GATE 2016 General Aptitude - GA Set-2

Q. 1-Q. 5 carry one mark each.

Q.1

Q.2

Q.3

Q.4

Q.5

The volume of a sphere of diameter 1 unit is than the volume of a cube of side 1 unit.
(A) least (B) less (C) lesser (D) low

The unruly crowd demanded that the accused be without trial.

(A) hanged (B) hanging (C) hankering (D) hung

Choose the statement(s) where the underlined word is used correctly:

(1) A prone is a dried plum.
(i1) He was lying prone on the floor.
(iii))  People who eat a lot of fat are prone to heart disease.

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

Fact: If it rains, then the field is wet.

Read the following statements:
(i)  Itrains
(il))  The field is not wet
(i)  The field is wet
(iv) It did not rain

Which one of the options given below is NOT logically possible, based on the given fact?
(A) If (iii), then (iv). (B) If (i), then (iii).

(C) If (i), then (ii). (D) If(ii), then (iv).
A window is made up of a square portion and an equilateral triangle portion above it. The base of

the triangular portion coincides with the upper side of the square. If the perimeter of the window is
6 m, the area of the window in m’ is

(A) 143 (B) 2.06 (C) 2.68 (D) 2.88
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Q. 6 — Q. 10 carry two marks each.

Q.6

Q.7

Q.8

Q.9

Students taking an exam are divided into two groups, P and Q such that each group has the same
number of students. The performance of each of the students in a test was evaluated out of 200
marks. It was observed that the mean of group P was 105, while that of group Q was 85. The
standard deviation of group P was 25, while that of group Q was 5. Assuming that the marks were
distributed on a normal distribution, which of the following statements will have the highest
probability of being TRUE?

(A) No student in group Q scored less marks than any student in group P.
(B) No student in group P scored less marks than any student in group Q.
(C) Most students of group Q scored marks in a narrower range than students in group P.
(D) The median of the marks of group P is 100.
A smart city integrates all modes of transport, uses clean energy and promotes sustainable use of
resources. It also uses technology to ensure safety and security of the city, something which critics
argue, will lead to a surveillance state.
Which of the following can be logically inferred from the above paragraph?
6] All smart cities encourage the formation of surveillance states.
(i1) Surveillance is an integral part of a smart city.

(iii) Sustainability and surveillance go hand in hand in a smart city.
(iv) There is a perception that smart cities promote surveillance.

(A) (i) and (iv) only (B) (ii) and (iii) only

(C) (iv) only (D) (i) only

Find the missing sequence in the letter series.

B,FH,LNP,

(A) SUWY (B) TUVW (C) TVXZ (D) TWXZ

The binary operation 0 is defined as a 0 b = ab+(a+b), where a and b are any two real numbers.
The value of the identity element of this operation, defined as the number x such that a o x = a, for
any a, is

(A) 0 (B) 1 () 2 (D) 10
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Q10" Which of the following curves represents the function y = In(|e [Isin (lxD1] |) for |x| < 2m?
Here, x represents the abscissa and y represents the ordinate.

(R

(A) 0.5

ES

(B) L3
E:
1
B
i
i
0.3
2z x ? x in
©
12

(D)

END OF THE QUESTION PAPER
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Q.1 -Q. 25 carry one mark each.

A1
Q Considerthe linear differential equationjl =xy. If y=2atx=0, then the value of atx=2 is
x
given by
(A) e (B) 2¢72
(C) €* (D) 2¢2

Q-2 \which of the following magnetic vector potentials gives tsa uniform magnetic fieIBolg ?
(A) Byzk (B)- By

(C)B—Z"(—yf+x}) () %(yhx}‘)

Q3  The moleculé’0, is

(A) Raman activbutnotNMR (nuclear magnetic resonai) active.
(B) Infrared active and Raman active but not NMR active.

(C) Raman active and NMR active.

(D) Only NMR active.

Q.4  There are four electrons in t3d shell of an isolateaton. The total magnetic mometof the atomr
in units of Bohr magneton is

Q.5 Which of the following transitions is NOT allowed in the eas an atom, according to the electric
dipole radiation selection rule?

(A) 2s-1s (B) 2v-1s (C) -2s (D) 3d-2p

Q€ Inthe SU(3) quark model, the triplet of mes@ﬁ,no,ﬂ‘) has

(A) Isospin =0, Strangeness =0
(B) Isospin =1, Strangeness =0
(C) Isospin = 1/2, Strangeness = +1
(D) Isospin = 1/2, Strangenes«-1

Q.7 Themagnitude ofthe magnetic dipole moment associated with a square shappdcarrying ¢
steady current is m. If this loop is changed to a circular shape with ghene currenl passing

through it, the magnetic dipole moment becordas . The value op is
T

Q.€  Thetotal power emitted by a spherical black body of raR at a temperaturT is P;. Let P, be the
total power emitted by another spherical black body dusaR¥2 kept at temperature/2 The ratio,
Pi/P, is . (Give your answer upto two decimal places)
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CTATE T4 Pleymes

19 The eniropy & of o system of N spivs, which may align either in ihe dpwand of i the downsnd
dirpctian, |8 given by X = —ita.'-'[_pln po(l= pinll= p-‘,l]. Here ke is the Boltemann consiani.
The grababilite of abgrment in the upward direction is 5. The value of p, at which the entropy s
sk, b fiee your aneees upen ane deciemnl place)

(210 For a sysen #l constum temperature and valume, which of the following sttaments is commect o
il

(A} The Helimbodi fre: energy atining o locud minimmim.
(E6) Thie Helmbob freo cnergy mieaing o bocal maxinmim,
(0] The Cithbs free energy sttabns o kel minimym
(E3) The Ciibhs free encrgy atlams & local maxinmiem,

Qi W moms of mn ides) gas are enclosed m s contanes of velume V. Thie volume of the contaier |5
chznped 10 41 wiile heepleg the total sseegy constant. The change in the emropy af (e gas, in
unitsof Wk, In I, s , whwere &g Is the Halteiwsasin constin,

Qo1 Wihich ol ke Filbowiing ts an aralytic funetion of = everywhens in the commplex plang?
Lol (B =" © m ¥z

0 Imoa Young's disuble sl esperomeni weing Jight, the mpparaius has deo sl of umequasl widths
When pnly slis=1 is open, ihe maximan observed imtensity on the sereen is 4f, When only shi-2
apers the moximum cheerved intensily s £, When bath ibe slis arc open. an ierference patiern
mppars. o fhe screen, The e of the imensity of tbe princips] maximum bo that el e neares
rn i |8

QU Compsde 8 metal wiech alrevs the Sonmnerdeld mode] sxacily. 1§ Er w the Fermi mesrgy of the meanl
ot Fo 0 K nod B o ate Hall coefficarm wisch of the following stntements ih cotrect™

W R =E."" B R, =E* &y Ry =E 7 D g, o wdepenident of £

Q.05 A ooe-dimensional Bear ¢inin of alons soniairs two Types of moms of mussed . and s (where
;= m ), mmanged liemately. The discance beween ducessive moms is the same. Assume thoi the
harmeeic approsimation is valid A1 the Brst Brilkouin tone boundsry, which of the inllowing
sgiiements ks comrect?

(A The atoms of mss ;e st rst inthe eptical inode, wihile shey viraie in the ocoostical mode.
{13 The atorms of muss m, ee ol red iiihe optical wode, while they vibrage in the scoustical mode,
10 Bath fypes of dhoms vibrate with equl amplitades (n b optical as well as In the acousiol
eiles,

(037 Botk types of atome vibrode, Bl with oméqual, non-cero amplitudes in the optical as well @ in
the smoustical modes,

Q.06 Which of the fodlewing Gpersons & Hemition™

o o '’ i’
fA) — oy s i— m —
& (8} = € == )
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Q.17

Q.1¢

Q.1¢

Q.20

Q.21

Q.2:

Q.23

Q.24

The kinetic energy of a particle of rest masg is equal to its rest mass energy. Its momentum in

units of myc, wherec is the speed of light in vacuum, is . (Give yamswer upto two
decimal places)

The numbe densit) of electrons in the conduction band of a semicondata@a given temperatul
is2x10" m™. Upon lightly doping this semiconductor with donor inifies, the number density

of conduction electrons at the same temperature beebx¥&° m=. The ratio of majority to
minority charge carrier concentration is

Two blocks are connected by a spring of spring @& . One block has mass and the other
block has massi2 If the ratiok/m = 4 s, the angular frequency of vibrationof the two block
spring system irs ™" is . (Give your answer upto two decimal places)

A particle moving under the influence of a centralctoﬁ(?) =—k ¥ (where 7 is the position

vector of the particle anklis a positive constant) has non-zero angular momenwimch of the
following curves is a possible orbit for this particle?

(A) A straight line segment passing through the origin.
(B) An ellipse with its center at the origin.

(C) An ellipse with one of the foci at the orit

(D) A paraboliwith its vertex at the origil

Consider the reactiofeMn + ¢©  — 5,Cr + X .The particleX is

(A)y B) v, C) n (D) »’

The scatteringof particles by a potential can be analyzecBorn approximatio. In particular, if
the scattered wave is replaced by an appropriate plare e corresponding Born approximation
is known as the first Born approximation. Such an appration is valid for

(A) large incident energies and weak scattering potentia
(B) large incident energies and strong scattering fiaten

(C) small incident energies and weak scattering potentials.
(D) small incident energies and strong scattering polsntia

Consider an elastic scattering of particles/ia O states. If the corresponding phase shiftis

90° and the magnitude of the incident wave vector is lefjua/2z fm* then the total scattering
cross section in units of fis

A hydrogen atom is in its ground state. In the presence wfiform electric fieIdE=E02,the

leading order change in its energy is proportionéEt)". The value of the exponentis
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Q.2¢

A solid material is found to have a temperature indepgndagnetic susceptibilityy = C.Which
of the following statements is correct?

(A) If Cis positive, the material isdiamagne.

(B) If Cis positive, thematerialis aferromagne.

(C) If C is negative, the material could be a type | supenactod

(D) If C is positive, the material could be a type | superconducto

Q. 26 - Q. 55 carry two marks each.

Q.26

Q.27

Q.28

Q.2¢

¢

Q.3(

Q.31

Ny

Q.3

An infinite, conducting slab kept in a horizontal planerieara uniform charge density .
Another infinite slab of thickness made of a linear dielectric material of dielectric ¢ansk, is
kept above the conducting slab. The bound charge demsttye upper surface of the dielectric slab
is

O (2
(A) o (B) *

o(k-2) o(k-1
©) o (D) —

The number of spectroscopic terms resulting from theS coupling of a 3 electron and adB
electron is

Which of the following statements is NOT correct?

(A) A deuteron can be disintegrated by irradiating it wiiimma rays of energy 4 MeV.
(B) A deuteron has no excited states.

(C) A deuteron has no electric quadrupole moment.

(D) The'S, state of deuteron cannot be formed.

If s5,and s,are the spin operators of the two electrons of atdm, the value o(El : §2> for the
ground state is

3 2 3 2 1 2
(A) _Eh (B) _Zh (C) 0 (D) Zh
A two-dimensional square rigid box of siL contain: six nor-interactingelectronsai 7 = 0 K. The
232
mass of the electron i8. The ground state energy of the system of electionspits of 72[ e is
m

An alpha particle is accelerated in a cyclotron. Ivésathe cyclotron with a kinetic energy of 16
MeV. The potential difference between the D electragdés®© kilovolts. The number of revolutions
the alpha particle makes in its spiral path before it letheesyclotron is

Let V; be theit® component of a vector fielﬁ, which has zero divergence.df = d/ dx;, the
expression foe; i €.mi 0;0,Vy, is equal to

(A) —9,0,V, (B) 9,0,V, (©) 8%, (D) -a%,

PH
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Q.33

Q.3¢

Q.3¢

Q.3¢

Q.37

Q.38

The direction ofVf for a scalar field(x,y,z) = %xz —xy+ %zz at the pointP(1,1,2) is

w2z g ik -2k G2
V5 V5 J5 V5

c,,0, ando, are the Pauli matrices. The expresdono , +o o is equal to
(A) -3io, (B) —io, ©) io, (D) 3Bio,

A particle of massm = 0.1kg is initially at rest at origin. It starts moving with a umifo
accelerationg =10i ms? at t = 0. The actionS of the particle, in units of J-s, at= 2s is
. (Give your answer upto two decimal places)

A periodic functionf(x) of period Zr is defined in the intervdl-n < x < ) as:
(x) = —-1,—-m<x<0
flx) = { 1, 0<x<m

The appropriate Fourier series expansioryfos) is

(A) f(x)=(4/x)[sinx+(sin3x)/3+(siN5x)/5+...]
(B) f(x)=(4/x)[sinx—(sin3x)/3+(sin5x)/5-..]
©) f(x)= (4/7r)[cosx +(cos3x)/3+(cos5x)/5+...]
(D) f(x)= (4/7r)[cosx —(cos3x)/3+ (cosbx)/5-..]

Atoms, which can be assumed to be hard sphereadaisR, are arranged in afac lattice with
lattice constant, such that each atom touches its nearest neighbaks.tfie center of one of the
atoms as the origin. Another atom of radiyassumed to be hard sphere) is to be accommodated at
a position (0a/2, 0) without distorting the lattice. The maximum valdie/® is . (Give
your answer upto two decimal places)

In an inertial frame of referenc® an observer finds two events occurring at the siéme at co-
ordinatesx, =0 and x, =d. A different inertial frameS’ moves with velocity v with respect %

along the positive x-axis. An observer §if also notices these two events and finds them to occur

4

at times 1, and ¢, and at positions; andx,, respectively. I\t'=¢,—¢;, Ax'=x,—x; and

y = ;2 which of the following statements is true ?
v
1-—
C2
(A) At'=0Ax'=yd (B) At'=0,Ax'=d/y
(C) At =—yvd/c? \Ax' =y d (D) At' =—yvd/c? ,Ax' =d]y

PH
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Q.3¢  The energy vs. wave vectcﬁE—k) relationship near the bottom of a band for a solid can b
approximated ast = A(ka)® + B(ka)*, where the lattice constamt= 2.1 A. The values of and

B are 6.3x10°Jand3.2x10?°J, respectively. At the bottom of the conduction band,rgtie

of the effective mass of the electron to the masses &lectron is . (Give your answer
upto two decimal places)
(Take 71 =1.05x10* J-s, mass of free electron= 9.1X1&g)

Q.40 The electric field component of a plane electromagnetive travelling in vacuum is given by
E(z,t) = Eycos( z - w?)i . The Poynting vector for the wave is

(A) (cg, 12)EZcog (kz—wt) ]
B) (c&,/2)E2 cog (k z - wi)k
(C) ce,E2cod(k z—wi) ]
(D) ce,E2co (kz—wi)k
Q.41 Consider a system having three energy levels wittrgies 0, 2¢ and 3¢,with respective

degeneracies of 2, 2 and 3. Four bosons of spinheer® to be accommodated in these levels such
that the total energy of the systeml@s . The number of ways in which it can be done is

Q.4z The Lagrangian of system is given b
L= %ml2 [92 +sin” 0 ¢° ]— mgl cosh, wherem,l andg areconstants.

Which of the following is conserved?

- cin2 (B) ¢sing ) )
(A) @sin” 0 @ ©) .§0 D) (02
sin 6 sin“ 6
Q.43 Protons and-particles of equal initial momenta are scattered off al doll in a Rutherford

scattering experiment. The scattering cross sectanprbton on goldind a-particle on gold are
o,ando, respectively. The ratio, /Gp is
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Q.44

Q.4¢

Q.46

For the digital circuit given below, the outpX is

A
X
B
C
(A)A+B-C (B) A-(B+C)
(C) A-(B+C) (D) A+(B-C)

The Fermi energies of two metX andY are 5 eV and 7 eV and their Debye temperatures &
K and 340 K, respectively. The molar specific hedtshese metals at constant volume at low

temperatures can be written €S, ), =y,T +A,T® and (C, ), =y,T + A,T*, wherey andA

are constants. Assuming that the thermal effective ofdé® electrons in the two metals are same,
which of the following is correct?

(A)7_X=Z,A_X=8 (5)7_X=Z,A_X=l
Yy O Ay yy 5 A, 8

(C)V_XZE,A_XZE (D)7_X:§,A_X:8
yvw I A 8 vy 1A

A two-level system has energies zero atid The level with zero energy is non-degenerate, while
the level with energy is triply degenerate. The mean energy of a classaréicfe in this system
at a temperaturg is

Ee ElkT FoE kT
A) ®) —
1+3e " 1+e '™
3E€_E/kBT BEe—E/kBT
(C) 1+€—E/kBT (D) 1+3€—E/kBT

PH
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Q.47

Q.48

Q.49

Q.5(

Q.51

A particle of rest masaf is moving along the positive-direction. It decays into two photong,

andy, as shown in the figure. The energyof is 1 GeV and the energy of,is 0.82 GeV. The
value ofM (in units of GeV/®) is . (Give your answer upto two decimal places

If x and p are thex components of the position and the momentum operatoes fHrticle
respectively, the commutatfx?, p°] is

(A) ih(xp — px) (B) 2in(xp — px)
(C) ih(xp + px) (D) 2ih(xp + px)

The x-y planeis the boundary between free space and a magneticrimhatéth relative
permeability, . The magnetic field in the free SpaC$i§+sz. The magnetic field in the
magnetic material is

(A) Bi+Bk (B) B, +u B.k

(C) iBXerleg (D) u,B,i +B.k

r

Let |lm> be the simultaneous eigenstates If and L, . Here L is the angular momentum

operator with Cartesian componentéX(Ly,Lz), [ is the angular momentum quantum number

and m is the azimuthal quantum number. The vaIue<fh,O‘(LX +iLy il—l) is
(A)0 (B) 7 (C) 2 (D) /37

For the parity operata? which of the following statements is NOT true?

(A)PT=P (B) P2 =-P (C) P2=1 (D) pt=p-1
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Q.52 For the transistor shown in the figure, assiipe= 0.7 V andp,. = 100. IfV,, = 5V, V,, (in Volts)

is . (Give your answer upto one decimal place
10V
3kQ
Vin Vout
200k Q
1kQ

Q.5 The state of esystem is given b

lv)=1d1)+24.)+3¢:)

where|¢,), |¢,) and|¢,) form an orthonormal set. The probability of finding tiystem in the

state|¢2> is . (Give your answer upto two decimal places

Q.54 According to the nuclear shell model, the respectiveimpiostate spin-parity values Ej‘O and
70 nuclei are

(A) (B)

I\)le N
I\)|01 N[
Nlw NP
Nl NlO

(D)
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Q.55 A particleof massm ard energ' E, moving ir the positivex directior, is incident on a step potent
at x = 0, as indicated in the figure. The height of theeptal is Vo, whereVy, > E. At

X =x,, Wherex, >0, the probability of finding the electron iglimes the probability of finding

/2 -E
itatx=0.If a = % , the value of; is

Vo
E
—
| - _I___
x=0 X =Xp
2 1 1 1
(A) o (B) o ©) P (D) .

END OF THE QUESTION PAPER
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