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Topic: Quantum Mechanics

(For CSIR NET-JRF, GATE, JEST and TIFR Aspirants)

Q. The energy of the first excited quantum state of a particle in the two-dimensional potential

V(x,y)= %ma)2 (x2 + 4y2) is

(a) 2w (b) 3w (c) %ha) (d) %ha)
Ans.: (d)

Solution.: 7 (x,y)= %mao2 (x> +4y?) = %ma)z)c2 +%m4a)2y2 ,

E= (nx +l}ha}+(ny +lj2ha)
2 2
ho 1 3w

For ground state energy n, =0,n, =0 = E = 7+E2ha) =

First exited state energyn_=1n , = 0= %Ta) +hw = Sh_a)

Note:
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Q. A transistor in common base configuration has ratio of collector current to emitter current /3

and ratio of collector to base current & . Which of the following is true?

1 -1
(a’ﬂ:(ail) (b)ﬂ=(‘"7+) © P12 (d)ﬂ=$
Ans.: (a)
Solution.: '.'IE=1C+IB:>I—E:1+I—B:L=1+l: m——
Ic I. p a l+a

Note:
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Q. Consider a one-dimensional harmonic oscillator of angular frequency@. If 5 identical
particles occupy the energy levels of this oscillator at zero temperature, which of the following

statement about their ground state energy E, is not correct?

(a) If the particles are electrons, E, = %ha)
. 25
(b) If the particles are protons, E, = ?ha)
. . A 25
(c) If the particles are spin-less fermions, E, = Tha)

(d) If the particles are bosons, E, = %ha)

Ans.: (b)
Solution.: If particles are electrons and protons then ground state energy

3hw 8 Sho  13ho
2 2

E0=2xh—a)+2>< +1
2 2

If the particles are spin-less fermions, then energy is

ho 3hew 5Sho Theo %@ 25hew
Ej=—+ + + b =
0 2 2 2 2 2

If the particles are bosons E; =5x %ha) = ShTa)

Note:
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Q. The ground state energy of an anisotropic harmonic oscillator described by the potential

V(x,y,z) = %ma)zx2 +2mw’y* +8mw’z” (in units of fiw) is
5 7 3 1
a) — b) — c) — d) =
(@) ®) © 3 @
Ans.: (b)
. 1 3 2 U 3 5 2
Solution.: V(x,y,z)zzmwx +5m(2a}) Vv +—m(4o) z

0 =0, a)y=2a), 0, =40

E = nx+l ho +|n +l ho, + nz+l ho,
x oMy N 2 y 2 y 2

For ground state: n, =0,n, =0,n, =0

Eoo =lha)+lh2a)+lh4a) :lha)(l+2+4):zha)
00 T MO 2 2 5

Note:
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Q. To operate a mpn transistor in active region, its emitter-base and collector- base junction

respectively, should be
(a) forward biased and reversed biased (b) forward biased and forward biased
(c) reversed biased and forward biased (d) reversed biased and reversed biased

Ans.: (a)
Solution.: In active region: emitter-base junction is F.B.

: collector-base junction is R.B.

Note:
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Q. Consider an electron with mass m and energy E moving U (x) N
along the x -axis towards a finite step potential of height U,

as shown in the figure. In region 1(x <0), the momentum of

T —p

the electron is p, =+2mkE . The reflection coefficient at the | 0 2
2 ¢ >
barrier is given by R= (MJ , where p, is the X
Dt P,

. . . . &’ . .
momentum in region 2. If, in the limit £>U,R = #, then the integer n is
n

(a) 4 (b) 8 (c) 12 (d) 16
Ans.: (b)

Solution.: v (x) il

In region -1, the momentum of electron is p, =v2mE

As, step potential in second region so the momentum of

T —»

electron is p, =/2m(E-U,) v

\ 4

b= D

2 )2 D, X
p1+p2j

The reflection coefficient at the barrieris R = (

: [0,
. 2mE - J2m(E-U,) _oE e
N2mE +\[2m(E-U,) ok
E

Form question £>U, U,/ E <1

2
1_[1_;]2*) e u,Y U
R= =| 2L =(—°j =—0 —p=16
(iU A 4E) 16E
E 2E

Note:
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