UGC POINT ACADEMY

LEADING INSTITUE FOR CSIR -JRF/NET. GATE & JAM

Date: 29/Nov/16, M.M:200 Timing: 2:00 H

BOOKLET CODE UGC POINT ACADEMY SUBJECT CODE

India's Leading Institute for : CSIR, NET & GATE

PHYSICAL SCIENCES TEST SERIES # 3
Quantum Mechanics, Nuclear & Particle Physics

Student Name:
Fat heme: s Na

Exam Centre Name:

Mobile No.:

Instructions
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compulsory. Question in each section are different type.
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each.
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PARTA

Obtain the hyperfine splitting in the ground state of hydrogen &adirst order in perturbation
theory for perturbation

H'=AS, QU ( , whereAbeing a constant

An? 2An? 3 An® An?
1) — (2) @) S — (4)

pag pag 4 3 4pag

Consider a charged particle in the one dimensional harmonic oscillator. Suppose we turn on a wea
electric field, so that the potential energy is shifted by an amidunat gEx. Calculate the second

order correction energy?
E)? 2(qQE)? E
(gE) (2) - 29E) @ - E

2
1) - =L qE
@) mw/? mw? 4m

2mw/?

(4) -

Parity operatop is defined ago|r) =| ¥)wherer =xE #j Ezkand | is identity operator defined as
I|r)=|r). The operators, and P. are given as

=1
P+ - 2[1 -W]

1
P =J[L »]
Consider the following two statements:
|- P,p.=PP ,#®(Null matriy
Il - pP,=P.& P _ =P .

of these
(1) Only I is correct (2) Only Il'is correct
(3) Both | and 1l are correct (4) None of them is correct

Use theWKBapproximation to find the allowed energigs, ) of an infinite square well with a
Ashel f oVyexdtendng halgvhytacross

8y, if 0<x <al2
V(¥={0 if a/2 <« a

to if otherwise

Express your answer in terms\gfand E = (np#)* / 2m#

V2 A&
1) E=E # + %5 2) E=EC A)/2 +0
( ) En 0 16E,? ( ) En 0 16Er?
0 VO2 0 VO2
3) E= N, /2 A+—— 4) E= -, +——

ThepotentiaV (x) = a €X , is trail wave function which is incorrect?

A bx
(1) Y =m (2) Y :Aeb X B
)Y =A x B (4) Y =Ae®
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10.

11

12

If a HamiltonianH is given as
H=[0)(0 13(3 #+0(1 | ¢

where|0) and |1) are orthogonal states, tEggenvalues ofH are

1) °1 ) °i (3) °2 (4) °iv2

Consider a spit: particle characterised by Hamiltonigh= wS, under gperturbatiorH ' = gS,, the

second order correction to the ground state energy is given by
2 2 2 2

9 .9 _ 49 .9
-5 @ -, ©®)-— @ -

A particle moving under the influence of partiér) =%Kr2 has a wave functiovi(r,t) .. If the wave

function change®Y (ar.,t), the ratio of average final kinetic energy to the initial K.E. will be

W = @ a @ OF

A positron is suddenly absorbed by nucleus of a trit{fi#) atom to turn the latter into He" ion.
If the electron in the tritium atom was initially in the ground state. The probability that the resulting
He" ion will be in its ground state is

128 512

M1 @ OF== O

Whatis the ground state energy of six Aateracting electrons in a twdimensionalsotropic
simple harmonic oscillator characterisedud
(1) 3aw (2) 5aw (3) 10nw (4) 12nw

The ground state enerdgyof an electron of massy in a onedimensional box of sizé is givenby

242

E ='§ hLZ . If Lis estimated with an uncertainity o¥f68hen the uncertainity in the estimation Bfs
m

(1) 10% (2) 25% (3) 0.0%% (4) 0.19%

Let the Hamiltonian for two spi% particles of equal masses momentaP,and P, and positionr,

andr, be
> P 1

H=2l +2 Imw/(f® A K% ~
om om 5 (F ) K3 s

where s, and s,denote the corresponding PaMlatrices zw=0.leVandK =0.2V. If the ground

state has net spin zero, then energye¥inis
(1) -0.3eVv (2) 0.82ev (3) 1.52eVv (4) 2ev
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13.

14.

15.

16.

17.

18.

Consider a ondimensional oscillator with the Hamiltonian

2
P Lo
2m 2
The time derivative ofthe x pect ati on value of the #Ainitial
aprP o .
= wt - wis
X, = XCOS! %?m
1 1 1
1) —(xP, 2) —(xB +PB 3) —(xP.+P 4) zero
(1) S -(xR) () 5-(R+RY () ~(R+RX (4

The Schrodinger equation of a particle confined of the positesas is

n d%Y
2mdxX
With Y (0) =0, Yx) 6asx- = and E is the energy value use trail wave functiert* to obtain the

value ofa and ground state energy.
332 6 18 ., 33 6 18 _,

1) E== 5 —&dh 2)E=> =

@) 28592?92 @ 28&322?m

38a 6 1& L., 33a € 13 .,
3) E=232 O 22y g)g=>a2 0 1
(3) 28&392(3@92 () 285592?m

mgx Y E

3 1/3

2/3

A patrticle of massnin the three dimensions is in the potential

_ 80 x<a
V(X)_%n r 2a
Its first excited state energy

p2h2 3p2h2 2p2h2 9p2h2
1 2 3 4
()Zma2 ()Zma2 ()maz ()Zmaz

A spin %2 particle in uniform external magnetic field has energy eigen $tgtesl |2) . The system

. \ D+(2 s . -2, .
is prepared mn(et-stateM at timet =0. It evolves to the state described by I@\/{Eﬁ in time

J2

T. The minimum energy difference between two levels is

h h h h
1) — 2) — 3) — 4) —
@) 6T @) 4T ®) 2T @) T

Two particles are put in a box of width a find the degeneracy if it is a ground state of identical with
spin 1
D1 (2)2 (3)6 49

: : 1, : :
The spin part of the wave function of an electrohcbﬁag ¢, «/3 _¢, wherec,,is up spin

vector andc_,,,is down spin vector then what is the expectation valug, of the direction afc)

3 NEL

W0 @ ® (@ =F
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109.

20.

21

22.

23.

24,

25,

26.

Use a gaussion trail function =Ae ™ to obtain the lowest upper bound you can on the ground state
energy of the potentialz (x) =a x'

343an* 6 343an* 6 143an° 343an® 6
(1) ~ee— 6 (2) e 6 Q) e (4) See 5 6
4cdm” - 2¢c4m” - 294m 2¢c4m° -

A free particle described by a plane wave and moving in the positlire@ion undergoes
scattering by a potential
év,; if reR
vin=i,
i0 ; if r>R
If V,is changed tav,, keeping R fixed then the differential cresesction in the Born approximation

(1) increases to four times the original value  (2) increases to twice the original value
(3) decreases to Half the original value (4) decreases to one fourth the original value

Thecommutator ofg(x*P+ Px), X is
(1) 8x°(in) (2) 4xP(in) (3) - 8x°in (4) 16x%in

For the attractive Delta function potential giveiv@s)= / 4/x). If E is total energy of the particle

of massmthen

(1) For E < 0 wave function is exponentially decaying and there is no bound state

(2) ForE < 0 wave function is oscillatory and there is only one bound state

(3) For E < 0 wave functions exponentially decaying and there is only one bound state

(4) ForE < 0 wave function is oscillatory and there is infinite number of bound state same as particl
in one dimensional rigid box

Let xand P denote, respectively the coordinate and momentum operators satisfied the canonical
relation[x, P] = iin naturalunits(z =1). Then the commutatcgx, Pe * is

(1) i@- P?e” 2 i@a-e")
(3) iPe’” 4)ia- P)eP

The Hamiltonian for a spin % particles at rests is ghweH =E (s, +a 9, wheres,ands,are
Pauli spin matrices and,and a are constants. THeigenvalues of this Hamiltonian are

(1) “E1 a2 ) E, (3) By a?) (4) “E1 w2

If L?is measured in first excited state of Harmonic oscillator with potential energy
V(X . :% mA(X +y )

Then theEigenvalue is
Qo (2) 6n* (3) 4n* (4) 2n*

An operator P describing the interaction of two dpaif particlesP=a +s, £, wherea,bare
constants, withs,and s ,being the Pauli matrices of the two spins. The total spin angular momentum

S=S +$ %(s1 ). Then

(1) P, S are simultaneously measured
(2) P, s, are simultaneously measured
(3) S?, Sare simultaneously measured
(4) dl of above
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27.

28.

29.

30.

A particle of massnis placed in a finite spherical well

eV, if r @
UCEI
i 0if r>a

Then find the how many bound state/i’ <p?:?/8m
Q1 (2) 2 3)3 (4) no bound states

An electron moves in thedirection in an inform magnetic field alonepxisB = BE. The
commutationgo,, g is

e e
wherep, =p, ~A, 4 B, A

Cc
A'is vector potential with compour(dﬁ&, A, A)with B= DA

.. eB : : = . eA
@ in= 2) in @ in(AFrA ) @ in®

A system consists of two nadentical particles each eping . The Hamiltonian for their interaction

between them ia(s(l) éz))where%s(l)hand%s(z)ha re spin vectoraboifsthe

constant. The particle hameagnetic momena $anda $?the orbital wave function for the

combined system is such that it is a simultaneous eigen function of the free Hamiltonian with eigen
value zero in each case. Then the set of eneggyn @alues of the system when it is placed in a
uniform magnetic field is

(1) a+2aB,a -2aB (2) a,- 3a,a 22 B, a 2aE

(3) -3a, -2a, a,0 at2a,Z* (4) -3a,a -2aB,a 2aB, 3¢

If observable

_ 1. op 1. p_1a oy |
MR TR e 2 T
The correct statement is
(1) [AB]=C (2)[AB]=2C
) [C.A=A @ [B.C]=C
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PARTB

31. **'pais in secular equilibrium with rarer isotop&U (0.7%) of uraniumA measurement of the ratio
of the atoms of natural uranium t§Pagives avalue2.8% 16. The halflife of **'Pais 3.3 1¢

years. Thehalf life of >**U is
(1) 9.58 16°years  (2) 9.5® 10years  (3) 6.72 1d°years  (4) 6.7¢ 10 years

32. Theb-decay of3;*Biis:
S'Bi- SPo+e #y
In the rest frame oBi, the energy spectrum of emitted electron is shown in the following graph

n(E)
A

E,. =3.28MeV

/

» F

Here E is the energy of electron an(E) is the number of electrorg energyE . When emitted
electron has maximum energy, the recoil velocitypofs:

(1) 5.64° 1Gny s (2) 5.64 1Gny s

(3) 5.64 1dny's (4) 5.64 16ny's

33. Inthefollowing figures, plots of kinetienergyE versus number of -particlege” or e") with this
kinetic energyn(E) are shown. Which of figures represents the poshivdecay

A A
n(E) n(E)

(1) (2)

Y

Y

(0,0) (0,0) E

(S
-

n(E)

) (4)

Y

Y

(0,0) E (0,0) E
34.  Consider thea -decay of3;°Pu
Z0PU- BU+ fHe
The emitteda -particles are observed to have energies.nfMeV any5.12VleV. The wavelength of
the electromagnetic radiation emitted in this process is:

(1) 0.248A (2) 0.124A (3) 0.0248A (4) 0.0124A
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A nucleus has the following sequence of states beginning with the groundgst,a{e 2 —; and

3 . When the nucleus makes transition from third excited state to first excited state, the

electromagnetic radiation emitted in this process is
(1) E;and M, (2) M;and E,
(3) E;and E, (4) Myand M,

The calculated value of quadrupole momenfidgfnucleus is:

(Givent 7%® = 3.66 and 1barn=10*m?)
(1) -0.052barn (2) -0.03%barn (3) -0.02¢ebarn (4) -0.01%barn

The spin parity of the nucled8Bis:

3 3
1) = 2) 0" 3) 3" 4) 2
1) > (2) 3) (4) >

The spin parity of the nuclgi'Sband 3*Sbare:

7+ 7+ 5+ 7+ ]
1) — and = 2) = and — respectivel
(1) 7 and J (2)  and respectively
5" 5" 7" 5" .
3) = and= 4) — and= respectivel
(3) 7 and> (4) 7 and> respectively

In the semiempirical mass formula.and a,,are given to bed.72Vevand 23VieVrespectively.

The most stable Isobaprresponding to mass number 125 is:
(1) s @ §sn @ & (@) e

The magnetic dipole moment of the nucléusis: (where m, is nuclear magneton)
(1) 3.79m, (2) 2.79m, (3) 0.64m, (4) 0.86m,

An excited atom of total magwat rest with respect to a certain inertial system emits a photon, thus
going over into a lower state with an energy smalleDBy Theenergyof the emitted photon i h
i's Pl ank o0 scisspred®ftighth t and

3. 2DE '8 8. 2DE 6
1 oy, e 0 2 o it
()mczé;+m6291 ()mczg; nga
@ meguE G 4 @ m&% T

& mé 2 mc? 9

Neutral Kaon (K°)and its antiparticle(K°)have similar decay modes. It requires that we take a
decaying neutral Kaon state as linear combinatiok tdndK®, i.e.

[<°)+[K) [<°)-K)
K)=—~-—~Tand|K,)=—L 1~

ki) = -y Fand] ) =

For CP to reaming conservele correct statement is:
(1) K,is expected to hawhorterlife time

(2) K,is expected to have shortde time
(3) both K,and K, must have same life time
(4) the decay isnediatedby electromagnetic interaction
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43.

44,

45.

46.

47.

48.

49.

50.

Match the elementary particle on the left with the associated mean life time on the right. Mass of tt

particle (inMeV/ &) is given in brackets:

(A) 7105) (i) 72 10%s

(B) y (3097) (ii) 5.6% 10%s

(C) D' (1232) (iii) 2.2° 10°s

(D) W (1672) (iv) 8.22 10's

(1) A-i,B 4v,C D iii- (2) A-i,B -i,C iv,D iii-
(3) A-ii,B v,C KD iii- (4) A-ii,B iC D iv-

Which of the followingBaryonis notpossible?
(1) Baryonwith charget2e

(2) Baryonwith charget3e

(3) Baryonwith charge zero

(4) Baryonwith charge-2e

Which of the following statement is incorrect abdutdecay ?
(1) in b -decay parity (P) is not conserved

(2) in b -decay chargeonjugation (C) symmetry is violated
(3) in b -decay CP is violated

(4) in b -decay CP is not violated

The Flavour quantum numbers of quarks are:
upness(U), downness(D), strangeness(S), charii@)esdottomness(b) and topness(t).
GellmannNishijima realtion is: (Q is charge in units of e, and B is Baryon numbisrisospin)

B+S B+U D $ C b+t
(1) Q=1 +2= @) ;

B+S +C ab + B+U D $ Cr b+t
() Q=1, E— % L (4) Q=1; +

¢ 2 2
The spinparity (J”)of D" resonance is
1" 3" 3 1

1) = 2) = 3) = 4) =
(1) @ 3 )3
The quark content gf mesonis
(1) cc (2) cs (3) cu (4) tb

Which of the following reactions involving elementary particles is/are allowed?
(e +e" - W + )

(i) L° - n +K°

(i) v,+n - p +€

(iv) p+ & - X nt €+ y

Q) i, i, iii and iv (2) i, iii and iv

(3) iand iv only (4) i and iii only

The

Total binding energies of°0, ;°0and ;'O are 111.98/eV ,127.60eVand 131.74/eV respectively.
The energy gap betweém, ,and'd;,,neutron shells for the nuclei whose mass number is close to 16

is:
(1) 11.48vieV (2) 4.14veV (3) 19.76VieV (4)15.6MeV
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