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Q. The Hamiltonian for two particles with angular momentum quantum numbers /, =/, =1,

. A c A A A A 2

is H=§[(L1+L2)-L —( 1ZJFLZZ)}

If the operator for the total angular momentum is given by L= ﬁl + iz, then the possible energy

eigenvalues for states with / =2, (where the eigenvalues of L’ are /(I +1)%”) are
(a) 3g,2¢e,—€ (b) 6€,5¢,2¢
(c) 3e,2¢,e

) =hi2[f(z+1)h2—zl(fl+1)h2+£2(zz+1)h2—m§h2j

for /{,=¢,=1and {=2; <ﬁ1>=£[6h2 =l —mfhz} =e[3—m§]

n 2
For £ =2, m, =-2,-1,0,+1,4+2 and m; =0,1,4

.. The possible values of <H > are

(H)=e[3-4]=—€ for m; =4; (H)=€[3-1]=2¢€ for m} =1

(H)=e[3-0]=3e for m; =0. Thus, correct option is (a).

Note:
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Q. In the given circuit, with an ideal op-amp for what

value of % the output of the amplifier V.

out
2

=V,-1?

(@1
(b) 12

(©)2
(d) 3/2

Ans.: (a)
Solution.: From Superposition theorem

R,

Note:
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Q. A point source emitting photon of 2 eV energy and 1 W of power is kept at a distance of 1m
from a small piece of a photoelectric material of area 10 m?. If the efficiency of generation of

photoelectrons is 10%, then the number of photoelectrons generated are f'x10" per second. The

value of f is: (Given: 1eV =1.6x107"17)

(a) 1.50 (b) 2.00 . (d) 3.00
Ans.: (¢)
Solution.:

Energy emitted in one second is £ =1J .

The number of Photon emitted in one second is

rt=£=#_19=3.125><1018 photons e
hv  2x1.6x107°J L_|Metal Plate

. Source
Now, area of sphere of radius » = 477’

Number of photons per unit area =

47r?

Number of photons incident on metal plate of area 10*m’ is n'=

. 3.12x10"

n'=—"""——x10" =2.48x10" photons
4x3.14x1

Given the efficiency of generation of Photoelectron = 10%

Thus, number of photoelectrons = 10% of n' = %x 2.48x10"” =2.48x10"” = f=2.48

Note:
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Q. A quantum particle of mass m is moving in a one-dimensional potential
V(x) = V0¢9(x)—25(x) ,
where ¥, and A are positive constants, 6(x) is the Heaviside step function and &(x) is the

Dirac delta function. The leading contribution to the reflection coefficient for the particle

incident from the left with energy E >>V, >4 and 2mE >> %h is

2 2 mﬂZ
b C
4E2 ®) 8E2 © 2E#R?

Ans.: (¢)

(@)

Solution.:

) =ho(s)-40(s) V(=45 S

Aexp(ik,x)+Bexp(—ikix), x<0 where & 2;;12E

(o= |
The wave function is continuous A+ B=C

- +(V0 —l&(x))l//(x) =Ey(x)

Cexpik,x, x=0

: ROy T
Integrating both sides: ~— __L =3 J; V /15 (x)dx = _LEl//(x)dx

wdyl & ‘ r
S [V () de— [ 2y ()8 (x)ds = [ By (x)dx
— -5 -5 -0
) 2

+0- 2y (0)=0 :>—2h—[Cik2 —(Aik, — Bik,) |- 2(4+B)=0

-5 m

——[(A4+B)ik, —(Aik, - Bik,) |- A(A+B)=0 wC=A+B

. ) . i(k2—k1)+%
[t RBKV"(’“”‘”J%{ i e 3)

2m
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242 4'7/'12/12 2mE _ 2m(E_VI))
M+(kl—k2)2 7t R PY \/ PP

h4

= 2,2 = 2
WA (k) a2 [ [mE | [2m(E-V,)
4 b + +
h h4 hZ h2

4m*1? N 2mE AP A2

:>R=‘£2= " i ! mA”
A

2~ 2,2 = 2 2
h4 h2 E h h mﬂ«
) Voh
Since £ >>V, > A and V2mE >>7.

Note:
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Q. In the circuit shown in the figure, both OPAMPs are ideal. The output for the circuit V, , 1s

10R
10R

R

N

(a) 20V, +107, (b) 20V, +10¥, =  (c) 10V, —207, (d) 207, —107,

Ans.: (d)

Solution.: Output of first op-amp is V, = —%Vl = =10¥=

10R 10R

out

Thus V,,, =——— (=100} )+| —— |V, =V,,, =20V, —107,
5R R

Note:
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Q. Consider the « -decay”Th** — ¥Ra™®. In an experiment with one gram of °Th**, the
average count rate (integrated over the entire volume) measured by the « -detector is 3000
countss™' . If the half life of **Th*” is given as4.4x10" s, then the efficiency of the o -detector
is: Given: Avogadro’s number = 6.023 x 10?* mol ™!

(a) 0.53 (b) 0.63 (c) 0.73 (d) 0.83
Ans.: (¢)

Solution.:

0.693
4.4x10"

Measured decay rate=3000s"". So, efficiency of « -detector= iggg =0.7

Solution.: Actual decay rate | Na=| L8 6.02x10% |x
dt 232

=4086s""

Note:
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