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PHILOSI’HY OF QUANTUM MECHANICS

The behavioral study of matter when it is in motion. Behavioral study means to determme the value of different

observables such- as posrt:on, momentum, kinetic energy, potenttal energy, total energy eic. If the study of

" matter is at macroscopic scale then it comes under the study of classical mechanics. Otherwise if it is at ‘
mwpmgale thenit com&s under the study of quantum mechanics.

Quantum mechanics is the study of describing, explaining and predicting behavior of matter at atomic and
molecular level guantum-meehanies. It is the theory that describes the dynamics of matter at microscopic scale.
Theory is based on several statement called postulates. These postulates are assumed not proven. It may seems
difficult to understand the entire model of €lectron atom and molecule is based on assumptions but the reason is
simple because the statements based on thesé assumptions lead to prediction about atoms and molecules that
agrée with observation. With-agreement between theory and expenment is so abundarn, the unproven postulates
and accepted and no longer questioned. The statement and equations based on these postulates agree with
experiment arid so constitute an appropriate model for the descnpﬁon of subatomic matter, espemally eiectrons

When we study the bahaviour of matter at microscopic level or when Matenals is reduced to the nanoscale can
suddenly show very different properties compared to what they show on'a macroscale. For instance, opaque =
substances become transparent (copper); inert. materials become. catalysts (platinum); stable materials turn
combustible (alummum} solids turn into hqmds at room temperature (gold); msuiators become conductors
(silicon) : - ‘ -

" The Main idea is—

According to-De Broglie every moving particle have wave nature. If mass is larg/e, than it is difficult to-
associate wave nature in heavier particle. But if mass is small than it is, very easy to observe wave
properties if electron has the wave propeitiés then there must be a wave function to describe the
electron wave just as wave of light, sound-and strings are descnbed This wave equation was purposed
by Schrodinger and the role of this Schrodinger équation is analogous to that of Newton law in
classical mechanics. The solution of wave equation is wave function. So behavior of electron may be
- described by wave function and it ¢contains within it all possible information that can be known abéut .
the system. Wave function aré not arbitrary mathematically wave functions but must satisfy certain
- simple conditions like as théy must be continuous. .
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.‘ QUANTUM MECHANICS CLASSICAL MECHANICS B :
{ | Quantum mechanigs is the théory that describe | Classical mechanics is the study of matter at
dynamics of matter at microscopic scale macroscopic scale

It is invisible'world

It is visible world.

| Theory is based on assumptions

called
postulates. These postulates -are unproven but
accepted and no longer questioned.

Eg. De Broglie and Schrodinger equation

Eg.  Newton’s

Classical theory is well packaged theory
mechanics . Maxwell’s
electrodynamics Einstein’s relativity

Observables can be determined by - using

interplay of wave function determined by wave
equation and the operator defined for every
observable is core area of studying quantum

‘mechanics.

There are formulae to determine -the value of
observable in case of classical mechanics for
every type of motion.
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DPP 1 Quantum chemistry
HThe value of A? [if A=x-(d/dx)}is
a)x* + (dz/dxi) — 2x(d/dx) by (d%dx?) ~2xtd/dx)+x2 -1
(©)-(d¥/dx®)-2x(d/dx)+x? -1 - (d) x* + (d¥/dx®) — 2x(d/dx)+1 ey
 2The value of commutator (x* , px) is equal to - | A . GATE 2010 ()’“M\ﬁ&

e N L O =% | A 6 &z (_Er
3 Which of the following pairs of operator commute GATE 2006
a)x and (d/dx) ®(@/dx) and (& /dx2)+2(d/dx)(e)x> (d/dx) and (d/dx) (d) x *and (d/dx)

@’fﬁ‘e value of commutator (x,H,) is |
B/ A’ m)(d/dx®)(b) (h*/87°m)(d%dx®) {gz’of/zm?m)(d*’/dx’) (d)~(n*/8m*m)(dYdx®)

t-Fhe commutator of kinetic energy operator T« and-the momentum operator px for the  one
dimensional caseis - CSIR JUNE 2014

(a) (ivV2m)  (b) ((b/27) (d/dx) ¢eF0 (d) (ih/2n)x

67 The value of commutator (xg,pxz ) is equal to

(@) (/2m)(xpx +pox) Y TVm) (xps + pe ) ()0 (d) 2ilv/n
& Consider the statement I '

i

Rt
’
8
»
\os
o
|
e
T
[
|
®
°
|
e
|
@
i

Dif A is linear operator then the value of [A f(x)}z = A f(x) 7 F:

$8The value of commutator [X,(X,px)] isequél to 0. F
111)The multiplication of two lineaf Aoperétor is linear. T

iv)Square root is not hnear but square 1s a linear operator'F

The correct statements above are (a) i and iii (b} ii and iv (c) i,ii,iii (#rfii only ()1 only

. 8 Consider the statement o -

; 1)Thecormnutator of d/dx W1th X is a unit operator T -

g 11)D1fferent1atlon and integration operator are linear because for being a linear ‘operator
CA{Cfi(x) +Cafa(x)}=C 1AL (x)+CrAf(X) is the condition T

. iii)Linear operator always commute with any number. -1

The correct statement above are (a) I and ii (b} ii and 111 ((27/ 1,i1,1i1 (d) none

QFhtE value of [x,py] [Px , py] respectively are (arbitrary functlon state functmn)
a)-ﬁf() (b) 0, not zero (b) not zero ,0 (d) not zero,not zero
4o The SQRT and SQR operator

! .a.;':_m....' - .... RN l .. . ..

4
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ix"" + 2™

.:ﬂ('jommute with each other Mo not commute with each other (c) can not determine

11.Given 2 hermitian operator A and B we construct the following four operator
AB,ABA.I[AB |,A2B Choose the correct option from below CSIRJRFNET

a)All these 4 operators are Hermitian
) b)OnIy‘ 3 of these are Hermitian
E‘ E‘)’&lly 2 gf these operators are Hermitian

d)Oﬁnyl of these operators is Hermitian

12)Identify which of the following operator is not HermitianCSIRJRFN ET
a)(h2mi)(d/dx) @Yi(d/dxY) (o) @ (d) ©

13)The value of commutator [Ly, py}is -

(a)(ih/21) (b)(ih2m)x (Y (iV2m) py (d)O
14)Thehermitian conjugate of d/dx is CSIRJRFNET
o dldx (b)d/dx (©)x ()0

15)The degree of freedom which value depends on the volume of container is (MSQ)
\a)’f ranslational (b) Rotational (c) vibrational (d) electronic
| 16)Consider the statement
I Hermitian operatof élways‘commuté to each other. ¥
iiHermitian operator have real eigenvalue alm'/ays; T
iiiEignfunction corresponding to hermitian dperator are orthogonal. F

The correct statement above are (a) 1,ii (t;) 1L,iii (¢) I,iii (&)’h Vonly‘(e)iii only (f) none
17 Consider the statements. . : _ ‘
) IfA is hermitian B is hermitian than [AB+BA] is hermitian but [AB-BA] is antihermitian. T -
(i1) If A is hermitian B is hérmitis antihermitian and i[A-B] is hermitian, © F
(iii) The mﬁltiplication of two commuta}ting hermitian is hermitian. T

Which of the above statements is true (a) -1 (b)ii (c) 1 and ii fex1 and iii (d) 1,ii,iii

Uncertainty in the velocity of an electron if uncertainty in its position is 100 pm is
........ m/sec .25k 0fm|g oo

19. When we operate the operator (d*/dx*) on cosax +sinax. than eign value is ... =@ z.

20. when operator /dx is opérated on 100e’ then eign valueis .. 5...... -
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DPP 2 Ouantum Mecharics

1Consider the statements

1)(A+A") is hermitian and i(A-A") is hermitian. ¥

2)Kpxand K + py is hermitian operator. T

3)e*"® is an eign function for an operator d/dx. T

The true statements above are fa¥1,2,3, (b) 23(c) 1,2, (@23 (€31

2 Consider the statement

1) If v, and v, are the eignfunction of operator A with distinct eigenvalue than ¢,y +c;y7 is not
an eign function of operator A ¢ T ' | Lse - Hesmitian LzLd + LﬂJ/ L= H
2)The operator 14Ly + LyLy is Hermitian operator. T {_d_. Hexsmi-Han

3)The operator [x,(x,H)] is —(h*/47’m). T '

The correct statement above are (a)1,2 (b) 2,3 (¢) 1,3 (da’f2,3

3.Consider the statements .

1)Any two eignfunction of hermitian operator that belongs to different eigenvalue are
orthogonal. T

2)-i(d/dx) is hermitian operator. T

3) Commutatmg operator have common set of elgnfunctmn T

The correct statements above are (#)1,2,3 (b)2,3(c) 1,3, (d)3.only

‘{{(( h?%/8n°m)(d¥/dx?) +(h®a®x*)y2n’m} e'“",' = C(h2/47t Je ™ (h,7,0,m constant), value of C is

(a)20/m (b) &/2m (&¥&/m (d) o*/m IIT JAM 2x®
~6ﬁ2 If an operator {(d%/dx?)-16x" }is operated on-an function e "z’than corresponding @
eigenvalueis a)-2 ¥4 c)2 d)4 e)none IIT GATE

7)The kinetic energy corresponding to given function (1/ L)*sin(mx/L) for aparticlein 1 D
box of length 2L (-L to +L) is

2222ml?) (b) (FPa¥mlY)  (c) 5Pa’/4mi%) (d) (H*n*/8ml?) (e)none
8)When the operator <(h2/$)(d2/dx2) operates on a function &™ the result is
CwlhZe ™ b)ikh%e™  oi’e™ . d) h%e™IIT GATE : ‘
9)Consider the statement ségardmg ; e Z2IhD
I)Every function used in quantum mechanics should be an elgnfunctlon F

oA 8,
2) The function =0 is never allowed as eignfunction for a system. T ‘%’“ e)ﬁfﬂ\ 20 ,
3)All eignfunction of Hermitian operator must be real functions. ¥ A &Q L“J =0

The correct statements above are (a)1,2,3 (b)2,3(c) 1,3, (d)1,2 @/ 2

10)The value of [x,p,] is eg;?«' ‘ IIT JAM 2015
&0 M) b/ @iy i .
11)consider the statements regarding operator ACSIR CHEM

1)The multiplication of operator A and its hermitianadjoint is always hermitian. T

i) The multiplication of operator A and its hermitianadjoint is nothermitian £ '

iii) AA! + A%A is hermitianbut ) AA' -AfA is anti hermitian g 7
The correct statements above are (a)1,2,3 (b)2,3(c) 1,3, (d)1,2 687/;

.-
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12) If operator A=-(d/dx)+x then CSIR
a) A is hermitian b) A is anti hermitian ’e’)/AAl is hermitian d) AA is anti hermitian
Consider the statements
J,The normalization constant for function e’m%f a rotatmg pamcle is 1/(21t) T
2, The normalized wave function is dimensionless. T
3.The probability of finding particle in 1 D box of length L between the limit 0 to L/3 in first
excited state is 33%. ¥
The true statements above are (Q)’f 2 (b) 1,2, 3 (©)1,3(d)1 only (c!) 2 only (f) 3 only
" 4 Consider the statements
1.The normalization constant for a wave function sinnx between the hmlt 0to1is(2)° e}
2.The average value of momentum is 0 for a particle in 1 D box means,that momentum is 0.
3.Uncertainty in momentum for a partlcle inld box of length 1 in ground state is h2lT '
True statements above are (a) 1,2 () 2,3 (c) 1,3 (d) 1,2,3 (e)1 only () 2 only (e)3 only
15.Consider the statements
1.Larger the region of the box larger the uncertainty of ﬁndmg the partlcle in the reglon
2.The value of commutator [Ly,pz]—(illf27t)px
3.The average value of (momentum) fora partlcle in.1 d box of length lis r12112/4l2 ng
Correct statements above are (a)1,2 (b) 2,3 (c)1,2,3(d) 1 only (e)2 only (f) 3 only’
16. Comsider the statement _
1.If a function is normalized at t=(Q it would be normalized at every time. T
2.For stationary state the probability densny 15 independent of tlme but function is dependent on
time™T : o
- 3 The complex conjugate and Hermitianadjoint of momentum operator give the same value. ¥
True statements above are (21, 2 ®)23(@c)1,3 (d) 1,2,3 (e)l only (f) 2 only (g) 3 only
17Consider the statements
1.The uncertainty in kinetic energy for a particle in 1 d box of length iszero {
2.The particle of mass.m is confined to move in a 1d box of length 2 nm the uncertamlty in
position in ground state is independent of mass. %
3.The particle in 1 D box of length 1 have orthonormal set of wavefuncuon is orthonormal. ¥
" True statements above dfe (@ 1,2(M)23() 1,3 (M 2,3 (e) all (f) none (g) 1 (h) 2

18 For. the pamcle in a box problem in (O,L) , the value of <x>> in the n—0 would be @
aL¥6  (b)LY3 w@z& @ L“f4 CSIRJRFNET
19)The angular momentum operator Ly would be CSIRJRFNET

a)(~h/2ni) (yd/dz -z d/dy) @) h/i2ni (zdfdx -x d/dz ) (c) —ih/2m (d/dx) (d) none

20-The operator Si = S, +1S, Where S, and Sy are components of spin angular momentum
operator The commutator [Sz »S.] 18

() hS:/2n  (b) hS/2n :(c)_-h;SJZn '(g»)’—hSJzﬁ (e)none

4
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.E DPP 3 Quantum Mechanics : o ,
.I 1. If an operator {(d*/dx?)-16x7} is operated on an function e 2"2"1;han correspondmg elgenvaiue is
! @2 b)-4 2 &% e)nonc GATE EXAM
2 When the operator ~(‘f12/2m)(d2/dx2) operates on a function ¢™ the result is
2l B)ikEe™ o) i’e™  d)Ke™IIT GATE ,

2.M, 2/ CFm
3 Consider the statements regarding operator A CSIR CHEM
i)The multiplication of operator A and its hermitian adjoint is always hermitian, T
i) The multiplication of operator A and its hermitian adjoint is:,,not hermitian ¢
iii) AAT + A'A is hermitian but ) AAT - A'A is anti hermitian ¢
The correct statements above are (a)1,2,3 (b)2,3(c) 1,3, (d)1,2 @/i
4 The angular momentum operator Ly would be - CSIRJRFNET
&Y (-h/2ni) (yd/dz -z d/dy) (b) b/2xi (zd/dx x d/dz ) (c) —ih/2m (d/dx) (d) none
5. The operator S. = Sx 1S, Where S, and Sy are components of spin angular momentum
operator The commutator [S,,S.] is -
&hS./2n (b)) hS./2n (c)—hS+/2n (d) -hS./2% (e)nonc
6.The value of [x,(x,px)] is equal to CSIR JRF
a)ih/2n b) —ih/2n c)ihp,
7. Cousider the statement regarding ‘
1) Every function used in quantum mechanics should be an eignfunction. ¥
2) The function =0 is never allowed as eignfunction for a system. -T
3) All eignfunction of Hérmitian operator mustbe real functions. F
The correct statements above are (a)1,2,3 (b)2 3(c) 1,3, (d)1,2 &2
8.Consider the statements
1.The normalization constant for a wave function sinmx between the limit 0 to 1 is (2)‘5."'?\’
2.The average value of momentum is 0 for a particle in 1 D box means,that momentum is 0.
3.Uncertainty in momentum for a particle in 1 d box of length 1 in ground state is h/2l. T

True statements above aré (a) 1,2 (b) 2,3 (¢) 1,3 (d) 1,2,3 ()1 only (f) 2 only (¢)3 only
9 Consider the statements "

1. The uncertainty in kinetic energy for a particle in 1 d box of length is zero, ~ T bte &E€- t“ l"’:
2 The particle in 1 D box of length 1 have orthonormal set of wavefunction T exfm Vel oy "
3 The value of [x,p«] is equal to ih/2x. € ' F Zexo \J_V!-‘.LL’Ktu.\xi'g,

True statements above are (a) 1,2 (b) 2,3 (¢) 1,3 (‘&)/1 2,3 (e)1 only (f) 2 only (g) 3 only
10.Consider the statement

1. If the wavefunction for system is an eignfunction of operator associated w1th observable A
than <A™> =<A>" T

9 09 @

2.The probability of finding the partmle in1D box of length 1 w1thm the middle half of the box
in first excited state is 82 %.

ve vw

-
P

3The value of commutator [LL,,L,] is (i/2m)[L Ly 1. — T
True statements above are (@1,2(1)23()1,3 (d)’l/ 2,3 (e)1 only (f) 2 only (g) 3 only

.

Py
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IIUnder what condjtions do we find the same result of (P + Q)(P Q) as in the case of ordinary
algebra .. & Q. ..CSIR JRF,

12 Comnder the statements :

1. The normalization constant correspondmg to wave function x between the limit 0 to 1 is (3)** vd

2. The average value of x for a particle that is confined to move in 1D box (of length a to b) with.

“wave function 1/x is ab.¥

3. The average value of momentum for a particle that is conﬁned to move in 1 d box of length 1

is zero, means momentum is zero. ‘?

True statements above are (a) 1,2 (b) 2,3 (c) 1,3 (d) 1,2,3 (€)1 only (f) 2 only (g) 3 only
13Consider the statements

1. Momentum and kinetic energy may be determined snnultaneously but momentum and total
energy can not be determined smmltaneously T

2. The normalization constant for a partlcle that is confined to move in abox of Iength 800 nm is
02 (nmylfz = 6. 05@Mf1 L

3.A wave function becomes zero at infinite. T~ :

True statements above are (a) 1,2 (b) 2,3 (c) 1,3 (d) 1,2,3 (e)l only(f) 2 only (g) 3 only -
14The wavefunction for a quantum mechanical parﬁcle in a 1/dimmensional box of length ‘a’ is’
given by \V—A sin (rx/a) . The value of Afora box of length 200 nm is IIT GATE

 (1)4ax10* (nm) (2)10\[2(nm)m (3)\/‘110 m;n"2 (470.1 nm™?

Q/Suppose the ground statlonary state ofa harmomc oscﬂlator with force constant ‘k’ is given
o=exp[-Ax’] Then A should depend onk as : CSIR JRF

(a)Aockm () A o ¥ fFAok? @Ak

- 16The probabxhty of ﬁndmg the partlcle ina onie dimensional box of length ‘L’ in the region
between and & for quantum number n=11is CSIR JRF

) - V2

@3 aaa‘+— | (c)——- @ 3

1 7For any:operator A and its adjoint A', the INCORRECT statement is:

@ AA’ is henmnan o (b) AA* + A'A is hermitian CSIR. JRF
© (¢) A+ Alishermitian | ' dﬁ'& Al is hermitian

18 Fill in the blanks .- |

#.The average value ofx in the ground state for a particle that is confined to move in a one d box
- of length —1tolis. ... 0....

2 The uncertainty in posmon may be considered as dev1a§10n in position then expressmn of
uncertainty in position s ..... L. oxz JCQ"? ~Loey
3 The uncertainty in position for a particle that is confined to move in 1 d box of length 2 nm is

4The normahzatlon constant correspondmg to Waveﬁmctmn y=sin(nx/2a) between the limit —a

10 A1S tevnnneenebtennanns i
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DPP 4 Quantum Mechanics
1. The average value of the radius <r> in the Is state of the hydrogen atom is (a, is Bohr radlus)
June CSIR
(@)ap (b)(TSag (c)0.753,  (d)0.5a,
2 The ground state’ energy of hydrogen atom is -13.598 eV. The expectation values of kmetlc

energy, (T') and potential energy, (V), in unit of eV, are June CSIR T

(a')/(T) = 13.598,(V) = —27.196 : (b) {T) = —27.196,{(V) = 13.598 E= -
E = v

() (T) = —6.799,(V) = —6.799 () (T) = 6.799, (V) = ~20.397 s

3.A set of N vectors X1,X5 ieeeevennnnnn. Xsatisfy the eigenvalue equation for an operator A with

scalar eigenvaluesAi, Ap,... ... ... An (1L eAXy= MXx) The linear combination vector (= s CK)(K

where Cy are non zero scalar coefficient TIFR
a) is not an eigenvector of A ¢
b) is an eigenvector of A only if the A are all distinct (no two eigexfizalues are equal)
o5 an eigenvector of A only if the )y are all equal
-d) is an eigenvector of only if Cy are equal _
4. If yy, is considered as product of two function f{(x)g(t) whereg(t) has the form ¢ " then it can
be shown that probablhty of finding the particle between x andx+dxTIFR
a)Equal to 1 b’)/is 1ndependent of time c) can be obtained by the solution of time dependent
schrodinger equation d) can be obtained by the soluuon of time independent schrodinger
equation
5. The mathematical expression e represents TIFR
A) a wave stationary in space but oscillating in time
Bj/a\ytravelling wave moving in the positive'x direction
C) a wave stationary in time but periodically varying in space
D) a travelling wave moving in the ne¢gative x direction :
@The vibrational Raman effect was first reported by Late Sir CV Raman in 1928. The intensity
of the individual vibrational resonances observed in a Raman spectrum is proportional to TIFR
1) Number of molecules ii) Polarizibility of the bond iii) Wavelength of radiation used iv) a
considerably weak scattering phenomena
Correct statement above are a)L,ii,iii b) Lii,iv ¢)iiiiiiv d)all
7 In a spherical polar coordinate system, a point A at (x, , z) in the Cartesian coordinate system
can be described by (r, 8, ¢) where T, 8, and ¢ have their usual meaning. Expression for the
volume of an ihﬁnitesimally small cube confined by dx, dy, and dz in terms of the spherical
coordinate system is given by TIFR

ﬂ?(z /"(x{-
{ .

ka - wa

i(kx—wt)

A) drd6de B) rsinBdrd6de C) r smzt'}drde(;l(p BT r*sinbdrdode - - i%.é—% 2«:\/

8 Consider the statements n*
1) The enrgy corresponding to 2s orbital of hydrogen atomis -0.125 au. T ¢ = -¢1_-§2}__ Za.u.
2) The energy of hydrogenic atom is directly propotional to pz>, T n=

3) The energy of 2s and 2p orbital of hydrogenic species is equal means they are degenerate
according to schrodinger equation. T ~

| , =1 .zcv
Correct _statemems above are (a)1,,2 (b).2,3 (¢) 1,3 (d) 1,2,3 (e)none - a.u
9% s comardmd tuad -
gz 2 ‘ . -
2m’ N fl,,.,p elichle{lerd &magmﬁﬂ‘t“m L
a Camptlkel? absemt
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WFill in the blanks » .
i) The normalisation constant corresponding to wave function y = e+ ¥c050 is ... /-—%—: . .‘Qa-?/,,
ii) The virial theorem corresponding to hydrogenic atom is ..Ck.E7. = =L Sv? T
iii) The average value of r for an electron in 2s orbital of hydrogen atom .. a8 GG
iv) Average value of kinetic energy for an electron in 2s orbital of hydrogen atom..%.4 eV
10 The correct statement about both the average value of position ((x)) and momentum ({p)) of a
1-d harmonic oscillator wave function is June CSIR
a}(x) # 0 and (p) # Ob)(x) = 0 but (p) # 0
&%) = 0 and (p) = 0d)x) # 0 but (p) = 0
11. The energy of a harmome oscillator in its ground state is ! ho. According to the virial

theorem the average kinetic (T) and potennal V) energles of the above are €= U"’"%) hv

@T=1ho; v =vzh ®T=1h0; V=2ho Dec CSIR L
©T=hw; V=—>ho @)T=2he; V=:hw \ _Lh 2/
127 Show that wave function 1s and 2s are orthogonal to each other for an electron in
hydrogenjc at » W = == “A/a P E}" ;
ydrogenjc atom. s TR < °© L[)Q_:3 -Tfl— 2-A 2.9,
13.Consider the statements e G _

‘= -13.4 h=li) As electron move away far from the nucleus then velocity decreases. T
1)If we replace mass of the electron by the reduced mass in hydrogenic atom the bohr radius

za3.U Mot
becomes ' of its initial value. c .

=- -5 h=3 iii) Virial theorem apply on the the ground state only ¥

‘s -E=13¢ The correct statement above are a) Lii b) ii;iil ¢) Liii  d) Lii iiid)’f only f)ii only

E-3y M Tor hydrogen-like atom with a nuclear charge Z, the energy of orbital with principal quantum
L ‘number ‘n’ follows the relation. June CSIR
KeEE Eacx n°Z2 b) Epoc—2- Eoc—Z E

gyo (@ ExD | (b) Exx—— () Epox—=~ () Encc— =

: L Consider the statements

i)The average value of.r for an electron in 1S orbital of hydrogen atom is .8 A°. T
ii) The energy corresponding to He' in 2s orbital is 0 Sau. T
1ii) The value of potentlal energy for 2s orbttal in Li** is -2.25 a.uThe correct statement above are

Lé/Flll in the blanks 2% 6X(i{/”
E%) —
2) The uncertainty in r for an electron in 1S orbital of H atom is @Qo ........

3) The commutator of two hermitian operator is . '@ ..... H emntlan/antlheﬂ?an)

4) The probabﬂ;ty of finding the electron in 1S orbital of hydrogen atom W1th1n first bohr GATE

/ radiusis ..32.....%.

it ™ Three 2 p wavefunction have ................ (sam‘eﬁifferent radial factor.
ot 6) The zero value of energyis .............. (possible / not poSsible ) in quantum mechamcs
b‘*w‘ 7) Uncertalmty in momentum for an electron in 1 S orbital of hydrogen atom is

........................

D P" ,,.
[ /&ef'zy di =15 =232} ot la, = I-&
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DPP 5 Quantum mechanics
Q1 Tunneling is a quantum mechanical phenomenon consider the statements about it
1).0On increasing mass of the particle and height of the barrier tunneling decreases T
(2) Particle with energy close to the height of barrier have more tendency to cross the
Esacmer,r (3) If tunneling corresponding to electron is €2° then corresponding fo proton is € £
Correct statements above are (81,2 (b) 1,3 (¢)2,3 (d) 1,2,3 (e)none
"~ Q2TConsider the statement
(1) Virial theorem are applicable to atom and molecule both. T
(2) According to virial energy contributed by potential energy and kinetic energy-are equal. F
(3)For first excited state in SHO the energy contributed by kinetic energy is .75 hv. -7
Correct statements above are (a) 1,2 (b) 2 3(c) 1,3 (&Yf 2,3 (e)none
Q3 Consider the statements
1) The value of <x> and <p,> in case of 1D SHQ is zero. T
2) The wavefunction corresponding to ground state in 1 D sho is symmetric and decreases
rapidly if mass of the atom is more. T - , -
3) The energy gap between SHO is always equal. 'T P“Fe"ia’ok'
Correct statements above are (a 1, 22 ()2,3 () 1,3 (d) 1,2,3 (¢)none
Q4 Consider the statements @ (b) ( ) ( ) & g,a.uss\qm tv ndie
4 Consider the statements
(1) A standing wave has nodes that are at fixed dlstances mdependent of time, whercas
the nodes move in time for a traveling wave. U Y ‘
(2) For the ground state, it is much more hkely that the pamcle is found near the center :
- of the box than at the edges T : :
Correct statements above are (a)l, (b) 2 (eY 2 (d) none
Q5. The transmission probability of a particle encountering the barrier is ¢'® if massis
reduced by ¥ and width of the barrier is/doubled , tunneling probability would be ~ C¢$IR-T RF
wre V2 (1) ¢®®  (c) V¥ (d) does not change
7 Consider the statements o
(a) quantization is the result.of boundary condition. T o >
(b)-As number of node increases the value of energy increase in 1 D box model T €°<
(c) The length of the box is the integral multiple of half of the wavelength L= '11/2_ o
*(d) As we move towards higher value of n quantum and classical prediction are same 'T
- True statements are (1)a,b (2) b,c (3)ab,c (14’)/ ab,c,d (5) none ‘L&kx Conbs
Q.z'ft‘onmder the statement P"‘?” Cfp(.l
1. the condition that V=0 inside the box is the result that we are using free partlcle T
2 V=ow is considered elsewhere to avoid tunneling “T
3 The enrgy of quantum mechanical particle in PIB model increases with increases in mass. F
True statements above are
(a’)"12(b)23(c)13(d)123
A particle is confined to move in 1 D box of Iength 1, if the boundary of the box is removed
than
Cﬁﬁoquantlsatlon (®) quantlsanon retains (¢) partlcle remains within the same region (d)none
9Consider the statements '

-4

ro v e e v evvVvsFee®e
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i) bound state give quannzed energy level ii) Quantum number, in PIB model is a restriction
- rather than assumption as in bohr theory of hydrogen atom T iii)the probability of finding the
partlcle ini the left half of the box in every state is equal to half. The true statement above are
a)i and ii b) 1 ,ii ¢) ii,iii &1,1i,iii €) none T
107 Consider the statement
i) AE/E becomes a smaller fraction of the energy as n—co . This result shows that the energy
spectrum becomes continuous for large n. T :
-ii) zero point energy approaches zero as [ approaches infinity. In this limit, the particle becomes
‘free. T A== L zo
~{ii) probabilityof finding the particle in the central third of the box if it is in its ground state is
“0.6. T
true statement above area)ijib)iandiiic)i 11 and iii d) i,ii,iii

*\1-«1/ consider the statements
i) For sufficiently small , the energy E may become greater than the depth of the potent1a1 well.
such a well will not hold the microparticle. T~ . E* 'Tonnﬁu‘lua Tes

ii) The wavefunction of a heavy particle decays more rapldly inside a" barrier than that of a. llght
- particle~{ - - W
 iii)that two wavefunctions belongmg to dlfferent energles are orthogonal. T :

.....

“Consider the statement :
i) the uncertainty ‘principle requires a partlcle to possess kinetic energy if it is conﬁned to a finite
region. T KE-z=0 = In=co =) paficlt nbeund
ii) Energy is quantized but other observable are not'quantized in quantum mechanics.
iii) P[B model is the b331s of the treatment of the electromc structure of metals and a treatment of

..........

Monmder the statement

-i) Tunneling is a real, detectable quantum phenomenon It is not predicted by classical mechanics
i1) The ave@tge value of the position of the partlcle in a box is a/2 for any value of the quantum
number 7.

9;111)Helsenberg does have resmctlon on knowmg average values of the position or the momentum
also :

..........

Vtite the formulae for probabﬂlty of ﬁndmg the particle between 0 to.amfor a particle in box
for)nth state is . '@. .........

ncertamty in position for a particle confined to move ‘in a box of lenth 0.2 nm is

@. 031 MM The wave function corresponds to n=2 for a particle in a box of length 1 (-/2 to

+1/2) is . I Sinm ID(

.

Oy ma o-’lﬁ———; Tunndliu-afm'f——? Teawsmisdon T
Y bawxiexr & = & L}Jcﬁ“\mhu L »
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‘DPP6 Quantum Mechanics
1. Consider an electron with energy E , mass m tunneling through abarrier of height V>E and
width w ,the total time t electron spends inside the barrier TIFR
FH(V-E) - b)wx (m/BE)’2 ¢ ) 5{2111(\’-13)/11}0‘5 d) {4in~2(V—E)/ﬁ} 93
2. C0n51der the statements
(1)If the total energy can be written as a sum of independent terms corresponding to different
degrees of freedom, then the wave function is a product of individual terms, each corresponding
to one of the degrees of freedom. T
(2) number of states, each represented by a distinct eignfunction, that have the same energy is
¢ degeneracy of the levél.T

the wavelength of the light emitted when an electron in a one-dimensional box of length 5.0
nm makes a transition from n=7 to n=6 is 6.34x10% m. T —— V=
Correct statements above are (a) 1,2 (b) 2,3 (¢) 1,3 M 23
~ 3.The smallest observed frequcncy for a transition between states of an electron in a one- —A—n=
d1mens10nal box is 3x 10" s the length of the box is

he movement of © electron in a conjugated system is considered as a free-electron model.

“ 3 nm (b) 30 nm (c) 300nm (d) 130 nm (d) none @ ————4147‘"“’

Using the same argument, t the length of hexatriene can be estimated to be 867 pm. ne 56 €=6
Show that the first electronic transition is predicted to occur at 2.8 x 10*cm™ . 4~ 3
he difference in the ground state energies (kJ/mol) of an electron in one-dimensional boxes of 2
lengths 0.2 nm and 2 nm is _ GATE Chem ot =
MX_‘-

6L onsider a particle is confined to movein a 1D box under the potennal V=0 [0<x<l]and

V=infinite elsewhere .GATE Chem 28z b V =he
i) When the particlein its lowest energy state the average value of momentum <p,> is /i

&¥0  bhRa c)h/2ra d)bfa =t

ii) The uncertainity in momentium Ap, in its lowest energy state is

a) 0 f2a c)h2nal d)ha

7.The lifetime of molecule in an excited electromc state is 10%s The uncertainty in its energy in p2Eot=h

eV approximately is"GATE "Chem 1 bxe™T = lev “

2)2x10°  ®y3x10¢ )0  d)10™

8 A particle is confined in a 1D box of length 1 mm if length is changed by 10 the percent

change in energy is GATE Chem Az te3m

a)2x10%b) 2x107  ¢)2x102 &0 Lo = A +dA = (3410 12M

9.1f [x,p]mn‘i then the value of commutator [x , plis GATE Phy

a)2iix®  b)-2iix> eyFinx?  d) - 3ihx’

10 A particle of mass m is confined in the ground state of one dimensional box extending from

2L to +2L The wave function of particle in box is y=yocos (nx/4L) where v, is constant

1) The normalization constant y, of the function is GATE Phy

/L) b)(1/aL) w1 2L)d) (L)

i1) The energy eigenvalue corresponding to this state is

a) [W*r?2mL?] b) [Fa%4ml?]  c)[hZn¥16mL?] ey fi?e/32ml?]

t‘gz""@l lvo
= X
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ii1) The expectation value of operator P (p is momentum operator) is
a) 0 b)[W’a*/32L%] ey[h’a’/16L%] - d) [W2r%/8L2]
11 A particle is confined to move in a: 1d box of length —a to +a the wavefunction ¢ rrespondmg
to_ground state is 4= - L.oamax.. ... GATE Chem TWexdted stale = Lf'n 8 m )}f
alculate the wave {ngth correspondlng to lowest energy excitation of an electron confined to
moveinalD box of length Inm.. IIT JAM S1.03%107m
Bﬁwen three systems, A, B, and C, what could be they if the spacing between the neighbouring
energy levels in A decreases with increasing energy, while that for B is constant, and that for C
increases with increasing energy? TIFR 2013 - 3%
A) A=particlein a one—dim'ensi_onal box, B= harmonic oscillator, C=electron in hydrogen atom
BY A= electron in hydrogen atom, B= harmonic oscillator, C= particle in a one-dimensional box
-~ C) A= particle in a one- d1mens1onal box; B= electron in hydrogen atom, C= harmonic oscillator
A= electron in hydrogen atom, B= particle in a one-dimensional box, C=harmonic oscillator
@Zonmder the statement '
’ 1. Probab1l1ty of finding the pamcle in r1ght half of box is 0 5,if the box lengthis 21 (—1to +1). T
2 The. maximum value of function for aparticle in‘1D box of length 2 nm (0 to.2nm) is 1. nm’ A
- 3Stabilization because of resonance and Red shift m conJugated may be exp;ained by PIB model.
" The correct statements above are (a) 1,2, (b) 2,3(c)1,2,3 (d) none '
- .15 The location of node for a particle that i is conﬁned to move in a 1 D box of length 3 nm in the
- sqeond excited state is  (a) 0.5nm,1.51m (b) 1:0m%:66 nm (c) 0.5 nm, 0.66 nm (drhone
Zero point energy of a particle conﬁned to move in 1D box of length 1 (-1/2 to +l/2) is

(a) n?h2/8ml2  (byh2/8ml (c) 0 (d) h2/32m12 (e)none

EULL 197Usi sing Helsenberg uncertamty pnnc1ple derlve an expression for ground state energy of ' Rs
icle of mass in 1D box of lengthrl. - IIT JAM ' '
@f T electron in butadiene molecule behave part1cle in box model and length is taken 1 the total,
ground state energy of electrons in the ground state is:

SolY

() 9h2J4m12 (b)7h2/8ml% (c) 5h2/4m12 (d) 2h2/8n112 (e)none : >

19 For aparucle of mass m conﬁned in a box oﬁength L assume Ax=L , assume further that
. APmin=(p” )”2 Use the uncertalnty prlnc1ple to obtam the estimate of ground state enrgy of the
particle.The value will be . “.°  _CSIR Chem : ‘
a)[h*/8mL] b)’fhz/SmLz] c) [h*/32mL’] d) [h2/2mL2]
20.A quantum mechanical particle with energy Eo<V i is allowed to strike the following four
“barrier separately The Transmission probability is maximum in  CSIR Chem

1 e
) _M - . ~ R . - O A P - ﬁ
R b e z
i j & o ;l 2%
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DPP 7 Quantum clzerﬁishy 1’/“&

#The degeneracy éorfespondin g to energy of 2D square box with energy 107 y2ml is

@2 (b)3(c)4 ()5 ,
2 The lowest energy level that exist both in 1 D box and 2 D square box of length 1 is

@250 2ml? (b) 255 /8mli* () SH2mi® (d) B n*/ml

3 The degeneracy of quantum mechanical particle of a cubic box having energy four times that
of the ground state energy is II'T GATE '

a3 b6 &1 d)4

4. The degeneracy of quantum mechanical particle of a cubic box having energy two times than
the ground state energy is ' CSIR JRF

@3 b)6 c)yl dy4 ' '

w/1f cyclobutadiene molecule is treated as particle in 2D square box of 1 nm , then the energy
required for the transition from HOMO to LUMO, write also the wave function corresponding to
degenerate state. ' . HOT JAM \
he porphyrin molecule (considered planar and treated as 2D.square box) has 26 r electrons.
If we approximate theAlength of the molecule is1000 pm, then what is the predicted lowest
energy absorption of the porphyrinmolecule.  Sh* L2219 *e~lag
FFor a particle undergoing quantum mechanica?m%leling TiFR

i)the amplitude of the wavefunction after passing through the barrier decreases with increases in
width. T -

iyTunneling barrier height increases the tunneling probability decreases T

iii) The energy of the particle after the crossing decreases with increases in distance. FF

The correct statements above are &Y i,ii (bYiiiii (c) i,iii (d) i,ii,iii (¢) none (f) all

A proton is confined to a cubic box, whose sides have length 10"*m . What is the minimum kinetic m

energy of the proton? The mass of proton is 1.67x10%" kg and Planck's constant is 6.6x10™* J-sec.
a)L.1x 1077 1)33x10M7 77 e99x10"]  d)6.6 x 107 ]  Gate PHY

9K free particle of mass m is confined to move in a region of length L. The de Broglie wave
associated with particle is sinusoidal in nature as given in the figure the energy of the particle
AsHHT JAM PHY ¢ , Nedu= 2 2 Nodstli=n =3
SN N e < e
0 3 A > anmu eml> gmu*

g
am

Y p T
s _A2k3 L

JO& particle is confined in a one d box of length 2a with potential v=infinite x<-a , x>a and v=0
inside the box .Energy difference between the level n=3 and n=2 is —atq
2 2 2 2 2 2 2 2 e
a) 5h%/8ma b)9h*/8ma’  ¢)9h*/32ma’  dy5hY32ma’CSIRJRFCH ¢ - wi2h?>
‘JThe probability of finding the particle in one dimensional box of length L in the region 3amA*
between L/4 and 3L/4 for quantum number n=1 isCSIR JRF CH 5 oy
. R s [ 2 SinhAax
a) (1/2)+(Un)y ) (1/2)-(Umy d)2/3 v J: xZ
12 A particle in 3d cubic box of length 1 has the energy 14h*/8ml° . The degeneracy of the state is
a) 2 b) 3 b - 49  CSIRJRFCH
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5 For the eignstafes of the hydrogen atom which of the following relation between the

expectation value Kinetic energy and potential energy is true . CSIRJRF CH

Q) <T>=<V> 8] 2<T>=<V>  )2<T>=V  d)<T>=-2<V>

% electron of mass m confined to a one dimensional box of length b make a radiative .

transition from second excited state to ground state the frequency of the photon emitted is

a) 9h/8mb”®  b)3h/8mb” w¥fi/mbd) 2h/8mb*IIT GATE

15 The ground state energy of the Hydrogen atom is -13.6 eV. The energy of the second exmted
cisa)-27.2eV  b)-68eV tf-1.5eV d)-4.5¢eV

éﬁ particle of mass m is confined in a two dimensional square well potential of dimension a.

This potential V(x, y) is given by V(x, y)=0for-a<x <aand —a <y <a, V = o elsewhere The

encrgy of the first excited state for this particle is given by,Gate physics

a) hr¥ma’  b) 2h°n/ma’ &5 §Pa%/8ma’  d) 4 §n?/ma’

17 A particle of mass m is in a cubic box of size a. The potential inside the box (0 <x <a,0<y<

" a,0<z<a)iszero and infinite outside. If the particle is in an eigenstate of energy 141j q%‘na

- Bohr radius is approximately equal to (a) 0.60 ()0.90 (c) 0.16 (&’)/0.32 CSIRPhy. _e2
" 20 A particle is moving in a two dimensional potential well V=0 0<x<L ,0<y<2L,

its wavefunction is CSIR Phy : — 12/3
a) y=(2/a)"” srn(3nx/a)sm(57ry/a)sm(énz/‘a) b) -(2fa)3{2 sm(?nx/a)SIn(47cy/’a)sm(gnz/a)

©¢) y=(2/a)*" sin(4nx/a)sin(8my/ajsin(2nz/a) W y=(2/a)*? sin(mx/a)sin(2ny/a)sin(3nz/a)

+87A particle is in the ground state of an mﬁmte square well potential given by, v=0 inside the

box —a<x<a and v=infinite otherwise The probability to find the particle in the interval between

~a/2 and /2 is (a) 172 (6¥T1/ 2) + (1/m) (c) (1/ 2) + (I/x) (d) 1/nCSIR Phy

#9An electron is in the ground state of a hydrogen atom. The probability that it is ‘within the oo Dae

‘V=infinite elsewhere which of the f0110w1ng statements about the ground state energy E, and
ground state eigenfunction ¢0 are true? MSQ IIT JAM Phy
&) Bj=pn/mL? W E= SHP/8mL?

7 (2'11) sin(mx/L)sin(my/21y) d) (/Lsin(me/L)cos(my/2L)

he operatcn [(d/dx)-x] [(d/dx)+x] is equlvalent toJEST Phy
a)(dzfdx X by (dMdxP)- +1 ey (d¥dx?)-2x(d/dx) +1 d)none
22 .The zero point enérgy of a particle of mass m confined to move in a one dimensional box of
length lis () 0. b) h*n*/mL? erh*n?/2mL? d)3l*a*/2mL>
23Thelowest energy level that i is the example of accidental degeneracy,for a particle conf ned to
move in a 3D cubic box of length a is
i) 12 h*n%/ma’ii) 12 h*n*/8ma’ mﬁ? T)znzmaziv)Z’/’ h*n*/8ma’

-24 Fill in the blanks @ ' @

1)The degeneracy corresponding to quantum mech cal particle i*a 3D box of leﬂgth ‘a’ with
. 22 2- 93‘ 4 tZ 5'24.5 "+ 2.
energy E=33h"n"/mL"is @ .............. 1%y —%-!, L

2) The wave function corresponding to ground state of a pamcle in a 2d box of length O<x<21

' )
and 0<y<2lis .......... ch: .Stn ’Wx}/m IE n g
‘3) Average value of momentum for a quantun mechamcal partlcle of mass m in a 3D cubic box -
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DPP_8 Quantum mechanics
1. Compare the difference of energies of the first exc1ted and ground states of a particle confined
in (i) a 1-d box (A}), (ii) a 2-d squire box (A,) and (iii) a 3-d cubic box (A3). Assume the length
of each of the boxes is the same. The correct relation between the energy differences A;, Ay, A;

for the three cases is ‘ June CSIR
(1) Al> A2> A3 (ml = Az = A3
B)As> Ay Aq . (DA A=A

2 Consider a two-dimensional harmonic oscillator with potential energy V(x,y) = %kxxz +
~;—k},yz. If Wox(x) and Wuy(y) are the eigensolutions and E.x and E,,y are the eigenvalues of

harmonic oscillator problem in x and y direction with potenhal% k.x*and 3 kyyz, respectively,
the wave function and eigenvalues of the-above two-dimensional harmonic oscillator problem

e e ... eese. 0.

are . ) Dec CSIR
Yoy = V() T Yy (¥) Yixay = YxCOWny(¥)
@ Enx,ny =Byt Eny M/ HX,B}’ EME’Y E—M1+ E’”Z/
Yaeny = Y + ¥y () tvnx,ny'-‘wm(x)’r%y(y)
© By =EmtEny @ oy = EnxEny

3 The difference in energy levels of n = 2 and n = 1'of aparticle in a one dlmensmnal box is 6
units of energy. In the same units, what is the differénce in energy levels onn=3 and n=2 for

the above system? : June CSIR
@4 ®)5 ©9 @10
4 The energy of a hydrogen atom in a'state is — ﬁ%ﬁ (Ry = Rydberg constant). The
~degeneracy of the state will be Dec CSIR
(@5 ®10 25 (d) 50 .
" 5 The energy of 2s and 2p orbitals is the same for V Dec CSIR
@ Li (L ©BS (@H |

@If the ionization energy of H atom is x, the ionization energy of Li**,is  JuneCSIR
(@2x ®)3x ©) 9% (d27x ,

7 Which of the following is true for the radial part of the hydrogen atom wavefunctions Ry (r) (n)
principal quantum number and the nodes associated with them? Dec CSIR

()~ The radial part of only s function is non-zero at the origin and has (n-1) nodes. =
(b)  Theradial part of s function is zero at the origin and has n number of nodes. ;_77_;1 ]

© All radial functions have values of zero at the origin and have (n-1) nodes.

(d)  The radial parts of all s functions are zero at the origin and have no nodes.
@f he most probable value of ‘r’ for an electron in 1s orbital of hydrogen atom is

—f

e
iz

Download all notes by clicking here- ’ www.chemistryABC.com

N  : ‘ - ' T ———



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

WWW.chenfistryABG.Com

W‘X’q‘
(@) a/2 (b) a (©) 24, (2) 3a/2 Dec CSIR
‘9The orbital with two radial and two angularW g Dec CSIR
| (a) 3p ®Y5d () 5 () 8d moBt
1’& &A'(ﬁ" he hydrogenic orbital with th¢ form of the radial function June CSIR
r?(a, — r)(a; — 1) exp[—pr], where aj,a, and § = © @
Are constants, May be identified as a - | _ A=l To-
(a) 3d orbital (b) 4f orbital @4 d orbital (d) 51 orbital
11A hydrogenic orbital with radial function of the form r* exp[-Br] and ¢ — part as exp[-3i ¢]
corresponds to v June CSIR

(@) n>4, >3, m=3  (b) n>4, £=3, m=-3
(c) >4, £=3, m=3 (=4, 1=3, m=-3

12The angular momentum operator Ly = -th has eigen functions of the form exp[iA¢]. The

condition that a full rotation leaves such an eigen function unchanged is satisfies for all

the values of A. ' Dec CSIR
(a)o 5 E;ilyigp '''' MJilrizr:ta) """ q; o,eﬁ,,’ tl» - .
(c)O,__ > 41,43, @ o1 gg

2i

13 If the angular part of wavefunctmn is sin’ © cos0 ¢

'? then the value of I and m respectively
are Gate chem : '

a)3 bY3,2 )23 d)22 —
% un-normalized wavefunction of a particle in a spherically symmetric potentlal is g1ven by

" y=2zf (r) where f (r) is a function of the radial variable r . The eigenvalue of the operator L?
(namely the square of the orbital angular momentum) is Phy

@174 (b) 0 (c) 72 (& 2>

iven that operator py= -1h[(8/6r)+(1/1)] the uncertamty Apr in the ground state of hydrogen
atomis

L

e Byh2a  c)2ha  d)OPhy
e normalized ground state wave function of a hydrogen atom is given by

\4&«(1/\/ 47c)(2/a3! 2)e 2 where a is the Bohr radius and r is the distance of electron from the nucleus
the expectation value of <1/r*> is Phy

Ca) 422 W22 cMdmd At
17. Consider the statements

i) The normalisation constant for radial part of the wave function for the ground state of wave
function is ..........ee Nz... ./' 3
-]

ii) The normalisation constant for the angular par’c gf wave function of p, orbital is
iii) The presence of radial node in: 23 orbltal of hydrogen atomisatr=..2ap 7

...........

------
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DPP 9 Quantum mechanics

1..In a spherical polar coordinate system, a point A at (X, ¥, z) in the Cartesian coordinate system
can be described by (r, 8, ¢) where r, 6, and ¢ have their usual meaning. Expression for the
volume of an infinitesimally small cube confined by dx, dy, and dz in terms of the spherical
coordinate system is given by - TIFR 2012
A) drd6de B) rsindrdéde C) r* sin erdedq) Effr sinBdrd6dg ‘

2 The degeneracy of the energy level 12h2 /8ma® of a particle in a three dimensional cube of length “a” is

%1 B) 3 C) 6 D) 12TIFR 2012

3 What is the degeneracy of the energy level with n=6 (n. bemg the principal quantum number) in
a hydrogenic atom or ion? A) 16 B) 9 €756 D) 25 TIFR 2013
4 Which of the following statement is not true © TIFR 2015

i)The state function y(x,t) is alwaxs equal to a function of time multiplied by a function of
coordinate. ¥ . :
i) Iff; and £, aree;gn functions of operator B then C, fj +C; fmust always be an elgnfunctlon
of B . where C; and C; are constants. ’F :
iii)The operator L? commute with Ly + Ly . T
a)i,iii (b) Lii (c)ii,iii (d) only iii

our particles of mass m each are 1n81de a two dimensional square box of side L. If each state
obtained from the solution of the Schrodmger equation is occupied by only one particle, the
minimum energy of the system in units of h*/ml* s

@2@F5/2(c)11/2(d)y25/4 . C © IIT JAM Physics
6The ground state energy of a particle of mass m in a three dimensional cubical box of side L is
not zero but 3h*/8mL’ . This is because ) “TIFR Physics 2015

(a) The ground state has no nodes in the interior of the box. (b) This is the most convenient
choice of the zero level of potential energy. (¢)Position and momentum cannot be exactly
determined simultaneously. (d) The potentlal at the boundaries is not really mﬁmte but just very
large.
. 7 A particle is confined in a 3D cubic weﬂ of width L with impenetrable wall
i)The sum of‘the energy of third and. fourth energy level is Gate P
w10 R/mL? b)I0athY3mL? o)1l 22hY2mL* )15 7°hY2mL>
ii) The degeneracy of fourth level is given by
al b2 o3 d4
8 In an hydrogen atom the coulomb degeneracy for the n=4 state is Gate P
a) 4 ¥f16 )18 d)32
9 An atomic state of hydrogen atom is represented as y=(1/2a,")"> [1- (r/2a0)] ™05 ® Where
a is a constant value The quantum number of the state are Gate P
2)1=0,m=0,n=1 b) k=1, m=1,0=2 &T=1m=0,n=3 d)I=],m=1,n=3
10 A particle of mass m is confined in a two dimensional square well potential of d:menslon a
.This potential is given by V=0 for 0<x<aand 0<y<a , V=infinite elsewhere
The energy of the first excited state is Jam P

rW W W W W W W S W U Y. V. WY U Y V.U Y U 9YVe VvV VS U . 0.9 OO0 980
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a)f-czhzfma b)Zarzhzfma 'e‘)/‘jﬁ?’ﬁzﬁma d) 4752h2!2ma
The ground state waveﬁmctlon v of hydregen atom i ;sphenca] coordinates has no angular
dependence but only radlal dependence The v is an eign function of  Gate P
a)/f,«,L and L, sxmultaneously b L, but not of Ly and Ly
c) none of L,(,Ly and L, d)p. only
12 The enegy of second excited state of the nydrogen atom is
a)-27.26V. b):68¢V f-15¢V d)-4.5eV-
13 The one eiectron states for non mteractlng electron conﬁned in a cubic box of side a are
E0<E1<E2<E3 etc :
1) the energy ofthe lowest state is QGate P
' - b)n2h2/2ma 0 nzhzfma Y 2ma?

. bl o2 d)s
wvefuncnon of the electron in the state n=1 I=0 in hydrogen atom is R;g—(Z / aom)e
: bable rad}us for rin 1s Orbital of hydrogen atom is - Gate P,C

18 Whlch 0f the followmg functlon is aeceptable for an eleetmn in hydrogenic atom which
motmn is govemed by polar coordmate (1,0,%)

a) ./ : b)e'cos @ sin® sin(H/2)

cye” sm( h¢) * d)e'cos O sin®@'sin ¢
19 Filkin the blanks
i)The eigenvalue correspondmg to kinetic energy operator for an electron in 25 orbztal of
hydrogen atom is ..... 3.4 &V.
ii) The most probable radius for an electron in 2p orbital of hydrogen atom is . Y%%...
iii) The average value of radius for an electron in 2p orbital is ..........(hig erflower) than the
average value of radius for an electron in 28 orbital of hydrogen atom
20 Find the most probable radius for an electron in 2s orbxtal of hydrogen atom wave function p
- corresponding to 2s orbital is given to you. 29, T
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Quantum mechanics -
¥ The relation“between average radius <r> of orbital 2s » 2D , 3s respectively are
a) <I>3><I> <3 b) <I>s<<rpp<<r>3;
C) <I>9><r>3><1>y, " d) none of these
“27"The average value of <> for an electron in 3d orbital of hydfogen atom is
a) 3ag” b) 6ay” c)4ay’  d)none of these
3) The wavefunction v is the linear combination of function ¢ and (2 as given below
W= (1~"2) ¢; +(1~V2) 9, The probability of finding the particle in state 1 (i.e @}) is
wf % b))% c)1 d)none |

T‘ﬁ 4) The Normalisedwavefunction of hydrogen atom is denoted by 1 Where n,1 and m are
respectively the principle ,orbital and magnetic quantum number respectively now consider the
electron in mixed state - : cree, z 3 (s = Q

P=(113) Vigo +(@/3) a0+ (2/3) a2
The expectatlon value of energy-<E> of this electron in eV will be approx1mately is
a)-15eV BY3.7eV  ¢)-13.6eV d)-80.0eV ) nonc«(/s} (zz c);(z/(m/;{’-} (‘_3,!)
% hydro gen atom is in the state

W= (V8/21) yage - (V3/T)Wapo +(V4/21) y32,

wheren,| and m are respectively the principle ,orbital and magnetic quantum number respectively
The average value of L* comresponding to function W is .....#.....H .

-~  <g¥An energy eignstate of hydrogen atom has the wavefunction
y=(1/81Vm)(1/ag)}® & ihdeos @ sin ©
- 1. Find the value of energy , total angular momentum and z component of angular momentum
~Lscv 'J’é,hl —Lﬁ' - m=3

me !
ESS

| 2.find the value of n,I,m.
3. Find the degeneracy , number of radial node and number of angular node

7 Fill in the blank Lﬁ”@ @ | é_)

%omalisedwavefunctionof hydrogen atom is denoted as
Y= (1/2) y1s + (1W2) yos + Casy3; Then energy corresponding to function ¥.is = @,.20.4-U.
ii) The uncertainity in position r in case of an electron in 2p orbital ;)f hydrogen atom . .:{5..‘30 .

iii) Magnetic quantum number corresponding to px orbital is

PR FRY RN NNWYNENNFNNW NN NWR WWNNWW R NN
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‘1.Consider a classical harmonic oscillator with a mass m and a force constant k oscillating with a
frequency v. Which of the following statements is NOT true for this system? TIFR 2013
A) vincreases if m decreases. T . -1 ’z :
\B)’The oscillator i V= MJ
is most likely to be found at its equilibrium position. £ ™
C) The acceleration is maximum at its turning points. = T
D) v does not depend on how large the amplitude of the oscillationis. T
2.For a harmonic oscillator in its ground st@te,i.é v=0 the enegy is given by 0.5 hv wherev is the
" vibrational frequency. This is due to its . _ TIFR 2015
(a) its kinetic energy - S (b) Potential energy '
YeYy'sum of kinetic energy and. potentlal energy (d) heat of formation
3. Which of the followmg statements istrue - TIFR 2015
“()For a harmonic oscillator potential , the spacmg between adjacent energy level remains -
constant with increase in quantum number. T - '
(ii) For -‘Morse oscﬂlator potential the spacmg between adjacent energy level increases w1th

increase in vibrational quantum number.. F ; ' S
(iii) Harmonic. oscillator are used to explam bond dlssomatlon F Y

- (iv)Morse oscillator are used to eXplam\the osmllataon T < N\ ‘ L
@i,iiiii (b) Liv () Liiiv (d) i,il,ji,iv =~ _7 |9

partlc ¢ is sinusoidal as given in the ﬁgure (should be discussed in class). The energy of the partwle is £y =N
....... SRR, | " SOV PR 4 V IIT JAM Physics .. n
nsider the statements ,
~ i)Pure substance are required for studxes by Raman spectra ,studies by IR spectra do not requu'e a
high: degree of purity. :
ii)Water can be used as a solvent in Raman as well as in IR spectra.
111)f0r intense Raman lme concentrated so]utlon is requlred

9 9990908000000 060s0a0060 a0

The quantum mechamcal vmal theorem for a general potential V(x,y,z) is given by ('x?ﬁ +
v
ay

This leads to the folIOng relatlon between the expectation value of Kinetic energy and

po@entlall energy fora quantum mechanical harmonic oscillator problem with potential

+z ) = 2T where T is the kmetm energy operator and < mdlcates expatxatton value.

V=Ll Hiyr ik ~ Dec 2013 CSIR
@ =Wy  OM=-30 ON=31)  @T) =)
7 The most probable value of ‘r” for an electron in 1s orbital of hydrogen atom is -

() a/2  (BYa ©) vZaq (a) 3a,2 | ‘Dec 2013"(:51}1‘{,
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9Consider the statements S :
i) wave function decays more slowly as E— Vg in case of tunnelmg process. T

1) The normahzatxon constant in case of sho is dependent on mass T

111)Molecular spectra :s much more compltcated than atomlc spectra T

.....
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10 . Combining two real wave ﬁmctlons d)l and (i)p,, the followmg functions are constructed
LA=dy ¢y, B=d - id,, C l(b] + ¢, D= 1(4)1 + (;)2) The correct statement will then be  Dec

@©\2

2012 CSIR ' .
(a) A and B represent the same state (b) A and C represent the same siate \
‘(GfA and D represeﬁts the same state =~ (d)B and D represents the same state

" 11. Theenergy of a harmonic oscillator in its ground state IS = hco According to the vmal
theorem the average kmetlo (T) and potentlal (V) energms ’ff .the above are

«@T~Zhw, v =;Zha) T = gfm}, ; V"E—g-hco D692012 CSIR

@T=he; V==lno ¢ @T=}he; »V’z%h

12 Suppose, the ground statlonary state of a harmonic osmllator with force constant ‘k’ is glven
by ‘I‘o-exp[ Ax ]Then A should depend onm. and kas:. ..

(a)Ao(kLQ ’ (b)AOCkm b)/ockl/z 172 . (d)AO‘C k”3ln

13If magnitude of txansmon dipole is copsidered same for all type of transition then the lifetime for - _ L—-——w—
electrogic transmon in the proper orderi is : "
CgEot =

ﬁaﬂectmmmwblatlonal<rotat1ona] )] v;bratlonal<rotattonal < cleotromc ' l{/r
(c) Electromc>v1bratlona1/roLatlonal {d) Electromc*vxbraaonalq auonal

' 14The fundamental v1bratlonal ﬁ'equency v of a homomiclear dlatomlc molecule with atomic
e

massmand force oonstantkls S R o .M" ﬁ%»
a)v*(ll2?c)(kfm)°5 (W‘(l&n)@k/m)es {c) v:(uzn)adzm)“ €d) v=(2/2m)(K/m)°®* M= Ma.

15 At a given temperature , for a rigid retor , the probability that a system is in the rotational state. gy M3}
J=0 is 0.6 {"in state J=1 is 0.3 , and 0.1 in J=2 . The average energy of rotor at the given 2 |
temperature j 'bp : "g ’Up,_. <ey = pabot £, bg + P2 o

a)6.0B ¥j12B ¢)3.6 B d)4.8BTIFR -l::"" BT(T+)

16 The correct statement about both the average value of posxtlon ({x>) and momentum ((p)) of a

I-d harmonic oscillator wave functton is .- June 2015 CSIR

;a)(x);é()and(p);é() b) )= Obut(p\#ﬁ e’/(;c:sw()a*m{p)‘"{} d) (x> # 0 but (p)=0

16)13111 iri the Blanks I o W) %

2) The degeneraoy cot‘respondmﬂ to 3D !sotropic SHQ with-ea rgy 45hvis. ... 4
b Fr ,m pw»lm& th a bax P J:,Cw 2 ff !,)" ch ’m&d "’f <’y

o In
§ | N~ 60 0'20 ﬁ )
TN 2{:««»: o] e —L
" %’4449‘2 [ 1

4’\'(‘1 Download all notes by cI|c g



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

‘ www.chemiétryABC.tom

o

@

oFF.

VH@‘\«‘S'WAH

Vélikx"'

-!'M'»-.
=My
1= M2

am i

é: Q’H‘L)I’)V ('YH;L )21‘7129(?.

G ;WUJ ’W , ' Q- mzmse. Cawstk

Dc ou&sou.ai‘rm cv,ew )&mm

the bottont at tie pot-cwrve

e‘lmp%l‘f'fan |

Xe— amhawmmwﬁ‘d, |
b 'Tfawt D;,Q@.oaa.}vm«; eheraz?

Conspk

v the qaoumd slde

Download all notes by clicking here- -~ “\www.chemistryABE com &



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

' o A
wwyv.chem'lstr}/ABC.com

B R s R

FE

- a2 2 P

R Ko X+ ?%34. zkéz- =97T
| (&5;"* kﬂy"—&'k‘&z‘?"z@?'i'
avear
ve T
A Tncaseqf tychogem -

- e, &ty 9;,_22) Va

A% = settyi+z 2
L:i } 9(_1,\._52.{,2_2_

(24 +7‘_)£ =2RT

xR

%

y
SV

146 ‘ . Download all notes by clicking here- . www.chemistryABC.com

-


http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

r..no.tQ&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@1

oukem

49('"7 < i/’”‘H] ﬂ 'm\ﬁ‘cﬁe#isry C.com '
")’-ﬂ o - In Box /owb&M
,,L
‘K K:q,w/ Rotox [dammul'aa?/ [efea)
Ace. -z'a Hemtlkoniam OFMUA j,ow }’ﬁd}"w
= —HE P4V
2m

_ _ R? d A%+ 2 Cintd 4% f’:-—q
) % A JA A M"L/fsme J& Jo /sSzn’e 0o

sz—’hz[J—_’ ,_3_5!116’

Sins

+ L
5»726 J4>

3J?

o — H: ) + 1 J ) o+l 9%
H= TQ%A’J- ( j,g, A 34 ” Sine 96 S'neo’é Sin6 c’@
. [ - ;, —% L. 2 Sined +L %
= 37 Sine J& Je Siwe 442

H = _L[ ﬁzj}b&zJ +L2] +V

JI

—h*d A2d + L2 Ly

H= 57 &k K 9T

147 Download all notes by clicking here-

?

www.chemistryABC.com

T stody Hm ketatinal motin of miorokople peudhide we. lidhoclues
| +otal Ma&)hrzr mo mesdtvm o/;urcu‘aa’ S Hamiddtonian ch

+V

)] »



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

N

7 Azdgixed 2 W =l

To aueid | modhematical Com Ptf,mh?m V=0

H= L2
5

HY = >y
3T

= AW, ey

2
g€z A Ll A+)
T

[=e3am] s

Tha 7vaxm‘vm 0. % [é»cmrowd) cliheuspad dmfu?/ e atvlyy of
miosepic particly  elechomic motien, mow we axe ’sévot(tjz"ng,

elubovic meton, Ly we. splay. L f:g @ £ T behaves

Limilay Yo L

H-degensaly —
J=! E,= B g=3
- =T+
=2 2. =68 g=7 g3 =T
=3 E 3 =128 9 =7
148 4 Download all notes by clicking here- www.chemistryABC.com

" Yl et s prpesd o sty sitimat oty

62 &8

&
&
®
e


http://www.chemistryABC.com
http://www.chemistryABC.com

ok > H? g(T+)
FZ

—J'(J’.{-[) .’:.%0
J= b, -§
/?3 - dJ+}

= XUt/

oW

{Q@Q@@&@@@@@@&@

o foterdial Baxxtex pwoblem —

o Pt Rassies Paoblem w“!@«gv&k wotctth —

gad /N

‘® e <V} Rcklzdt%w R=]

€=V Tranamission T=0

@ E>v g= (bi-p2)"

[EI;'I /ﬁww}g

“’l*bﬂ-)z

re Uhbs
()

ﬁr J2mE

ba = (e |

149 Download all notes by clicking here-

www.chemistryABC.com



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

‘ . e ¥y ' } l UGS YRS . PR 4 ;3_- T o
@ W & e ) w ‘6' Wit " '—. www.chemistryABC.com

| T :.ﬂ firg
€ —> J"’ |
L. .

EcV
-  UE(E-V)

T = ;]_ =L 2
exack UE (V-E)+V? & S )
K, = ,2M%V~E} - _{2 |

| “h
TQPP"‘”‘ = € J +

S Pot. Bavylex with fwﬁ&f%c widts —  Comsldry a fvee pukzl win
€ mam m GUELS oR IMpivgs Snia pot. bawfqa{yh,_f,rﬂv

ave 'fu.()m&c. widih ok x=0

B b v

7=0
Sc.hm—wum?w eq™ awcspmch,na, o mwe.mwkot wahch in Z,{,f')(ﬂ-glmq
Y o;m (E-v)w=o

| qx*
T 7}5'('/\1-94010 V=0 dz‘/)jj 4+ %’ £ 6‘.)2 =0 .
x> - y 4k, 3¢ ¢
2 am e M Wrt ASink, 2+ BOAK, 3¢ .
K} - — dzw 2 _ ...—-) ' l'k; 5,
7 I + ky ¥z =0 Wr = ﬁelk'x—"-gt' x

. b
W = [2ZME =~ > 7
i i Mavcmad'{f;wo‘[l In

+ve = clivechen -
diverhion

/n T Axﬁimo

Download all notes by clicking here- www.chemistryABC.com

150



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

’oaaoooeeea@@@@@@@@@@@@@@@@@@@@m@@a@@q

e ’7 Wa&pﬂnob'kq, -‘lo' movemm of ‘partent it

e - wwvv*.(;,herﬁistryABC.com

dyr i_’” CE——V}I,V_E"O

dm} . v )
l,” = &M (g-v
d'¥g + ?(2.2' Wy =0 2 F*
oo* V
k= Jam(EV) - P=
A4 %
SoM .
Wg = Ce L{<Qx+ De..tk,_x

iwﬁ -+ De_‘“?‘lyh

- Ce
> }-&[NM Hae mwemw.*og. Fcu;bcu I
o Wp = Ce (e —ve »x divedkion I.’I.Aka:m txsheg,u&&
b ’bmra ,mf' kn'n-:c'roﬁ nﬁvﬁw
e z/% \ becawsre 1T fov1 Movem eud

Pdld’!cik " ¢ Alyection not talee Pbu

To 4indl tha rlation b, FiB&C Orp;ﬂ? bo-uwda:ea/ Candition
ok n=0 Yr = Wo
| dLPz, dva
=g
@ @I)x_»o LWH}X'
’-Pt 4 + Be -L}’c%;; = Ce,qb’ /ﬁ (‘@mbdfmdl% eqV
ap , gm (ev]¥o

B 3
s e

@ - dq’“— | dW _, fluite
di H=0 R EYA L’ dzﬁ—-

N - Ck x r A MOEUL
dyr . zk,ﬁe_‘k"“/dkt ge %{l{_}{cfacgﬁm
ot J
AV _ ik, Ce Lo
d%— @Q}ZI - szceo

e_ik - kA —tKB L b o
dn =0 _h-

= (R b g
F [z

www.chemistryABC.com

151 Download éII notes by clicking here-



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

01‘//(2' o o
www.chemistryABC.com

dx.
Lﬁ' ,.'_l_le: lj’_’fé =) f’xﬁ”f;f?:-”—‘élc ——-—@
# %
A ra TMVCIL‘A{% 8 ;nq‘n@ ,A B=C-A ?
3 fwf‘ hesn @ we Lave “
bR -p (-R)= pc
b/ﬂ’" /’/C'f’/?,ﬂ:, f’:C s
(/b/'ﬂ’:}c z 0?/7,1-? [C: < P ﬁ] £
Simile P’.Hﬁ @
t »

B= }’i;f’x);} @
bt ) "

Pﬁ‘abeabtlﬁ? & wWMOMm-tg,
J < B[ Yoy - ¥Yypr

S

2im
AR S
i e &
k= ﬁ A1 % _é_ 181% lal= RAX &
@W’”Imwmc l8[* = 38: ©
d* = ¢ -
Tg = ]oa.m S &
—— Twavsitded e

Refluctamar: wog of RefudelwmveTis,

Traveamittamey
— e ¥ 11 22 Inuclul » €
_  Mag. A wa v ; )
T = ag 0‘{; ANA I ave | t“m&:? - b 181
e T”MMJ' LU 'y m_ .
b /ni-
=  Ppylel? b, lcl? A
__m__.._.z &z . _ P '_}’ 5
b |Al fo,/ﬂ/ o By Ry~ 72
™ brth. ‘ %]
c P2 (,2/_;.”_..,. ) [AL* 1) €
r 2 &
T R= 0’ b2
‘ b b h > ©
lT.’: U pi. LI j |
' 152 @—_—'— 2. D¢wnload all notes by clicking here- www.chemistryABC.com
1 4 1’71)
- ‘ | ¢



http://www.chemistryABC.com
http://www.chemistryABC.com

—

@@@%@@6@@%@

20T OO0 Q

o098 o002 OGR D

@ Pcr!r quer Paobam wHh '&w&k wilelblyis e e
wc UA mvftdmsexo«bm

parkiclt 06 mask m, Enexgy E, olidn Wit pot. bazn-xaak heit v
(o<x&l) a5 Ev':j(gl’ D

A
Sbhvodims}/w @m n Regfml — m‘B’Tawt
APV, 9m (E-0) ¥y =0
adn?* 2 \
d*¢r . smE W, =0
= = 7z
T H*

4*Yr 4 K?Wz =0 we ast &Pvdﬂ7ﬂ? Tunndfwgz
cht? [k{x phexomenan - _
W = ﬂttk’% + Be ) Parkiele lncw?u? e‘nay?l?, s tam

- Aetbl% + Be~ Lh% mcmmw “ly kavwlcs have
e ‘ftndmaj +o cvosstie barriey

€< ety
R

T 4nd e pasticle tn clawical
pebickun Augion U ormeliig.
¥ n I o —
) Sch'mch»acc 27“ (n f-‘a

SheR 22, (€-v) ¥ =°

d* Y + ]QQZL'UE =0

o Lloy
Ko = m « Z).f:
" Z
~ et
L(/E _ ce flch De 1y

e Ll’z% + De” ﬁa""’%’f

Q\

153 Download all notes by clicking here- www.chemistryABC.com



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

4. L
i T Ragly
‘ T - "va'v.chemisrtryA’BfC;cbnﬁ Lo

olzs«jz
s + q;m (-6"‘3)5”22? -o.

¥z am_ e .
dv«f— oye Ym -o
ﬁﬁz + Yz o
A
") ’ :
Yir = gg‘/"%:f Fe V(%%

s

AppHying Boomdany. Omolitis -
Current Gaxn/é?’fdt{/

T = boar-2L gt
m i

T = &

Reé&dao'zu L _
A ‘ /Rl =

Twansmitamu < ,%1511 e
Poam T
™

When we Pkt bw?\clmy, Condlton gnel Aolve He
A uddkant eqM b*c-f, dc-m?, lot 0'6. al?tbxq we 3@1&, the
ex pression 06 'Tu'nheb,na, /”T

ue (v-g)

T-=
UE (V-E) +V2Sih™(ic,L)

Stnhli,l) = € lk,L—e~ Kl
2,

Download all notes by clicking here- www.chemistryABC.com

154



http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

’ f> T

:‘ --r - u E (V"‘ E) —_— A 'Www.éhém'istryABéfCQm
| UE(V-E) +v“'( ekat_ _~ ’17 2

2

- Jam (v-€)

ky, = __}23:
) %L i lasge means 4
elthey Y ?mr?c or L Zmr?c TR kot lm?(
ei"?}' >>% e~Ril
“Then
T = WE (V'“E)
UE (V-E) W"(e"*")z
T2
T = l§E (V-E)
6 E(V-E) +v2g2Ral
As Rk L ,(a7¢
Vv Z.Q - VlcggkLL -
Tze = >>2 l6E(E-V)

Lw’: 16E (V+E) . lE(V-E) 2kl
V2

v* vay, /afr?( .

V2 evh,l

As VvV Ix {G’K‘?g! ‘han €
A Valus % V ey eases

HECV-6)  opels Jo b

Download

s

a‘{r-wotes by clicking here- www.chemistryABC.com

155



http://www.%E2%80%A2%E2%80%A2
http://www.%E2%80%A2%E2%80%A2
http://www.chemistryABC.com
http://www.chemistryABC.com

7 -
im Jam(e-v

fzrw(e»v) _ *Z‘m 1l

—

IME - 2
P
fev =4 o e, ~
e £ | @
-V - L C‘
€ Y g
o = (":_,, 2
E <9 ¢
&
,\{;;3
E g .
Y- PRRLCS
k,z ___./_?l, = mé Hf_tkﬂt_;_ B—-Fk,x
% n
:.T( = Ji{ /F}(l? _(_7—/. 28,2" G
Yl m )

k,r 7
T B

& 7o upk b= e
@*/’L) = Ib” :_. /—QM(E—-V)

= YJEJREV) U 3 2.6
| LIE tJEv) 2 (J:SF_'_J&)Q" T 133z

156 Download all notes by clicking here- www.chemistryABC.com

'@@@@@@@ﬁ



http://www.chemistryABC.com
http://www.chemistryABC.com

DPP 1 0

15¢

WWW.ChemistryABQ.com

1 Consxder the statements

B .,W(a) Each waveﬁmctlon is orthogonal to all of others even 1f the symmetry of two functlon is
L same. S

(b)The partlcle in box function dlffer from the harmomc oscillator func’uen because in PIB
model tuﬂnelmg phenomena does not exist but in SHO it exist. T '
(c) A particle with wavelength M strikes the potential barrier, with region of 2M wavelength the
ratio of V and Eis /1. ¥ !W@;EE :

The correct statements above are (a) 1, ii (b) id,1ii (c) L,iii (d) i,ii,iii (e) none (f) all

2.The probabﬂlty clirrent densxty corresporiding to finction \};*Ae

(@) hk/2nm (oy(ok/2nm) A% (c) (2n/hkm) A (d) none |
3. An electron with energy 5 eV strikes a potentlal barrier of mﬁmte width and with height 3 eV
then the transmission cpefficient is

(@ 0.1 (b)03 (©)0. 5 (d) 0.6 (e)none

" 4 When a particle mth energy higher than potentlal barrier strikes the barrier w1th mﬁmte w1dth

then the expressmn 0ﬁransmss1on coefﬁment is

~a)T- \/Zm(va—zz )L/h e b)T-JZm(V E).L/h
&)T= 842,/~2m{v—£‘).1,[hw ,‘ m_{élPng/(?ad-Pg)}

51 Consider the statement -

i) function yg and y; are erthogonal‘td each other in 1D SHO.Y . A
.. 1))The average value of kinetic energy 1n first excited state in case of ID SHO is 0.75 hv. /[7
’ m)Maxnnum amphtude in. SHO is a classical term that may be obtained by equatmg pctential

energy to'the kincticenergy. ¥ V= G"f

The correct statements above are (a) 1,ii (b) ii, il (¢) i,ii (d) 111,111

6. Consider the statement -

i) The spacing: between n energy level and ground state in SHO is hv F ’nm) L i 1% M ies
ii) The. degeneracy concept in SHO occur when we discuss amsot:mplc SHO. '
iii) :As we move towards h1gher v1brat10nal quantum number tunneling probability in SHO
decreases By ‘ ‘ : : :

The correct statements above are (a)i only (b)ii only (c) i iii only (d) 1,ii (e)i 11,111 (f) none

- 7. Cons1der the statements : n IDSt

)The spacing between the energy levels is howand there is a zero point energy at (1/2)jw. In
1900 Planck’s freatment: ‘of blackbody radlanon predlcted the same arrangement of energy
levels. -T o :

it} The spacing between energy levels of an oscillator with a large force constant k is hlghe than
spacing between energy levels of an ‘oscillator with a small force constant k. 7 y
ii1)y2p-1 and Yo, are elgnﬁmctmn of. };a but \[fsz and \ggpy are not eignfunction of L,. T

6e)none

L K
"
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T

Gz v - E=RY T
e( ° 2. WWW.ChemietryABC.com
Eo = 2?‘(3: 16.718
2. <

K= UrmFev u

he strongest infrared band of C!%0 occurs at- 2143.cm” ! the force constant of 2C'0 s
(a)2155N/m (b) 1855 N/m (c) 1658 N/m (d) 2056 N/m

9 fill in the blanks "
i)The term degeneracy is applicable to the elgenvalue of any operator not Just the'. HWPUWM/M ‘
5 11)The function v, is zero in, . 7‘-? .plane.. ‘

ii)If the harmonic oscillator wavefunctiony,is an even function than Yoty IS an oddfunction.
iv)The n=10 harmonic oscillator has .. 19....... nodes A ' {
v) For n=1 harmonic oscillatar, the most likely position of particle is at...............
vi) The IR spectrum of H35(31 has its strongest band at 8.65x10"* Hz the approximate zero point
vibrational energy for "H**Cl is ....... 1- o Ly cexig84 x g 4503 {
100ut of py, ,py anrbltal of hydrogen atom whlch of the following is an e1gnfunct10n of
Lz
(a)o/’ nly p, is the elgnﬁmtlon {(b) only px (c) px and Py (d) all o 5T «H)
11 1.Consider the statements B
i) The energy ofa rotatmg particle is 285%I the degeneracy corresponding to this energy level is o \
ii) The probability correspondmg to J=0 state is 0.1, probablhty corresponding to J= l state is 0.6 |
and probability corresponding to J=2 state is 0.3 then average value of energy is 3 B. T ' a
iii) The value of magnetlc quantum number of Px orbltal is +1 19 , _ {
.12.Consider the statement
1)The wavefunctions correspondmg to hydrogemc atom are real function when m—-O ,and
complex function 0therw1se’f , #cz Dé?l) 4‘@&;
ii)The probability of ﬁndlng the eletron in 1s state outmde a sphere of radius 3ag is 0.062. re I
iii)In rigid rotor potential energy is taken is zero because:no hindrance in rotation. “T . ‘
The correct statement above are i '

{
- (@i (b) ib,iid () 1,iii (d) i,iiiil (e)none -
' _ uppose that the waveﬁmctmn for a system can be written as o ‘
N = (1270, (9 + (VADa(x) + G120 4, (x) then | | |
(1) The function v is not normalised beeause imaginary part is present. F N o ‘ |
(ii) Function v is not normalized but can be normalize. =

(i) Function y is normalized. If the energy corresponding to state @, (x) , 9 (x) and O, (x) is
. E1 , 3 E; and 7E; then the energy correspondmg to qtdte <I)3 x)is TEy/ 1 6

.....

14.A hydrogenic 3 p orbital has the foﬂowmg form of the radial wave function (04 = constant)
@ wn) e ©) e (€)) r(oe) (as1) € (@) 7 e *
{3

onstder the statements
.1JThere are. exactly 21+1 different wavefunctiony,) , for each By 1 .
“."u) There are exactly 1(1+1) different wavefunctiony, ; ; for each Eq 1 m
ii)E, ;mdoes not depend on 1 and m for the Coulomb potential.

/}\L C@’)’Y‘.‘;{’/ﬁ Aﬁ;ﬂjry}e«f QEMQ’W (‘U’f ’” Lé)(_ H}) {Q)*" “) /(of)a(,,hs}
' C W T . - (e} ,M\Q" @)V WU\'J‘? @3 ” M(‘? ‘

-

Pooe o e
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IH = H’ = Ax
oef’= [y 4x WndT
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= A <27

= A4
2
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DPP 11 Quantum Chemlstry

“ 1. The firstzorder gort Stion: to energy for the. ground state of a particle-in-a-box: (0 toL)duetoa.
- perfurbation Ax-would be (93’ ALE/2{b): AL(c) . 2AL (d).2 = CSIR MODEL PAPER -

2. A-particle in a one dimensional harmonic oscillator in x-direction is perturbed by a potential
Ax (X is a number ). The ﬁrst—order correction to the energy of the ground state CSIR June

(a)1s zero (b) is negative (c) is posmve (d) may be negative or positive but NOT zero.

3 A particle is confined to move in a 1D box of length L, the left half of the box is perturbed by
V1 and right half of the box is perturbed by Vi/2, First order correction to the ground state

energy ¢ because of pcrturbatlon is pHVsics

6A hydrcgen atom is in an electric field of strenéth.€ The Hamiltonian operator for this system
1s as given H=' -(lj /Zme) A2 —(62/491:60 1) + e€xcos 0, The first order correction to ground state
e ydrogen atom is (a) €n (b) €n/2 (c) €. (ﬂj/() €none e.€ ALAD

thie gtatements \}, % e

, fHamﬂtoman when we take pertur bed part of function into consideration. F:
"value of ﬁrst order ‘energy correctlon because of perturbation becomes zero then

Correct_statements above are
:11) a,b c (W)/b only (v) aonly (v1) non¢

o order correctmn to the energy i,

(a)P ) P/n: (¢) PHan? (5 0 o

‘perturbed Simple harmonic oscillator by odd power of x then first order and second

order energy ‘correction bécomes equal to - Zexn

a)Constant (b) zero (¢) nonzero (d) can not calculate

10 Particle aconﬁned to move in a 1D box of length ~L to +L, the system is perturbed by b(awx)

then first order correction to the ground state energy is . }4....Gate phys

11. A one-dimensional box potential is perturbed so that it is raised by a constant amount, §, in

the left half of the box, and lowered by & in the right half then first order correction in energy

.. {8)Zero in ground. state because 1t is symmetric but non zero in first excited state because itis
antisymmetric. . ‘ -

. (b)Non zero in ground state because 1t 1s symmeinf' but zero in first exuted state because itis

antlsymmemc (c) Zero in both ground and first excited state , B ‘

(d) non—zpro mboth ground and first excited stafe
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" QI2. Consider the statement

o operatorcalculated usmg the wavefunction of the perturbed system SR
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(a) first-order correctron to the energy is the expectauonvalue for the pernlrbatron

(b) Particle is confined to move in 1D box of length Lbox is perturbed by amount Ax” first order
correction to the energy is AL%/3. F
__,(&\:When perturbative correction is applied on the ground state, the seeond order correction to
energy is always positive
The correct statements above are (a) 1,2 (b) 2,3 () 1,3 (d) all (e)none :
Q13 Using first~order perturbation theory, ealculate the energy of the nth excrted state for a
spinless : e
particle of mass 2 moving in an infinite potentral well of 1ength 2L, with walls at x= 0 and x =
 2L: V=0 inside the box and V. is infinite elsewhere Whrch 1s modlﬁed at the bottom by the
e followmg perturbatlon Vp =h VOS (x—L)

Ql4. Determme the first order correctlon to the energy 'ﬂ ground state from the followmg
figure(discussed in the class) i ;
Q15. CalcuIate the ﬁrst order correction to energy for apartrcle 111 a l—D box of length a wrth the
potentral V=2x/a inside the box and V.=cooutside. © < o )

Q 16. Consider the:one-particle, 1D sys‘fem with powntr ' energy V h2/ mlz for l/4 <x< 3l/4,
V=0 for 0<x<l/4 and ﬂ)éx??)lﬂl What result do you expect‘ (to ﬂrst order) if the potenual RYml*is -
treated as a perturbation. - o

QI7A partrcle is confined to movein 1:D box of length ‘ O is msrde half of fhe wavelength

,v=0.1 E,"in the other half and V= infinite other wise. Where E{° is the ground state energy.

Q 18.A particle is confined to move in 1 D box of lexigth 2a. f(—a<x<a) if the system is perturbed mz2
by V=5{x-(a/2)} then first oder energy ‘correction to ﬁrst e _crted srate is . _/ Gate Chem ==

Q 19 When we operate perturbed part of ‘i[amﬂtemaﬁ Hi=l Cos & on roatating pamcle Than
first order correction to the m™ state of energy is ,f‘.,:. RN €3 VT (211:) V2o for rotatmg
particle inm state) - Gate Chem . -

Q20. A particle is confined to move in 1.D box of length I ;:if system is perturbed by 8{x—(1/2)} w

Then first order energy correction to the ground state is E.'g?’“‘ '.9/1__ .CSIR CHEM - |
Q21 A particle in a 1D harmonic oscillator i mx directio perturbed by a potential Ax (A is a- ’
number) . The first order correction to the energy of the g):ound state is CSIR CHEM

apfszero . - : b) is negative .
c)is positive - d) may be negative ,posrtrve but not zero

~ 22.Consider an infinite, one-dimensional potentral well of length L, with walls at x= 0 and x =L,
that is modified at the bottom by a pérfﬂrbation Vp(x) "
Ve
. Bex<l, NER BSx‘_ﬁLﬂ, e
Vo= { 20, alse\xherc, ?Pm:[ﬂ e.mirae, N P
* Using first order perturbatron theory Fmd the value of B |

23 First order perturbation correction AEE to the energy level E, ofa simple harmonic oscrllator
“due'to- anharmomcri:v perturbatron 'yx 18 gwen by SR Gate. Chem

DAEI=y DMEJ=P  oMml=y  W'=0
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DPP 12 Quantuim Mechanics

‘An unperturbed 2 level system has energy eign value E; and E, and has energy
, elgnfunctlon[l] and( 0 ] when perturbed its Hamiltonian is represented by jl ;2

i) The first order correctlon toEris(a)4A (b)2A (c)A (d)0
~ ii)The second order correction to energy El is (a) O(b)A(c)A /Ez-El (d) A™ /E,-E,

iii)The first order correction to the wavefunction is
0 *
@lar—p1] O @2 @i

Q2.Consider a particle in a one dlmensmnal box of length “a’ with the following potential
V(x) = x<0 : ' Dec CSIR

V(x) = w@ w(x) V, a2 <x<a

Starting with the standard particle in a box Hamiltonian as the zeroth order Hamiltonian
and the potential of V; from ‘a/2’ to ‘a’ as a perturbation, the first-order energy correction
to the ground state is ‘

@V G4 ©-V @V

Q3. The unperturbed energy levels'of a. system are €5=0, €; = 2 and €=4. The second order
correction to energy for the ground state in presence of the perturbatlon V for which Vi3 =
2, V=4 and Vlz = 6 has been found fo be © June CSIR

@6 (0 (c)+6 ‘@m

Q4. For non-degenerate perturbation theory for ground state, with E (0) as zeroth order energy,

E (0)‘ as the first-order perturbation correction and Eop as the exact energy, which of the

following is true? | " | . Dec2011 CSIR

() (E (2) +E ((1))) is always equal to Ey (b) (E(g) ’-E—“E(;)) <E - o

"a/(g(o) + E(l) > Ey) @ E(O) < (E, < 5(1)
Q5. The followmg areethe three statements about perturbatlon theory June CSIR
(A) Secox}d order perturbatlon correction to the ground state energy is ALWAYS
negative. 'f N
(B) Sum of the zeroth order and the first order corrections to the ground state energy is
of q\mjjo uUx0 m- reater than the exact ground state energy. T

(C) Sum of the zeroth order and first order correction to the ground state energy is less
than the exact state energy. F

~f

\ From the following which one is correct?
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(a) Only A is true 4 (b)’gc')thA and B are true
(c) Only Cistrue - (d)BothB and C are true

Qﬁz A particle in a 1 dlmcnsmnal box of length L is pertu;rbed by a delta function potentlal o(x
- L/4) in the middle of the box. The first order energy. correction to the ground state will be

[Hint: f (x)6(x — a)dx = f(a)]
oo
(2) 0 (571 () L2 - (d)2/L
Q;An eigenstgte of energy satisﬁgs Hy, = Eay,. In the presence of and extra constant pbtential
V. - ~ Jupe CSIR
a)Both E, and y, will change b)Both E,, and the average kinetic energy wﬂl change.
‘caﬁnly E,1 will, but not Ya d)Only Va will change but not E,,

Q8 A particle is in a one-dimensional box with a potentlal V=0 msule the box and infinite -
outside. An energy state correspondmg ton =0 (u quantum number) is not allowed
because CSIR

a)The total energy becomes zero b)The avér:;ge moiientum becomes zero
&‘«)’f he wave ﬁlnction beconies ZETo .everyw’héré d)The pofential Vo=0

Q9 A hydrogen atom is in an electric field of strength € 'I‘he Hamﬂtoman operator for this system is as
given H= (b /2m,) A’ (e%/4n€, 1) + eCrcos 0 The second order correction to ground state energy of
hydrogen atom (till 4 term} is ............ :

Q 10:A particle is confined to move in 1/D-box of length L V-O is msuie half of the wavelength ,V=0.1
'E,¥ in the other half and V= infinite other wise. Where E.® is the ground state energy. Find the first order
" and second order energy correction {till 2-term- ) in perturbatlon theory And write also the wavefunction
correspondlng to second order. pexturbatlon e T

.A particle in a 1-dimensional box of length L is perturbed as given in figure the first order
correction i ground state energy is :

(ﬁgure' should be \giv'cn in the class)

AV b) VL c)fV/zL d) None ‘

@Conszder the statements ‘
i) Variational method does not reqmre the knowledge of s1mplcr Hamﬂtoman which solution is known L
exactly. e ‘

o 11)Tnalwa\reﬁmctlon in variational principle should takén mto ;account all the physwal property of that e
states for which function is taken as trial wave function. : ”

ifiyVariational parameter are adjustable i in nature Jthat is used to minimize the enegy that is calculated by -
trial wave function.
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i 3 ~ DPP 13 QUANTUM CHEMISTRY - * e"
1%
— 0 s ¢ m o <me4&(%>
5’3—5: 1.The first order correction in the function in perturbatlon theory for nth state is . 5. Ceveeiene €%~ Em

2.The wave function for a 1D SHO is yo = (06%/1)*> €™**? for the ground state , perturbed by By
ﬁ: (ox/10)* .the first order change in ground state energy is Gate Physics
o 4 -4 4 4
< (@) (Ed)10 (Y BEy4)10 (c) BEQ)107  (d) (Eo)10
, [0‘ %= 3.A certain 2-level system has statlonary state energies E; and E; (E;<E;) and with normalized
3 7 wave functions @; and ¢, respectively. In the presence of a perturbation , the second-order
=G

‘ﬂ____{, correction to the energy for the first state will be CSIR Chem
5 L (ealvien 5 {exies
- BBy -
Kes 17 io)f KeralVigpa}
us By Ex 4 {Ey~E2)*

4. Calculate the variational energy of a partlcle in a hard 0ne-d1mensmna1 box of length a, using
. .the variation function ¢(x) = Ax(a — x). 7 ewwox in en w?‘a‘
5.Consider the statement
i)Variational principle is valid for ground state only. F
i) If the variational function is orthogonal to exact solutions'to the Schrodinger equation that”
- correspond to allthe states of lower energy than the state we are 1nterested m the variational

@ principle i mlid. —» Guolition thad Variadhion prineiple appliesl 4o otiury Alades,

iii) Th epresents a special kind of variational method. The trial function @ is
represented as a linear combinatiog of the known basis functions {yi} w1th the (for the moment)
unknown variational coefficients. .

The correct statements above are

a)i,ii bYTLiil ¢)i,ii,iii d)iiii €)i only

£) A trial function used in the variational method for the hydrogeﬁ atom had the form: y=

exp(—cir) +c2 exp(—1/2). From a variational procedure we obtained:

a)cl=c2=0; 87Tl =1,c2=0;¢)cl =0,c2=1;d)cl=1,c2=1.

7 In the Ritz method (M terms) we obtain approximate wave functions only for:

a) the ground state; b) the ground state and M excited states; &y¥ states; d) one electron

systems.

8. In a variational method, four.classes-of rial functions have been applied and the total energy
‘ computed The exact value of the energy is equal to —50.2 eV. Choose the best approximation to

 this value obtained in correct calculations:

‘5{—-48.2 eV; b)—50.5eV;c)—45.3 eV; d) —43.0eV. ,

9. In the Ritz method {® stands for the trial function, "H the Hamiltonian, E, the exact ground-

state energy, Wy the exact ground-state wave function,€ = ®H ®/_®|®) the trial function @ is

always a linear combination of:

a) orthongrmal functions; b) unknown functions to be found in the procedure c) eigenfunctions

of H; own functions

10Variationalmethod ® stands for the trial function, H the Hamiltonian, E the exact ground-

state energy, and g the exact ground-state wave function, £ = OH ®/O® If € = E,, this means

that;

¥ 0= 0; b) [OP= 1; 770 =0 ; d) yo= Eo

-:11. A trial waveﬁmctlon used in SHO €* was used and energy value was obtained &s

®2C/2m)+(mm2/8C) The minimum value of energy that was obtained by variational principle is -

-
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(-cffﬁwz ®Bo  ©hd4 (@206
- 12.Which of the vatiational functlon have. acceptablhty fora partlcle confined to move in 1D_

‘box oflength Lis (a) x (b) x* (e)"it (a-x)* (d) all are acceptable
13.A trial wave function for SHO was proposed i.e y=(Bx” — 1)e™ if the energy calculated by

this function is E tél:;ng»')xich of the below is correct |
(2)E >0.5 ho >2.5 b (€)E >3.5 ho (d) E>4.5 ho '
14.Assume that for a real system a real function is a linear combination of two orthonormal set of ‘ @

wavefunction Where the energy integrals are Hy; =-15, Hy, -H21—-1 Evaluate the. approximate
vilue of energy of real system and determine the coefficient of the expansion \p-C1 O, +C Dy

‘ onsider the statement Hyg= -3
i) energy calculated by perturbation theory may be higher or lower than exact value of energy.
ii) Huckel method is an assumption , in which 7t ,¢ part of the bonding in molecule can be : 1

separated.
111)Inhucke1 approx1mat10n all the over]ap in adj acent atom is considered as Zero. T

o ’3" A normahzed slater orbital for 1S orbltal in Hehum atom is Y% (1/7'{)0'5 Zest /ao)l'5 el g
: leads to- followmg encrgy E— 2/30[Zeﬁ—‘ (27/8)Zeff] Treat Zesr as a variational parameter

. calculate the min energy
: j]}By using trial wave function € the energy calculatea' by'variational principle is (nlj’/2m0)-(¢/4€4”)
, the value of variational parameter ¢ is ...... et And the minimum value of energy obtained

from vanatlonal pnncxple 18 cerieenianen

Lo e

‘he energy calculated for a multielectron atom using variational function is E=(a}’ f‘m) o’l
e value of variational parameter o is

(ia{ lj/2m (c) 2h/m (d) hm (e)none

nization potential of hydrogen atom is 13.6 eV. The first ionization potential of a .
assuming that energy of'its outer electron can be represented by H-atom like model
clear charge 1.84is . o Gate 2007 Chemistry
‘ISeV (©)'5.1 eV (d)29eV

nction used in SHO Bxe™? was used and energy value was obtamed as

md*/8p) The minimum value of B is

) v‘m_d)/’h c) me/h é) none of these Mew&
ements PR —
o

n (2-r)e™ is suitable for an electron in 2p orbital. i

‘more than one parameter can produce impressive result but price we

hy calculation. T

re a)i,il,iii b)ii,iii c)i,ii d)iii

nic waye function is given asr(a- r) " (¢ and P are constants). Thxs
S a) 25 3pc)4dd) 5t
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DPP-14 Quantum Mechanics

1. Consider the statements ‘

(a) 2p. and 2p, orbital have same radial part of function , but 2s Orbital has different radial part.
(b) The maximum angular node corresponding to ¢ in orbital of H atom which have the radial
part of function Pe™? is 2, The degeneracy corresponding to this function is 9.

(¢) The degeneracy correspondmg to energy of rotating particle with energy 56 B is 15 where B '
is rotational constant. :
which of the above statement is true (1)a,b(2) be (3) a,c (4) a,b,c (5)aonly (6) b only (’?)none

2Consider the statement
a)The first order correction to the ground state energy of SHO when itis governed by potential
energy 0.5x* (k+bx%) bx’ is 0.
b)The tunneling is more sensitive to the width of the barrier than the height of the barrier.
Inorrect statement of above are (1) a,b (2)b, (3)a only (4) none ‘
A quantum mechanical particle of mass m free to rotate on the s%xf ce of radius r is in the state
with enérgy 104*/mr*. The degeneracy of this state is £ 5 3 & 1T JAM 2010
220 B)10@5@D4 gz,q I\
4 A particle in 1D box (potential energy between to infinite outside) has the ground state energy
E=(0.125h%8ml%) The expectation value of: the above Hamiltonian with \y(x)—x(x-a) yields an
energy E; Usmg a linear combination of two even function x(x-a) and x %(x-a) , we obtain
variation minimum to the ground state energy as E; the relation between Ey E{ and E; is
a) Eg< E1<E2 b) Ey< E2<E1 C) Ey< Eﬁ<E2 d) E2< Eo<E;CSIR NETCH
5  For some one-electron system with 1=0,m=0 the function Nge® and N;(2-0)e” 2 refers
respectively to the ground state energy Eo and first excited state energy level E;. If a variation
wave function is N, (3—c)e yield an average energy E than it will satisfy CSIR NET CH
a) E>0 b) 0< E<B, c)E= E; d) Eo<E <E;
¢ The ground state energy of the aftractive delta potential V(x)=-bd(x) where b>0 , calculated“ '
with varational trial wave function y(x) = A cos (nx/2a) -a<x<ais CSIR NET PY
a) ~(mb%/mh?) b) S@mb¥eh?) ) —(mb*2m?h?) d) ~(mb¥4nth?)
7.For a particlé'in a box problem in (0,L) an approximate wave functlon is given as x (.5L-x)

- ~ (L-x) The average energy E for this state is CSIR NET CH

a) (h%/8ml*) <E<(h*2ml?) b) E>(*/2ml)
¢) (b*/4ml*) <E<(h’2mP) d) 0 <E<(b*/8ml%)
8. Two trial wave functions ¢;= ¢; x (a- x) and d =¢; x (@-X) + 2 X* (a- x) give ground state
energies E1 and E2, respectively, for the microscopic particle in a 1-D box by using the variation
method. If the exact ground state energy is Eo, the correct relationship between EO, E1 and E2 is
(A) E0 = E1 = E2 (B) EO< E1< E2 (C) E0O< E2<El (D) E0> E2=E1 IIT GATE
~gIf the perturbation H =ax is added to the infinite square potential V=0 for O<x<z and
=infinite otherwise The first order correction to the ground state energy is NET PHY,
a) aw2 byar c)ar/d  d)an2*° o
10 Write the principle of variationalprinciple .
11. An electron is in a state described by the wave function

-~
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Y=(1/41)"° (cosb+e’ ‘q’smG)R(r) Where 0 and @ are the correspondmg angle.
i)What are the possible value of Lz
ii)What is the probability of obtaining each of the value of Lz.

12 An leV electron got trapped inside the surface of the metél . If the potential barrier is 4 eV
and the width of the barrier is 2 A° calculate the probability of transmission.

13 Evaluate the most probable distance of the electron of hydrogen atom in its 2p state what is
the radial density at this distance.

14 The unperturbed wavefunction of a particle is trapped in a 1 D Box of length a, if the floor

of the box is raised by constant amount V then what is second order correction to the ground
state.

15-A particle of mass m confined to move in a potential V-O for O<x<a and V=infinite other

wise the wavefunction of the particle at time t=0 is ‘ ‘E‘Vh’

L
W(x,0) = A[2 sin(nx/a) + sin (31x/2)] | i W) ?
(a) Nomalise thewavefunction at t=0. (ii) find ¥(x,)

. ¥6. An electron is confined in the grbund state. of 1D SHO such that Ax=10"" m. assuming
<T>=<V> find the energy in electron volt required to excite it to first excited state .

_ +7At time t=0 the wavefunction ¥(r,0)=1/(10)"" [2y1,00 +¥210 +2)” Y211 +(3)**¥2,1,1] where
subscript are value of quantum number n,l,m" what is the expectation value of energy of the
system , what is the probability of ﬁnding the system with I=1 and m=1.

18 Consider the statements

1) Schrodnger equation for a quantum system is hnear differential of the type second order in
-~ space and sécond order in time.

ii)The expectation value of z coordinate in the ground state v=Ae™ is 0. CSIR NET PH

Correct statement is (a)i, (b) i, (c) i,ii (d) none
19 The root of detemunant in case of ethylene molecule in Huckel theory is

@oat+p,a-p G)a+ 2[3,&— B (c)a+2B,a-2p (d) o+ B,a-2p CSIRNET CH
20 .Consider the statement A
i) Coulomb integrals for all the carbon atoms are assumed to be identical CSIR NET CH

ii) On-diagonal elements incorporate the Coulomb integrals for each atom and Off-diagonal
elements consist of the resonance integrals;

iii) for an n-atom chain, in which each atom contributes one atomic orbital to the conjugated -
system, there will be n overlapping atomic orbitals giving rise to n molecular orbitals,

.....
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DPP 15 Quantum mechanics A &

1. The energy for a single electron excitation in cyclopropeneumcation according to Huckel

theory ,

@B (b)2p (er3p (d)4p CSIR NET |
2.The resonance integral for benzene in the Huckel model is -75 KJ/mole the energy required for
8 __—th transition from HOMO to LUMO and to the highest unoccupied MO respectively will be

(®150 and 225 KJ/mole (b) 75 and 150 K¥fmole (c) 150 and 300 KJ/mole (d) 75 and 225
KJl/mole IIT GATE

3 Simple Huckel Molecular Orbital TheoryCSIR NET
(a) consider electron electron repulsmn explicitly (b) distinguish cis butadiene and trans £
~ butadiene ~ ¥
&fdistinguishcis butadiene and cyclobutadlene (d) has dlfferent culomb mtegral for non E
_ equivalent carbon -
4. As per Huckeltheory T electron energy cf cyclobutadlene areIIT GATE
@a+2p,0+p a-Ba—2[3 (o + 28,0~ B a—B,a—ZB (e)ﬁ'+2[3a aa—ZB (@) a+ Ba— B a-Ba« B
2p
- 5.Consider the statement ' ?
i) Coulomb integrals for all the carbon atoms areassumed to'be 1dentlcal T : N
it} On-diagonal .elements incorporate the: Coulomb mtegrals for each atom and Off- dxagcndi
elemenits consist of the resonance integrals;-T"
iti) for an n-atom cham in which each atom contnbutes one atomlc orbital to the conjugated n--
system, there will ben overlapping atomic orb‘tals giving nse to n molecular orbitals. 'T'
Correct statement above are (a) i,ii (b) ii,iii ()i l,m (% i
6 The root of determinant in case of ethylene molecule in Huckel theery is CSIR NET
@o+ B.a-B (b)a+2p0-P (C) o +2B, (1-23 (d) a+B0-2p
7 consider the statement )
1)The concept of 7 bond formation energy is. dxﬁ'erent than delocahzatmn energy. T ..
if) The = bond formation energy in benzene-is 6p. F - e Gt B- ga( 38
1it) The delocalization energy for cyclobutadlene molecule is zero. 1T
- Correct statement above are (a) i,ii (b) ii,iii ('e)’i iii (d) all (e) none -
- 8. The electronic charge correspondmg to central carbon atom in allylcation is
@T 0512 @) noneCSIRNET ‘
9.Consider the statements ST
i)Huckel allow ts to determine the energies and waveﬁlnctlon for the = molecular orbltal w1thout
specifying the Hamiltonian operator T
ii) The delocalization energy of butadiene is c order of 65 kJ/mole . F

m)Compared with the 7 electron energy of three ethane molecule the delocalization energy in
benzeneis 3 f. ¥

T TEX X EFREY N RN N RN R =

10. Consider the statement

i) The delocalization energy corresponding to cyclobutadiene molecule is 0.472 B. F
it)The total & electron energy of naphthalene E, = 100 + 13.68 B delocalization energy of itis

SRCR-RR-N-N-N- N3

J 168 F |  setiglum vt )
o iti)Secular determinant simplifies if the trial wave function is the linear combination of
s etthonormal function. T ~

.

O

O
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The correct statements above are (a) i,ii (b) ii,iii (c) i,iii (d) i, ii iii

11. In case of Huckel molecular orbital treatment of benzeneg /

{)The total 7 electronic charge on'nth carbon atom to be So we see that @ electron are

uniformly distributed around the benzene ring. R

ii) From the bond order (P=2/3) calculatnon in benzene we find that all bond are equivalent. T
' 111) If p=-75 kl/mole then benzene is stabilized by about 150 kJ/mole. T

.....

e e e e

~ 12.Consider the statement |
The delocalization energy for allylcation, allyl anion and allyl radlcal are same but stability for

 all these species differ, so Huckel method can not explain the- stablhty order of these species. F (Bf:ff_)

_if) If the energy of two electron one in each side of two isolated non mteractmg 2p, atomic -

bital is 20 then net gain in energyr on. the formatlon of ethylene system is2B. T i+ 37 2

u)The ground state of cyclobuta" 'ene isa tnplet state biradiacal. = : \

The correct statement above are (a) 1,11 (b)" 1L,iii (¢} i i,iii (d) i,i, 111 (e)nen
130 C0n31der the statement -

\t”-

15 Consuier the Statement s« N . 79&'"0/ €
iYHuckel molecular orbltal theory is based on’ o-T seperablhty “r , ,
- ii)The value of resonance energy generally remain in the form of resonance 1ntegral T
iii)The approximation of considering overlap mtegral zero in Huckel molecular orbital theory is
abad approximation. Su =1 51 2 €0-25 Sy3< 4,_23.,..-;
The correct statement above are (a) i,ii (b) i, iii (c)i,iii (#all (e)none
16.The bond order between first and second carbon atom in allyl radical is :
17 The energy requlred for the transition from homo to lumo in ethylene moleculeis .50 KT/npale.
18 The energy level correspondmg to methylene@imine if ap=c+0.5 B is o LR 8
19 The energy level corresponding to allylcation igas ..o X~ 08.78 5

CH, =NH

e
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DPP 18
1.Consider the statement
(i) For one spin system there are two spin state ,for two spin system there are four spin
‘wavefunction. T~
(ii) oy o and B B, are symmetric wave function whereas o, B, and Bi oy are antisymmetric in
nature with respect to spin exchange operator. ¥
(iii) In triplet state the function correspondmg to ms= 0 does not exist. F
The true statements above are (a) i,ii (b) i,iii (c) ii,iii (d) i,ii,iii ¢Tonly (f) ii only (g) iii only
2 Consider the statement
(i)The spin operators satisfy the same general equatlons that we dcveloped for the angular
momentum operators. “T
(ii)The value of commutator [S,, S} is —(h/2a)S. F
(iii) nonnahzaaon constant of an N x N Slater determinant of orthonormal spin orbitals is
UNSF
3 Considerthe statement
(i) when we operate the operator S? on state a; a; then eigenvalue is 0. F .
(i) The spin angular momentum operator ig generally represented by pauli spin matrix. 'T'
(iii) For being total finction antisymmetric if § space part is symmetric then spin part. may be
symmetric may be ant symmetric. £ :
The true statement above are (a) i, n (b) i,iii (c)di,iii (d) i,id,iii (af only (t) ii only (g) iii only
4 Consider the statement. 8 (St 1S9/ ng,.)
(i) only the magnitude of the spin angular momentum and one of its components can be known
simultaneously. F '
(ii)Pauli exclusion principle reqmres that each orbital have a maximum occupancy of two
electrons may be explained by Slater determinant. T
(iii)The two electron with same spm m a state have Ze10 probablhty ’T

.....

5.In certain axis of quantization z compon spin anguiar momenfum have the following
representation ‘ - Sum*) “‘EC&A‘P\‘* M P

: bl g
Sz=5f e o what would be the{trace)of the matrix S,” is =Y zs s
0o e:; ()05 B)15 ®&2F (d)none of the above d
6 2 —

A randomydistribution of error obey the Gaussian form as (A/m)™ ¢*? | The mean and @MSS?&/,V

standard deviation of thxs distribution obeys
(a)<x>=0 ,0,=1/ (A) 1))<x>#0 ,0,= 1/ (A" (©))<x>=0 , o, = (A (d)

¥<x>=0 ox = (A)
7. Fill in the blanks
i)The wave function corresponding to helium atom including SPILES veveeniieeinnnnrnnns
ii)Normalisation constant corresponding to lithium atom in slater determinant is
iii) The NxN slater determinant may be written as ................
iv) percent ionic character may be obtained by parameter A as .........., A ’ onie
v)In MOT the covalent term and ionic corresponding fo two atom two ef‘ectron system may
bewrntten as ..ococoevveeicaes i (
vi) The spin angular momentum operator in z direction in form of pauli matrix is . Sz= ‘L 1 fz
vii) When we operate S, operator on a spin then corresponding eign value i

............

2

............. ~f

Download all notes by clicking here- WWW.chemistr'yABC.com



http://www.chemistryABC.com
http://www.chemistryABC.com

[~ I R N NP


http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com
http://www.chemistryABC.com

www.chemistryABC.com

DPP 17 Regular Batch
1. Consider the statements : ] v
(i) Overlapping Sa, can have value between zero and ene. In order to have a chemical bond it is
necessary that S;> 0. T
(ii) The bonding orbital change 31gn 6n inversion in py and py, orbital so it is ungerade and
antibonding orbital remain same on inversion so it is gerade. T -
(iii) Bonding orbital show a build up a electron density in an internuclear region while
antibonding orbital show a decrease of electron density in intemuclear region. T~
Correct statements above are (a) 1 ,ii (b) ii iii (c) i,ii ,iii (d) none
2.Consider the statement
()In the case of bonding orbital of HF molecule N(Cyy; + Cay, ) Ci<< Cs T
(ii) Photoelectron spectra generally support the existence of molecular orbital. T~
(iif)For Hetroatomic molecule higher atomic orbital contribute more to antibonding MO and
lower atomic orbital contribute to bonding. T
Correct statement above are (a) i,ii (b) i ,iii (¢} i,ii ,iii (d) none .
3.Consider the statement
@) Virial theorem apply to atom and molecule descnbed by cither by exact waveﬁmctlon or by
approximate wavefunction. T
(11) Orbitals are conserved and generally Qrobablhgg amplitude can be positive or negative, T’
(iii) Size and energy of any atomic orbital are generally determined by quantum number n, and
both play a crucial role in deteﬁmmng the 51gmﬁcant interaction between AO. 'T

.....

4. Consider the statements

(i) The sign of the wave function does not mdlcate anything about charge. T

(ii)In a 2p orbital, it is just'as probable 10 find electron density in the negative lobe as it
is to find electron density in the positivedobe. T

~ (iii)A molecular orbital cannot hold more than two electrons. T
" Correct statements above are (@) i,1i (b) ii,iii (c) i,ii,iii (d) none
5. Consider the statements

(i)An antibonding molecular orbital. (designated with an *) occurs when the electron

density of the orbital is concentrated in regions of space ¢ outside the area between the

atomic nuclei T

(ii)rotating sigma bond does not decrease the overlap of the orbitals involved T )
(iii)pi bonds cannot rotate around the bond axis. T {u&f-‘a'pl'
- The true statement above are (a) i,ii (b) ii,iii (e)41i,iii (d) none oY

6 Consider the statements

()For bonding MO $,,>0 , for antibonding Sg<0.. T ‘6
(i)Bonding and antibonding molecular orbital are orthogonal. T

(iii) The magnetic quantum number in molecular orbital is denoted by A, 1f A=0 the orbital
symmctncai with respect to reference axis. T .

‘Correct statements above are (a) i,ii (b) ii,iii (c) i 1,11 iii (d) none ' ___’\/——

7 Normalize. the molecular orbital y: in case of H," molecule if $=0.59. Q_L\&S:’

8 (I)BOQdMg molecular orbital leads to accumulation of electron density between the nuclei to
-minimize nucleus nucleus repulsion. (T/F) T

';Hz ‘the bond energy of Hj is greater. T

4

m\w\"ﬂ'

@*—*‘“@ -2 me
@f‘i@
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9.Consider the statements ’
(i) In VB theory, a bond forms when an electron in an atomic orbital on one atom pairs its
spin with that of an electron in an atomic orbital on another atom. "
(ii)ln MO theory the covalent and ionic term have equal weight. T
(iii) VBT asserts that electron pairs occupy directed orbitals delocalized on a particular atom 1T~
The true statements above are (a) i,ii (b)iiiii (¢)iiii (d)all (e)none Y g mocudic
10. Consider the statements
(i) According to the Pauli exclusion principle when electron g nged ¥ must change sign
¥(12) ="¥eh. T
(i)For the molecule to be stable AE,;y< 0 , AEyqic<0 AEpolentlal<0 F
(iii) Slater determinants are used to express wave: functions of many electron systems, and by
“many electron we mean more than one electron T~ -
Correct statements above are (a)Lii (b) ii,iii (c) Liii (d) all € none
11.Consider the statements ¢ :
(i) wavefunctiondecibing many electrom system must change sign under the exchange of any
two electron 7 (o~ &ﬂfﬂm‘-
(i))The integral Hy; represents the binding energy of the electron in the 1s:state to nucleus 1 T
(iiiyoverlap of the orbitals becomes 0 when the atoms are separated by-an infinite distance. T
The true statement above are (a)i,ii (b) ii,iii. (c) i,ii (dail (e).none
12 Consider the statement
(@) H2 molecule the two electrons reside in the lcg molecular orbital and the conﬁguratlon is
(log) T

(11)A purely covalent structure with equal sharing of the bonding electron pair would result in a dipole
‘moment of 0 for the molecule. T
* (iii)for most heteromiclear diatomic molecules and Wwrite the wave ﬁmcnon as. \;fmolecule—

ycovalent+ Ayionic. T :

The correct statements above are (a)l,u (b) ii, ki (c) i,iii (#rall (e) none

i

13 For a molecule X7, ymolecule= wcovalent+0.50qtionic Calculate the percent ionic character

of the X~Y bond. ) 3 A%
14 Consider the statement d=0:Se Td2 X(UO
(1) Ionic term dominate in molecular orbital methos so we need correction in theory T

(nIf the electron in the HF molecule is described by y = 0.34 ®ys) + 0.84 Dy, then

,pr{)bablbﬂlt}*’ of finding the electron on H atom is 21 %.

(iii)n the VB model the molecular wavefunction are generated from AO whereas in in MO
model the molecular wave function are generated from MO , which are linear combination of
AO. T : :

Correct statement 1s (a)1 ii (b) i, m (c) 1,iii (d) all (e} none -

15 Consider the statement ’(omou‘b‘?/

(1) the energy of the MO that has form qr‘C,xpﬁszpz m-phase atomic;orbital is lower than that
of lower lying orbital by AE..

(@i)The energy sphttmg AE,.+AE. always increase with overlapping mtegral T

(iii)The negative of « is generally considered the ionization energy —1" =
Correct statement is (a)i,ii (b) iiiii (c) L,iii (d) all (¢) none '

16 Normalization constant for [@,(1)Dy(2) +@,(2)@y(1)] for a homonuclear diatomic molecu}e
according to valence bond theory if $=0.59.

1 ~
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