenn 
(C) ectodem1 (D) ectoderm and endodem1 
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Q.l Continuous culture technique at steady state (chemostat) is useful in isolating bacteria from a 
mixed culture. It exploits the differences in their 

(A) maintenance requirements 

(C) rates of specific product formation 

(B) specific growth rates 

(D) endogenous metabolism 

Q.2 Biofilm observed in the lungs of cystic fibrosis patients is composed of 

Q.3 

(A) polysaccharides 

(C) polypeptides 

(B) polylactic acid 

(D) polyethylene glycol 

Match the pathogens listed in Column I with the diseases listed in Column II 

Column I Column II 

P. Rotavims I. Food poisoning 

Q. Leishmania 2. Diarrhea 

R. Salmonella Typhimurium 3. Kala azar 

S. Epstein-Barr Vims 4. Typhus fever 

5. Glandular fever 

(A) P-2, Q-1, R-4, S-5 (B) P-2, Q-3, R-1, S-5 

(C) P-5, Q-3, R-4, S-2 (D) P-5, Q-1, R-3, S-4 

Q.4 The time required for an E. coli to divide is less than the time required to replicate its 
chromosome. This is possible because 

(A) of an abundance of enzymes required for replication 

(B) it linearizes the chromosome and replicates from both ends 

(C) only one daughter cell receives the nuclear material 

(D) of multiple replication forks 

Q.5 A bacterial population contains a mixture of wild type and leucine auxotrophs. From this 
mixture, the leucine auxotrophs can be enriched by growing the mixture in minimal medium 
supplemented with 

(A) leucine (B) penicillin 

(C) leucine and penicillin (D) chloramphenicol 
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Q.6 Gram positive bacteria are more rigid than Gram negative bacteria because of the 

(A) presence of multiple layers of peptidoglycan 

(B) lack of D-amino acids in their cell wall 

(C) presence ofN-acetylgalactosamine in the peptidoglycan backbone 

(D) presence of lipopolysaccharide 

Q. 7 Helicobacter pylori can survive in the highly acidic environment of human stomach because it 

(A) creates an alkaline microenvironment around itself by urease action 

(B) rapidly invades the stomach cells and escapes the acidic environment 

(C) is capsulated and hence, is protected from acidic stress 

(D) undergoes sporulation for self protection 

Q.S The waxy surface of dental plaques does not allow oxygen to diffuse readily. A sample of 

dental plaque was inoculated into a rich medium and incubated at 37°C with vigorous shaking. 

However, there was no bacterial growth. The absence of growth was attributed to the 

following reasons : 

P: These bacteria are obligate anaerobes 

Q: These bacteria require highly alkaline medium for growth 

R: These bacteria require a very hard surface, such as that of teeth, to grow. 

Which of these three reasons are likely to be correct? 

(A) Only P 

(C) Both Q and R 

(B) Both P and Q 

(D) Both P and R 

Q.9 Cellulases and hemicellulases are in great demand nowadays for the preparation of second-

generation 

(A) biodiesel (B) bioplastics (C) bioethanol (D) antibiotics 
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Q.10 Marine microalgae are ve1y important due to their potential industrial significance as single 

cell oil. These can be used for which of the following? 

P: Biofuel production 

Q: Recombinant insulin production 

R: Atmospheric carbon dioxide sequestration 

S: Antibody production 

T: Poly-unsaturated fatty acid production 

(A) Only P, Rand T (B) Q and S, but not T 

(C) Only Q, R and S (D) P and Q, but not S 

Q.11 Match the enzymes in Column I with their commercial applications in Column II 

Column I Column II 

P. Alkaline protease 1. Production ofbiodiesel 

Q. Asparaginase 2. Biosensor 

R. Immobilized aminoacylase 3. High frnctose com syrup production 

S. Lipase 4. Detergent formulation 

T. Immobilized glucose oxidase 5. Resolution ofDL amino acids and drugs 

6. Treatment of lymphocytic leukemia 

(A) P-4 Q-6 R-5 S-1 T-2 
' ' ' ' 

(B) P-6, Q-5, R-4, S-2, T-1 

(C) P-3, Q-1, R-6, S-5, T-4 (D) P-4 Q-5 R-1 S-3 T-6 
' ' ' ' 

Q.12 A monoclonal antibody (mAb) against a specific cell surface receptor was generated. This was 

expected to block the receptor function. However, it led to activation instead of blocking. This 

is due to 

(A) cross-linking of the receptors by mAb resulting in receptor activation 

(B) binding of the Fab fragment to the cytoplasmic domain of the receptor 

(C) binding of the Fe portion to the receptor giving activation signal 

(D) the intemalization of the mAb by the eel! leading to activation 
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Q.13 Pfu polymerase has 

(A) proofreading activity 

(C) false priming activity 

(B) exonuclease activity 

(D) RNA polymerase activity 

Q.14 Match the biotech products listed in Column I with the applications in Column II 

Column I Colurm1 II 

P. Polyhydroxy alkanoates (PHA) 1. Size exclusion chromatography 

Q. Biosurfactants I bioemulsifiers 2. Nutraceuticals I functional foods 

R. 6-Aminopenicillanic acid ( 6-AP A) 3. Human therapy and diagnostics 

S. Docosal1exanoic acid (DHA) 4. Bioplastics 

T. Dextran 5. Precursor for ｾＭｬ｡｣ｴ｡ｭ＠ antibiotics 

6. Microbial enhanced oil recovery 

(A) P-2, Q-4, R-6, S-3, T-1 (B) P-4, Q-6, R-5, S-2, T-1 

(C) P-5, Q-1, R-4, S-6, T-3 (D) P-4, Q-5, R-1, S-3, T-6 

Q .15 Match the materials listed in Column I with the techniques/purpose listed in Cohunn II. 

Column I Colwnn II 

P. Phenyl agarose 1. Antifoaming agent 

Q. Ni-NT A matrix 2. Polymerase chain reaction 

R. TEMED 3. Hydrophobic interaction clu·omatography 

S. Silicone oil 4. Gel electrophoresis for proteins 

5. Affinity chromatography 

(A) P-5, Q-1, R-4, S-3 (B) P-4, Q-1, R-2, S-5 

(C) P-3, Q-5, R-4, S-1 (D) P-5, Q-1, R-4, S-2 

Q.l6 Detem1ine the correctness or otherwise of the following Assertion [a] and Reason [r] : 

Assertion [a]: HeLa cells, derived from cervical cancer tissue, and fibroblasts from a 
normal human male CANNOT divide indefinitely in cell culture. 

Reason [r]: Cells undergo senescence (i.e., ageing) even when grown in cell culture 

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

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

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

(D) Both [a] and [r] are false 
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Q.17 A human gene was PCR amplified from a eDNA library, cloned into an expression vector and 

transformed into E. coli. However, the expression of this gene was poor. This is probably 

because of 

(A) the presence of introns 

(B) the modifications of the mRNA that are unique to eukaryotes 

(C) the incompatibility of the mRNA with E. coli ribosome 

(D) a shortage of tRNAs for certain co dons used in the human gene 

Q.l8 A student wanted to clone a gene G (size -1.6 kb) in a vector V (size -5 kb). The vector has 

sites for restriction enzymes REl, RE2 and RE3 in its multiple cloning site. The site for RE2 

is located in between the sites for RE 1 and RE3. 

The student carried out the following steps for cloning : 

Step 1. Cut the gene G with restriction enzymes REl and RE3. 

Step 2. Cut the vector V with restriction enzymes REI and RE3. 

Step 3. Ligated G and V from Steps 1 and 2, transformed into E. coli and isolated plasmid 

L from the transfonnants. 

The plasmid L was cut with RE2, which gave a band of size -6.6 kb. 

The following three reasons were given to explain this observation : 

P: Plasmid Lis same as the vector V, since E. coli got transfonned only with uncut V. 

Q: Gene G has a site for RE2. 

R: RE 1 and RE2 are isoschizomers. 

Which of the above three reasons are possible? 

(A) P alone, neither Q nor R 

(C) Either Q orR, but not P 

Q.l9 The following is a schematic of the lac operon: 

I PJ lacl I P oJ lacY 

(B) R alone, neither P nor Q 
(D) Q alone, neither P nor R 

lacZ lttcA 

Which one of the following statements is correct? 

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

lac!, being part of the operon, is a structural gene 

P, being farthest from lacA, is trans-acting 

lacZ is a structural gene and it codes for an enzyme 

lac! is cis-acting, but the protein encoded by it is trans-acting 

Q.20 Mammalian cells in the S phase can be monitored by incorporating which one of the following 

in the cell culture medium? 

(A) 35S Methionine 

(C) 3[H] Thymine 

(B) 32P-ATP 

(D) 3[H] Thymidine 
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Q.21 The following experiment was perfom1ed with a double stranded DNA sampleS of size 1 kb: 
Step 1: The two strands were separated 
Step 2: The separated strands were annealed 
Step 3: Treated the double stranded DNA from Step 2 with 3'-+5' exonuclease 
From agarose gel electrophoresis, it was found that the DNA from Step 3 is less than 1 kb. 
The most probable reason for not getting a 1 kb DNA in Step 3 is that the DNA in sample S 
(A) is palindromic 
(B) has sequence repeats 
(C) has sequence inversion 
(D) has strands, each of which has self-complementmy sequence 

Q.22 A batch of students studied the effect of changing either phospholipid composition or 
temperature on the transport of solutes across liposomal membranes. From these studies, the 
stttdents arrived at the following conclusions: 
l': Increase in the saturation of hydrocarbon chains led to an increase in the rate of 

diffusion of oxygen 
Q: Decreasing the temperature to 5°C led to a decrease in the rate of potassium transport by 

valinomycin (a cmrier ionophore) 
R: Increase in the hydrocarbon chain length did not have any effect on the transport 

mediated by gramicidin (a cham1el ionophore) 
Which of these conclusion(s) is/are NOT correct? 
(A) Only R (B) Only Q and R (C) Only P (D) Only P and Q 

Q.23 Circular DNA of a bacterium was allowed to replicate once. In this expeiiment, some of the 
nucleotides were fluorescently labeled. The primase was able to accept the labeled as well as 
the unlabeled nucleotides. However, the DNA polymerase could use only the unlabeled 
nucleotides. The fluorescent label is found in 
(A) both the template and newly made strands (B) only the newly made strand 
(C) only the template strand (D) neither of the two strands 

Q.24 Consider the following metabolic pathway found in bacteria: 
El E2 E3 

S-+Il-+ I2-+P 

El, E2 and E3 are enzymes which catalyze different steps of the pathway as indicated above. 
There are three classes of mutants: 
Class I- has defective El, hence requires Il in the medium to grow 
Class II- has defective E2, hence requires I2 in the medium to grow 
Class III- has defective E3, hence requires Pin the medium to grow 
Wild type grows in the minimal medium. 
We mix Class I, II and III mutants and allow this mixture to grow in minimal medium. 
Suppose we observe growth because of revertants, then reversion has to be in 
(A) All three Classes (B) Only Class I 
(C) Only Class III (D) Any of the three classes 
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Q.25 The stain DAPI (4', 6-diamido-2-phenylindole) is used for total cell count because it reacts 
with 
(A) Lipid bilayer 
(C) Membrane proteins 

(B) RNA 
(D) DNA 

Q.26 Which one of the following statements about cytoskeletal proteins is NOT TRUE? 
(A) They give shape to the cell (B) They are non-essential proteins 
(C) They help in cell division (D) They help in cell motility 

Q.27 DNA was isolated from three samples of nonnal human cells. In each of these samples, cells 
were at different stages of cell division. 
Sample I: Cells were in G2 phase. 
Sample 2: Cells were in anaphase. 
Sample 3: Cells were in telophase. 
DNA isolated from which of these samples'confonns to Chargaffs rules? 
(A) Only Samples 1 and 2 (B) Only Samples I and 3 
(C) Only Samples 2 and 3 (D) Samples 1, 2 and 3 

Q.28 Which of the following features are shared by mitochondria and chloroplasts? 
P: The energy transducing membrane is highly invaginated. 
Q: Stroma of chloroplast and matrix of mitochondria are alkaline. 
R: Their number per cell is variable. 
(A) Only P and Q (B) Only P and R (C) Only Q and R (D) P, Q and R 

Q.29 Cilia and flagella are locomotor appendages found on some cells. A flagellum has an 
undulatory (i.e., snake-like) motion. A cilium has a back-and-forth (i.e., rocking chair-like) 
motion. 
The following statements relate the direction of movement of a cell to the axis of flagellum I 
cilium that drives its motion : 
P: The cell moves along a direction perpendicular to the axis of the flagellum 
Q: The cell moves along a direction parallel to the axis of the cilium 
(A) Both P and Q are correct (B) Only P is correct 
(C) Neither P nor Q is conect (D) Only Q is conect 

Q.30 Listed below are some classes of enzymes : 
P: Exoproteases 
Q: Glycosidases 
R: Glycosyltransferase 
S: Lipid transferases 
Which of the above are associated with post-translational modification of proteins? 
(A) All four classes (B) Only Q, Rand S 
(C) Only Q and R (D) Only RandS 
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Q.31 Cell A is in S phase of cell division. Cell B is in G1 phase of cell division. If cell A and cell B 

were to be fused then the nucleus of the cell B in the heterokaryon 

(A) continues to be in the G1 phase (B) enters the S phase 

(C) enters the M phase (D) enters the G2 phase 

Q.32 For a single-enzyme-single-substrate reaction, the half-life of the enzyme can be calculated 

using the following expression, wherein k is the first order rate constant or deactivation 

constant 

(A) 
693 

k 
(B) 

2.3log2 

k 
(C) 

69.3 

k 
(D) 

2.3ln2 

k 

Q.33 The transmittance of a solution containing 10-5 M ATP is 0.75 (75%) at 260 nm in a I em path 

length cuvette. 

(A) 0.750 

According to Beer - Lambert law the absorbance is 

(B) 0.155 (C) 0.125 (D) 0.250 

Q.34 Which one of the following is applicable to an enzyme catalyzed reaction that follows zero 

order kinetics as per the Michaelis-Menten model? 

v 
(A) [S] » Km and V = ｾ｛ｓ｝＠ (B) [S] = Km and V = YNmax 

Km 

(C) 
v 

[S] « Km and V = ;" [S] (D) [S] >> Km and V = V max 
m 

Q.35 The free energy change, under standard conditions, upon hydrolysis of a "high-energy bond" 

is large and negative. 

ATP, phosphocreatine, phosphoenolpyruvate and acetyl coenzyme A are examples of 

molecules that contain such "high-energy bonds". Which of the following are high-energy 

bonds present in these molecules? 

P:N-P 

Q:C-S 

R: P-0 
(A) OnlyR (B) Only P and R (C) Only P and Q (D) P, Q andR 

Q.36 Secretory IgA (slgA) can exist in a protease rich mucosal environment because 

(A) the secretory component masks the sites susceptible to proteases 

(B) the action of pro teases is neutralized by slgA 

(C) slgA is secreted in vesicles and hence protected from pro teases 

(D) the J chain masks the protease-susceptible sites 
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Q.37 Suppose that the surface area of an erythrocyte is 167 ｾＱｭ Ｒ
＠ Also, suppose that the membrane 

of this erythrocyte contains 4.15 x 10-16 mol of phospholipid and 3.1 x 10-16 mol of 
cholesterol. 
The cross-sectional area of a phospholipid molecule is 0. 7 nm2 and that of a cholesterol 
molecule is 0.38 nm2

. 

Phospholipid and cholesterol isolated from this membrane were spread into a monolayer. The 
ratio of the area of this monolayer to that of the erythrocyte is approximately 
(A) 0.5 (B) 1.0 (C) 1.5 (D) 2.0 

Q.38 For the Na+-mediated active transport of a molecule of glutamic acid from a concentration of 
0.1 mM outside the cell to 20 mM inside the cell, calculate the minimum number ofNa+ ions 
required to supply the necessary free energy. 
Use T = 37°C, pH= 7, L'l'l' = -70 mV and F = 23062 callmol.V. 
L'IG released for the transport of one Na+ is 3.3 kcal/mol. Glutamic acid carries a net charge of 
-1atpH7. 
(A) 4 (B) 10 (C) 2 (D) 1 

Q.39 NAD and NADP are two important cellular electron carriers.NAD is generally associated with 
catabolic reactions and NADP with anabolic reactions. A cell will have a fixed number of 
NAD molecules and a fixed number ofNADP molecules. In a normal cell most of the 
(A) NAD and NADP molecules will be in the reduced state 
(B) NAD molecules will be in the reduced state whereas most of the NADP molecules will 

be in the oxidized state 
(C) NADP molecules will be in the reduced state whereas most of the NAD molecules will 

be in the oxidized state 
(D) NAD and NADP molecules will be in the oxidized state 

Q.40 An animal's body plan has evolved over millions of years to suit its functions. 
Given below are a few types of epithelia that line various organ systems: 
P: Simple squamous epithelia that are thin and leaky 
Q: Stratified squamous epithelia that can regenerate rapidly 
R: Pseudostratified ciliated columnar epithelia that fonns a mucous membrane 
S: Cuboidal epithelia specialized for secretion 
Which one of the following four options is correct? 
(A) The digestive system has Q, but not S 
(B) 
(C) 

The respiratory system has Q and R, but not S 
The circulatory system has P as well as R 

(D) Both excretory and endocrine systems have S 
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Q.41 Which one ofthe following four statements is TRUE regarding nitrogen fixation by bacteria? 

(A) Nitrogen fixation is primarily an oxidation process requiring continuous supply of 

electron acceptors 

(B) Molybdenum accepts, but cannot donate, electrons within nitrogenase 

(C) Symbiotic nitrogen fixers have a respiratory mechanism for protecting nitrogenase 

(D) Nih·ogen fixation is inhibited in some bacteria due to depletion of carbon source 

Q.42 The disciplines of evolutionmy biology and ecology are closely linked to each other. 

The environment plays a major role in determining the prevailing flora and fauna. 

Given below are four statements showing this relationship : 

P: Malaria is quite prevalent in African arid zones 

Q: Plants with spiny leaves are commonly found in the tropical rainforests of Bomeo 

R: Halophiles are more prevalent at the bottom, as compared to the surface, of an estnary 

S: Lions are rarely found in African grassland savam1a 

Which one of the following four options is correct? 

(A) R is true, but P is false (B) R and S are true, but Q is false 

(C) P and Q are true, butS is false (D) P and Rare false. 

Q.43 The pedigree of a family affected by a certain genetic disorder is shown below. 

Microsatellite markers from these individuals were PCR amplified, separated by gel 

electrophoresis and detected by two probes PI and P2. Probe PI is for marker Ml and probe 

P2 is for marker M2. The resulting band patterns are shown along with the pedigree diagram. 

Pl PZ Pl PZ 

0 D 
Pl PZ Pl PZ 

td EJ 
From this data, it can be concluded that the 

(A) father is homozygous at both the markers 

(B) mother is heterozygous at both the markers 

(C) trait is linked only to the marker Ml 

(D) trait is linked to both the markers 
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Q.44 Which of the following statements is NOT CORRECT? 
(A) SDS-PAGE separates proteins based on molecular weight 
(B) Gel filtration chromatography can be used to detem1ine the molecular weight of a protein 

(C) Ion exchange chromatography separates proteins based on their size 
(D) Membrane dialysis is commonly used for desalting 

Q.45 The radius of first "Bohr's stationary orbit" for hydrogen atom is 0.53 A. The radius of the 

second orbit is 
(A) 1.06 A (B) 1.59 A (C) 2.12 A (D) 4.24 A 

Q.46 Calculate the wavelength of the alpha particle, if its mass = 6.6 x 10-27 kg and velocity = 
2 x I 07 mls. Assume Planck's constant h = 6.6 x 10-34 J s. 
(A) 5.0x 10-12 m (B) 5.0x 10-13 m (C) 5.0x 10-14 m (D) 5.0x 10-15 m 

Q.47 Among Mg2
+, Ae+, F- and 0 2

-, the ions with the lowest and highest ionic radii, respectively, 

are 
(A) Ae+ and 0 2

- (B) Mg2+ and Ae+ 

Q.48 The molecule that shows paramagnetism is 
(A) F2 (B) N2 

Q.49 The pair which is isoelectronic is 
(A) CN and NO (B) CN and CO (C) NO and CO 

Q.SO 
3+ 

Complexes of Gd · are used in magnetic resonance 1magmg. The number of unpaired 

electrons in this ion is 
(A) l (B) 3 (C) 5 (D) 7 

Q.5l Porphyrin in iron-porphyrin is 
(A) bidentate (B) tetra dentate (C) pentadentate (D) hexadentate 

Q.52 For the gaseous reaction PCls(g) ""' PCb(g) + Ch(g), the expression for the equilibrium 

constant Kp in tem1s of the degree of dissociation n and pressure Pis 

11 

(A) ' 1-n" (B) (C) 

Q.53 Heat capacity at constant volume Cv for a monoatomic perfect gas is 

(A) .!_R (B) R (C) ｾｒ＠
2 2 
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Q.54 N2 + 3H2,: 2NH3 L1W =- 3000 J 

What happens when, under equilibrium conditions, temperature IS decreased (Case I) or 
hydrogen is added (Case II)? 
(A) Ammonia production increases in both the cases 
(B) Ammonia production decreases in both the cases 
(C) Ammonia production increases in Case I and ammonia dissociation increases in Case II 
(D) Ammonia dissociation increases in Case I and ammonia production increases in Case II 

Q.55 Ruby consists of low concentration of Cr3+ ions in place of Al3+ in alumina. Its red color is due 
to 
(A) fluoroscence (B) phosphorescence 
(C) radioactive decay (D) chemiluminescence 

Q.56 The acid dissociation constant of a weak acid HA is 1.0 x 10-5 The pH of O.IM solution of 
HAis 
(A) 5.0 (B) 4.0 (C) 3.0 (D) 7.0 

Q.57 Standard redox potentials E0 for three different redox reactions are given below: 

Q.58 

3+ ?+ Fe + e,: Fe-

Ch +2e,:2Cr 

h +2e,:21 

E0 =+0.77V 

E0 =+ 1.36 V 

E0 =+ 0.53 V 

Under standard conditions, F e3+ can oxidize 
(A) 1 to h but not Cl- to Ch 
(C) Both 1 to I2 and Cl- to Ch 

(B) Cl- to Ch but not 1 to I2 
(D) Neither 1 to h nor cr to Ch 

Which one among the following is the correct structure for an optically active compound with 
a molecular fonnula C8H100 4 showing only three signals in its 1H NMR spectrum? 

(A) 

Me02C):>== 
(B) 

Me02C)>\cH, 
Me02C Me02C H 

(C) 

Me02C[>= 

(D) 
H3Cll><C0 2Me 

,, 
Me02C 'C02Me 

BT-12/28 
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Q.59 Which one of the following will give more than one organic compound upon ozonolysis 

followed by treatment with Ph3P? 

(A) (B) 

(C) (D) 

Q.60 IdentifY the compound which will release glycine methyl ester fastest on treatment with 
piperidine. 

(A) (B) 

(C) (D) 

BT-13/28 
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Q.61 

Q.62 

IdentifY the major product formed in the following transfom1ation: 

6' 1) Br2 (excess), AcOH 

2) NaN02, HCI, 0 -5 °C 

3) H3P02 

Br Br 

(A) 6 (B) 

ｾ＠Br ..--;; Br 

Br 

Br 

(C) 

ｾ＠
(D) 

Br Br 

How many CH3 groups are in equatorial position in the most stable conformation of the 

following molecule? 

(A) 2 (D) 5 

Q.63 Which one of the following compounds has peptide bonds? 

Me02CI HOJ yH o 

(A) c)"rNH (B) ｈＬｎｹｾＶｾｾＧＢＧ＠

NH 0 

(Cl ｾｯ｟Ｎｬｬ｟｟＠
0 0 
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Q.64 The condition under which the following transfom1ation is canied out is 

0 
4- ? 

H3CO H3CO 

(A) (i) B2H6 (ii) NaOHIH202 (B) Hg(OAc)2, H20 
(C) (i) Hg(0Ac)2, H20 (ii) NaBI-iJ, MeOH (D) H2, Pd-BaS04 

Q.65 Dimension of viscosity is 

(A) ML-1T-' (B) ML-'T-1 (C) ML-'T-1 (D) Mr'T 

Q.66 Consider a spherical organism of volume I llm3
• Assume that the organism consists of only a 

fluid whose density is that of water. Calculate the gravitational force felt by this organism on 
the surface of earth. Assume mass of earth= 6x 1014 kg, radius of earth=6x I 06 m, density of 
water= 103 kg I m3 and gravitational constaot G =6x 10-11 m3 /(kg s1

) 

(D) 1 N 

Q.67 The graph below shows motion of a leopard over a period of 100 s. The total distance covered 
by the leopard in this period is 

o w m 30 w ｾ＠ ｾ＠ ro M go = 
Time (s) 

(A) 4400 m (B) 4000 m (C) 2000m (D) IOOOm 
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Q.68 Consider a parallel plate capacitor with capacitance C0=(soA)Id, where lio is the permittivity 

constant, A is the area of each plate and d is the separation between the plates. Suppose a 

dielectric substance of dielectric constant K is inserted fully between the plates of the 

capacitor. The new capacitance C after inserting the dielectric is given by 

(A) C=(EoA)/(Kd) (B) C=(EoKA)/d (C) C=Co/K2 (D) C=K112Co 

Q.69 A plane electromagnetic wave is travelling along the negative x direction in free space. At a 

.., .., 

particular point in space and time, the value of B is 5 x 10·9 T J. The value of E is equal to 

(A) 15 Vim} (B) 0.15 V/mk (C) 1.5 V/mk (D) 0.15 V/mt 

Q.70 Two coherent sources S1 and S2 are vibrating in phase. The intensity of each of these sources 

is 10• For a path difference of 11/L (n=O, 1 ,2, ... ) at any point P, the resultant intensity I is equal to 

(A) lo (B) 2lo (C) 4Io (D) 0 

Q. 71 In the circuit shown below, the current flowing through the ammeter A is equal to 

50 10 0 100 

50 
20 0 

6V 

(A) 2.0 A (B) 0.2 A (C) 1.5 A (D) 36.2 A 
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Q.72 The figure below shows a rectangular loop of area A having just one tum and carrying a steady 
cutTent /. The loop is placed in a uniform magnetic field B, and it rotates anti-clockwise. The 

-> 

torgue r acting on the loop is equal to 

N 
, , , , , , 

-> ｾ＠ -> , 

(A) IE (B) !AxE 

, 
q 
, , , , , 

, , 

, , , , , , , , , , , 
,' s , 

ｾ＠ -> 

(C) I A•B 
ｾ＠

(D) I A 

Q.73 In an experiment on photoelectric effect, the frequencies of incident radiations Vt, v2 and v3 are 
such that v1< v2 <v3. The stopping potentials for ｶｾＬ＠ v2 and VJ are ｖｾＬ＠ V2 and V3_ respectively. 
Which one of the following is correct about the absolute values ofV1, V2 and V3? 
(A) V1<V2<V3 (B) V1=V2=V3 
(C) V1>V2>V3 (D) v1VI>v2V2>v3V3 

Q.74 Let No be the number of nuclei at time t=O of a radioactive material with half-life Tll2=ln2/A., 
where A. is the disintegration constant. The munber of radioactive nuclei at time t=ln16/A. is 
(A) No/4 (B) No/8 (C) No/16 (D) N0/32 

Q.75 Consider two altemating circuits, circuit A and circuit B, as shown in the following figures. 

c 

Circuit A Circuit B 

Choose the correct statement about these circuits. 
(A) Current is rr/2 al1ead of voltage in circuit Band current lags the voltage by rr/2 in circuit A 
(B) CwTent is rr/2 al1ead of voltage in circuit A and current lags the voltage by rr/2 in circuit B 
(C) Current is TC/2 allead of voltage in both the circuits 
(D) CutTen! lags the voltage by TC/2 in both the circuits 
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Q.76 The conect truth table for the following circuit is 

y 

(A) In put Output 

A B y 

0 0 0 

0 l 0 

I 0 0 
l I I 

(B) In ut Output 

A B y 

0 0 0 

0 l l 

l 0 1 

I l 0 

(C) In ut Output 

A B y 

0 0 0 

0 I 1 

I 0 1 

l 1 1 

(D) In ut Output 

A B y 

0 0 I 

0 1 0 

1 0 0 

I 1 1 
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Q.77 The wireless conmmnication frequency band for FM broadcast in India is 
(A) 420-890 MHz (B) 76-88 MHz (C) 174-216 MHz (D) 88-108 MHz 

Q.78 On a freezer, the maximum cooling temperature is marked as -40°F. What is the 
con-esponding value on Centigrade scale? 
(A) -328°C (B) 24°C (C) -9.8°C (D) -40°C 

Q.79 A kinesin motor moves 8 nm for each ATP hydrolyzed. Hydrolysis of ATP results in release 
of free energy which can be used for work. Suppose that hydrolysis of 1 ATP molecule 
releases 20 k8 T of free energy and kinesin motor is 100% efficient (1y1), calculate the 
maximum force this motor can generate. Assume 1k8 T=4 pN nm. 
(A) 20 pN (B) 10 pN (C) 5 pN (D) 15 pN 

Q.80 The potential energy function U(x) for a particle is shown below. The force con-esponding to 
tins potential is : 

(A) 

(C) 

60 
ＭＭｾＭＭＭＭＭﾷＭﾷﾷﾷﾷﾷＭﾷﾷＭＭＭｾＭＭＭ .. 1 

ＵＰ ＧｾＭＭＭＱＭＭＭｾ＠
ｴｾｯ＠ r · - · - : : 

1' . . I 
ｾ＠ :: ; ＭＭﾷＭﾷＭＭＭＭＭＺｾｾｾ＠ ＭｾＭＭＭＭＭＭｾＭＭＭＭＭＭＭ｟＠ -- _l- .· .. · .. ·::..:' _] ｾｾＺＺＺＺ＠

10 

0 --- -------------- _., 

ffi W H 40 50 W 70 BO 901 

x-7 _j 

2 : T i 

1 . . ＭＭｾＭＭＭＭＭ［＠ ____ !__ ___ ! 

! ! 

ｾ＠ 0 ｾＭＭＭＢＢＧＢＢＭＢ＠ ____ l __ ! -· 

u: io 20 30 40 so 6 70 so 90 
-1 . -- ------ ---- -·-·--·-·-· """ "-- -- ---. -- -! 

-2 

1 

1' x o 
u: 

-2 

ｘｾ＠

ｘｾ＠

(B) 

(D) 
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Q.81 A 2m long rigid rod is placed symmetrically on a pivot and two masses are hung on the left 

side of the pivot as shown in figure. Calculate the mass required to be hanged at a distance of 

1 m from pivot (on the right hand side of the rod) to keep the rod horizontal 

O.Sm O.Sm 1.0 m 

(A) 0.60 kg (B) 0.35 kg (C) 0.30 kg (D) 0.10 kg 

Q.82 A rectangular piece of aluminum has length 100 em, width 10 em and height 5 em. A force of 

7x105 N stretches it along its length. The strain of the rod is (assume Young's modulus of 

aluminum to be ＷｸＱＰ Ｑ ｾＯｭ Ｒ Ｉ＠

(D) 2 

00 

Q.83 Evaluate the integral J xexp(-23x2 )dx 
-oo 

(A) 1 (B) 0 (C) w (D) 1123 

Q.84 Let d1 and d2 be determinants of two matrices as given below: 

xyz mnp 

d1 = p q r and d2 = p q r 

Ill 11 p X y Z 

Assuming d1 and d2 to be non zero, the correct relationship between them is 
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Q.85 ln(exp(lnx"J)= 
(A) a ln(x) (B) aexp(x) (C) ax (D) ln(a lnx) 

Q .86 Many biological molecules are helices. Assuming that t is a continuous parameter between 

0 and I 000, which set of the following equations represent a helix? 

(A) x=3t,y=3,z=5t (B) x = 3cost,y = 3sint,z = 5 

(C) x=3sint,y=5,z=5sint (D) x = 3cost,y = 3sint,z = 5t 

Q.87 Evaluate cosec-1( h J 

(D) tan(x) 

Q.88 Consider a population of Nhaploid individuals. 10% of the population has chromosomes with 

Q.89 

gene A, while the rest do not have this gene. The total number of offspring in the next 

generation is also N. If the distribution of the chromosomes in the next generation is binomial, 

the probability that no offspring will have gene A is 

(B) 0.9N 

sin8x . 
The value of Li111-.-- IS 

x-40 Slll 5x 

(A) 8/5 (B) 0 (C) OJ 

(D) of 

(D) 5/8 

Q.90 You are picking a random number r from a unifom1 distribution between 0 and 1. The 

probability that r is between 0.5 and 0. 7 is 

(A) 0.2 (B) 1/2 (C) 1/7 (D) 0.1 
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Q.91 A bacterium of mass 111111oving in a fluid feels a viscous drag a. The velocity of the bacterium 

obeys the following differential equation : 

dv(t) 
m--=-av(t). 

dt 
Given that v(O) is the velocity at time t = 0, v(t) is equal to 

(A) (!!_)vi+ v(O) 
111 

(B) v(O) In v(t) 

(C) v(O)exp(-!!._1) 
111 

(D) v(O)exp(!!._t) 
111 

Q.92 Match the types of matrices listed in Column I with the representative examples listed in 

Column II 

Column I Column II 

P. Symmetric matrix 1. ｛ｾＱ＠ ｾ｝＠

Q. Diagonal matrix 2. ｛ｾ＠ ｾ｝＠

R. Skew-symmetric matrix 3. ｛ｾ＠ ｾＱ｝＠
(A) P-3, Q-3, R-1 (B) P-1, Q-3, R-3 

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

Q.93 Consider the functionf(x) =Ax'- Bx2 such that A>O and B>O. Which of the following 

statements are true? 

P: The function has a maximum at x=O 

Q: The function has a minimum at x=O 

R: The value of the function is zero at x=O 

S: The value of the function non-zero at x=O 

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

BT-22/28 

www.examrace.com



Q.94 Evaluate the derivative ｾＨｸｬｮｸ＠ + (1- x)ln(1- x)) 
dr: 

(A) 
X 

ln--
1-x 

(B) 
1-x 

ln--
x 

(C) 0 (D) 
X 

2+ln--
1-x 

Q.95 The operation (P n Q) u (P n R) for sets P, Q and R can also be written as 

Q.96 

Q.97 

Q.98 

(A) Pu(QuR) (B) P n (Qu R) 

(C) P n (Q n R) (D) Pu(QnR) 

3 
The number of roots of the polynomial equation ay5 + by4

- cy_
3 

+ ey2
- Jj; + g = 0 is 

dy 

(A) 4 (B) 3 (C) 6 (D) 5 

.J5 + i.JlS . The complex number when converted mto polar form would be 
6 

(A) .J5 " . . " (B) .JS( " .. ") -(cos-+zsm-) - cos-+zsm-6 3 3 6 4 4 

(C) 120 " .. " (D) 120 " .. " --(cos-+zsm-) --(cos-+zsm-) 6 3 3 6 4 4 

A population of rats increases every year. Each year, increase in the population is twice that of 
the previous year. If the population is 1000 in 2013 and it increases to 3000 in 2014, what will 
be the number of rats in 20 18? 

(A) 12000 (B) 31000 (C) 63000 (D) 32000 
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Q.99 The correct equation for the ellipse shown below is 

-b 

-a 

(A) (B) (C) 

b 

x-+ 

(D) 
ax' by' 

1 -+-= 
b2 a2 

Q.100 The life-spans of three cells in a particular experiment are 3, 6 and 9 days. The standard 

deviation in the life-span is 

(A) Ji8days (B) .J6 days (C) 18 days (D) 6 days 
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Q.l 

IMPORTANT NOTE FOR CANDIDATES 

• Questions 1-10 (objective questions) carry two marl<S each, questions 11-20 (fill in the blank 

questions) carry three marks each and questions 21-30 (descriptive questions) carry five marl<S 

each. 
• The marking scheme for the objective type question, is as follows: 

(a) For each correct answer, you will be awarded 2 (Two) marks. 
(b) For each wrong answer, you will be awarded -0.5 (Negative halt) mark. 

(c) Multiple answers to a question will be treated as a wrong answer. 
(d) For each un-attempted question, you will be awarded 0 (Zero) mark. 
(e) Negative marks for objective part will be carried over to total marks. 

• There is no negative marking for fill in the blank questions. 

• Write the answers to the objective questions in the Answer Table (or Objective Ouestions provided 

on a e 3 onl . 

Objective Questions 

The most polar compound among the following is 

(A) SF4 (B) BF3 (C) XeF4 

Q.2 Which one of the following order of the carbonates is CORRECT for their decomposition 

temperature? 

(A) BaC03 > CaC03 > SrC03 > MgC03 (B) BaC03 > SrC03 > CaC03 > MgC03 

(C) MgC03 > CaC03 > SrC03 > BaC03. (D) MgC03 > CaC03 > BaC03 > SrC03 

Q.3 The CORRECT order of CO vibrational stretching frequency in the following complexes is 

I: (PF3)3Mo(C0)3 II: (PCh)3Mo(C0)3 III: {P(OMe)3}JMo(CO)J 

(A) I< II< III (B) III< II< I (C) II< I< III (D) III< I< II 

Q.4 Among the following, the ligand that BEST stabilizes low oxidation state of tungsten (W) is 

Q.S 

(A) HzO (B) NH3 (C) CO (D) F-

The function y = x exp (- x') has a minimum 

function at the minimum is 

(A) 2-t2exp( ＭｾＩ＠

(C) 0 

CY-1132 

The second derivative of the 

(B) -2-t2exp( ＭｾＩ＠

(D) --t2exp( ＭｾＩ＠
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Q.6 For a particular reaction at constant temperatnre, a plot of inverse of reactant concentration 

( -
1
-) versus time is a straight line with a slope of 4.0x 10'2 L mol'1 s·l The time required 

[A] 
(in seconds) for 1.0 M of reactant to decrease to 0.25 M is 

(A) 18.8 (B) 34.7 (C) 75.0 (D) 187.5 

Q.7 For a physisorption process, which one of the following statements is NOT correct? 
(A) There are van der Waals interactions between the adsorbate and the adsorbent 
(B) The process predominates at low temperature. 
(C) The process cmmot proceed beyond a monolayer. 
(D) The process is reversible. 

Q.8 The product of the following reaction is 

ｾｾＢＭＢＺＺｐｨ＠Ll .. ) 200°C 

N 

) 
Ph 

(A) 

(C) 

a Ph 
-;?" 

Me 

N Ph 

a Ph 

Ph 
"'-

N Me 

(B) 

(D) 

Q.9 The CORRECT order of stability of the following carbonium ions is 

+ 

CD 
II Ill 

(A) II> I> III (B) III> II> I (C) I> III> II 

Q.1 0 Which one of the following statements is CORRECT? 
(A) Naturally occurring DNA has B-configuration. 
(B) Nucleic acids are derived from proteins. 
(C) Proteins store genetic information. 
(D) Vitamins generally act as enzymes. 
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I Answer Table for Objective Questions I 

Write the Code of your chosen answer only in the 'Answer' column against each 
Question Number. Do not write anything else on this page. 

Question Answer 
Number 

01 

02 

03 

05 

06 

07 

08 

FOR EVALUATION ONLY 
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Fill in the blank questions 

Q.ll The reaction of anhydrous FeCh with sodium-pentadienyl in ether gives an air-stable 
diamagnetic orange solid, which on oxidation gives an air-sensitive paramagnetic blue-green 

Ｎｾ＼ｊＮｬＱＡＮＱＲＮ＼ＺｾＺＺｾＮＡＡＺＮｾＮＨｬＡｾｾＡ＿ＮｬＱＺＮＡｽＡｾＮ＿Ｎ Ｑ ＮｬｩｾＺ＿ＺＺｾＮｾＡＡＮｾＮＨｬＡＡＺｅ＿ＮｬＱＮｾｾＭｾｾＭＭＭﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷﾷｬ＠

Ans: 
' 

' 
MHH""H""""""""""""""""HHHHHHHHHHH"HH"HH""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""HHHHHHHHHH••H•H 

Q.12 CaO, VO and MnO have octahedral coordination of the metal ions in a rock-salt structure. The 
conect increasing order of their lattice enthalpies is======= 

!:, -! 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

Q.13 The shape of the interhalide IF8- is ______ _ 
----------------------------------------------------------------------------------------------------------------------------------------
Ans: 

' ' 
' ' 
' ' ' 
' ' ---------------------------------------------------------------------------------------------------------------------------------------· 

Q.14 The vapour pressures of solid and liquid chlorine are given by 

Q.15 

I Pmlid - 24 3 900 and og, - -T 

I ｐＢＧｾ＠ = 18 _ 2600 og, T , 

where psotid and pliq are the vapour pressures (in Ton) of solid and liquid chlorine near the 
triple point, respectively and T is the absolute temperature. The ratio of the slope of the solid-
gas curve to the slope of the liquid-gas curve at the triple point in the P-T diagram is 

·---------------------------------------------------------------------------------------------------------------------------------------, 
' ' ' ' ' ' 'A , 

l .. ｾｾＺ＠ ............................................................................................................................... ..J 
For mmom1alized wave-function, \if(r,B,¢) = sinBcos¢[ ｾＺﾷＭ ( ｾｊＧｽｸｰＨＭ ｾｊＬ＠ the number 

,. ｾＭｾＺＮｾｾ＠ ｾｾＭｾＭ Ｍｾ＠ ｾ＠ ｾｾＭｾ＠ ｾｾＭ ｾ＠ ｾＭ _:-_____ ....... ----...... ------------............. -=-.................................................................................... . 

!Ans: 

'---------------------------------------------------------------------------------------------------------------------------------------
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Q.l6 A hypothetical element (atomic weight= 300) crystallizes in a simple cubic lattice. For this 
crystal, the first order X-ray diffraction with wavelength of 5 A appears at an angle of 30°. 

Q.l7 

The density of the crystal is g cm-3. [Avogadro number, NA = 6.02 x 1023
] 

ＮｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ

' ' ' ' fAns: i 
' ' : : 
' ' 
: i 
' ' t _______________________________________________________________________________________________________________________________________ j 

Mn04- (aq) + Zn (s) + H30+ (aq) ---7 Mn2+ (aq) + Zn2+ (aq) + H20 (l) 

For the above reaction if the equilibrium constant at 298 K is represented by 1 Ox, then the 
value of X is ______ _ 

[Given: The standard cell potential E0 = 2.4 V and 
2
·
303 

RT = 0.06 Vat 298 K] 
F ·----------------------------------------------------------------------------------------------------------------------------------------

' ' ' ' ' ' 
iAns: i 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

Q.l8 The rotational energy barrier between the most stable and the least stable conformations of 
2,3-dimethylbutane along C2-C3 bond is kcal mol-1

• 

[Given: The energies (kcal mol-1
) for H/CH3 eclipsing = 1.8, CH3/CH3 eclipsing = 2.9 and 

CH3/CH3 gauche = 0.9] ;---------------------------------------------------------------------------------------------------------------------------------------; 
' ' ' ' 
iAns· i ' . ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＡ＠

Q.l9 The number ofpealcs or signals in 1H NMR of N,N-dimethylformamide (DMF) at 25 °C is 

·----------------------------------------------------------------------------------------------------------------------------------------
' ' ' ' 
lAns: i 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

Q.20 

calixene 

Calixene is a polar hydrocarbon with a high dipole moment. The most stable dipolar canonical 
structure is __________ __ 

Ans: 
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Descriptive questions 

Q.21 A mixture of C3I-I 8 and oxygen in lL closed vessel has an internal pressure of 4 atm at 100 °C. 
When the mixture is ignited, the reaction produces C02(g) and H20(g) until all the oxygen is 
consumed. After the reaction, pressure of the vessel is 4.2 atm at the san1e temperature. 
Calculate the weight of oxygen present before the reaction. [Gas constant, 
R= 0.082 L atm mo!"1 K" 1

] 
r·-------------------------------------------------------------------------------------------------------------------------------------

' 
' 

' 

' ' 
' 

' 
' ' 
' ' ' 
' ' 
' ' 
' 
' ' ' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＧ＠
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' ' ' ' ' ' ' ' 
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Q.22 The following reaction is canied out at I atm and 300 K. 

2Hz (g) + Oz (g) --> 2Hz0 ( [) 

L'.U for the above reaction is 550 kJ. Assuming ideal gas behavior for Ih and 0 2, calculate the 
value of L'.H. The value of gas constant, R = 0.082 L atm mor1 K- 1 = 8.314 J mor1 K- 1

• 

[Given: The volume of I mol of liquid water is 18 mL under the above reaction condition] 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠
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Q.23 At 298 K, calculate the solubility of metal sulfide, MS(s), in a saturated solution ofl-hS where 

the concentration ofH2S and pH are maintained at 0.1 M and 3.0, respectively. 

Given at 298 K, 

I-hS (aq) + H20 (l) == H30+ (aq) + HS- (aq) K = 10-7 

MS (s) + H20 (l) == M2+ (aq) + HS- (aq) + -oH (aq) K = 5 X 10-19 

--------------------------------------------------------------------------------------------------------------------------------------1 
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' 
' 
' ' 
' 
' 
' ' 
' '----------------------------------------------------------------------------------------------------------------------------------------
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Q.24 For each of the following metallo-proteins identifY the metal-ion at the active-site and the 

function of the proteins: 

' 
' ' ' 

i 

deoxy-hemoglobin, deoxy-myoglobin, oxy-hemocyanin, cytochrome-c and carbonic 

anhydrase. 

ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭﾷＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ
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' ' ' ' ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠
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A solution containing 250 ppm of CuS04·5I-h0 (fonnula weight= 250) has an absorbance of 

0.1 measured in l em cell at 600 11111. Calculate the molar absorptivity (c) of CuS04·SH20 in 
L M" 1cm·1• When 25 mL of the above solution is titrated against Na2EDTA (aq) solution, it 

consumes 50 mL of Na2EDTA (aq) solution. Calculate the concentration of Na2EDTA (aq) 
solution in moles L-I 
,---------------------------------------------------------------------------------------------------------------------------------------; 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' . 
' ' 
' ' 
' ' 
' ' 
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' ' 
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' ' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＧ＠
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' 
' 
' ' 
' ' 
' ' 
' 

' 
'-------------------------------------------------------------------------------------------------------------------------------------
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Q.26 Assume the complex [Ni(PPh3)2(SCN)2] is paramagnetic. The analogons complex of Pd(II) is 
diamagnetic. Draw all the probable isomers for both the complexes considering SCN- is an 
ambidentate ligand. 

! - --

' 
' 
' 
' 

' ' 
' ' 

' 

' ' 
' 

' ' 
' ' 
' ' ' 

ｾ＠ ' 
" ::: : 
ｾ＠ ' 
" ' 
ｾ＠ i 
-5 
ｾ＠ ' <8 ' 
"' ' u ' 
"' ' Jf 
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' ' 
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Q.27 Write the structures of A toE in the following reaction sequence: 

' ' 
' ' 
' ' ' ' ' 
' ' 
' ' ' 
' ' 
' 
' 

ｉｾ＠Q A B 

u 

ozonolysis c 

j aq. KOH 
EtOH 

E + D 

CIIHI40 CIIHI602 
--------------------------------------------------------------------------------------------------------------------------------------, 

·---------------------------------------------------------------------------------------------------------------------------------------
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Q.28 Write the structures ofF to J in the following reaction scheme: 

0 0 PPh,, Mo,SiCI i. n-Buli, HCHO 
G F KOH 

isomerization 

J 
Cu-Zn 

[DiBAL-H = diisobutylaluminium hydride) 
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' ' ' ' ' ' ' ' ' 
' ' 
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' ' 
' ' 
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' ' ' ' ' 

' 
' 
' ' 
' ' ' ' ' ' 
' 

··········----------------------------------------------------------------------------------------------------------------------------1 
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Q.29 Propose a mechanism for the following reaction. Show stepwise correct reactive 
intem1ediates. 

+ PhCHO NaH, so °C 

' 

' 
' 
' 
' 
' ' ' ' ' ' ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＧ＠
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Q.30 Complete the following reaction sequence and write structures ofK to 0. 

ｾｃｊ＠
t-BuO K, t-Buli 

[ ] m-CPBA 
K , L ' M 

carbene 1 dU. Ha 
MeOH 

N + 0 
--------------------------------------------------------------------------------------------------------------------------------------: 

' ' ' 
' ' 
' ' ' ' ' '---------------------------------------------------------------------------------------------------------------------------------------
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IMPORTANT NOTE FOR CANDIDATES 
• Questions 1-10 (objective questions) carry two marks each, questions 11-20 (fill in the 

blank questions) carry three marks each and questions 21-30 (descriptive questions) 
carry five marks each. 

• The marking scheme for the objective type question, is as follows: 

(a) For each conect answer, you will be awarded 2 (Two) marks. 
(b) For each wrong answer, you will be awarded -0.5 (Negative 0.5) mark. 
(c) Multiple answers to a question will be treated as a wrong answer. 
(d) For each un-attempted question, you will be awarded 0 (Zero) mark. 
(e) Negative marks for objective part will be canied over to total marks. 

• There is no negative marking for fill in the blank questions. 
• Write the answers to the objective questions in the Answer Table (or Objective Ouestions 

rovided on a e 3 onl . 

Objective Questions 

Q.l The oldest rocks in the present ocean floor have age in the range: 
(A) 4.0-4.6 billion years (B) 2.0-2.5 billion years 
(C) 185-200 million years (D) 60-65 million years 

Q.2 Which one of the following morphological features is ABSENT in the Class Pelecypoda? 
(A) Umbo (B) Deltidium (C) Pallial sinus (D) Resilifier 

Q.3 Match the lithostratigraphic units in Group I with their conesponding geological period in 
Group IL 

Group I Group II 

P. Mama! Formation L Triassic 
Q. Fenestella Shale 2. Permian 
R. Maleri Formation 3. Cretaceous 
S. Lameta Formation 4. Carboniferous 
(A) P-2, Q-4, R-1, S-3 (B) P-4, Q-2, R-1, S-3 
(C) P-2, Q-3, R-4, S-1 (D) P-4, Q-1, R-2, S-3 

QA Which one of the following represents a closed form? 
(A) Tetragonal prism (B) Dihexagonal pyramid 
(C) Orthodome (D) Trigonal dipyramid 

Q.5 The tightness of a fold should be estimated in sections 
(A) parallel to both the fold axis and the axial plane 
(B) parallel to the fold axis and perpendicular to the axial plane 
(C) perpendicular to the profile plane of the fold 
(D) perpendicular to the fold axis 
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Q.6 Match the geological 
Group II. 

Group I 
P. Cumulate 
Q. Migmatite 
R. Fenitized rock 
S. Pillow basalt 
(A) P-2, Q-1, R-4, S-3 
(C) P-2, Q-3, R-4, S-1 

features listed m Group I with their corresponding processes in 

Group II 
1. Sub-aqueous eruption 
2. Magmatic segregation 
3. Anatexis 
4. Volatile transport 
(B) P-4, Q-3, R-1, S-2 
(D) P-4, Q-3, R-2, S-1 

Q.7 Match the minerals listed in Group I with their corresponding twin types in Group H. 
Group I Group II 

P. Staurolite 1. Japan twin 
Q. Quartz 2. Swallow-tail twin 
R. Gypsum 3. Carlsbad twin 
S. Orthoclase 4. Cruciform twin 
(A) P-2, Q-4, R-1, S-3 (B) P-4, Q-2, R-1, S-3 
(C) P-2, Q-3, R-4, S-1 (D) P-4, Q-1, R-2, S-3 

Q.8 Which one of the following is a glacio-fluvial deposit? 
(A) Esker (B) Till (C) Moraine (D) Drumlin 

Q.9 Malachite and Azurite are characteristic ore minerals of 
(A) Gossan zone 
(C) Zone of supergene enrichment 

(B) Zone of oxidation 
(D) Protore 

Q.lO Which of the following is NOT a depositional sedimentary structure? 
(A) Trough cross-bedding (B) Massive bedding 
(C) Convolute bedding (D) Graded bedding 
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Answer Table for Objective Questions 

Write the Code of your chosen answer only in the 'Answer' column against 
each Question Number. Do not write anything else on this page. 

Question 
Number 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

Answer Do not write 
in this column 

FOR EVALUATION ONLY 
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Fill in the blank questions 

Q.11 The faces present in a zone of a crystal are (011), (010), (011); what is the zone axis? 

ＬＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

iAns: ' 

Q.12 The hardest silicate mineral in Mohs scale of hardness is: 

ｩａｾＭｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ .. 

Q.l3 A commonly found monomineralic sedimentary rock when metamorphosed also forms a 
monomineralic metamorphic rock. The same mineral also forms a rare monomineralic igneous 
rock. The component mineral belongs to the hexagonal system and is uniaxial in character. 
The mineral is: 

ＺＺｾ［［ｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ .. 

Q.14 A dark coloured rock with high specific gravity is composed of orthopyroxene, clinopyroxene, 
plagioclase and a minor proportion of quartz. The constituent minerals have similar grain size 
and are equidimensional with straight boundary contacts that meet in triple junctions with 
approximately 120° between them. The rock is called 

,---------------------------------------------------------------------------------------------------------------------------------------1 
:Ans: : 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ·---------------------------------------------------------------------------------------------------------------------------------------.! 
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Q.15 An amphibolite terrane has a penetrative foliation striking N30°E and dipping 4SO easterly. 
This is unconformably overlain by a sandstone unit whose bedding strikes N45°W and dips 
10° northeasterly. What is the type of unconformity? 

,---------------------------------------------------------------------------------------------------------------------------------------; 
iAns: l 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' L---------------------------------------------------------------------------------------------------------------------------------------: 

Q.16 A sulfide mineral is magnetic in nature and has black streak. The sulfur atomic proportion in 
the mineral is between 50-55%. Identify the mineral . 

.---------------------------------------------------------------------------------------------------------------------------------------, 
iAns· : 

Q.17 A group of multi-cellular, bivalved, bilaterally symmetrical, marine, benthic and inequivalved 
organisms proliferated during the Ordovician for the first time. Name the group. 
,---------------------------------------------------------------------------------------------------------------------------------------, 
' ' :Ans· : : . : 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
ｌＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ｟Ｚ＠

Q.18 The sedimentary structure characterized by bulbous, downward-directed protuberances of a 
sandstone bed into the underlying mudrock horizon is called 

,---------------------------------------------------------------------------------------------------------------------------------------

' ' ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＧ＠
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Q.l9 A river flows from north to south along a V-shaped valley with steep slopes ranging from 
60-70°. The country rocks in the area are metamorphic, with a prominent foliation striking 
Nl0°E and dipping at an angle of 40° towards west. There is a proposal of road alignment. 
Considering the geological conditions described above, suggest which bank of the river is 
more suitable for road construction. 

ｩｫｾＺＭ .. ·---·-·"·"·--·----·--.. --.. --.. ---·--.................................................................................... .. 

' 

' ' ' 
' 

' ' 
' ' 

' 
' 
' ' ' 
' ' 

' ' 

' ' 
' ' 
' ' ' 
' 
' 
ＡＮＮＮｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ

Q.20 The type of plate boundary associated with deep focus earthquakes is 

,---------------------------------------------------------------------------------------------------------------------------------------, 
ｾｳＺ＠ i . . . . 
' ' . . . . 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

---------------------------------------------------------------------------------------------------------------------------------------J 
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Descriptive questions 

Q.21 Identify the following five drainage patterns. 
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Q.22 Name the crescent-shaped easterly concave Proterozoic sedimentary basin of India. Give the 
stratigraphic succession (starting with the oldest at the bottom) of the basin at Group rank. 
Name the major diamond-bearing lithostratigraphic unit in this basin. 

,----------------------------------------------------------------------------------------------------------------------------------------. ' ' ' ' ' ' ' ! 

' 
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Q.23 The following figure shows various metamorphic facies in P-T space (numbered as domains 

I to XI). In this figure, name the domains and the corresponding facies in which the following 

two mineral assemblages would stabilize by metamorphism of basic rocks: 

(lawsonite+ jadeite) & (prehnite +pumpellyite). Which domain and corresponding facies will 

NOT contain plagioclase feldspar in metamorphosed basic rocks? Explain why. 

Tcmpcruturc ("C) 

I 00 ZOO 300 41Hl 500 600 700 800 900 I 000 

2 I 

4 

VH 

-.:: 6 

" .c VIII 
c 
• 10 -ｾ＠ IX 
t .. 12 

14 
X 

16 

XI 
18 

r--------------------------------------------------------------------------------------------------------------------------------------

' 
' ' 
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Q.24 The figures below show different views of two hypothetical echinoid tests 'A' and 'B'. 
Differentiate between the two echinoid tests based on each of the following five features: 
symmetry, shape, lateral profile, ambs and periproct. 
The answers for each parameter should be given in one or two words in the table given below. 

Symmetry 

Shape 

Lateral 
profile 

Ambs 

Periproct 

Oral view 

Echinoid test A 
-_;...;--

Qm 

oa 
Aboral view 

Echinoid test B 

a 

Aboral view 

Echinoid test A 
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Lateral profile 

Lateral profile 

m: mouth 
a: anus 

Echinoid test B 

. 
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Q.25 Fig. 1 and Fig. 2 given below represent schematic phase relations in two binary systems at 
identical and constant pressure. A and B have eutectic relationship while C and D form a solid 
solution. The temperature scale (Y-axis) is same in both figures. Rl, R2, R3 and R4 represent 
four rock compositions in these two systems. Write the sequence in which melts will start 
fonning in these rocks (Rl, R2, R3 and R4) with increasing temperature (without changing 
pressure). Explain with justification, the order in which the solid component will completely 
melt (under equilibrium condition) in Rl, R2, R3 and R4 as heating proceeds. 

t Liquid Liquid 

A R1 R2 B C R3 R4 D 

Fig. 1 Fig. 2 
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Q.26 Tables 1 and 2 provide jumbled up data on depth and descriptions of zones in the interior of 
the earth. Select appropriate entries from these tables and complete Table 3. 

Table 1 Table 2 

Average depth in Zone characters 
Ion 

0-35 Brittle solid zone; moves laterally as on a conveyor belt; 
overlies the seismic Low Velocity Zone (L VZ) 

0-100 Solid high density zone; Ni-Fe composition 

35-100 Interpreted to be partially molten; marked by the presence 
of convection cells 

35-2890 Completely molten zone; high density, Ni-Fe composition 

100 - 2001250 Brittle solid zone; bounded by Moho at the base 

2890-5150 Contains several transition zones, Gutenberg discontinuity 
at the base 

5150-6360 

Table 3 

Zones in the Depth Zone character 
interior of the (Choose one (Choose one match from Table 2) 
Earth match from 

Table 1) 

Crust 

Lithosphere 

Asthenosphere 

Mantle 

Outer core 
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Q.27 Two sedimentary structures occur commonly in tidal regions and are caused by the mixing of 
sand-and mud-sized fractions. Name the stmcture when mud-deposition is intermittent with 
ripple migration causing mud to be deposited in ripple troughs. Name the isolated ripples that 
occur as cross-laminated lenses within mud or mudstone in a vertical section. Differentiate 
between desiccation cracks and syneresis cracks on the basis of morphology, process of 
formation, and depositional environment. 

,---------------------------------------------------------------------------------------------------------------------------------------, , ' ' ' ' ' ' ' : : 
' ' ' ' ' ' ' ' ' ' ' ' ' ' 

' 
' ' 
' 

' 
, 
' ' 
' 
' 
' ' 
' ' 
' 
' ' 
' 
' 

' ---------------------------------------------------------------------------------------------------------------------------------------' 
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Q.28 Which genetic type of mineral deposit is likely to fonn at the contact of impure limestone and 
intrusive granite? Out of the following metals (Cr, Ni, W, Pt, Sn, Mo, Au) select only those 
which are found in this type of geological association and give reasons. If the same limestone 
is intruded by dolerite, can a similar type of ore deposit form? Justify your answer. 
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Q.29 In an alluvial terrain, the general ground water table is at a depth of 12.5 m below tbe ground 
surface. What is tbe name of tbe aerated zone above tbe ground water table? In this terrain; 
during exploration for ground water supply for a village, a clay lens was encountered at a 
deptb of 8.5 m below tbe ground surface. The clay lens has a spatial extent of 1 km x 1 km and 
a vertical thickness of 0.5 m. What is tbe type of aquifer formed above the clay lens? 

Comment on tbe suitability of tbis aquifer as a source for long-term supply of water. What will 
happen to tbis aquifer if tbe clay lens is punctured through? · 
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Q.30 The geological map below shows a folded quartzite bed (hatched) in which the westem limb is 
vertical, and the eastem limb strikes due north and dips 45° to the east. A north-south trending 
dolerite dyke (solid black) that dips 45° westerly cuts across the folded bed. An east-west 
trending vertical fault ( F-F') cuts across all the rock types. Explain why tl1e westem limb of 
the fold is apparently not displaced by the fault. Compute the net slip on tl1e fault F-F'. Trace 
the eastem limb of the fold south of the fault F-F' in tJ1e map below. 

N 

r 
ｾＴＵﾰ＠

------'""----F' 
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Q.1 

IMPORTANT NOTE FOR CANDIDATES 
• Questions 1-10 (objective questions) carry two marks each, questions 11-20 (fill in the 

blank questions) carry three marks each and questions 21-30 (descriptive questions) carry 
.ill!!. marks each. 

• The marking scheme for the objective type question, is as follows: 

(a) For each correct answer, you will be awarded 2 (Two) marks. 
(b) For each wrong answer, you will be awarded -0.5 (Negative 0.5) mark. 
(c) Multiple answers to a question will be treated as a wrong answer. 
(d) For each un-attempted question, you will be awarded 0 (Zero) mark. 
(e) Negative marks for objective part will be carried over to total marks. 

• There is no negative marking for fill in the blank questions. 
• Write the answers to the objective questions in the Answer Table (or Ob;ective Ouestions 

provided on page 4 only. 

Objective Questions 

ld Ao[: 
1 

-1 

5 

IS 

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

Q.2 The value of n for which the divergence of the function F =I ;I" , r =xi+ y} + zk, I r I* 0, 

vanishes is 
(A) I (B) -1 (C) 3 (D) -3 

Q.3 Let A and B be subsets of JR. Which of the following is NOT necessarily true? 

(A) (AnB)" ｾ＠ AD nED (B) AD uBD ｾＨａｵ＠ B)" 

(C) ａｵｂｾ＠ AuB (D) AnBcAnB 

Q.4 Let [x] denote the greatest integer function of x. The value of a for which the function 

!-sin-'-[ -...,..x-'-
2

] 0 , 'x;t: 
f(x) = [-x·] 

a, x=O 

is continuous at x = 0 is 
(A) 0 (B) sin (-1) (C) sin1 (D) 1 
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Q.S Let the function f(x) be defined by 

{
eX, x is rational 

f(x)= 
e1

-x, x is irrational 

for x in (0, 1). Then 

(A) f is continuous at every point in (0, 1) 

(B) f is discontinuous at every point in (0, 1) 

(C) f is discontinuous only at one point in (0, 1) 

(D) f is continuous only at one point in (0, 1) 

Q.6 The value of the integral 

Jf ｾｸＧ＠ + y' d;; dy, D = { (x, y) E lR 2 
: x :::; x' + y' :::; 2x} 

is 

(A) 0 

Q.7 Let 

Then lim X11 is 

(A) 

11-7= 

1 

3 

D 

(B) 

(B) 

7 

9 

1 

9 

1 

(C) 

1 
n(n + 1) 

2 

(C) 

2 

14 

9 

1 

81 

n:2:2. 

(D) 
28 
9 

(D) 0 

Q.8 Letp be a prime number. Let G be the group of all 2x2matrices over Zr with determinant 

1 under matrix multiplication. Then the order of G is 

(A) (p-1)p(p+ 1) 

(C) p3 
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(D) 

? 
p-(p-1) 

p2(p-l)+ p 
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Q.9 Let V be the vector space of all 2x 2 matrices over JR. Consider the subspaces 

W1={(: -;} a,c,dEJR} and W2={(_; :} a,b,dElR}. 

If m =dim cw; n W2) and 11 =dim Cw; + W2), then the pair ( m, n) is 

(A) (2, 3) (B) (2, 4) (C) (3,4) (D) (!, 3) 

Q.IO Let [fJ, be the real vector space of all polynomials of degree at most n. Let D: fP, ｾ＠ fP,_1 and 
T: fP, ｾ＠ [fJ,+1 be the linear transformations defined by 
D( + ·+ 2 + + ·")- +7 ·+ + _,_, a0 a1x a2x . .. Q

11
X - a1 _a2x .. . na

11
X , 

T ( ' ") 2 3 ,+! a0 +a1x+a2x-+ ... +a11 X =a0x+a1x +a2x + ... +a11 x , 

respectively. If A is the matrix representation of the transformation DT-TD: fP, ｾ＠ fP, with 
respect to the standard basis of [fJ, , then the trace of A is 

(A) -11 (B) 11 (C) 11+ 1 (D) -(n+ !) 
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Answer Table for Objective Questions 

Write the Code of your chosen answer only in the 'Answer' column against 

each Question Number. Do not write anything else on this page. 

Question 
Number 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

Answer Do not write 
in this colnmn 

FOR EVALUATION ONLY 

Number of CorrectAnswers Marks 

Nuihber of Incorrect Answers Marks 

Total Marks in Question Nos. 1-10 
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Q.ll 

Fill in the blank questions 

dy 
The equation of the curve satisfying siny-=cosy(l-xcosy) and passing through the 

dx 
ongm 1s 

r--------------------------------------------------------------------------------------------------------------------------------------1 

iAns: i 
j j 

j j 
i t 

i i ·---------------------------------------------------------------------------------------------------------------------------------------· 
2x2 

Q.l2 Let f be a continuously differentiable function such that J f (t) dt = ecosx
2 

for all 

Q.13 

0 

xE(O,=). Thevalueof f'(;r) is 
,----------------------------------------------------------------------------------------------------------------------------------------
' ' ' ' :Ans· : 
: • I 

' ' ' ' ' ' 
' l 

' ' 
' ' 
' 

' 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭｾｾｾＭｾｾｾＭＭｾＭＭＭｾｾＭｾｾＭＭｾｾＭＭＭＭｾＭｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾｾＭＭＭＭＭＭＭＭＭＭＭＭ

'J 'J 'l 'J y· -x· z·-y· 
Let u= , 2 , v 2 2 for XoFO, Y*O, z*O. Let w=f(u,v), where f is a real valued 

x·y y z 

function defined on IR:.2 having continuous first order partial derivatives. The value of 
,aw ,aw ,aw th. 

12
. x -+ y -+z - at e pomt (, , 3) 1s 

dX d)' dZ 
ＬＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭ

iAns: 

' ·----------------------------------------------------------------------------------------------------------------------------------------
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Q.14 The set of points at which the function f (x, y) = x 4 + y 4 
- x 2

- y 2 + 1, (x, y) E ffi'.2 attains local 

maximum is 

---------------------------------------------------------------------------------------------------------------------------------------: 
Ans: 

----------------------------------------------------------------------------------------------------------------------------------------' 

Q.15 Let C be the boundary of the region in the first quadrant bounded by 

y=1-x2
, x=O and y=O, oriented counter-clockwise. The value of ｾＨｸｹＧ､ｸＭｸ Ｒ ｹ､ｹＩ＠ is 

c 

----------------------------------------------------------------------------------------------------------------------------------------: 
Ans: 

' 

Q.16 
ＭＭＭｾｾｾＭＭＭ［［Ｚ［ﾷ］ＭｻﾷＭ｡ＺﾷＭＭＭ］ｩｾＭｾＭＤＰＭ｟ＭＭＭｾＭＭ［ｾＭｾ［ＭＺﾷﾱＭｦＢ｣ＧｩＨｯＩＺ［ﾷ］ＭｦＢ｣ｾＭ［ＬＭ［ＨＢｾＩＭｾＭＮｾＺ［ＭＭ［ｾＭＭｾｾＭＭ［ｾ［［ｾｾＺｾＭｾｾ［Ｚｾ［ｾ＠

x4
, 0 < x:::; 1 k=O k! (n + 1)! 

for f about x = 0 with maximum possible value of n, then the value of ｾ＠ for 0 < x:::; 1 is 

ＺﾷＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

ｾｾﾷ＠

' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＩ＠

Q.l7 Let F=2zf+4x}+5yk, and let C be the curve of intersection of the plane z=x+4 and 

the cylinder x' + y' = 4, oriented counter-clockwise. The value of ｾ＠ F · di' is 
c 

ＺＭＭｾｾＭ］ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＬ＠
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Q.18 Let jand g bethefunctionsfrom JR:\{0,1} to lR: defined by f(x)=.!_ and g(x)=x-
1 

for 

Q.19 

X X 

xe lR: \{ 0, 1}. The smallest group of functions from lR: \{ 0, 1} to lR: containing f and g under 

composition of functions is isomorphic to 

Ans: 

' 
The orthogonal trajectory of the family of curves x- + y' = c, which passes through (1, 1) is 

2 

Ans: 

' 
----------------------------------------------------------------------------------------------------------------------------------------

-
Q.20 The function to which the power series L ( -1)"+1 n x2

"-
2 converges is 

n=l 
----------------------------------------------------------------------------------------------------------------------------------------, 

Ans: 
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Descriptive questions 

Q.21 Let 0 <a :o; 1, s1 = ｾ＠ and for n E N, let sn+I = ｾ＠ ( ｳＬｾ＠ +a). Show that the sequence { s11 } IS 

convergent, and find its limit. 
ｲｾｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭﾷＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ
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ＺＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' 
' ' i 

' 
' 

' 
' 
' ' 
' ' 
' ' 
' ' 
' 

' ' 
' 

---------------------------------------------------------------------------------------------------------------------------------------· 
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Q.22 Evaluate 
1 .[; 

I I 
114 .Jx-x' 

by changing the order of integration. 

? ? 
x-- y-

---:-=-- dy dx 
J:? 

ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠ ' ' 
' 

' 

' 

' 

' 

' 

' 

' ' 
' ' ' 
' 
' ' 

' 
' ' 
' 
' 

' 

' 

' 
' ' 
' ' 
' ' 
' 

' ' 
' 

' 
' ' 
' ' 
' ' 

' ' 
' ' 
' 

' 
' 

' 
' 

ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＮＡ＠
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' ' 
' 
' ' 
' ' ' 
' 
' 
' 
' ' 
' 
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Q.23 Find the general solution of the differential equation 

·' d
3
y d

2
y 6 

dy 6 
y xlnx+l . 

0 x --
3
+x--,- -+ -= , , x>. 

d.x dx· dx x x· 

ＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＬ＠

' 

' ' 
' ' 
' ' 
' ' 
' 
' ' 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ
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:------------------------------------------------------------------------------------------------------------------------------------------: 

' 
: ' 

' ' 

' 
' ' ' 

' ' 
' 

' 
' 
' : _________________________________________________________________________________________________________________________________________ _ 
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Q.24 Let S1 be the hemisphere x' + y' + z2 = 1, z > 0 and S, be the closed disc x2 + y2 s; 1 in the 

plane. Using Gauss' divergence theorem, evaluate fJ i-ds, where 
s 

Also evaluate fJ F · dS. 
s, 

MA-14/32 

www.examrace.com



----------------------------------------------------------------------------------------------------------------------------------------: 
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Q.25 Let 

l
2(x' + y 3

) 

.f(x,y)= x 2 +2y ' 

0, 

(x,y)'>'(O,O) 

(x,y)= (0, 0). 

Show that the first order partial derivatives of f with respect to x andy exist at (0,0). Also 

show that f is not continuous at ( 0, 0). 

, 
, , 

-------------------------------------------------------------------------------------------------------------------------------------, 

·-------------------------------------------------------------------------------------------------------------------------------------
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Q.26 Let A be an 11Xn diagonal matrix with characteristic polynomial ＨｸＭ｡ＩｾＧＨｸＭ｢ＩｱＬ＠ where 

a and bare distinct real numbers. Let V be the real vector space of all nxn matrices B such 
that AB = BA. Determine the dimension of V. 
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' 
' 
' ' 

' 
' 

' ' 
' 

' 
' ' 
' ' 

' 
' 

' 

' 

' 
' 

' 
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' 
' ' 
' 
' 
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Q.27 Let A be an 11X11 real symmetric matrix with 11 distinct eigenvalues. Prove that there exists 

an orthogonal matrix P such that AP = PD, where D is a real diagonal matrix. 
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·----------------------------------------------------------------------------------------------------------------------------------------... 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

' 

' 
' 

' 

' 

' 

' 

' 

' 

' 
' 

' 

' 

' 

' 

' 

' 

' 
' 

' 
' 

' 
' 
' 
' 
' 
' -----------------------------------------------------------------------------------------------------------------------------------------
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Q.28 Let K be a compact subset of lR with nonempty interior. Prove that K is of the form [a, b] 

or of the form [a, b] \ U /,, where {!,} is a countable disjoint family of open intervals with 

end points in K. 

-----------------------------------------------------------------------------------------------------------------------------------------: 

' 

' 
' 

' ' 
' 
' ' 
' ' 
' 

' 
' 
' ' 
' ' 
' 
' ' 
' 
' ' 

-----------------------------------------------------------------------------------------------------------------------------------------..! 
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Q.29 Let f :[a, b]-7lR: be a continuous function such thatf is differentiable in (a,c) and (c, b), 

a< c <b. If lim J'(x) exists, then prove that f is differentiable at c and .f'(c) = lim.f'(x). 
x.......;.c x-tc 
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1 
] l l i l l l l l 

i i : i i l i ! i 
1 

i i 
l 

i ' 
' 

i 
i l l ' 
' 

i 
i l : ' 
' 

i 
i 

' ' 
' ' 
' 

' 
' ' 

' 
' 

' 
' 
' ' 
' 
' 
' 
' 
' 
' 

' 
' '----------------------------------------------------------------------------------------------------------------------------------------' 
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Q.30 Let G be a finite group, and let rp be an automorphism of G such that rp(x) = x if and only if 

x = e, where e is the identity element in G. Prove that every g E G can be represented as 

g =x-1rp(x) for some xE G. Moreover, if rp(rp(x))=x for every xE G, then show that Gis 

abelian. 

---------------------------------------------------------------------------------------------------------------------------·---·--------1 
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Space for rough work 
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15 25 

16 26 

17 27 
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19 29 

20 30 

Total Marks in Fill in the blanks Part and 
Descriptive Part 

Total (Objective Part) . . 
Total (Fill in the blanks Part 
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Test Paper Code : PH 

Time : 3 Hours Maximum Marks : 100 

INSTRUCTIONS 
1. This question-cum-answer booklet has 32 pages 

and has 30 questions. Please ensure that the 
copy of the question-cum-answer booklet you 
have received contains all the questions. 

2. Write your Registration Number, Name and 
the name of the Test Centre in the appropriate 
space provided on the right side. 

3. Write the answers to the objective questions 
against each Question No. in the Answer Table 
for Objective Questions, provided on Page 
No. 4. Do not write anything else on this page. 

4. Each objective question has 4 choices for its 
answer: (A), (B), (C) and (D). Only ONE of them 
is the correct answer. There will be negative 
marklug for wrong answers to objective 
questions. The following marking scheme for 
objective questions shall be used : 
(a) For each correct answer, you will be 

awarded 2 (Two) marks. 
(b) For each wrong answer, you will be 

awarded -0.5 (Negative 0.5) mark. 
(c) Multiple answers to a question will 

be treated as a wrong answer. 
(d) For each un-attempted question, you will 

be awarded 0 (Zero) mark. 
(e) Negative marks for objective part will be 

carried over to total marks. 
5. Answer the fill in the blank type and 

descriptive type questions only in the space 
provided after each question. No negative 
marks for fill in the blank type questions. 

6. Do not write mere than one answer for the same 
question. In case you attempt a fill in the blank or a 
descriptive question more than once, please cancel 
the answer(s) you consider wrong. OtheiWise, the 
answer appearing last only will be evaluated. 

7. All answers must be written in blue/black! 
blue-black ink only. Sketch pen, pencil or ink 
of any other colour should not be used. 

8. All rough work should be done in the space 
provided and scored out finally. 

9. No supplementary sheets will be provided to 
the candidates. 

10. Clip board, log tables, slide rnle, cellular phone 
and electronic gadgets in any form are NOT 
allowed. Non Programmable Calculator is 
allowed. 

II. The question-cum-answer booklet must be 
returned in its entirety to the Invigilator 
before leaving the examination hall. Do not 
remove any page from this booklet. 

12.Refer to special instructions/useful data on 
the reverse. 

READ INSTRUCTIONS ON THE LEFT 
SIDE OF THIS PAGE CAREFULLY 
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I 
Name: 
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Do not write your Registration Number 
or Name anywhere else in this 
question-cum-answer booklet. 

I have read all the instmctions and shall 
abide by them. 

Signature of the Candidate 
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Special Instructions/ Useful Data 

Planck's constant (h) = 
= 

Mass of electron (m,) = 
Speed oflight in vacuum (c) = 

6.63 xl0·34 J.s 
4.14 x 10·15 eV.s 
9.10 X 10·31 kg 
3 x 108 ms·l 
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IMPORTANT NOTE FOR CANDIDATES 

• Questions 1-10 (objective questions) carry two marl's each, questions 11-20 (fill in the 

blank questions) carry three marks each and questions 21-30 (descriptive questions) carry 

fi1:.!J. marks each. 
• The marking scheme for the objective type question, is as follows: 

(a) For each correct answer, you will be awarded 2 (Two) marks. 
(b) For each wrong answer, you will be awarded -0.5 (Negative 0.5) mark. 
(c) Multiple answers to a question will be treated as a wrong answer. 
(d) For each un-attempted question, you will be awarded 0 (Zero) mark. 
(e) Negative marks for objective part will be carried over to total marks. 

• There is no negative marking for fill in the blank questions. 

• Write the answers to the objective questions in the Answer Table for Objective Ouestions 
rovided on a e 4 only. 

Objective Questions 

Q.1 The inverse of the matrix 

[

0 1 

M= 0 0 

1 0 

(A) M -I (B) M 2 -I 

where I is the identity matrix. 

Q.2 The value of .Ji + ｾＬ＠ where i = ｾＬ＠ is 

(A) 0 
1 

.Ji 
(B) 

(C) I-M 2 (D) I-M 

(C) .Ji (D) -fi 

Q.3 ( ? 'J A particle is released at X= 1 in a force field F(x) = ;, - ｾ＠ ex, ｘｾ＠ 0. Which one of the 

following statements is FALSE? 

(A) F(x) is conservative 

(B) The angular momentum of the particle about the origin is constant 

(C) The particle moves towards x = .fi 
(D) The particle moves towards the origin 
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Q.4 A traveling pulse is given byf(x,t)=A exp(2abxt-::x'-b't'l where A, a, 

positive constants of appropriate dimensions. The speed of the pulse is 

b 2b cb b 

b, and c are 

(A) (B) (C) (D) 
a a a 2a 

Q.5 If the dimensions of mass, length, time and charge are M, L, T and C respectively, the 

dimensions of the magnetic induction field B is 

Q.6 A blackbody at temperature T emits radiation at a peak wavelength A.. If the temperature of the 

blackbody becomes 4T, the new peak wavelength is 

(A) _I_ A 
256 

(B) _1 A 
64 

(C) ｾａ＠
16 

(D) _!_A 
4 

Q.7 Let NMs, NsE. NFD denote the number of ways in which two particles can be distributed in two 

energy states according to Maxwell-Boltzmann, Bose-Einstein and Fenni-Dirac statistics 

respectively. Then NMB: NsE: NFD is 

(A) 4:3:1 (B) 4:2:3 (C) 4:3:3 (D) 4:3:2 

Q.8 Electric field component of an electromagnetic radiation varies with time as 

E=a(cosav+sinwrcosW/). where a is a constant and the values of wand W0 are 

lx1015 s-1 and 5x1015 s-1, respectively. This radiation falls on a metal of work function 2 eV. 

The maximum kinetic energy (in e V) of photoelectrons is 

(A) 0.64 (B) 1.30 (C) 1.70 (D) 1.95 

Q.9 The fraction of volume unoccupied in the unit cell of the body centered cubic lattice is 

(A) 
s-.J3;r 

8 
(B) 
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(C) 
6-.J2;r 

6 
(D) 
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Q.lO For an ideal op-amp circuit given below, the de gain and the cut off frequency, respectively 
are 

(A) 1 and 1 kHz 

(C) 11 and 1 kHz 

PH-3/32 

lOkQ 

(B) 1 and 100Hz 

(D) 11 and 100Hz 
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Answer Table for Objective Questions 

Write the Code of your chosen answer only in the 'Answer' column against 
each Question Number. Do not write anything else on this page. 

Question 
Number 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

10 

Answer Do not write 
in this column 

FOREVALUATIONONLY 

Number of Correct Answers Marks (+) 

Number of Incorrect Answers Marks 
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Fill in the blank questions 

Q.ll The solution of the differential equationdz(x, y) + xz(x, y)dx+ yz(x, y)dy = 0 is 

,------------------------------------------------------------------------------------------------------------------------------------
----; . . 

iAns· i . . . 
. . 
. . 
. . 
' 

' . . . . . . . . 
' 

. . . 
. . 
. . 
. . 
. . . . . . . . 
. . 
. . 
. . 
. . 
. . 
. . . . . . . . 
. . 
. . 
. . 
. . 
. . 
. . . . . . . . 
. . . . 
. . 
'----------------------------------------------------------------------------------------------------------------------------------------

Q.l2 Giventhat f(l)=l,f'(l)=landr(l)=l,thevalueof !Ci,) is 

:-------------------------------------------------------------------------------------------------------------------------:--------------: 
:Ans: : . . . . 
. . 
. . 
. . 
. . 
. . . . . . . . . . . . 
. . 
. . 
. . . . . . . . . . 
. . 
. . 
. . 
. . . . . . 
. 

. 

. 

. . 

. 

. 
!...---------------------------------------------------------------------------------------------------------------------------------------' 
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Q.13 Two tubes A and B are cmmected through another tube C. A mercury manometer is cmmected 
between B and C (see figure). The diameters of B and Care 0.04 m and 0.01 m, respectively. 

An incompressible fluid of density l.Oxl03 kgm·3 enters A, and leaves B with a constant 

speed 0.2 ms·1 If the density of mercury is 13.6x!03 kgm·3, the height h of the mercury 
column in the manometer is 
(Take acceleration due to gravity g = 10 ms·2) 

A B 

Ans: 

Q.14 The path of a particle of mass m, moving under the influence of a central force, in plane polar 

coordinates is given by r = 10ekB, where 10 and k are positive constants of appropriate 

dimensions. The angular momentum of the particle is L and its total energy is zero. The 
potential energy function V(r), in tenns of m, Land k is 

:·--------------------------------------------------------------------------------------------------------------------------------------
iAns: 
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Q.l5 The dimensions of a thin convex lens of refractive index n are shown in the figure. The radius 

of curvature of the lens in terms of 11, hand o(where, o<< h) is 

h 

h 

Ans: 

Q.l6 A charged particle of mass m, charge q and constant velocity Venters a unifonn magnetic 

field B = Bofi_., ( B0 > 0 ), at an angle e to the direction of magnetic field. Find the angle 8, if 

in one revolution of the helical motion, the particle advances along the direction of the 

magnetic field a distance equal to the radius of the helical path. 

Ans: 
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Q.l7 Two thetmally isolated identical systems have heat capacities which vary as Cv = (JT3 (where 
/3 > 0). Initially one system is at 300 K and the other at 400 K. The systems are then brought 
into thermal contact and the combined system is allowed to reach thermal equilibrium. The 
final temperature of tl1e combined system is 

,----------------------------------------------------------------------------------------------------------------------------------------; 
' ' 
:Ans: ! 

' ' 

' : !..---------------------------------------------------------------------------------------------------------------------------------------' 

Q.lS A beam of X-rays of wavelength 0.2 nm is incident on a free electron and gets scattered in a 
direction witl1 respect to the direction of the incident radiation resulting in maximum 
wavelength shift. The percentage energy loss of tl1e incident radiation is 

i---------------------------------------------------------------------------------------------------------------------------------------

!Ans: 

' 
' 

' 
' 

' 
' 
' 

' 

' 
----------------------------------------------------------------------------------------------------------------------------------------
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Q.19 A free particle of mass m is confined to a region of length L. The de Broglie wave associated 
with the particle is sinusoidal in nature as given in the figure. The energy of the particle is 

:----------------------------------------------------------------------------------------------------------------------------------------. 
Ans: 

' 
' ----------------------------------------------------------------------------------------------------------------------------------------· 

Q.20 A variable power supply (5 V - 20 V) is connected to a Zener diode specified by a breakdown 
voltage of 10 V (see figure). The ratio of the maximum power to the minimum power 
dissipated across the load resistor is 

soon 

lkQ 

L_ __________ _L ______ _L ________ _ 

Ans: 
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Descriptive questions 

Q.21 Apply Gauss divergence theorem to the gravitational field due to a spherical object of mass M 
and uniform density p located at the origin. Obtain Gauss's law for gravitation (analogous to 
the Gauss law in electrostatics) in integral and differential forms. 
--------------------------------------------------------------------------------------------------------------------------------------; 
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---------------------------------------------------------------------------------------------------------------------------------------

' 
' ' 
' 
' 
' 

' 
' 

' 
' ' 
' 
' ' 
' 
' ' 
' ' 
' ' 

' ' ' ' ' ----------------------------------------------------------------------------------------------------------------------------------------' 
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Q.22 A thin annular disc of inner and outer radii a and b (a< b) respectively has uniform mass 

density o; and is placed in the xoy-plane such that its axis lies along the z-axis. Determine the 
gravitational force due to the disc on a particle of mass m located on the z-axis at a distance z 
from the origin. If the particle is released at z, such that z << a, b, describe the nature of 
motion of the particle. 

---------------------------------------------------------------------------------------------------------------------------------------

' 

' 

' 

' 

' 
' ' 
' ' 
' 
' ' 
' ' 
' 
' ' 
' ' 
' ' 
' 
' ' 
' ' 

---------------------------------------------------------------------------------------------------------------------------------------' 
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Q.23 A concentric spherical volume of inner radius a and outer radius b is filled with a material of 
finite conductivity specified by 

where A is a positive constant of appropriate dimensions. The outer surface is grounded and 
the inner smface is maintained at a potential V0 • Calculate the resistance of this configuration. 
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Q.24 A conducting solid sphere of radius a, carrying a charge q is kept in a dielectric of dielectric 

constant k, such that half the sphere is surrounded by the dielectric as shown in figure. Find 

the surface charge densities in the upper and lower hemispherical surfaces. 

' 
' 

' 

' 
' ' 
' 
' 

' ' 
' 
' 
' ' 
' 

q 

'---------------------------------------------------------------------------------------------------------------------------------------
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Q.25 A particle of mass m is subjected to a potential V (x) = w?, - = < x < =, where a is a positive 

constant of appropriate dimensions. Using the relation ｾｸ＠ ｾｰ＠ ｾ＠ Yz, estimate the minimum 
energy of the particle. 
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Q.26 A hollow cylinder (closed at both ends) with adiabatic walls is divided into n equal cells 
(C1, C2, ... C,) using discs D 1, D2, ... D,.1 (see figure). The discs can slide freely without 
friction. The first disc (D1) is adiabatic and the remaining discs are diathermal (thermally 
conducting). Each cell contains one mole of ideal monoatomic gas. Let the initial pressure, 
volume and temperature of each cell be P0, V0 and T0, respectively. The gas in cell C1 (first 
cell) is heated slowly until the temperature of the gas in cell C, (last cell) reaches final 
equilibrium temperature 4 To. Find the volume of the first cell in tenns of the number of cells 
(11) and the initial volume (Vo). 

D 1 D 2 D 3 

ｾﾷ＠
'§. ;t 

ｾﾷ＠

' 

---------------------------------------------------------------------------------------------------------------------------------------
' 
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Q.27 A spaceship S1 leaves the Earth along the positive x-direction. Another spaceship S2 also 
leaves the Earth along the direction which makes an angle 60° with x-axis. The speeds of S1 
and S2 are measured as 0.6c and 0.9c respectively by an observer on the Earth. Find the speed 
of S2 as measured by an observer in S 1. 

y 

L, 
0 

Earth 
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---------------------------------------------------------------------------------------------------------------------------------------

' 

' 
' 

' 
' 
' 
' 

' 
' ' 
' 
' 

' 
' ---------------------------------------------------------------------------------------------------------------------------------------
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Q.28 For the given circuit, calculate the input impedance, output impedance and voltage gain. 
26 mV 

Use fJ = 200, VsE = 0.7 V and Ｑｾ＠ = . 
IE 

20V 

12kQ 2.2kQ 

1 JlF 

1 kQ 3.9kQ 5kQ 

lkQ 

:---------------------------------------------------------------------------------------------------------------------------------------

' 
' ' 
' 
' 
' 

' 
' 
' 
' ----------------------------------------------------------------------------------------------------------------------------------------

PH-21/32 

www.examrace.com



:--------------------------------------------------------------.-------------------------------------------------------------------------

' 

' 

' 

' 

' 

' 

' 

' 
' ' 
' 

' 
---------------------------------------------------------------------------------------------------------------------------------------' 
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Q.29 The mass density of a disc of mass m and radius R varies as 

p(r)=p0 (1- ｾＩ＠ forOS:rS:R 

=0 for r > R. 

Find the moment of inertia of the disc about the axis perpendicular to the plane of the disc and 
passing through the centre of the disc in terms of m and R. 

!---------------------------------------------------------------------------------------------------------------------------------------, 

' 

' 
ﾷｾｾｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ
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Q.30 The speed of sound propagation in air as a function of temperature T is given by v =aT, 

where a is a constant of appropriate dimensions. Calculate the time taken for a sound wave to 
travel a distance L between two points A and B, if the air temperature between the points 
varies linearly from T1 to T2. 

ｾｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＺ＠

' 
'---------------------------------------------------------------------------------------------------------------------------------------
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