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GATE PAPER 2021

@ and @ are two operators on numbers p and ¢

such that pOg=p—gand p®qg=pxq.

Then, (90 (6@7))0(®(605)) =

(a)—40 (b)—26

(c)40 (d)-33

In the figure shown above, PORS is a square. The
shaded portion is formed by the intersection of
sectors of circles with radius equal to the side of
the square and centers at S and Q.

The probability that any point picked randomly
withinthe square falls in the shaded area is

1 T
(@) 5 (b) 5—1

© 7 @4~

(1)Arun and Aparna are here.

(2) Arun and Aparna is here.

(3) Arun’s families is here.

(4) Arun’s family is here.

Which of the above sentences are grammatically
CORRECT?

(a)(3) and (4) (b) (1) and (4)
(c¢)(1)and (2) (d)(2)and (4)

The author said, “Musicians rehearse before their
concerts. Actors rehearse their roles before the
opening of a new play. On the other hand. I find it
strange that many public speakers think they can
just walk on to the stage and start speaking. In my
opinion, it is no less important for public speakers
to rehearse their talks”.

Based on the above passage, which one of the
followingis TRUE?

(a) the author is of the opinion that rehearsing is
less important for public speakers than for musi-
cians and actors.

(b) The author is of the opinion that rehearsel is
more important for actors than musicians.

(c) The author is of the opinion that rehearsing is
more important only for musicians than public
speakers.

(d) The author is of the opinion that rehearsing is
important for musicians, actors and public speak-
ers.

On aplanar field, you travelled 3 units East from a
point O. Nextyou travelled 4 units South to arive
at point P. Then you travelled from P in the North-
East direction such that you arrive at a point that is
6 units East of point O. Net, you travelld in the
North-West direction, so that you arrive at point
QO that is 8 units North of point P.

The distance of point O to point O, in the same
units, should be

(a)3 (b)6

()5 (d)4

1. Some football players play cricket.
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10.

1.

2. All cricket players play hockey:.

Among the options given below, the statement that
logically follows from the two statements 1 and 2
above, 1s:

(a) All hockey players play football.

(b) All football players play hockey.

(c) No football players play hockey.

(d) Some football players play hockey.

In an equilateral triangle POR, side PQ is divided
into four equal parts, side OR is divided into six
equal parts and side PR is divided into eight equal
parts. The length of each subdivided part in cm is
an integer. the minimum area of the triangle POR
possible, in cm?, is

(a) 48+/3 (b) 18
(c) 24 (d) 1443

Four persons P, O, R and S are to be seated in a
row, R should not be seated at the second posi-
tion from the left end of the row. The number of
distinct seating arrangements possible is

(a) 18 (b)9

(c)24 (d)6

Two identical cube shaped dice each with faces
numbered 1 to 6 are rolled simultaneously. The
probability that an even number is rolled out on
each dice is:

(a)1/8 (b) 1/36

(c)1/4 (d)1/12

The mirror image of the below text about the x-
axisis

Y A
PHYLAXIS
» X
(a) PHA JAXI? (b) bHAT VXI2
(c)dHAT VY XI1? (d)bHATYXIS

SECTION : PHYSICS
The below combination of logic gates represents
the operation

(a)AND (b) NOR
(¢) OR (d) NAND

To sustain lasing action in a three-level laser as
shown in the figure necessary consition(s) is(are)

2

AN

0 A 4
(a) lifetime of the energy level 2 should be greater
than that of energy level 0.
(b) lifetime of'the energy level 1 should be greater
than that of energy level 2.
(c) population of the particles in level 1 should be
greater than that of level 0.
(d) population of the particles in level 2 should be
greater than that of level 1.
Consider the potential U(r) defined as:

—or

e

U(r)=-U,

where o and U, are real constants of appropri-
ate dimensions. According to the first Born ap-
proximation, the elastic scattering amplitude cal-
culated with U(r) for a (wave-vector) momentum
transfer ¢ and ¢, — (0, is proportional to

Useful integral : Jsin (gr)e “dr =—1
0 o +q

(a) g~ (b) ¢*
(¢) g™ (d) g

Consider a system of three distinguishable par-

ticles, each having spin Szésuch that

1
S. = iE with corresponding magnetic moments
p. =£p . When the system is placed in an exter-
nal magnetic field H pointing along the z-axis, the
total energy of the system is pu# . Let x be the
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1
state where the first spin has §. = 5 The prob-

ability of having the state x and the mean magnetic
moment (in the +z direction) of the system in state
X are

22 o 2L
@ 3 5 m (b) S>3 H
(© 330 @55

Consider a tiny current loop driven by a sinusoi-
dal alternating current. If the surface integral of its
time-averaged poynting vector is constant, then
the magnitude of the time-averaged magnetic field
intensity, at any arbitrary position, 7, is propor-
tional to

1
(@) = (b) r

1 1
(e) - (d) 3
A light source having its intensity peak at the wave-
length 289.8nm is calibrated as 10,000K which is
the temperature of an equivalent black body ra-
diation. Considering the same calibration, the tem-
perature of light source (in K) having its intensity
peak at the wavelength 579.6 nm (rounded off to
the nearest integer)is
As shown in the figure, X-ray diffraction pattern is
obtained from a diatomic chain of atoms P and Q.
The diffraction condition is givenby 4 cos 0 = n) »
where 7 is the order of the diffraction peak. Here
a is the lattice constantand }, is the wavelength of
the X-rays. Assume that atomic form factors and
resolution of the instrument do not depend on @ .
Then, the intesity of the diffraction peaks is

h >

P 0 a a’2
(a) lower for even values of n, when compared to
odd values of n.
(b) zero for even values of n.
(c) lower for odd values of n, when compared to
even values of n.
(d) zero for odd values of 7.
Consider a solenoid of length L and radius R,
where R << L. A steady current flows through the

5
solenoid. The magnetic field is uniform inside the
solenoid and zero outside.

NNNNNNNN

| | |
f f —>»Z

0 L2 L

Among the given options, choose the one that best
represents the variation in the magnitude of the

L
vector potential (0, 4,, 0) at z= 7 -asa function

of the radial distance (7) in cylinderical coordinates.

Useful information : The curl of a vector F , in
cylinderical coordinates is

J OF,
% Fro2) = [161_ }@[ai@i}

r op Ox 0z or
o(rF,
w1 UR) o
rl or op
(a) Apa
' »r
R
(b) Aopa
' »r
R
(c) Aoa
' »r
R
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10.

I1.

(d) Apa

R

For a finite system of Fermions where the density
of states increases with energy, the chemical po-
tential

(a) increases with temperature

(b) decreases with temperature

(¢c) corresponds to the energy where the occupa-
tion probability is 0.5.

(d) does not vary with temperature

Considera point charge +Q of mass m suspended
by amassless, inextensible string of length / in free

space (permittivity €,) as shown in the figure. It is

placed at a height d(d > [) over an infinitely large,
grounded conducting plane. The gravitational po-
tential energy is assumed to be zero at the position
of the conducting plane and is positive above the
plane.

If g represents the angular positionand p, its cor-

responding canonical momentum, then the correct
Hamiltonian of the systemis

Py o’
@ i’ 8ne,(d —1cosO)

+mg(d —1cos)

2 2
Py 0 (
— —~mg(d—1cos0)
®) 22 8ne,(d —Lcos0) K
2 2
Po 0
- d—1cosB
©) 2p? 16Tc80(d—lcose)+mg( coy®)

&L 0’
@) 2 long,(d —Icos0)
Consider the atomic system as shown in the fig-

~mg(d —1cos0)

12.

13.

14.

6
ure, where the Einstein 4 co-efficients for sponta-
neous emission for the levels are

A, ,=2x10"sec” and 4, =10°sec™".

21

If 10" atoms / cm’ are excited from level 0 to level
2 and a steady state population in level 2 is
achieved, then the steady state population atlevel

1 willbex x10" ¢m™ . The value of x (in integer)
is

If zand p are constant vectors, 7 and p are gen-
eralized positions and conjugate momenta, respec-
tively, then for the transformation Q =a- p and

P =} -7 tobecanonical, the value of ;.5
(ininteger)is

Consider an atomic gas with number density
n=10"m>, in the ground state at 300K. The

valence electronic configuration of atoms is £
The paramagnetic susceptibility of the gas

v =mx107"". The value of m (rounded off to two

decimal places) is
(Given : Magnetic permeability of free space

w, =4nx10" Hm™'
Bohrmagneton p, =9.274x107* 4m’

Boltzmann constant k, =1.3807 x107*JK '

For the given sets of energy levels of nuclei Xand
Y whose mass number are odd and even, respec-
tively choose the best suited interpretation.

1200 . 02,4 T 232
1000 -« semmmmmmrmee e e e
800 bereeeene st T 1972
2 : 2
B 600 mme i o
40() '. ..................................... ]SQ.
200 bont et 12
o 0] S/
Set-I Set-II

(a) Set-I : Vibrational band of X
Set-1I : Rotational band of ¥
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15.

16.

17.

(b) Set-I : Rotational band of Y

Set-II : Vibrational band of X'

(c) Set-I :Rotational band of X

Set-1I : Vibrational band of Y

(d) Set-I : Vibrational band of Y

Set-II : rotational band of X

As shown in the figure, inverse magnetic suscepti-

1
B
ey (x

(T) for three differential materials in paramagnetic
states.

j is plotted as a function of temperature

Q@
,»:jﬁ/@
& ® g

(Curie temperature of ferromagnetic material = 77,
Chose the correct statement from the following.
(a) Material 1 is ferromagnetic (I'< T), 2 is para-
magnetic and 3 is antiferromagnetic (7<T ).

(b) Material 1 is paramagnetic, 2 is antiferromag-
netic (7'<T,) and 3 is ferromagnetic (7< T ).
(c)Material 1 ferromagnetic (7< T ), 2 is antifer-
romagnetic (7'<T,),and 3 is paramagnetic.

(d) Material 1 is antiferromagnetic (7< T, ), 218
paramagnetic, and 3 is ferromagnetic (7'<T,).
The normalized radial wave function of the sec-
ond excited state of Hyrogen atom is

RG) :L(a*”)l(e*’/“)
4

V24 a

where a is the Bohr radius 7 is the distance from
the centre of the atom. The distance at which the
electron is most likely to be found is y X a . The
value of y (in integer) is .

Consider a cross-section of an electromagnet hav-
ing an air-gap of Scm as shown in the figure. It
consists of a magnetic - materical

(££=200004,)and is driven by a coil having

NI =10* 4, where N is the number of turns and /
is the current in Ampere

18.

19.

Tem

|
1
AW AT A WaWaA WA WA T aWaN

Ignoring the fringe fields, the magnitude of the
magnetic field g (in Tesla, rounded off to two

decimal places) in the air-gap between the mag-
netic poles is
A system of two atoms can be in three quantum

state having energies 0,€and 2¢. The system is
in equillibrium at temperature 7" = (k B )_l .Match
the following statistics with the partition function.

Statistics Partition function
CD: Classical Z1:e% 1
(distinguishable particles) | +¢ ¢

CI: Classical 72:1+e ™ 427

(indistinguishable particles) | +¢7F +

73:142¢ % 4307

e

FD: Fermi Dirac
e

74 :l +e +§e’2BE
2 2
1641[35

2

BE: Bose -Einstein
ey

(a) CD:Z1,CI:Z2, FD:Z3, BE:Z4
(b) CD:Z2, CI:Z3, FD:Z4, BE:Z1
(c)CD:Z4, CI:Z1, FD:Z2, BE :Z3
(d) CD:Z3, CL:Z4, FD:Z1, BE:Z2
Choose the graph that best describes the varia-
tion of dielectric constant (&, ) with temperature

(7) in a ferro-electric material. (7. is the Curie
temperature)
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20.

21.

(a) &4
:/

Te

(b)e.4

(d) g, A

Tc

The spin-orbit effect splits the 2 p _2 ¢ transi-
tion (wavelength, ; — 25214 ) in Lithium into
two lines with separation of ‘A1 =(.144 . The

corresponding positive value of energy difference
between the above tow lines, in ¢}/, 1S ;107

The value of m (rounded off to the nearest inte-
ger) is
[Given: Planck’s constant,

h=4.125x10"eV —sec, speed of light,
c=3x10°msec™' |
If y, (x) is a solution of the differential equation

y"—2xy'=2ny = 0 where n isaninteger and the

prime (') denotes differentiation with rrespect to

22.

8
x, then acceptable plot(s) of y, (x) = e yu(x)

is(are)

(@) 27

i, Rl
d 27
n=0
1
20 ——
- 2 0 2 4
1 X
.

h
Consider a spin S 25 particle in the state

1|2+i
|¢> = 32 | The probability that a measure-

h
ment finds the state with S, =+ 5 is
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23.

24.

25.

26.

17 5
(a) 13 (b) 18
15 11
(c) 18 (d) 18

Consider a state described = by

w(x0)=w, (xt)+w,(x,t), where w,(x,?)

and v, (x,t) are respectively the second and

fourth normalized harmonic oscillator wave func-
tions and @ is the angular frequency of the har-

monic oscillator. The wave function y (x,)=0

will be orthogonal to (x, t) attime 7 equal to

T T
(a) B (b) 1o

T
@

Choose the correct statement from the following.
(a) Gallium Arsenide is an indirect band gap semi-
conductor

(b) Conductivity of semiconductor decreases with
increase in temperature

(c) Silicon is a direct band gap semiconductor
(d) Conductivity of metals decreases with increase
in temperature

A two-dimensional square lattice has lattice con-
stant a.

k represents the wavevector in reciprocal space.
The coordenates (k , k} ) ofreciprocal space where
band gap(s) can occur, are

T 7w T VA
(@) (i;’im) (b) (i;’i;]

© (iiigj

A matter wave is represented by the wave func-

VA
(©) o

(d)(0,0)

4x+3y+52—10m)

tion: v (x,y,z,t) = Aé"

where 4 is a constant. The unit vector repersenting
the direction of propagation of this matter wave is

4 3. |
—=Xt—F=yV+t——zZ
N RN RG]

27.

28.

29.

1. 3 . 1.

——X+t——)V+—F—z
PN RN RGN )
3 X+ 4 y+ ! z
N PN RPN )

1 4 3
X+ + 2
PN RN RN

A material is placed in a magnetic field intensity

H . Asaresult, bound current density .J , 1sin-

duced and magnetization of the material is j; .

The magnetic flux density is g . Choose the cor-
rect options(s) valid at the surface of the material.

(@) VH=0 (®) V.B=0
(c) V.J, =0 (d) vy =0
Assume that ° N (Z = 7) undergoes first forbid-

den B* decay from its ground state with spin-

partiy J”

1

, to a final state J7 . The possible val-

ues for J* and J7, respectively, are

(a) 1" 17 ) I 5
a) s N0 A~
2°2 2 2
1+ + 1+ 17
© 55 @5

A uniform block of mass M slides on a smooth
horizontal bar. Another mass m is connected to it
by an inextensible string of length / of negligible
mass, and is constrained to oscillate in the X-Y
plane only. Neglect the sizes of the masses. The
number of degrees of freedom of the system is
two and the generalized coordinates are chosen

asx and @ as shown in the figure.
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30.

31.

Yv : m

Ifp_and p, are the generalized momenta

corresponding to x and @, respectively, then the
correct option(s) is(are)

(a) p, 1s conserved

(b) p; =mi*0—mlcosOx
(c)p, is conserved
(d) p.=(m+M)x+micos60

In a semiconductor, the ratio of the effective mass
ofhole'to electronis 2 : ] 1 and the ratio of aver-
age realxation time for hole to electron is

1 : 2. The ratio of the mobility of the hole to elec-
tron is

(a)4:9 (b)11:4

(c)4:11 (d)9:4

The free energy of a ferromagnet is given by
F=F,+a,(T-T,)M>+bM", where F,, a,
and b are positive constants, M is the magnetiza-
tion, I'is the temperature, and 7. is the Curie tem-

perature. The relation between M? and T'is best
depicted by

(@) M4

32.

10

(by M’ 4
> T
T.
(c) M 4
: T
T,
(d)m> &
: > T
T

C

Asshownin the figure, an electromagnetic wave
with intensity /,is incident at the interface of two
media having refractive indices n, = 1 and

n, = /3. The wave is reflacted with intensity (¢

and transmitted with intensity /... Permeability of
each medium is the same. (Reflection coefficient

1 . . I
R =-% and Transmission cofficient 7 =-L).
1 1

Choose the correct statement(s).

(a) T=11f 8, =60° and polarization of incident
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33.

34.

35.

light is perpendicular to the plane of incidence
(b) R=01f 6, = 60° and polarization of incident
light 1s perpendicualr to the plane of incidence

(¢) R=01f 6, = 0° and polarization of incident
light is parallel to the plane of incidence

(d) T=T11if 6, =60° and polarization of incident
light is parallel to the plane of incidence

The transition line, as shown in the figure, arises
between *D,,, and *P,, states without any ex-

ternal magnetic field. The number of lines that will
appear in the presence of a weak magnetic field
(in integer) is

2
PI/Z 4

Consider a single one-dimensional harmonic os-
cillator of angular frequency @, inequilibrium at

temperature 7 = (k,/ )_1 . The states of the har-

monic oscillator are all non-degenerate having en-
ergy E = ( n+ lj ho With equal probability,
" 2

where 7 is the quantum number. The Helmholtz
free energy of the oscillator is

(@) h7w+,31 ln[l —exp(—ﬂha))]
(b) h7a)+,6'“ In[1+exp(-pho)]

(©) ETCO +4"'n [1 —exp (ﬁha))]

(d) B 'In [1 < exp(—ﬂha))]
As shown in the figure, two metal-semiconductor

junctions are formed between an n-type
semiconducot S and metal M. The work functions

of S and M are ¢, and ¢,, , respectively with

Py > Ps -

11

The 1-V characteristics (on linear scale) of the
junctions is best represented by

(a) 1 A

> |
(b) [ A

>
(C) [ A

(d) 74

Two observers O-and O' observe two events P
and Q. The observers have a constant relative
speed of 0.5¢. In the units, where the speed of
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37.

38.

39.

40.

light, c, is taken as unity, the observer O obtained
the following coordinates:

Event P:x=5,y=3,z=5,¢t=3

Event Q:x=5,y=1,z=3,t=5

The length of the space-time interval between
these two events, as measured by (', is L. The

value of |L| (inintegeris - .

P and Q are two Hermitian matrices and there
exists a matrix R, which diagonalizes both of them,
such that RPR™' = §, and ROR"= S, where S|
and S, are diagonal matrices. The correct
statement(s) is/are

(a) The matrix QP can have complex eigenvalues
(b) The matrices P and Q commute

(c) All the elements of both matrices S, and S, are
real

(d) The matrix PQ can have complex eigenvalues
A linear charged particle aceelerator is driven by
an alternating voltage source operating at 10MHz.
Assume that it is used to accelerate electrons. Af-
ter a few drift-tubes, the electrons attain a velocity
2.9 x 103m/s. The minimum length of each drift-
tube, in m, to accelerate the electrons further
(rounded offto one decimal place) is

The Coulomb energy component in the binding
energy of anucleus is 18.432MeV . If the radius of
the uniform and spherical charge distribution in the
nucleus is 3fm, the correspoinding atomic number
(rounded off to the nearest integer) is

2

{Given: € —144MeV fin

4re,

A hoop of mass M and radius R rolls without slip-
ping along a straight line on a horizontal surface as
shown in the figure. A point mass m slides without
friction along the inner surface of the hoop, per-
forming small oscillations about the mean position.
The number of degrees of freedom of the system
(ininteger)is .

41.

42.

43.

12

The time derivative of a differentiable function
g(g,.t) is added to a Lagrangian L(q,.q,.?)
such that

) d
L'= L(qz'aqz"t)zg(q”t)

where ¢,,q,,t are the generalized coordinates,
generalized velocitites and time, respectively. Let
p, be the generalized momentum and /7 the Hamil-
tonian associated with L(g;,4,,¢) . If p.and g
are those associated with 7', then the correct
option(s) is/are:

(a) Both L and [ ' satisfy the Euler-Lagrange’s
equations of motion

(b) If p, is conserved, then p, is necessarily con-
served

\ 0
(c) Pi=D +a_qg(qint)

d
H'=H+—gl(qg,
(d) +r 80t

Among the term symbols
4S1,2 D7/2’3 Sl a'nd 2D5/2

Choose the option(s) possible in the LS coupling
notation.

(a) ’ D7/2 (b) ! Sl

(© 5, (d)* D),
Consider a particle in a one-dimensional infinite

potential well with its walls at x =0 and x = L.
The system is perturbed as shown in the figure.
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44,

45.

46.
T ML=V,
1(0)=0 X
© x= x=L
The first order correction to the energy eigenvalue
is
47.
% A
@ (b) -
4 4
© % @

An electromagnetic wave having field

E =8cos(kz—at) pVem™ is incident at 90° 48,

(normal incidence) on a square slab from vacuum
(with refractive index n,=1.0) as shown in the
figure. The slab is composed of two different ma-
terial with refractive indices n, and n,. Assume that
the permeability of each mecdium is the same. After
passing through the slab for the first time, the elec-
tric field amplitude, in Vem ™, of the electromag-

netic wave, which emerges from the slab in region 49
2, 1s closest to
®
z
n,=1.1
@ n=2 |@
45° x y
®+
n,=1.0
1 L
@33 )56
50.
11 q i
©) 133 @D 16

For a two-nucleon system in spin singlet state, the

13
spin is represented through the Pauli matrices

o,,0, forparticles 1 and 2, respectively. The value

of (6,.0,) (ininteger) s
In an experiment, it is seen that an electric-dipole

(E 1) transition can connect an initial nuclear state
of spin-partiy J =2" to final state J; . All pos-
sible values of J ’; are

() 1,27,3" (b) 17,2

(c)17,27,3° (d1,2°

Three non-interacting bosonic particles of mass
m each, are in a one-dimensional infinite potential
well of width a. The energy of the third excited

22

, p/a
state of the system is X x——-. The value of x
ma

(ininteger)is.
The spaing between two consecutive S-branch
lines of the rotational Raman spectra of hydrogen
gasis 243.2c¢m ™. After excitation with a laser of a
wavelength 514.5nm, the stoke’s line appeared
at 17611.4cm " for a particular energy level. The
wave number (rounded off to the nearest integer),
in cm ', at which stoke’s line with appear for the
next highe energy level is
A contour integral is defined as:
I” - 98 dZZ 2

c(z—n) 47
Where 7 is a positive integer C'is the closed co
tour, as shown in the figure, consisting of the line
from —100 to 100 and the smicircletraversed in
the counter-clockwise sense.

y

z=x+iy

=100 0 100

5
The value of Z I, (ininteger) s
n=l
Consider two concentric conducting spherical
shells as shown in the figure. The inner shell has a
radius ‘@’ and carries a charge +Q. The outer shell
has aradius ‘b’ and carries a charge—Q. The empty
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52.

space between them is half-filled by a hemispheri-
cal shell of a dielectric having permittivily &, . The
remaining space between the shells is filled with

air having the permittivity &,.

The electric field at a radial distance » from the
center and between the shells (a <r<b)is

(a) el Lz on the airside and LLZ on the
drey 1 dre, 1
dielectric side

(b) L% every where.
27 (&, +&)

(c) 0 Lz on the air side and Q r. on the
S 2me, v 2me, 1}
dielectric side.

Laplace transform of /{7) is

0

L(fss)=[e"f ()at
0
whereas the fourier transform of /{¢) is

Flo)= [ () ar

The correct statement (s) is/are:

(a) L(f;s)and f () can be made connected.
(b) The variable s is always real.

(c) The variable s can be complex.

(d) L(f;s5) and f(®) cannever be made con-
nected.

The spin. § and orbital angular momentum 7, of
an atom precess about .J , the total angular mo-
mentum. J precesses about an axis fixed by a
magnetic field B, = 2B, %, where B, isaconstant.
Now the magnetic field is changed to

B, =B, (fc +29+2 ) Given the orbital angular

momentum quantum number /=2 and spin quan-

14

tum number s:%, @ 1s the angle between

§1 and J for the largest possible values of total
angular quantum number j and its z-component .
The value of @ (in degree, rounded off to the near-
est integer is .

The donor concentration in a sample of n-type
silicon is increased by a factor of 100. Assuming
the sample to be non-degenerate, shift in the
fermilevel (in me¥) at 300K (rounded off'to the
nearest integer) is

[Givenk,T'=25 meV at 300K]

The Gell-Mann-Okuba mass formula defines the

mass of baryons as M = M, +aY+b[[(1+l)

—% Y 2} , where M, aand b are constants. / rep-

resents the isospin and y represents the hyper-
charge. If the mass of 3 hyperons is same as that
of A hyperons, then the correct option (s) is (are)

@ Moy
(b) M oc I(1+1)

(c) M does not depend on /

(d) M does not depend on YV’

Consider a spherical galaxy of total mass M and
radisu R, having a uniform matter distribtuion. In
this idealized situation, the orbital speed v of a star

of mass m(m << M) as a function of the distance

r from the galactic centre is best described by
(G 1s the universal gravitational constant)

@ 4
GM/R
% >
(b) VA
GM/R
R >
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(d)

BN =

VA
~GM/R
R »r
~JGM/R
R »r
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