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Discuss the theory of variation method in quantum mechanical calculations
with the help of one example.

Derive the general expressions for energy levels of a quantum mechanical
harmonic oscillator.

Discuss the solution of ¢-equation.
What are the postulates of quantum mechanics.
Discuss Hartree-Fock self-consistent field theory. _

Derive the expression for the energy levels of a microscopic particle moving in
a three dimensional potential box.
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'ﬂ‘ledualnatme of matter was predicted by :
(A)  Schrodinger

(B)  Louis —de- Broglie

(C©) G.P. Thomson

(D)  Wemer Heisenberg

o IR TR
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nieoperaturV—axz-l- : T 57 iscalled:

(A)  Vector operator

(B)  Laplacian operator

(C)  Hamiltonian operator

(D) Hemmitian operator

For the opaatord—z, sin2x is:
dx2

(A}  An Eigen function

(B) Not an Eigen function

(C)  An Eigen value

(D) None of these

It two different acceptable wave functions of a given system are ¥; and ¥ such

that [ ¥; W, dt = 0, then both functions are said to be -
(A) Nommalized

(B)  Orthogonal

(C) Eigen Values

(D) None of these
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5. The operator corresponding to the total energy of a system is called :
(A)  Momentum operator
(B)  Hamiltonian operator
(C)  Laplacian operator

(D)  Hermitian operator

6.  The energy of a particle of mass m confined to move in one dimensional box f
width “a’ and infinite height with potential energy zero inside the box in n' Jeve]

IS

n?h?
(A) 8ma?

8ma?
(B) n2h2

ns
(C) 8ma?
(D) 8ma?
7. The normalized solution of Schrodinger wave equation for the particle in one

dimensional box is : '

a . nmx
(A) J; sin ()
z . nax
®) J: sin(°7°)
r_ a
©) J 2 sin (—
. nmx
®  sin(%F)
8.  In the case of a particle in one dimensional box, the Eigen functions are -
(A)  Orthogonal
(B)  Not Orthogonal

(C) (A)and (B) both
(D) None
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9.  The total energy, E of a particle moving in a three dimensional rectangular box
having sides a, b, and c in lengths along X, y and z — axes respectively is :
RORLY | e ca
(C) E=:—m(i—§+:—§+§§)
(D)  None of these
10. The square of the magnitude of the wave function is called :
(A)  Current density
(B)  Probability density
(C)  Zero density
(D)  Volume density
11. The vibrational energy of a simple harmonic oscillator for vibrational quantum
no. 3 will be :
(A) 2hv
(B) 4 hv
©) Zhv
(D) 2 hv
12.  Any Wave function can be written as a linear combination of :
(A) Eigen Vectors
(B)  Eigen Values
(C)  Eigen functions
(D) Operators
0234 CHE 502 Page - 5




13. According to variation method, is ¥ is a trial function of a quantum mechar
system, described by the Hamiltonian A, then the energy of the system is

14.

15.

16.

approximately given by :

(A) E & ! Y AYdt

Jwrwdr

! Y ydr
(B) E= Sy Awdr

(© E=[v¥'wdr
(D) None of these

According to variation principle, the expectation value of energy, E will alwa

be:

(A)  Greater than the true energy, E,
(B) Less than the true energy, E,

<) ero

(D) None of these

Perturbation method can be used only if :
(A)  The perturbation is large

(B)  The perturbation is small

(C)  The perturbation is zero

(D)  None of these

If H° is the Hamiltonian in the unperturbed state, H that of the perturbed state

and AH' is the amount of perturbation, then the perturbed Hamiltonian is given

by :

(A) H=H"+H
(B) H°= H+ AR’
(C) H°—=AH'=1

None of these
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17. Frequency of the linear harmonic Oscillator is :

(A)

(B)
(€)

(D)

2m\/k/u
2my/u/k
= Jk/u

2mk

18. Which is not the condition for acceptable wave function ?

(A)
(B)
(©)
(D)

Continuous
Finite
Linear

Single valued

19. If W,and¥, are the Eigen functions of the operator A such that

[¥,"(A¥,)dt = [ (AW, ) ¥,dr, then the operator A is said to be :

(A)
(B)
(C)

(D)

Hermitian operator
Hamiltonian operator
Laplacian operator

None of these

20. In terms of Laplacian operator, the Schrodinger wave equation can be written as:

2 )
VZLP E 8 m(E V)q" i 0
hz
. 2 -
vy 4 EmEV Y _ g
hz
HY = E¥Y

None of the above
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PR IR\ IH;:niiitian operator has :
(A) - Real Eigen values
(B)  Imaginary Eigen values
(C) (A)and (B) both
(D)  None of these
22. Two operators A and B are said to bé commute, if :
(A) AB=BA
(B) AB=#BA
(C) AB+BA=0
(D)  None of above

23. The wave function, ¥ of an n- electron atom is assumed to be a simple product
of n one-electron wave functions i—e ¥ = b1(1)d, (2)d5(3) .. . pa (ks
where ¢ (i) are normalized and mutually orthogonal one electron wave functions.
This is the statement of :

(A)  Hartree self-consi.stént field theory
(B) . Variation theory .

(C)  Perturbation theory

(D)  Pauli exclusion principle

24. In quantum mechanics, the uncertainty principle is given by :
(A) Plank
(B) | De Broglie
(C)  Schrodinger
(D)  Heisenberg
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23,

20,

27,

28.

Quantum mechanics s uppltclbl;ilfor :'
(A)  Microscopic objects

(B)  Macroscople objects

(C)  (A) and (B) both

(D) None of these

The probability of finding the electron at particular point is given by ;
a) Wwe

B) ¥

© 3

(D) 2%

For positive values of m, the normalized solutions of ¢p — equation are :
A) 7= sinme

(B) \/'iﬁ cosmd

© =

(D) None of these

For the separation of variables of Schrodinger wave equation of H atom, the

wave function ¥ may be expressed as :

__ R(Y)T(8)
(a) ¥= F(d)

(B) W =Ry)TO)F(p)

. L Re)
© ¥ =zome

(D) ¥ =R(y)T(6) —F($)
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29. ,&a_ﬁ Sin .mﬁ are the normalized solutions of @ — equation for :
(A)  Negative values of m
(B)  Positive values of m
(€) m=0
(D)  None of these

30. The de Broglie relation is :

A A==
(B) E=mc?
h
© A==
® A=

31. Which of the following is the normalized solution of ¢ — equation form = 0 :
(A)

A
ﬁ
(B) \V2m
)
VZm
21

(©)
(D)
32. The radial distribution of the electron is described by the function :
\ (&) R
(B) T(6)
€ F(¢)

(D)  None of these
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33.  Which of the following are call’eci angular wave functions :
(A)  R(y) and T(8)
(B)  R(y) and F(¢)
(C)  T(B)and F(¢)
(D)  None of these

34. The correct form of Schrodinger wave equation is :

d?¥ = 8n®m

(A) e + E¥ =0
dzwy h?

®. e e

d2¥Y  d*y 4y h?
(©) T + ay? + T + T (E-V¥Y =0

d2y  a?y 4y
+ +

grim T
D). ket R B m¥

35. Which of the following is called radial wave function :

(A)  R)
B) T(®)
© F@®

(D)  (B) and (C) both
36. The wave functions, ¥;m(6,®) = Tim(6)Fn () are called :
(A)  Spherical harmonics
(B)  Radial wave functions
(C)  (A) and (B) both

(D)  None of these




37. The 8 — equation is given by : e

@ o=

T®
Sin® @ [ o 9TO) 2 2
(B) Tm“[SmB T ]+Bsm 0=m

(C) PBsin?® = m? T(8)
(D) None of these

38. The velocity of a particle moving with simple harmonic motion at the mean

position is :
(A)  Zero
(B) Minimum
(C) Maximum
(D) One

39. The radial wave function gives :
(A)  The size of orbitals
(B)  The shape of orbitals
(C)  The shape and size of orbitals

(D) None of these
40. In an acceptable wave function, ¥ of a given system is such that [ W2dr = 1,

then the wave function, W 1s said to be :
(A) Normalized

(B)  Orthogonal

(C)  Orthonormal

(D)

None of these
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