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PHYSICAL SCIENCES
PAPER-III

Note : This paper contains Seventy Five (75) multiple-choice questions, each

question carrying Two (2) marks. Attempt All questions.

1. The divergence of the position vector ;s
(A) Zero B 1
C) 2 M 3

2. If 8(¢) is the Dirac delta function in ¢, then the value of Iﬁ(t) exp (—st) dt
0

is :
A) 1 (B) 0
(C) o (D) — e

d
3. Consider the differential equation a[(l - xz);)(zi—x P (x)} +nn+1)P(x)=0.

This is :

(A) Legendre equation (B) Bessel equation

(C) Hermite equation - (D) Laguerre equation
4. The equation indicating the solenoidal nature of vector B is :

(A) V.B=0 ' (B) VxB=0

C© B=0 (D). None of these
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5. What is the group formed by all 2 x 2 unitary matrices with determinant

+1 ?
(A)  80(2) (B) SU®)
(C) UVOQ) ' (D) SU2)
6. The square of the correlation coefficient i.e. r2 of any linear least square fitting
18 :
(A)  zero B) -1
(C)  between zero and 1 (D)  between zero and 10

1. In the 4th order Runge-Kutta method, if ‘A’ is the interval or step-size, then

the error involved is of order :

A n? B) A3
© At D) &
8. Finite difference method aims at providing an approximate :

(A)  solution of differential equation
(B)  solution of an integral equation
(C)  value of a finite integral

(D)  value of a derivative at a finite number of points
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9. Lorentz transformation assumes :
(A) Space and time both are relative
(B) Space is relative but time is absolute
(C) Space is absolute but time is relative
(D) Space and time both are absolute
10. If the Poisson bracket of a function with the Hamiltonian vanishes, then :
(A) The function depends on time
(B) The function is a constant of motion
(C) The function has error in it
(D) Square of the function repfesents the energy of the system

11. A pendulum bob of mass m is held taut in a horizontal position ‘and then

released. What is the tension in the string when the bob reaches its lowest

position ?
Ay  Jomg B) mg
(C) 2mg (D) 3mg
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12. A particle of mass m, moves in a circular orbit of radius r around a fixed
point under the influence of an attractive force F = —5 where & is a constant.
r

If the potential energy of the particle is zero at an infinite distance from the

force centre, the total energy of the particle in a circular orbit is :

r? or?
(C) ero (D) ——k
. “ r 2r?

13.  For rocket motion in free space, which of the following law is used for obtaining

1ts equation of motion ?
(A)  Conservation of energy
(B)  Conservation of angular momentum
(C)  Conservation of linear momenfum
(D)  Conservation of mass and energy
14. What is the reduced mass of a positronium atom ?
(A) 1.6 x 10731 kg. (B) 9.11 x 10731 kg

(C) 0.255 MeV/e2 (D) 0.51 MeV/c2
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15.

16.

17

Enérgy required to be spent by a satellite (mass m, speed v and orbit radius

R) for completing one round around the Earth (Mass of the Earth = M)

18 ¢
(A) zero B) GMm/R
1 c 2
© 5 m? D) --’-”Ri*mR

The magnitude of the Earth’s gravitational force on a point mass m is F(r),
where r = distance of point mass from the Earth’s centre. Suppose there 1s

a very small shaft in the Earth, such that the point mass can be placed at

—B—'R“Rd' f the Earth, what 1 —““—F(R) e
r—2, = Radius of the Earth, what 18 FR2)
(A) l ®B) 2
2
(C 4 D :
) 4

When the electric field in a dielectric is sufficiently high, the dielectric becomes

conducting. Dielectric breakdown does not depend on :
(A) nature of material

(B) temperature

(C) amount of time that the field 1s app]ied.

(D) direction in which field is applied
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18.  The work done in bringing a charge +q from infinity to a position at a distance

d in front of an infinite grounded metal surface is :
&)  —¢%4n €q(d) (B) —g%4n €4(2d)
(€C) —¢%4n €y(4d) D)  zero

19.  Two conducting plates are inclined at an angle 30° to each other with a point

charge between them. The number of image charges is :
(A) 6 (B) 3
(C) 12 (D) 11

20. If the electric potential V is constant, throughout a given region of space,
what can you say about electric field in the region énd éharge enclosed in
the region ?

(A) E = 0, there is no charge .in the region

(B) }_1“: 1s uniform with positive charge on one side

—

(C), E =0, but the charge enclosed depends on the value of the potential

D) Eis non-zero, such that its flux through the region is zefo and charge

density is non-zero constant
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21.  The number of degenerate dominant modes in a rectangular resonant cavity

with a = b = ¢ will be :
A) 0 B &5
(C) infinite (D) 3

22. At'large distances the electric field due to a dipole varies as :

1 1
A - B) —

F r

1 1
(C) ] (D) -~

23.  When a high speed electron hits a metal target, it rapidly decelerates. This

phenomenon is known as :
(A) damping radiation (B) X-ray production
(C)  breaking radiation (D)  stopping radiation

24. A point charge is held at a distance 2a from the centre of an isolated, uncharged

conducting sphere of radius a. The potential of the sphere is :

q q
(&) 8ne, a B 4z € a
C ? D) Z
© 21€, a (D ero
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26.

27.

28.

29.

Quantum mechanically the value of L xL)? is :

A - n1? : ' B 0

©  or . D L
The perturbation term in the Hamiltonian 6f anharmonic oscillator is :
A) A | (B) Ax?
(Cy A | D

The phase shift in scattering process is always positive when the potential

18 :
(A) attractive | (B) repulsive
(C) complek (D) imaginary

For triplet states the value of the total spin angular momentum quantum

number is :
(A) 3 o ®B) 1
C) 1/2 (D) 32

The dimension of a matrix representing general angular momentum for

j =3 are :
A 3 (B 9
© 7 | D 6
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30.

31.

32.

33.

In the quantum mechanical theory of total angular momentum the value of

J + m is always :

(A)  integer (B)  half integer
(C)  zero (D)  complex
The differential scattering cross-section is equal to :
(A) R, o) (B) 146, ¢

© £, 9. 0, 0 D IR0, 0

- -3

From the Dirac Hamiltonian H= ca . p + pmc?, the spin of the Dirac’s particle

is the consequences of :
A B B) 4
(€)  me? D) ¢

An electron is moving freely in a one-dimensional infinite potential box with
walls at x = 0 and x = a. If electron is initially in ground state (n = 1) and
the size of the box is quadrupled (x = @ to x = 4a), then the probability of

finding the electron in ground state of new box is :

(A 18% (B) 58%

) 12.8% “ D) 15%
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34.

35.

36.

For a system in thermal equilibrium at temperature T, consists of a large
number N of systems, each of which can exist only in two states of energy
0 and E; k is Boltzmann constant. Which of the following is true for the

entropy of system ?
(A) It is an increasing function of the total energy of the system

(B) It has a maximum value of Nyk In 2 at total energy NyE/2 and reduces

further to zero as total energy reaches NyE
(C) It decreases with increasing T
(D) There is no maximum value for the entropy

If 6.0 x 1022 atoms of Helium gas occupy 2.0 litres at atmospheric pressure,

then the temperature of gas is closest to :
(A) 241K (B) 273K
(C) 300 K D) 214 K

A blackbody at temperature T radiates energy at a power level of 10 m Watts

(mW). The same blackbody when at temperature 2Ti, radiates at a power

level of :
(A) 20 mW | (B) 40 mW
(C) 80 mW D) 160 mW
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37.

38.

39.

A system of particles occupying single particle levels obeying Maxwell-

Boltzmann statistics is in thermal contact with heat reservoir at temperature

- T. If the population distribution in the non-degenerate energy states (levels)

is given below, then the average temperature of the system is :

Energy (eV) Population (%)
30.1 x 1073 3.1
215 x 1073 8.5
12.9 x i0—3 | 23
4.3 x 1073 63
(A) 100 K (B) 99.4 K
(C) 902K (D) 449K

Bose-Einstein condensation can occur for :
(A) Photons | (B) He* atoms
(C) Electrons (D) Neutrons

Grand canonicall ensemble corresponds to (N = No. of particles and E = Total

energy of a member) :
(A) N-variable, E—variable (B) N-fixed, E-fixed

(C) N-fixed, E-variable (D) N-variable, E—fixed
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40.  Molecules of two different substances (with different molecular masses)

are known to have same RMS speeds. We can be sure that the substances

have :
(A)  Same specific heat (B) Same absolute temperature
(C) Same internal energy (D)  Different absolute temperatures

41. A certain amount of ideal gas at pressure P and temperature T K, occupies
a volume V. If m is the mass of this gas molecule, the density of this sample

1S :

m mP
(A) v (B) T
(C) mkT (D) E%E

42.  In the following diagram switch S is closed at ¢ = 0. Voltage across the capacitor

C after 2 ms will be :

0/’ 1kQ
O A O

S
1 pF
10 V— T
%
(A) 63V (B) 86V
(C) 95V (D) 98V
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43. In the following circuit the transistor is working as :

1 k&

_._._|||||l___w,w_

(A) Switch

(C) Regulator

(B) Amplifier

(D)  Filter

44. Circuit below implements a filter between input current I; and the output

voltage V. Assume that op-amp is ideal. The filter implementation 1is :

-

(A) low pass
(C) Dband stop

Phy. Sci.-1II
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==

(B) band pass

(D) high pass
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45. ‘ Programs are written in assembly language because they :
(A)  run slower than high level languageu programs
(B)  are portable
(C)  easier to write than machine code programs

(D) they allow the programmer to access registers or instructions not usually

provided by a high level language

46.  Second order low pass filter using op-amp has a roll off of :
(A) 60 dB per octave (B) 20 dB per decade
(C) 38 dB per octave (D) 40 dB per decade

47. A DAC uses ladder of 5 V full scale output. The number of bits required

at its input for a resolution of .5 mV will be :
(A) 1000 (B) 5
(C) 10 D) 25

48.  Penning and Pirani gauges are used for measuring :

(A) Temperature . (B)  Light intensity
(C) Distance (D)  Pressure
Phy. Sci.-II1 18




49.  In an experiment, the acceleration due to gravity g is determined by measuring
the time period of a simple pendulum. If there is an error of 1% in the
measurement of time period, the error in the value of g will be :

(A 0.5% (B) 2%
C) 1% D) 0%
50. The number of inputs i.n.a full binary adder are : -
A) 4 B) 3
(C) 2 D 5
51. The fine structure constant o is nearly equal to :
(A) 137 (B) 1/137
(C) 137 (D)  1/1836
52. The Lyman-a line in Hydrogen corresponds to the transition :
(A) 2p — 1s (B) 2s —» 2p
(C) 3p — 2s D) 25 — 1s

53.  Which one of the following does not fall in the microwave region ?
(A) ESR (B) Hyperfine structure
(C)  Isotopic shift | (D) Na yellow doublet
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54. The minimum energy of a non-rotating diatomic molecule in its electronic

ground state is, (in usual notations) :

(A) %hwo | (B)  ho,
1
(C)  Zero | @ SEER- R,)

55. The j-j coupling is applicable to :

(A) Hydrogen atom (B) Helium atom
(C) Light atom | (D) Heavy atoms
56. ‘The most probable transition between two electronic states of a diatomic

molecule occurs along the line of constant inter-nuclear distance’. This

statement refers to :

(A) Born-Oppenheimer approximation
(B)  Heisenberg uncertainty principle
(C)  Aufbau principle

(D)  Franck-Condon principle
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57. Broadening of a spectral line is usually expressed in terms of :
(A)  half width at full maximum
(B) number of ﬁge structure components
(C) resolution of the spectrometer

(D) full width at half maximum

58. A monochromatic light beam and a laser beam are moving in free space. Identify

the true statement :

(A) Both qf them have the same speed
(B) Both of them are longitudinal waves
(C)  The light beam moves faster

(D) The laser beam moves faster

59. The reflectance in visible region at normal incidence 1s :

(G —'1)% ol (n+1)7? + &2
(C) n2k2 D n.k
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60.

61.

62.

63.

64.

The electronic polarizability o, of a monoatomic gés atom is :
(A)  d4ne, (B) 4neyR
(C)  4meR3 (D)  4ne R2

Dielectric function €(w) at frequency o for free electron gas is equal to :

2 _ 2
wy 120 5 P
mo : mw?
4tne? : | mw?
() D
© mw? D) N 47ne?

Superconductors are perfect diamagnets with susceptibility :

@A) -1 | - ®) -~ 107

)  +108 ‘O 4n

The energy levels with respect to the bottom of the conduction band for

Mott-Wannier excitons are given by :

- —Met
(A) SR 2 (B) (ho)"
(C) e—n}‘rmkaT (D) em‘m! EBT

Effective magneton number for Ce3*(4f1 5s52p) is :

A) 1 (B) 25

©) 4 D) 5
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The dispersion relation for magnons in a ferromagnet in one dimension with

nearest neighbour interaction is :

(A)  ho = 4JS(1 - cos ka) B) - 02 = wy? (1 - cos ka)

1
(C) o= 02 sin 5 ka D) o = ak®

Consider a completely degenerate Fermi gas. The average occupancy at 5 €F

(€ being the Fermi energy) will be :

' 1
A 1 ' B) 3

2
) 0 (D) 3

The deviation of the charge distribution of a nucleus from spherical symmetry

can be eétimated by measuring :
(A)  Electric charge

(B)  Electric dipole moment
(C) Magnetic dipole moment

(D)  Electric quadrupole moment
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68. Antineutrino is identified from neutrino by its :
(A) Charge (B) Mass
(C) Helicity (D) Spin
69. Parity is not conserved in :
(A)  Electromagnetic interaction
(B) Weak interaction
(C) Strong interaction
(D) Stroﬁg and weak interactions both

70. Isospin of a nucleon is :

1
(A) 2 B) 1
3 5
(C) 2 : D) 2
71. Mesons are made up of :
(A) Two quarks ' (B) Three quarks

(C) A quark and an antiquark (D) Two antiquarks
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2.

73.

74.

75.

The contribution of surface energy term to the total binding energy of a nucleus

represented by X is proportional to :
(A) A (B) A3
(C) A28 (D) A1/
A uranium nucleus deéays at rest as given,
50U — ZTh + 1He .
Which of the following is true ?
(A) Each decay product has the same kinetic energy
(B) Each decay product has the same speed
{Cy - Thoriurﬁ nucleqs has more kinetic energy than Helium nucleus
(D) Helium nucleus has more kinetic energy than the thorium nucleus
Quarks have :
(A) Three flavours (B) Four flavours
(C)  Five flavours (D)  Six flavours

The ratio of the sizes (in terms of radii) of ;)°Pb and Mg nuclei is

approximately :
(A) 2 B) 4
(C) 8 (D) 16
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ANTILOGARITHMS

Mean Differences

_ . i
.50 |[3162 {3170 | 9177 [ 3184 | 3192 | 3199 { 3206 {3214 3221 |3228 11 1 2|3 4 4|5 6 7
51 [15236 | 3243-] 3251 | 3258 {3266 | 3273 [ 3261 |3289 | 3296 (330411 2 2|3 4 5[5 6 7
52 113311 {3319 | 3327 | 3334 [ 3342 ) 3350 | 3357 | 3365 | 8373 338131 2 2|3 4 515 6 7
53 3388 | 3396 | 3404 | 3412 | 8420 | 3428 | 23406 | 3443 | 3451 34861 2 2|3 4 516 6 71
54 (13467 3475 {.8483 | 3491 | 3499 | 3508 | 3516 | 3524.| 3532 1354011 2 2|3 4 5|6 8 7
.55 (/3548 | 3566 | 356v | 3573 {3581 | 3580 | 3547 | 3606 | 3614 [362211 2 2|3 4 5|6 7 7
.56 ||3631 [ 3638 | 3648 | 3656 | 3664 | 2673 | 3681 | 8690 | 3608 (370711 2 3|2 4 5l6 7 8
.57 {|3718 | 3724 | 3733 | 3741|3750 | 3758.13767 | 3776 | 3784 137931 2 2|3 4 5|6 7 8
58 (13802 | 3811 | 3819 | 3628 | 3837 | 3846 | 3855 | 3864 | 3873 | 388211 2 3[4 4 5|6 7 8
59 [|3890 | 3800 | 3008 | 3917 {3926 | 8936 | 2945 | 3954 | 3083 {39721 2 314 5 s5l6 7 8
80 {13961 13990 | 3999 | 4000 | 4018 | 4027 | 4036 | 4046 | 4055 | 406411 2 3|4 5 68]6 7 8
.61 [|4074 | 4083 | 4093 | 4102 | 4111 | 4121 { 4130|4140 4150 {4158 |1 2 3|4 5 6|7 8 9
62 114169 14178 ; 4188 | 4198 | 4207 | 4217 | 4227 | 4236 {4246 [ 4256 |1 2 3|4 & 6|7 8 9
B3 [|4266 | 4276 | 4285 | 4295 43054 4315 | 4325 4335 | 4345 (435511 2 3|4 53 6|7 8 9
64 14365 | 43757| 4385 | 4306 | 4406 | 4416 | 4426.{4436 | 4446 {4457 11 2 3|4 5 &l7 B8 @
65 114467 | 4477 | 4487 | 4498 | 4500 | 4519 | 4529 [ 4530 4550 [4560(1 2 3}4 5 6|7 8B 9
.66 {4571 | 4581 | 4502 | 4603 [ 4613 | 4624 [ 4634 46451 4856 [ 4667.[1 2 814 5 6|7 9. 10
67 ||4677 14688 | 4699 (4710 {4721 | 4732 [ 4742 14753 | 4764 | 477511 2 3|4 5 718 9 10
88 114786 {4797 | 4808 | 4819 | 4831 | 4842 | 4857 [ 4864/ 4875 {4887 |1 2 2|4 6 7{8 © 10
-69 114898 | 4009 | 4920 | 4932 | 4943 | 4965 | 4966 | 4977 | 4989 [5000f1 2 3|5 6 7|8 9 10
70 15012 | 5028 | 5035 | 5047 | 5068 | 5070 | 5082 15093 | 5105 [§117]1 2 4|5 6 7|8 9 11
71 |5129 | 5140 | 5152 | 5164 {6176 | 5188 | 5200 [ 5212.|. 624 |5236{1 2 4|5 & 7|8 1011
72 ||5248 | 5260 | 5272 | 5264 | 5297 | 5309 | 5321 | 5333 | 6346 | 5358 |1 2 4|5 68 7|9 1011
-73 ||5370 | 5383.| 5306 | 5408 | 6420 | 5433 | 5445 | 5458 | 5470 | 548341 3 4|5 & 8|9 1011
-74 (18495 | 6608 | 5521 | 5534 | 6546 | 5559 | 5572 | 5585 | 5508 |5610|1 3 4|5 6 8|9 1012
75 ||5628 ] 56306 | 5649 | 5662 | 5675 | 5689 | 5702 | 5715|5728 [5741 {1 3 4|5 7 819 1012
<76 (15754 1 5768 | 5781 | 5794 | 5608 | 5621 | 5834 | 5848 | 5861 156751 3 4|5 7 89 1112
77 |15888 | 5902 | 5916 | 5920 | 5943 | 5957 | 5970 | 5984 | 5998 (60121 3 4.5 7 8 [10 11 12!
-78 |l6026 | 6039 | 6053 | 6087 | 6081 | 6095 | 6109 { 6124 6186 | 615211 3 4({6 7 81011 13
79 116166 [ 6180 | 6194 | 8200 [ 6223 | 237 | 6252 [6266 | 62681 |629511 3 4|6 7.9 {1011 13
-B0 |16310 [ 6324 | 6330 | 6953 |'6368 | 6383 | 6397 641216427 {6442 |7 3 4{6 7 al1012 13|
-B1 16457 | 6471 | 6486 | 6501 | 6516 | 6531 | 6546 | 6561 [ 6577 65922 3 |6 B 9 111214
B2 [|6607 | 6622 | 8637 | 6653 | 6668 | 6683 | 66007} 6714 [ 6730 |6745f2 3 5{8 8 8111 1214
83 }iB781 | 6776 | 6792 | 8808 | 6823 | 6839 | 6855 | 6871 | 6887 |8o0212 3 S8 8 9 |11 1314
B4 116918 {6934 6050 | 8066 | 6562 | 6998 7018 | 7031 | 7047' {7083 )2 3 6|8 8 10|11 1315
-85 ||7078 | 7096 | 7112 [ 7120 | 7146 | 7161 | 7178 ! 7194 } 7211 | 722812 3 5|7 & 10[1213 15
.86 [|7244 | 7261 | 7278 | 7295 | 7311 ; 7328 7345 | 7382 7379 1Y396 |2 3 B 7 8 101121315
87 {17413 | 7430 | 7447 | 7484 | 7482 | 7499 | 7616 {7534 | 7551.| 75682 3 5|7 8 10[12 14 5
-88 117586 § 7609 | 7621 | 7638 | 7666 | 7674 | 7691 | 77001 7727 (7745 |2 4 5|7 9 11|12 14 16
89 ||7762 | 7780 | 7798 | 7016 | 7834 7852 | 76870 | 7880 | 7907 |7925 ]2 4 s|7 9 111314 18
-90 ||7943 | 7962 ' 7880 | 7998 8017 | 8035 | 8054 [ 8072 | 8081 |8110f2 4 6(7 9 11|13 15 17
-91 118128 | 8147 | 8166 | 8185 | 8204 | 8222 | 8241 | 8260 | 8279 |8299 |2 4 8|8 o 11{13 1517
92 118318 | 8337 | 8356 |-8375 [ 8395 | 8414 | 8433 | 8453 | 8472 [8492 |2 4 618 10 12[14 15 17
-83 ||8511 | 8631 | 8551 | 8570 | 8590 | 8610 | 8630 | 8850 8670 Jseso |2 4 6 s 10 12{14 16 18
-84 8710 | 8730 | 8750 | 8770 | 8790 | 8810 | 8851 | 8851 |'8872 (88922 4 6|8 10 12/14 186 i8
95 18913 | 8933 | 8954 | 8974 | 8995 | 9016 | 9036 [9057 | 078 | 90992 4 6 |8 10 12|15 17 19
-96 19120 {9141 | 9162 | 9188 |:9204 | 9226 | 924719268 | 9200 [9311t2 4 6|8 11 13/v15 17 19
-87 (19333 [ 9354 | 9376 |9397 | 9419 | 9441 | 9482 | 9484 | 9506 |952812 4 7 [9-11 13/158 17 20
‘98 /9550 § 9572 | 9504 | 916 |'0638 | 0661 | 9683 [ 9705 | 9727 1 075012 4 719 111316 18 20
-89 (9772 | 9795 | 9817 | 9840 | 9863 ) 89B86 | 9908 | 9931 | 9954 {90772 5 719 11 14|16 18.20] -
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