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PHILOSPHY OF QUANTUM MECHANICS 

The behavioral sti.ldyofmatterwhenit is in moti~n. Behavioral studymeanstodetermine the value ofdiff~rent 
observables such as position, momentum, kinetic energy, potential energy, total energy etc. If the study of 

•. matter is at macroscQpi5' ·sr-ale .then it comes under the study of clasmcal mechanics. Otherwise if it is at · 
microscopic scale then it comes under the study of quantum mechanics. 

Quantum mechanics is the study of describing, explaining and predicting behavior of matter at atomic and 
molecular level (fl!Wlf:lJHl meshaAics. It is the theory that d~cribes the dynamics of matter at microscopic seal~. 
fheory is based on several statement called postulates. These postulates are assumed not proven. It may seems 
difficult to understand the entire model of electron atom and molecule is based on assumptions but die reason is 
simple because the statements based on these assumptions leac) to prediction about atoms and molecules that 
agree with observation. With agreement between theory and experiment is so abundant, the unproven postulates 
and accepted and no longer questioned. The statement and equations based on _these postulates agree with 
experiment and so constitute an appropriate model fo~ the description of subat.omic matter, especially electrons. 

When we study the bahaviour-of matter at microscopic level or when Materials 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 (aluminum); solids tum into liquids at room temperature (gold); insulators becpme conductors 
(silicon) 
The Main idea 1s-

According to De Broglie every moving particle have wave nature. If mass is larg~, than it is difficult to. 
associate wave nature in heavier particle .. But if mass is s_rriaU than it is, very easy. to observe wave 
properties if electron h.as the wave properties then there must be a wave function to describe the 
electron wave just as wave oflight, sour:id and strings are'described. This wave equation was purposed 
by Scluodinger and the role of this Schrodinger equation is analogous to that of Newton law in 
classical mechanics. The solution of wave equation is wave functioit So behavior of electron may be 

· described by Wave function and it contains within it all possible information that can beJcnown about 
the system. Wave function are not arbitrary mathematically wave functions but must satisfy certain 
simple conditions like as they must be continuous. 

QUANTUM MECHANJCS 
Quantum mechanics is the theory that describe 
dynamics of matter at microsco ic scale 
It is invisible world 

Theory is based on assumptions called 
postulates. These- postulates are unproven but 
accepted and no longer questioned. 
Eg. De Broglie and Schrodinger e uation 
Observables can be determined by using 
interplay of wave function determined by wave 
equation and the operator defined for every 
o_bservable is core area of studying quantum 

· mechanics. 

CLASSICAL MECHANICS 
Classical mechanics is the study of matter at 
macroscopic scale 
It is visible world. 
Classical theory is well packaged theory 
Eg. Newton's mechanics Maxwell's 
electrodynamics Einstein's relativity 

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 

J.-'fhe value of A2 [if A= x-(d/dx)] is 

a)x2 + (d2/dx.2)-2x(d/dx) (tif(d2/dx2)-2x(d/dx)+x2 -1 

(c)-(d2/dx2)-2x(d/dx)+x2 -1 · (d) x2 + (d2/dx2) ~ 2x(d/dx)+ 1 

flhe value of commutator (x3 
, Px) is equal to . 

~ ~x2 (b) _ 3ih x2 ( c) hx_ ( d) 
2
h. x2 

2rci 2n 2m m 

GATE2010 

;..-, Which of the following pairs of operator commute GATE 2006 

a)x and (d/dx) ~dx) and (d2 /dx2)+2(d/dx)(f)x2 (d/dx) and (ct2/dx2) @x3and (d/dx) 

~e value of commutator (x,Hx) is 

s,-{fi2141t2m)(cf/dx~(Q) (h2/8,i2m)(d8/dx"_} ~(h2/4n:2m)(dD/dx1) @ -(h2/81t21n)(d1/dx4
) 

iS--1."he commutator of kinetic energy operator T x and--the momentum operator Px for the one. 
dimensional case is CSJR JUNE 2014 

(a) (ih/2n) (b) (ih/2n) (d/dx) efo (d) (ih/2n)x 

'6:-'The value of commutator (x2,p/ ) is equal to 

(a) (ih/2n)(XPx +pxx) ~h/11:) (XPx +pxx) (c) 0 (d) 2ih/n 

q,"' Consider the statement 

i)if A is linear operator then the value of [A J(x)]2 A2 f(x) ~ F 
~The value of commutator [x,(x,p/)] is equal to 0. f" 
iii)The multiplication of two linear operator is linear. i 

iv)Square root is not linear but square is a linear operator r° 
The correct statements above are (a) i and iii (b) ii and iv (c) i,ii,iii (arri'i only (e)I only 

•· 
. 8 Consider the statement 

: i)Theconunutator of d/dx with x is a unit operator "'f -

ii)Differentiation and integration operator are linear because for being a linear 
. A{C1f1(x) +C2f2(x)}=C1Af1(x)+C2Af2(x) is the condition 1 

iii)Linear operator always commute with any number. l 
The correct statement above are (a) I and ii (b) ii and iii W'i,ii,iii (d) none 

~ value of [x,py], [Px, py] respectively are (arbitrary fun~tion state function) 

~ (b) O,n~t zero (b) not zero ,0 ( d) not zero,not zero 

'1-6:fhe SQRT and SQR operator· 

· operator 
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~ommute with each other ~o not commute with each other ( c) can not determine 

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

a)All these 4 operators are Hermitian 

b)Only 3 0f these are Hermitian 

~ly 2 of these operators are Hermitian 
. , • I 

' : J 

d)Only 1 ofthese operators is Hermitian 

12)Identify which of the following operator is not HermitianCSIRJRFNET 

a)(h/2ni)(d/dx) ~(d2/dx2
) (c) d2/dx2 (d) x2 

13)The value of Qommutator [L.x, py}is 

(a)(ih/2n) (b)(ih/2n)x ~ih/2n) P.z. (d)0 

14)Thehermitian conjugate of d/dx is CSIRJRFNET 

ef-d/dx (b) d/dx (c) x (d) 0 

15)The degree of freedom which value depends on the volume of container is (MSQ) 

~ranslational (b) Rotational (c) vibrational (d) electronic 

16)Consider the statement 

I Hermitian operator always·cornmute to eac~ other. F 

iiHermitian operator have real eigenvalue always. 'T 

iiiEignfunction correspondingto hermitian operator are qrthogonal. f 
The correct statement above are ( a) i,ii (b) ii,iii ( c) I,iii (~ii only ( e )iii only ( f) none . 
17 Consider the statements 

(i) If A is hermHian Bis hermitian than (AB-l:1?A] is hermitian but [AB-BAJ is antihermitian. -r 
(ii) If A is hermitian B is hermitiai@A+BJ}s antihermitian and i[A-B] is hermitian. C?> r' 
(iii) The multiplication of two commutating hermitian is hermitian."i 

Which of the above statements is true (a),i (b)ii (c) i and ii~ and iii (d) i,ii,iii 

@uncertainty in the velocity <°f an eiectron if uncertainty in its position is 100 pm is 
........ m/sec 5. 2.S1,.to -M ls 

19. When we operate the operator ( d2 /dx2
) on co sax +sinax than eign value is ... . -:-:-a~-. 

20. when operator /dx is operated on 100e5
x then eign value is .. .5. ..... . 
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{t:cJ~ 
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C 
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DPP 2 Quantum Mechanics 

1 Consider the statements 
lXA+At) is hermitian and i(A-At) is hermitian . .., 

2)KxPxand Kx + Px is hermitian operator. T 
3)eax+b is an eign fu~ctioll.for an operator d/dx .. i 
The true statements above are W-,,2,3, (b) 2,3 {c) 1,2, '(d)2,3 (e)3 (f) 1 · 

2 Consider the statement 
1) lf'ljf 1 and \j/2 are the eignfunction of operator A with distinct eigenvalue than c1'\j/1 +c2'\j/2 is not 

an eign function of operator A. f 1' , Lx _ h'~ismi-nQ\1 L?t.l .f ~ Lx = H 
2)The operator Lx_Ly + LyLx is Hermitian operator. a L~- Ht.1,m;+foii, 0 
3)The operator [x,(x,H)] is-(h2/4n2m). 1 
The correct statement above are (a)l,2 (b) 2,3 (c) 1,3 (tiYf),3 

3.Consider the statements 

l)Any two eignfunction of hermitian operator that belongs to different eigenvalue are 

orthogonal. 1 
2)-i(d/dx) is hermitian operator. -f 
3) Commutating operator have common set of eignfunction.,

The correct statements above are (~,2,3 (b)2,3(G) 1,3, (d)3 only 
'5.{(-h2/8n2m)(d2/dx2

) +(h2a2x2)/2n2m}e-«x,. = ·c(h2/4n2)e-ax2 (h,n,a,m constant), value of C is 

(a)2a/m (b) a/2m (efa/m (d) a
2
/m HT JAM -2.x.1-

'6)!2 If an operator {(d2/dx2)-16x2
} is operated on an function e_2J-than corresponding e 

eigenvalue is a) -2 'ff-4 c)2 d) 4 e) none HT GATE 
?)The.kinetic energy corresponding to given function (1/L)05sin(nx/L) ( for.a particle in 1 D 

box oflength 2L (-L to +L) is 
'af(lj2n2/2ml2) (b) (lj2n2/ml2) (c) (1j2n2/4mi2) (d) (1}2n2/8ml2) (e)none 

'8)When the operator--0\2/-)(d2/dx2
) operates on a function e-ikx the result is 

~n2e-ikx b)ik2n2e"ikx c)ih2e-ikx . d) t?e-ikxHT GATE · . 

9)Consider the statement i:0g1ttding ,tJ)il» bt)t' \,e. 
l)Evefy,fonction used in quantum mechanics should be an eignfunction. f '° CJJ..Vt.\Jr be. _\\.\J-. co,fV\-. ' . c:):trJV\ p ~-

2) The function f=O is never allowed as eignfunction for a system. 'f ~~ ~ ~ 
3)All eignfunction of Hermitian operator must be real functions. r t<r Ge] =::..o 

The correct statements above are (a)l,2,3 (b)2,3(c) 1,3, (d)l,2 ~2.. 
10 )The value of [ x,px] is equaj..kr" 
~ (b) lj/i (@r-'ilj (\t)-lj/i 

11 )consider the statements regarding operator ACS IR CHEM 

IIT JAM2015 

i)The multiplication of operator A and its hermitianadjoint is always hermitiaµ. I 
ii) The multiplication of operator A and its hermitianadjoint is nothennitian F 
iii)AA1 +AtAishermitianbut)AA1 -AtAisantiliermitian F 
The correct statements above are (a)l,2,3 (b)2,3(c) 1,3, (d)l,2 ~ 

. ' 
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12) If operator A=-(d/dx)+x then CSIR 
a) A is hermitian b) A is anti hennitian \ef"AA t_js hermitian d) AAt is anti hermitian 

~nsider the statements ' 
_L The normalization constant for function eim+of a rotating particle is 1/(2n)5

. -r 
].. The normalized wave function is dimensionless.' T 
3.The probability of finding particle in I D box oflength L between the limit Oto L/3 in first 

excited state is 33%. f 
The true st~tements above are (~,2 (b) 1,2,3 (c) 1,3 (d) 1 only (e) 2 only (f) 3·~mly 
1-.t:e~msider the statements . ·. . . · · . 

J.. The normalization constant for a wave functidn sinnx between the limit O to 1 is (2)'5. '\ 
2.The average value of momentum is O 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/21. -r 
True statements above are (a) 1,2 (b) 2,3 (c) 1,3 (d) 1,2,3 (e)l only (f) 2 only (e)3 only 
15.Consider the statements 

I .Larger the region of the box larger the uncertainty of finding the.particle in the region. 

2.The value of commutator [Ly,pz]=(ih(21t)px: 1' 
3.The average value of (momentum}2for a particle in 1 d box oflength 1 is n2h2/4i2.1"" 
Correct statements above are (a)l,2 (b) 2,3 (~)1,2,3 (d) 1 pnly (e)2 only (f) 3 only

1 

16. Consider the statement 

l .If a Junction is normalized at t=q it would be normalized at every time."\ 
2.For stationary state the probability density is iildependent of time bu! function is dependent on 
time:-f · 

3 The complex conjugate and Hennitianadjoint of momentum operator give the same value. f 
True statements above are (SJl,2 (b) 2,3 (c) 1,3 (d) 1,2,3 (e)l only(f) 2 only(g) 3 only 
l 7Consider the statements 

1. The uncertainty in kinetic energy for a particle in 1 d box of length is ~ero.--f 
. . . " . 

2.The particle of massm is confined to move in a ld box of length 2 nm the uncertainity in 

position in ground state is.independent of mass. '1 · 
3, The particle in 1 D box 6f length 1 have orthonormal set of wavefunction is orthonormal. 1.' 
T~e statements above ate (a) 1,2 (b) 2,3 (c) 1,3 (afl,2,3 (e) all (f) none (g) I (h) 2 

1 S-For the_p~icle in a box probl~m in (O,L) , the value of <x3> in.the n-.co would be 

a)L3/6 ;) L3/3 . -~4 (d) L~/4 CSIRJRFNET 

l 9)The angular momentum operator Ly would be CSIRJRFNET 

a)(-h/2ni) (yd/dz - z d/dy) ~h/2xi (zd/dx -x d/dz) (c)-ih/2m (d/dx) (d) none_ 
I 

2.!Vfhe operator S± :±::: Sx ± iSy Where Sx and Sy are components of spin angular momentum 
operator The commutator [Sz ,S_] is 

--! 

(a) hS+/21t (b) hSJ2n . (c)~hS+l21t (d1'-hSJ2n (e)none 
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@ (i) ftl}~ (/l ,l 
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(_w.) [11tl + 11+11Jf ;=, f! 11t/,- (ttll}t 
::: lf1+ J t-" ,- + ,r'{~1 f I,
::::. 11 II+ + ,r,.. A 

i . 
• i 

t"f _ 1Jf 11( :: (!!ff/-: (11?1)" 

~ 1111f:.- ... ~ 11+11 

{ 111' "' . .i + ?L -7 Ml+ h.u.Jn iHa,,, 
I . oli.. . 

t . t 
(-i+x)( i~+~ ·~ (-t+1 {J-./1/ 

Sz." "1 
s_-: s~- rs, 

[ S2., Sx..- ts.uJ' 
[.sz,s,J-[ s2 ,-ts1] 

, iii~ - i l -ihfa] 
i '1 Sif -r lhSX; 

ij 
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j If'* 4 f/lc/T,, =- j '-F Q~ ff'?r cir: 

Nol'I-d"'t'-rnk ~ fmdi'(IJ// OJ~fdl'/CU_•.,, -k, /1,«mrh"'am o~ 

a;e orlttlo ry,aj 
A cp, -:: Q, 4', ~ t- lP:.. 

"It A4',.:: at.P, ti, L 4J :2-
.., 
fl 4',. ::.: q l./J2- airt!. o1,-e.11~irate. 

1Jorrcb°Ol1, 

~a- r - [ I 1 l 
t,x. r:, r:z. 

H 4' p,<.. : G 4' P-''-

H '{P~ ~ r;, q, P'f 

H Ill f,z. <- G ~ p-z-
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···· • 
t 
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'1 
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·,11 
.ii 

l .: 
• DPP 3 Quantum Mechanics 

z. If an operator { ( d2 /dx2)-16x2
} is operated on an function e-2x1--than correspo~ding ~ig~value is 

a) -2 b) -4 c)2 cl14, e) none GATE EXAM 
1 When the operator-(li2/2m)(d2/dx2

) operates on a function e-ikx the result is 
~e-ikx b)i ~e-ikx c)~· 2 -ikx d) n.2~-ikxllT (;ATE . ·. 

2.M . .2.JII\ . lM 
J_ Consider the statements regar ng operator A CSIR CHEM 
i)The multiplication of operator A and its hermitian adjoint is always hermitian. '1' 
ii) The multiplication of operator A and its hermitian adjoint is not hermitian y 
iii) AAt + AtA is hermitian but) AAt - A 1A is anti hermitian(, 

The correct statements above are (a)l,2,3 (b)2,3(c) 1,3, (d)l,2 ~ 
1:.. The angular momentum operator Ly would be CSIRJRFNET 
a,(-h/2:n:i) (yd/dz - z d/dy) (b) h/2:n:i (zd/dx -x d/dz) (c)-ih/2m (d/dx) (d) none 

ff.. The operator S= = Sx ± iSy Where Sx and Sy are components of spin angular mo,mentum 
operator The commutator [Sz ,S_] is 

~S+/21t (b) hSJ21t (c)-hS+/2:n: (d)-hSJ21t (e)none 
Q.The value of[x,(x,px)] ·is equal to CSIR JRF 
a)ih/2:n: b) -ih/2:n: c )ihPx l'ij1} 
z. Consider the statement regarding 
1) Every function used in quantum mechanics should be an eignfunction. f 
2) The function f=O is never allowed as eignfunction for a system. '1' 
3) All eignfunction of Hermitian operator must be real functions. F 
The correct statements above are (a)l,2,3 (b)2,3(c) 1,3, (d)l,2 ~2. 

8.Consider the statements 
I.The normalization constant for a wave :function sin:n:x between the limit Oto 1 is (2}5

• -1' 
2. The average value of momentum is O for a particle in 1 D box means,that momentum is 0. 
3.Uncertainty in momentum for a particle in 1 d box oflength I in ground state is h/21.1" 
True statements above are (a) 1,2 (b) 2,3 (c) 1,3 (d) 1,2,3 (e)l only'(f) 2 only (e)3 only 

2. Consider the statements e J..,d lmu I 

I.The uncertainty in kinetic energy for a particle in 1 d box oflength is zero. -T b~o-z.. l<'..· · ,v--
2 The particle in 1 D box oflength l have orthonormal set of wave:function 1' ea.r -va.lw.. ~l'l1 

3 The.value of[x,px] is equal to ih/2:n:. --t" · :ii 2c:..,ro \JVI~ 

True statements above are (a) 1,2 (b) 2,3 (c) 1,3 efi,2,3 (e)l only (f) 2 only (g) 3 only 

JO.Consider the statement 
" ,~L! 

1. If the wavefunction for system is an eignfunction of operator associated y.rith observable A 
than <A~ =<A>n l 

2.The probability of finding the particle in 1 o·box of length 1 within the middle half of the box 
in first excited state is 82 %. -1 · .. r 

3The value of commutator [LxLy,Lz] is (ih/2:n:)[Lx2 
- L/] . - "T 

True statements above are (a) 1,2 (b) 2,3 (c) 1,3 (df1,2,3 (e)l only (f) 2 only (g) 3 only 
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(f ~) :·cr--ij), 
p2-Q."-· 

. . ,4 A. A '4 

J JUnder wha~co~tions do we find the.same result of (P + Q)(P-Q). as in the case of ordinary 
algebra ... l'~.~.Ql~ ... CSIRJRF,:. · 
12 Consider thestatements 

1. The normalization constant corresponding to wave function x between the limit O to I is (3)05V 

2. The average value of x for a particle that is confined to move in 1D box ( of length a to h) with. 
· wave function 1/x is ab. 't' 
3. The average value of momentum for a particle that is confined to move in 1 d box oflength l . , . 

is zero, means momentum is zero. 1 . . 
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 

J 3Consider the statements 

L Momentum and kinetic ~ergy may he determined simultaneously but momentum and total 

energy can not he determined simultaneously. "'(' . . 
2. The normalization constant fora particle that is confined to move in a: box of length 800 nm is 
0.2 (nm J112• ::::. c,.os{!,m(r'l- . · . · 
3.A wave function becomes zero at infinite. -r 
True statements above are (a) l,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 particle in a 1 dimmensional box oflerigth 'a' ii{ 

given by 'lf=A sin (xx/a) . The value of A for a bo,c oflength 200 nm is IIT GATE 
• ! ·• "' •. 

· (1)4xl04 (nm)2 (2)10 v'2 (nm)112 (3) ✓2 /10 +-l/2 . (efo.1 nm·112 

"' 
U,,S'uppose, the ground stationary state ofa·harmonic oscillator with force constant 'k' is given 

. qi o=exp[-ru.:2] . Then; A should depend on k as CSIR JRF 

(a) A cc k"112 (b) A cc k ~ cc k112 (a) A cc k 113 

J 6The probability of finding the particle in a one 'dimensional box of length 'L' in the region 

between¼ and 
3
: for quantum number n=·l is .CSIR JRF 

~

.. 1 ~ . ·1 1 
-+-, (c)---
2·• 7r · ·2 re 

1 
. (a)2 
. . 

iiFoi any,operato~.A and its adjoint A\ the INCORRECT statement is: . 

(a) AAt is hermitian (b)AAt + AtA is hermitian CSIR JRF 

(t) A ,;r At is hennitian .. ( aifA- At is h6mitian 
I 

18 Fill in the blanks . · 

&-._The average v~ue oh_ in the ground state for a particle that .is confined to move in a one d box 
• oflength-1 to hs ... ~ ... P. ... ; · • . 

2 The uncertainty in position may be considered as deviation in position then expression of 
• • . . • ~ .LJ 7C. ,.. J<::_)t l / - <.:,c."'] l-' uncertamty m pos1tton 1s ..... .ft.r.... - . · 

3 The uncertainty in position for a particle that is confmed to move in 1 d box of length 2 nm is 
.. (!,j& 
4The nonn.alization constant corresponding to wavefunction r-sin(1tx/2a) between the limit -a 
to a is ......... ::Fci· ....... ;. · · · · · · · 
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CUJ\ol OYl -tkt. -tf°rne 'I -ft;,f,1, 1f'llt.c±fCIVI i/2· colhol ~~ iow:ir°av, 

0"R. wtl\J e.. if>Y\dtO"v7 ~ -ttu.. t1\II f ~ ptt,~ l~C. 
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(£) To ev~ ob~~'\JQ.blt f111 cl~ictd rnecJ/la)llllS ~e.>..L~pnlid& 

Q 1utndorv1 .me.cJro..n1cal J-,r,vt~ h-e..YMl"tia.M b~1S'tU0Y• 
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fl?ome,,JvM I t'Yt~~, • 
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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 ( a0 is Bohr radius) 

June CSIR 
(a) ao , ~.5 ao (c) 0.75 ao (d) 0.5 ao · 

2 The ground state)energy of hydrogen atom is -13.598 eV. The expectation values of kinetic 

energy, (T) and potential energy, (V), in unit of eV, are June CSIR 
(:r'f<T} = 13.598,{V) = -27.196 (b) {T) = -27.196,{V) = 13.598 
(c) (T) = -6.799, (V) -6.799 (d) (T) = 6.799, {V) = -20.397 
3.A set ofN vectors X1,X2 ; ............. Xnsatisfy the eigenvalue equation for an operator A with 

scalar eigenvaluesA1, A-2, ••••••••••• An (i.eAXk= AkX0 The linear combination vector 4'-:. 2. C:~ 
where Ck are non zero scalar coefficient TIFR Ai,:: ~, )(-,. 
a) is not an eigenvector of A · S ! 

b) is an eigenvector of A only if the Ak are all distinct (no tw~ eigen'values are equal) 
o}1s an eigenvector of A only if the Ak are all equal 
d) is an eigenvector of only if Ck are equal 
4. If 'l'x,t is considered as product of two function f(x)g(t) where1(t) has the form e•iEtlh then it can 
be shown that probability of finding thepa11icle between x and ·x+dxTIFR 
a)Equal to 1 1:fjis independent of time c) can be obtained by the solution of time dependent 
schrodinger equation d) can be obtained by the solution of time independent schrodinger 
equation 
5. The mathematical expression e i(kx-wt) represents TIFR 

A) ':»'ave stationary in space but oscillating in time 
Bf a travelling 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 negative x direction 

(§)The vibrational Raman eff9ct 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 
i) Number of molecules ii) Polarizibility of the bond iii) Wavelength ofradiation used iv) a 
considerably weak scattering phenomena 
Correct statement above are a )I,ii,iii b) I,ii,i v c) ii,iii,iv d) all 
7 In a spherical polar coordinate system, a point A at (x, y, z) in the Cartesian coordinate system 
can'be describ~d by (r, 0, q,) where r, 0, and <p 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 

A) drd0dq, B) rsin0d~d0dq, C) r
2 

sin
2
0drd04q, 9J r2sin0drd0dq, E:::. -.!._3-b ~ 2 cJ/ 

8 Consider the statements '- .. 'Vt~ 

1) The enrgy corresponding to 2s orbital of hydrogen atom·is -0.125 a.u. -f 7:;; ~ -o ,S-;z_ 2. a .u. -2) The energy of hydrogenic atom is directly propotional to µZ2
. -r 1,1'2. 

3) The energy of 2s and 2p orbital of hydrogenic species is equal Il!.eans they are degenerate 
according to schrodinger equation. T --t 

I "',U, -:::. ~7. ..2.. ~V 
Correct st~tements a~ove are (a) 1,,2 (b) Z,3 ( c) 1,J (4) 1,2,3 ( e )none .., 

3+ i 6 6Wlh \d.t.u.o1-rw:d- -
ehth·ki)l d.d .(.. 1>1°"3 iu.:hc.-f{ dd aJ..L 

Cm1plJ1=~ ~~w--
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J.r'Fill in the blanks 
i) The normalisation con~ant corresponding to wave function ~ = e-rt2ao + iq, cos0 is ... /. h. ~, .}1.. 
ii) The virial theorem corresponding to hydrogenic atom is .. (.lc;,,£"1 . . ":".½:_.~ V)° I[ 

iii) The average value of r for an electron in 2s orbital of hydrogen atom ... . ~ .. ,£to 
iv) Average value of kinetic energy for an electron in 2s orbital of hydrogen atom .. ~.,~t-\/ 

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) =f:. 0 and (p) =f:. Ob)(x) = 0 but (p) =f:. 0 

~) = 0 and (p) = Od)(x) =f:. 0 but (p) 0 

11 . · The energy of a harmonic oscillator in its ground state is ½ hw. According to the virial , 

theorem, the average kinetic (T) and potential (V) energies of the above are E. :. L Jit-+-1) hv 
,.,.C 1 1 1 3 

(911 = 4hw; V = 4hw (b) T = i./1w; V = 8hw Dec CSIR .fhV' 
. 1 3 1 

(c)T=hw- V=--hw (d)T=-hw· V=-hw .1.n 2 
' 2 8 ' 8 ,1.-. ~A 

t-2':"Show that wave function 1 s and 2s are orthogonal to each otl)er ,for an electron in 

hydrogenj.c atom. C.V1s.::: iif.q
0
3/:),. c.-.,._/qo 4'2.s =-~I-<-.;&;). e-,/y:2.q0 

U.Consider the statements .:z4q),- Cfo 

. :::. -ta.(. Jt,:;.I i) As electron move away far from the nucle~ then velocity decreases. 'i 
::- l, u H::::.~ ii)If we replace mass of the electron by the reduced mass in hydrogenic atom the bohr radius 

becomes ¼ of its initial value. f . · 
::: - '· S .,::::.3 iii) Virial theorem apply o~ the the gro~rid state only ~ 
~ =- ... €:: l~ f. The correct statement above are a) I,ii b) ii,iii c) I,iii d) I,ii,iii c:l1f only f)ii only 
I: ~or hydrogen-like atom with a nuclear charge Z, the energy of orbital with principal quantum 
, -= ?i·lf · number 'n' follows the relation. June CSIR 
K .:: ,.~ 

l.8"Consider the statements 

zZ 
"-""l"E cx:-\"V n n2 

i)The average value of r for an electron in IS orbital of hydrogen atom is .8 A0
• I 

ii) The energy corresponding to He+ in 2s orbital is -0.5 a.u . ..-r 
iii) The value of potential energy for 2s orbital in Li2+ is -2.25 a:JThe correct statement above are 
a) I;ii b) ii,iii c) I,iii - 8:(I,ii,iii e)I only f)ii only 

Ur-Fill in the blanks - .z:xrg. 6~J2-
l) i) The Value.ofp~iential energy in c.ase ofBe.3+ is .. HSf.:.4.~V - - 111 !l-

2) The uncertamty m r for an electron m IS orbital ofH-atom is .. . ./1.~o.. ~ ... ~ 
3) Tlie commutator of two hermitian operator is . :b, ..... (Hem1itiaIDantil'retfnitian) 

_/ 4) The probability of finding the electron in IS orbital.of hydrogen atom within first bohr 4m-E 
J.;C _ ~ radius is .. . :02 ..... %. 

-,.-r11t -.;,,\- -~ Three 2 p wavefunction h~ve ·,· ............... (~am'0differe1!!:) radi~l factor. · . 
J. 6) The zel"o value of energy 1s .............. (possible I not f)dSsible ) m quantum mechanics. 
\,1)\-\"t, 7) Uncertainity in momentum for · an electron in 1 S orbital of hydrogen 'atom is 

~ ··::····;··¾;······_-··· . _s- t:lY,f Q C tll.tdd 
D"""'q" 8) Vmal theorem 1s applicable to ...... H~~~odel and ...... L'P.'1.p.LL..~.m ........ C. ... 28. ... • ,. 

.JJ . · . • -,t- p710f;x::tl::>i~ 15- IS O'lre>/'./aL 

Jqj~;r ~,}~' e-~¼. L''l. c~ A-2-J,tq8Si11t1J-<i? tJ-fo .Dao ) 
J ~ · Di4ot'~ p-- 1- e-w {_ 2 02.+2.1>+1 

0 l) ~ . -. . ~ t0 "-2..e-¼o J.;.., =- I--!,,2- '=-- S1] o+o fqo ~ _!-"".S ~2. 
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DPP 5 Quantum mechanics . 
Q 1 Tunneling is a quantum mechanical phenomenon,consider the statements about it 

l).On increasing mass of the particle and-height of the barrier tunneling decreases• 
(2) Particle with energy close to the height of barrier have more tendency to cross the 
barrier A' (3) If tunneling corresponding to electron is e-20 then corresponding to proton is e- Ir 
480 l 

Correct statements above are (ll}'i',2 (b) 1,3 (c)2,3 (d) 1,2,3 (e)none 
Q2tonsider 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 h v. 1" 
Correct statements above are (a) 1,2 (b) 2,l(c) 1,3 (a:,1,2,3 (e)none 

Qa"Consider the statements 
I) The value of <x> and <px> in case of ID SHO is zero. -r 
2) The wavefunction corresponding to ground state in 1 D sho is symmetric and d_ecreases 

rapidly if mass of the atom is more.T ..,li. 
3) The energy gap between SHO is always equal. -r fyop~°i-

Co:rect statements above are (a)l, ,2 (b)2,3 (c) 1,3 (d) 1,2,3 (e)none 4 a.uSSi<Ull u, vrdicfl, 
Q,<."Cons1der the statements .- <I i ,-

4 Consider the statements 
(1) A standing wave has nodes that are at fixed distances independent of time, whereas 

the nodes move in time for a traveling wave. T · 
(2) For the ground state, it is much more likely that the particle is found near the center 

· of the box than at the edges T · · 
Correct statements above are (a)l, (b) 2, (eri,2 (d) none · 

Q5. J:'he transmission probability of a particle encountering the barrier is e·10 if mass is 
reduced by ½ and width of the barrier is doubled , tunneling probability would be c.$'1 ~-':IRf-_ 

j__'lrje-10.,/2 (b) e·20 (c) e·20.P (d) does not change 
Q6(Consider the statements 

(a) quantization is the result of boundary condition. T 'tao< vt "2-

(b), As number of nooe increases the value of energy increase in I D box model. -r · 
(c) The length of the box is thc:dnfe-gralmultiple of half of the wavelength . 1.·:::: A;:z.. 

*( d) As we move towards higher value of n quantum and classic<1l prediction are same 1 _ 
· . True statements are (l)a,b (2) b,c (3) a,b,c {efa,b,c,d (5) none ..J, &t<t'ir <on~~~ 

Q.-Ttonsider the statement . _ -. · -pirri'ltl'p{t 
'I. the condition that V=0 inside the box is the result that we are using free particle T 
2 V=oo is considered elsewhere to avoid tunneling 1 
3 The enrgy of quantum mechanical particle in PIB model increases with increases in mass. F 

True statements above are 
~1,2 (b) 2,3 (c) 1,3 (d) 1,2,3 

.s-:1\ particle is confined to move in 1 D ho~ of length 1, if the boundary ()f the box is removed 
than " . I • • I_ • 

efnoquantisation (b) quantisation retains (c) particle remains within the same region (d)none 
~onsider the statements 
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..,.. 
i) bound state· give ~uan~ en. ergy level ii) Qu. antum num~~.L:in PIB mo_d~l is a res?"iction 
rather than assumption as m bohr theory of hydrogen atom T ni)the probability of fmding the 
particle iii the lefthalf of the box in every ·state is equal to half. The true statement above are 
a)i and ii b) i ,iii c) ii,iii «{i,ii,iii e) none T 
~Consider the statement 
i) AE/E becomes a smaller fraction of the energy as n-Ho . This result shows that the energy 
spectrum becomes continuous for large n. T . · 
ji) zero point energy approaches zero as l approaches infinity. In this ·limit, the particle becomes 
free. 'T .1-:::."""' ~ ::..o 

· iii) 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 are a) i,ii b) i and iii c) ii and iii d) i,ii,iii 
~consider the statements · 
i) For sufficiently small!, the energy E may become greater than the depth of the potential well. 
such a well will not hold themici;oparticle. T . IZ-1'- -ro,-,~ 1'&\ · · 
ii) The wavefunction of a heavy particle decays more rapidly inside a barrier than that of a light 

·. pa,rticle:1 ·. · · tp 
iii)that nyo wavefup.ctions belonging to different energies are orthogonal. I ..._..... __ 
The true statement above are (a) i,ii (b) ii ,iii (t:)'f,ii,iii (d)none · ._ __ _ 
~onsider the statement . • · · 
i) the uncertaintyprinciple requires a particle, to possess kinetic energy if it is co$ed to a fmite 
region. j 1<.f-:::-o =) 6x.~ C'lO ·-=) 'P41tfldt Ot'lboo-r>d · 
ii) Energy is quantized but other observable are not quantized in quantum mechanics. r 
iii)'PIB model is the basis of the treatment of the electronic structure ofmetals and a treatment of 
conjugated molecules. T · ·.· · ·. · · · · 
True statements above are (a) i,ii (b) ii,iii (efi,m (d)l,ii,iii(e)none 
~oµsider the statement · 

• i) Tunneling is a real, detectable quantum phenomenon. It is not predicted by classical mechanics 
ii) The aver~e value of the position of the particle in a box is a/2 for any value of the quantum 
number n. -,- . 

~,iii)l:f eisenoerg does have restriction on knowing average values of the position or the momentum 
also r 
T~~tatements above are (a) I, ii (b) ii,iii (c) I,ii,iii (d) none • • · . · * ~rite the formulae for probability of finding the particle between 0 to.Ozor a particle in box 

•. fo(ti,.th state is ... :ti} . . . . . . . .. · · · 
· Jj/Uncertainty in position for a particle confmed to move in a box of lenth 0.2 nm is 
el, 031..?lttThe wave function corresponds to n=2 for a particle in a box oflength l (-1/2 to 

+1/2) is . . . . --k- ~ Srn 1-vr.x . - .., r -z: 

flllaM o-,00 ~ Tunr,eili'1''6J:1 ___;:, T~IM-f\1JS.Ydl? ii;1=('-

J 
4' ba,-'lf't e..,r 1¥- ~ y., cl) .. val.w. 45Ff -! 

dt~ f87f' 

-
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· DPP6 Quantum Mechanics 
1. Consider an electron with energy E, mass m tunneling through a·barrier of height V>E and 

width w ,the total time t electron spends inside the barrier TIFR 
~{~V-E) b)wx (2~n/E)0

'~ ·. cf{2m(V-E)!n}0
·
5 d) {4in:7(V-E)/n}f;5 

2.Consider the statements 
(l)If the total energy can be written as a sum of independent tenns corresponding to different 
degrees of freedom, then the wave function is a product of individual tenns, each corresponding 

to one of the degrees of freedom. 1' 
(2) number of states, each represented by a distinct eignfunction, that have the same energy is 

~ degeneracy of the level.1' __ \It;: 
@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 6.34xlff6 m. 1 1) .. vi:: 
Correct statements above are ( a) 1,2 (b) 2,3 ( c) 1,3 ~2,3 
3.The smallest observed frequency for a transiaon between states of an electron in a one-
'dimensional box is 3x 1013 s·' the length of the box is · R.'t _ ""'

l,>1 ~ 0 - ,r:: 
~)3 nm (b) 30 nm (c) 300nm (d) 130 nm (d) none ' 
(9"he movement of n electron in a conjugated system is considered as a free-electron model. _ 

Using the same argument, si, ;&at the length of hexatriene can be estimated to be 867 pm. "11b ·°n ~ =::...{. 

Show that the first electronic transition is pr~dicted to occur at 2.8 x 104 cm·'•. ,2<1-C3 
(Vfhe 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 ~~ ::. "2!!-
~onsider a particle is confined to move in a lD box under the potential V=O [O<x<l ] and <&MA 1-

V=infinite elsewhere .GATE Chem ' LlG ~ h\l::. n.f.. 
. i) When the particle in its lowest energy state the average value of momentum <px> is - .• · ti 
~ b)h/2a c)h/2na d)h/a · .c..kJ.c'i? 
ii) The uncertainity in momentum l'.lPx in its lowest energy state is 
a) 0 ~2a c) h/2na d) h/a 
7.The lifetime of molecul~ in an excited electronic state is 10·10 s The uncertainty in its energy in ~ed+=-11 
eVapproximately is GATE ~chem l-/.')C/o-1q J':::: r-e.v L/J 

a) 2><10-5 ~x10·6 c) 0 d)l0-14 

8 :A particle is confined in a lD box oflength 1 mm iflength is changed by 10-9 the percent 
change in energy is GATE Chem A,-::. \bg M 
a)2x104 b)2xlff7 c)2xlff2 &fO ..t~=......t.t+d)..-=:. to-3+11.~,- 1

2.M 
9. If [x,p]=in then the value of commutator [x3

, p] is GATE Phy (2 -~r 
a) 2inx2 b) -2ihx2 ~inx2 d) 3inx2 

2-e., "- l \3"0 

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

-2L to +2L The wave function of particle in box is 'l'x=\jlocos (nx/4L) where 'Vo is constant 
i) The normalization constant\jlo of th~ function is GATE Phy 
a)(2/L)°-5 b) (1/4L)°-5 ~(1/2L)0

·
5d) (1/L)05 

ii) The energy eigenvalue corresponding to this state is 

a) [n21c2/2mL2
] b) [n2n2/4mL2

] c)[lln2/16mL2
] tff[n2n;/32mL2

] 
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iii) The expectation value of operato(p2 {pis momentum operator) is 
a) 0 b) [1'12n:2/32L2

] c.¥[ti21r2/16L2J . d)[li2n:2/8L2
] 

. ~ . . . 

11 A particle is confined to move i:n a ld box oflength-a to +a the wavefunction CQrresP._onding 
t d t t · .L /-~ ~ GA" TE. Ch.· -,,.i · .U-.;J 1 ~= ,.1 :..L. &1n >1Jf.l:. ogroun sae1s ~=-- L.uw.L. <..,"'··:· _. ·. em w~u.•~~ ...,,,, ..r,:: . .!/.L-
~alculate the wave ~ngth correspondmgtq lowest energy exc1tat10n of an electron confined to 
move in a 1 D box of length 1nm. IITJAM lt .. o3Jlo-,rn · 
la"'Given 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 · ~ 
A) A= particle in a one-dimensional box, B= harmonic oscillator, C=electron in hydrogen atom 
~ A= electron in hydrogen atom, B= harmonic oscillator, C= particle in a one-dimensional box 

·· C) A= particle in a one-dimensional boxiB= electron in hydrogen atom, C= harmonic oscillator 
.~A= e. ~ectron in hydrogen atom; B= parj:icle in a one-dimensional box, C= harmonic oscillator 

·.· (!J..,tons1der the statement . 

I.Probability of finding the particle in right half of box is 0.5, if the box length is 21 ( -1 to +l ). I 
· ·. 2 Themaximum value of function for a particle in 1D box of.length 2 nm (0 to.2nm) is 1 nm·5

• • 

3Stabilization because of resonance and Red shift~ conju.gated ~ay 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 is confined to move in a 1 D box of length 3 nm in the 

~ond excited state is (a) 0.5 nm ,L5 nm (b} 1 rim ,:66 nm (c) 0.5 nm, 0.66 nm (clYn,one 
· u,,zeropoint energy of a ~articleco~firied to move in 1D box of length 1 (-1/2 to_+l/2) is SofY 

(a) n2h2/8mi2 (~i2/8mi2 (c) 0 · (d) h2/32mi2 (e)none 

·· \.'-\tfC. Irusing Heisenberg un<?ertainty principle (l.erive an expression for ground state energy of B(l 
~ ' "• . ,,.,,., , " ...... '' ,, ,-... .,·' 

. ~icle of mass in 1D box of length 1. UT JAM · . 
. . , ~f n electron in butadiene molecule bellaveparticle in box model and length is taken 1 the total. 
. ground state energy of n electrons in theground state is·. 

(i) 9h2✓4ml2 (b)7h2/8mi2_ (c) 5h2/4mi2 (d)2h2/8rn.J.2 (e)none 

19FoLa particle of mass m tonfi~~d in ibox'ottength L assume ~x=L, assume further that 
. 11prnnt=(p2

)
112 

, Use the uncertai,nty prin~iple to obt~n the estimate of ground state enrgy of the 
particle.The valpe will be .. ·. · · · · . CSIR Chem 

a)[h2/8mL2
] ajri2/8mL2

] ·c) [h2/32mL2
] d)[h2/2mL2] 

20.A quantum ~echanical partide with energy ~0<V is allowed to strike the following four 
barrier separately TheTransmission probability is maximum in CSIR Chem 

2A 

G} ax. LlP -= ~ 
2... 

4 Ap ~ 11.. L 
..zL 

J,; 
::... ~fl. '(k2/'~ 
,,~ 

e = 
.. k.,2... - ,p,-Z. -dl_(Y} 8ML.,_ 

' 
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- ).. ~ ,,( (-21.J 

V -::::.. 0 (_ h,,,.,, \cit.) 
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A Si\, l<.(-.L7 -+ 13 ~ l<:.t L1 :: 0 

- AS'ir1k..l ..+ • 8 ~ k-t =- o -a) 

@ !><..=1:-l 4' =. D 

~Stv,\<.).. + 8~ l<..l = O -@ 

~ 2. B uA~~ c.o -@ 

<f]) ~ fr ~u =o --(i) 

A-£ B ,,dmu..l:la~ l'tLYtA. be:.. .~tXU .+o 7JAD otw.cr-Wi..te.. f111tth'lm 
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- 0 ~ 2q., -+ .2.M (.E-v J 4' -=-o 

1vte.Jll 

..-i,,-:a. 

"') 
2 15°0 1D- S'f>_f-~ -

1 "'22.-=- aL ...i.. a 2.. 
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~x + {::t] 
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d ~ .x.,:l-. J;f a. '1-,2-. J ~J 

{/)QI J J ~l~) +- lp lx) cl 2.(,l.'(y) -+ ~ [ ~) + ~fj)] 4l.-x) 'f'Ct.1) :: -0 
d.l.,. J(l 2. ,fJ 2- " 
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. ' 

ti 

DPP 7 Quantum clie,;,istry ~ 
J::rrhe degeneracy corresponding to energy of2D square box with energy 101c2 t,2/2rnl2 is 

(tif2 (b)3(c)4 (d)5 
~The lowest ene1·gy level that exist both in 1 D box and 2 D square box of length I is 

(~5t,21r212mf (b) 25ij2rr2/8ml2 (c) 5frr2/2mf (d) t,2,,r2tmi2 
3 The degeneracy of quantum mechanical particle of a cubic box having energy four times that 

of the ground state energy is IIT GATE 
a)3 b) 6 e,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 
'Qf3 b) 6 c) 1 d) 4 

~f cyclobutadiene molecule is treated as particle in 2D square box of I nm, then the energy 

requir<::d for the transition from HOMO to LUMO, write also the wave function corresponding to 

degenerate state. · . IIT JAM 
@rhe porphyrin molecule (considered planar and treated as 2D square box) has 26 n: electrons. 

If we approximate the length of the molecule is I 000 pm, then what is the predicted lowest 
energy absorption of the porphyrinmolecule. Sh"- '1-- c. 2,,q 1- t,-,q.:r 

"1":for a particle undergoing quantum mechanicai1tfnlhe1 ing Tl f({ 

i)the amplitude of the wavefunction after passing through the barrier decreases with increases in 

width. --r 
ii)Tunneling barrier height increases the tunneling probability decreases I 
iii) The energy of the particle after the crossing decreases wi-th increases in distance. f 
The correct statements above are ~i,ii (b) ii,iii ( c) i,iii ( d) i,ii,iii (e) none (t) a1l . 

{iJA. proton is confined to a cubic box, whose sides have length 10·12m. What is the minimum kinetic@~ 
energy of the proton? The mass of proton is l.67x10·27 kg and Planck's constant is 6.6xl0-34 J-sec. 
a) l.l x 10·17 J b) 3.3 x 10-17 J ~.9 x 10·17 J d)6.6 x 10·17 J Gate PHY 
~ free paiiicle 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 

isIIT JAM PHY vi odd,-::. a. :::!/ · 11od.\.. +I:::.: l1 = 3 

L 

~ particle is confined in a one d box oflength 2a with potential v=infinite x<-a , x>a and v=O 

inside the box .Energy difference between the level n=3 and n=2 is -~ -lo Q, 

a) 5h2/8ma2 b)9h2/8ma
2 

c) 9h2/32ma2 df5h2/32ma2CSIRJRF CH E.=-~ 
~he probability of finding the particle in one dimensional box oflength Lin the region g.2.t'Yl)..:z.. 
between L/4 and 3L/4 for quantum numbern:I isCSIR JRF CH ,. r£ S'-v1"1Jt.?t.. 

a)½ ~1/2)+(1/rr) c)(l/2)-(1/n) d)2/3 . , q., - ,J ;£ t T 
12 A particle in 3d cubic box of length l has the energy l 4h2/8mt2. The degeneracy ofthe'state is 

a) 2 b) 3 ~ d) 9 CSIRJRF CH 
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fflorthe eignstaies of the hydrogen atom which of the following relation between the 

expectation v_alue Kinetic energy and potential energy is true CSIR JRF CH 
a) <T> <V> 'f55 2<T>=~<V> c) 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/8mb2 b)3h/8mb2 ~/mb2d) 2h/8mb2IIT GATE 
15 The.ground state energy of the Hydrogen atom is-13.6 eV. The energy of the second excited 

~te_isa)-27.2eV b)-6.8eV tj'-I.5eV d)-4.5eV 

~ 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) = 0 for--a < x < a and -a< y < a, V co elsewhere The 

energy of the first excited state for this particle is given by,Gate physics 
a) lj21t2/ma2 b) 21)2n2/ma2 ej') lj2n:2/8ma2 d) 4 lj2n:2/ma2 

17 A particle of mass mis in a cubic box of size a.The potential inside the box (0 s x < a,O sy < 

a,O s z <a) is zero and infinite outside. If the particle is in an eigenstate of energy 14lj2~a2 

its wavefunction is CSIR Phy bit ft(l.13 

a) ,v=(2/a)312 sin(3nx/a)sin(5n:y/a)sin(6n:z/a) b) ;J!=(2/a}312 sin(71tx/a)sin(41ty/a)sin(3n:z/a) 

c) 'F(2/a)312 sin( 4nx/a)sin(8n:y/a)sin(2n:z/a) \df''V=(2/a}312 sin(nx/a)sin(2n:y/a)sin(3n:z/a) 

HrA. particle is in the ground state of an infinft~ square well potential given by, v== 0 inside the 

box -a<x<a and v=infinite otherwise The prQbijbility to find the particle in the intenral betweeri 

-a/2 and a/2 is (a) 1/2 (+if(ll 2) + (l/n)(c)(l/ 2) + (lht) (d) 1 /nCSIR Phy 
-1'.-~ WAn el~_tr~n is in t~e ground state of a hydrogen atom. The probability that it iswithin the ,()-f:o Pqo I 

Bohrradms-1s approximately equal to (a) 0.60 (b) 0.90 (c) 0.16 (afQ.32 CSIRPhy 1-e.2 ''{2.o~ 1* 20 A particle is moving in a two dimensional potential well V=O O:<x<L ,O<y<2L, 
V=infinite eisewhere which of the following statements about the ground state energy and 

ground state eigenfunction q,0 are true? MSQ IIT JAM Phy 
a) E,=tj2n2/mL2 b')E1= 5lj2n2/8mL2 

· ~2'L2./L) sin(n:x/L)sin(n:y/2L} d) (2/L)sin(muL)cos(n:y/2L) 

(1pfhe operator [(d/dx)-x] [(d/dx)+x] is equivalent toJEST Phy 
a)(d2/dx2)-x2 b){d2/dx2)-x2 +1 ef(d2/dx2)-2x(d/dx) +1 d)none 

22 .The zero point energy of a particle of mass m confined to move in a one dimensional box of 

length l is (a) 0. b) ij2n:2/mL2 ~1Jj21c2/2mL2 d)31j2
1e

2/2mL2 

23Thelowest en<?rgy level that IS the example of accidental degeneracy,for a particle confined to 

move in a 3D cubic box of length a is 

i) 12 lj2n2/ma2ii) 12 lj2n2/8ma2 ~ tj2~ma2iv)27 lj2n:2/8ma2 
· 

· 24 Fill in the blanks (t) (i) · (1) · 
l)The degeneracy corresponding to quantum mechar/ical particle l'ta 3D box of leRgth 'a' with 

E-33i,.2 2; L2. ~l ..,c. •• ~ 1 4~12.-1-,~ 52-1-52-,.12. energy - 'J n: m 1s .. -~- .... ... .. ... . l :+., .+ , u 

2) The wave June ti on corresponding to ground state of a particle in a 2d box of length O<x<21 

and O<y<2l is .......... p;.sm 11~b<.. rft Sn "':t~l>;r 
3) Average value of momentum for a,quantum mechanical particle of mass min a 3D cubic box 

lS .............................. . 

C 

www.chemistryABC.com

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

www.ch
em

ist
ryA

BC.co
m

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


OPP-1 --

X 

O<..?CC::::.L 

a< :r <. ~ ,_ 

www.chemistryABC.com

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

www.ch
em

ist
ryA

BC.co
m

http://www.chemistryABC.com
http://www.chemistryABC.com
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e.~c_,s'flvaiu.,_ . S-kd-e 

In~ e¥le.,rtt u.vel ~1Jtl.M '1f" an~ - 0 ~rhm if-u-- ('\t~ ~ 

L,.:ucl. em~ ~~ /2./-a.k ( one .. .,JJ,pa:1:W tYlcHcm) 

f" ~ 20 n< nit!u.r Apcdra..l d.uw~wg~ 1:,1-tem 'i we., i~CL 

-tw. ~cri 111~ f rt tw... PI 8 m,,.,W 1/,,e,,yi ituAL ~ be._ ntOTC- -/1,c,N, <llt<e 

..t-l<>:k aR.. r,,o-.:c_ ~ CIYl~ ifndr"a,, --fr<. fhe. :<11>1c._ va.J..ut ufi e.tt~1{ 
~""--"J' (S~bcdi'e} · V.. 111e. A-t!.u.Lt-"fr J~di'rM j-s(""M~ 
t11 Pt8 modd, 

. When we. fuho<Wa 11,,,,.. l.cf/'1/m~ 1n .2rD box, i-1- kG»t"'5 

20- ~1u-afr'e ba?t oJ. be..-=- ~a =-..1.., 

.. 

-I 
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DPP 8 Quantum mechanics 
1. Compare the difference of energies of the first excited and ground states of a particle confined 
in (i) a 1-d box (81), (ii) a 2-d squire box (82) and (iii) a 3-d cubic box (83). Assume the length 
of each of the boxes is the same. The correct relation between the energy differences 81, IJ.2, 83 
for the three cases is June CSIR 

(1) !J. 1> 82> 83 

(3) 83> IJ.2> 81 

(~1 82=83 

(4) /J.3> 81> 82 

2 Consider a two-dimensional harmonic oscillator with potential energy V (x, y) = ¼ kxx2 + 
¼ kyy2• If'¥ ux(x) and'¥ ny(Y) are the eigensolutions and Enx. and Eny are the eigenvalues of 

harmonic oscillator problem in x and y direction with potential½ kxx 2 and ½ kyy2
, respectively, 

the wave function and eigenvalues of the above two-dimensional harmonic oscillator problem 
are Dec CSIR 

(a) 

(c) 

IJlnx,ny == IJlnx(X) + IJlny(y) 

Enx,ny"" Enx + Eny 

IJlnx,ny == IJlnx(x) + IJlny(y) 
Bnx,ny == Enx + Eny 

3 The difference in energy levels of n ~ 2 and n = 1 of a particle in a one dimensional box is 6 
units of energy. In the same units, what is the difference in energy levels on n = 3 and n = 2 for 
the above system? June CSIR 

(a) 4 (b) 5 (c) 9 

4 The energy of a hydrogen atom in a state is - h;~n (RH = Rydberg constant). The 

degeneracy of the state will be Dec CSIR 

(a) 5 (b) 10 (d) 50 

5 The energy of2s and 2p orbitals is the same for DecCSIR 

(a) Li CtS}Li2~ (c) Be2+ (d) Ir 

&}If the ionization energy of H atom.is x, the ionization energy ofLi2+, is JuneCSIR 

(a) 2x (b) 3x (c) 9x (d) 27x 

7 Which of the following is true for the radial part of the hydrogen atom wavefunctions Rn1(r) (n) 
principal quantum number and the nodes associated with them? Dec CSIR 

11-J.- I 
(~ The radial part of only s function is non-zero at the origin ru;id has (n-1) nodes. 

(b) The radial part of s function is zero at the origin and has n number of nodes. 

© 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. 

(!!he most probable value of 'r' for an electron in 1 s orbital of hydrogen atom is 
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I l"J_ 
'{\/'I"'-

( a) a,/2 (b) ✓-)~ (a) 3a,/2, 

9The orbital with two radial and two ~gula~es is -~ t 
(a) 3p ("1'5d (c) Sf (d) 8d 'V\.~ 

~he hydrogenic orbital with the form of the radial function 

r 2 (a1 - r)(a2 - r) exp[-pr], where a11 a2 and P -:::. o @ 
. '1'\-:.i.-1 

Are constants, May be identified as a 

Dec CSIR 

Dec CSIR 

June CSIR 

(a) 3d orbital (b) 4f orbital ~d orbital ( d) 5 f orbital 

1 lA hydrogenic orbital with radial function of the form r0 exp[-~r] and <!>-part as exp[-3i ~] 
corresponds to June CSIR 
(a) n>4, -l'.>3, m=3 (b) n>4, f.::%3, m=-3 

(c) n>4, t=3, m=3 ~=4, t=3, m=-3 

12The angular momentum operator Lz = -in. :i/> has eigen :functions of the form exp[iA~]. The 

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

the values of A. Dec CSIR 

(a) 0, ±½,±ii, ±1, ±:;, ... .. (1,J'O, ±1, ±2, H, ... .. Gr;},,:. {) ,,f:-1
1 

f: 2 . • , 

1 3 . 135 
. (c)0,+z,±1,±2,..... (d) o,z'z'z'·••H 

13. If the angular part of wave:function is sin2 0 cos0 e Zi q, then the value of 1 and m respectively 
are Gate chem 

a) J1/ "73,2 c) 2,3 d) 2,2 · · · 

4
.id,.,/ ~he un-normalized wavefunction of a particle in a spherically symmetric potential is given by 
~ w=. zf (t) where f (r) is a :function of the radial variable r . The eigenvalue of the operator L2 

(namely the square of the orbital angular momentum) is Phy . 

. (a) tl/4 (b) 0 (c) n?/2 ('E!12ti2 
· ~ven that operator Pr= -in[(o/or)+(l/r)] the uncertainty ~Pr in the ground state of hydrogen 

atom is . _ 

✓wao b) nl2ao c) 2nlao d) OPhy 

fJl!:e normalized ground state wave function of a hydrogen atom is given by 
'1'=(1/✓ 41t)(2/a3

Y
2)e-r/a where a is the Bohr radius and r is the distance of electron from the nucleus 

the expectation value of <lie> is Phy 

a) 4/a2 b{2ta2
· c)4n/a2 d)2ru'a2 -

17. Consider the statements 

i) The normalisation constant for radial part of the wave function for the ground state of wave 
• • .. :2. 

function 1s ............ N-!:.. • • ~~~.2- . 

ii) The normalisation constant for the angular part ?f wave :function of Pz orbital is .......... . 

iii) The presence of radial node in:2s orl>ital ofhyqrogen atom is at r = .. ~ 8 .••••• -1 

(O' 
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DPP 9 Quantum mechanics 

Lin a spherical polar coordinate system, a point A at (x, y, z) in the Cartesian coordinate _system 

can be described by (r, 0, <p) where r, 0, and <j) have their usual meaning. Expression for the 

volume of an infinitesimally small cube confined bydx, dy, and dz in terms of the spherical 

coordinate system is given by . . TIFR 2012 

A) drd0d<p B) rsin0drd0d<p C) r2 sin20drd0dcp f1J r2sin0drd0dcp . 
. ~ 

2 The degeneracy of the energy level 12hi /8mitof a particle in a three dimensional cube oflength "a" is 

',olefi B) 3 C) 6 D) 12TIFR 2012 

3 What is the degeneracy of the energy level with n=6 (n being the principal quantum number in 

a hydrogenic atom or ion? A) 16 B) 9 e,1"6 D) 25 TIFR 2013 '3'1::: 111. 

4 Which of the following statement.is not true TIFR 2015 

i)The state function w(x,t) is always ~ual to a function of time multiplied by a function of 

coordinate. f 
7 '· 

ii) If f1 and f2 areeign functions of operator B then C1 f1 +C2 f2 must always be an eignfunction 

ofB. where C1 ~nd C2 -are constants. 'F. 
iii)The operator L2 commute with Lx + Ly . T 
a)i,iii (b) i,ii (c) ii,iii (d) only iii 

©our particles of mass 111 each are insid~ a two dimensional square box of side L. If each state 

obtained from the solution of the Schrodinger.equation is occupied by only one particle, the 

minimum energy of the system in urtits ofh2/mt2 is · 

(a) 2 (.wf'S/ 2 (c) 11/ 2 (d} 25/ 4 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 3h2/8rhL2
• 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. (4-f'ositionand momentum cannot be exactly 

determined simultaneously. ( d) The potential at the boundaries is not really infinite, but just very 

large. 

7 A particle is confined in a 3D cubic :well of width L with impenetrable wall 

i)The sum of the energy of third and. fourth energy level is Gate P 

' arlO 11:2t'i2/mL2 b)lO 11:2ti2/3mL2 c)l 1 n2ti2/2rnL2 d)l5 ·n:2ti2/2rnL2 

ii) The degeneracy of fourth level is given by 

a) 1 b)2 tj'1 d)4 

8 ln an hydrogen atom the coulomb degeneracy for the n=4 state is Gate P 
a) 4 iefj.6 c) 18 d) 32 

9 An atomic state of hydrogen atom is represented as \j/=(l,12ar})°-5 [1-(r/2a0)] e-rt3a
0cos ® Where 

ao is a constant value The quantum number of the state are Gate P 

a) l=O,m=O,n=l b) l=l, m=l,n=2 ef=l,m=O,n=3 d) l=l,m=l,n=3 

10 A particle of mass mis confined in a two dimensional square well potential of dime~ion a 

.This potential is given by V=O for O<x<a and O<y-:Ca , V=infinite elsewhere 

The energy of the first excited state is Jam P 
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" . 
. . r . 

·a)n2ti2/ma2 
· "b)2x2h2/ma2 0

'eI51i2tb2ma2 d) 41t2h~1iipa2 . . · 
<(DThe grou11d state wavefunc~io11 't' of hydrogen atom inspherica] coordinates has no angular 
depend~ncehutonly radial dependence The 'I' is an eignfunction of Gate P 

~k,Ly and Lz simultaneously b) Lz.· but not of Lx. and Ly 
c) none ofLx,Ly and Lz d) Pz only 

12 The e11egy of second excited state of the hydrogen atom is 
a)-27.2¢V b).;.6.8eV x{.;.1.5eV d)-4.SeV· . 
13 The one.electron states for non interacting electron confined in a cubic box of side a are 
Eo<E1<E2<E3 etc 

... · . ) . . 

i) the energy of1he lowest state is . Gate P 
a/o\.,";_ ,Cf : b)1t2ti2/2ma2 c) 11:2n

2/ma2 efx21i212ma2 

ii) The dege~~racy (including sein) of the level E3 is 
- a).2 · . :/;b) 4 . ~6 - d) 8 • _ 
· 14 An electrq11 in the Li2+ atom is in a state whose energy is -3.4 e V the degeneracy f1f the state 
is a)4 : ,b)f6}-e,36, d)'.11one . . 

15. Tµe nurp"b~r of radial node of the radial wavefunctioii for an atomic electron R(r)= A[2 7-
, · .. · ',' ··2 "Y'~r/3 ::· ·" . . . . . .. . . . . . . 
18r+2r le: is 
a) 0 _. _· _·_ .· ... _.·. b) 1 Gf2 .d)3 _ 
16 Thef-a.di~fwvefunction of the.electron in the state n=l l~o in hydrogen atom is R10=(2/ao312)e" 
r/a 0) The ~b;tjpfohable radius for r in ls Orbital of hydrogen atom is Gate P , C ·· 

. sef1~o_,:."/.b)_2ao. , e)4ao d)8ao 
· 11. consiae~~tlle"statements 
i) the taaiJtpifrofwave function of S orbital of hydrogenic atom is nonzer~ at origin because 
radialpart}i~containing of r! terms.· i 
ii) The :aig~Abritcy corresponding to energy value -e2/72rr.so ao for an electron in an orbitai of 
hydtog11fat~iµ:is 9; 1 . _. _ 
iii) Ifari;tlii:if part is c~mtaining of only cos0 'term than the value ofl=O . C:-: 

-The.ctid-~9F~temet1ts above are 'a) I~ii b) ii,iii c) I,iii d) an e) none 
HPWhiiillofthe/~llowing.function is acceptable for an electron in hydrogenic atom which 
motion is go;enied by polar coordinate (r,0,<p) 

a) ·e•rtr · . b) e-rcos 0 sin0 sin( :ej>/2) 

CJ e"r sill(htj>)\, d) e-rcos 0 sin0 sin cf, 
19 Fillin the blanks 
i)The eigenvalue corresponding to kinetic t;:nergy operator for an electron in 2S orbital of 
hyd:rqgen atom is ..... :$ ... 4< .e.Y.. · 
ii) The most probable radius for an electron in 2p orbital of hydrogen atom is .. 'i4..;. 
iii) The average value of radius for an electron i11_ 2p orbital is .......... (higfiedlower) than the 
average value of radius for an electron in 2S orbital of hydrogen atom 
20 Find the most probable radius for an electron in 2s orbital of hydrogen atom .wave function -1 

corresponding to 2s orbital is given to yo'u. _ 2.90 

C 
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Quantum mechanics 

tlhe relation between average radius <r> of orbital ·2s, 2p, 3s respectively are 

d) none of these 

'2('rhe average value of <r>2 for an electron in 3d orbital of hydrogen atom is 

a) 3a.o2 b) 6a-o2 c)4a-o2 d) none of these 

3) The wavefunction '11 is the linear combination of function (J)1 and cp2 as given below 

'¥= (1/{2) <p 1 + (1/{2) (()2 The probability of finding the particle in state I (i.e <p1) is 

i«f ½ b) ¼ c) I d) none 

4) The Norrnalisedwavefunction of hydrogen atom is denoted by 'l1n),m where n,l and mare 
respectively the principle ,orbital and magnetic quantum number respectively now consider the 
electron in mixed state · c,z. -1-r.: ~ (.~a. :: q ::: I 

q 
'¥= (1/3) '111,0,0 + (2/3) '112,1,0 + (2/3) '1'3,'.l,-2 

The expectation value of energy.<E> of this electron in eV will be approximately is 

a)-1.5 eV b-(-3.7eV c)-13.6 eV d)-80.1 eV e) none:0) 2 f13•l)t{_1i,)(:'JJ )1\/2{!¾') 
~ hydrogen atom is in the state 

'¥= ({8/21) '112,0,0 - ({3/7) '112,1,0 + ({4/21) '113,2,l 

wheren,l and mare respectively the principle ,orbital and magnetic quantum number respectively 
The average value of L2 corresponding to function 'I' is ... .. -t.. .... Ji 

'6f"An energy eignstate of hydrogen atom has the wavefunction 

w=(l/8I{rr)(l/ao)l.5 e•(rl3aO}+i(phi)cos 0 sin 0 

· 1. Find the value of energy , total angular momentum and z component of angular momentum 
' '-, -V 2... -l, L, 
2.fmdthevalueofn,l,m. -1,scv b-il 111 

3. Find the degeneracy , number of radial node and number of angular node 

7) Fill in the blank ~(1) '® ~ 
~orrnalisedwavefunctionof hydrogen atom is denoted a~ 

'¥= (1/2) '111s + (1/{2) '112s + C3s'l13s Then energy corresponding to function'¥. is ':"".~,.M.~,U. 

ii) The uncertainity in position r in case of an electron in 2p orbital of hydrogen atom .. ~<'.lo. .. 

iii) Magnetic quantum number corresponding to Px orbital is~.. . 
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* <1 ~ C:2. C:2t11t be.,. 

t~iV'1-r't 

- : Ct ct"· -+ C.z. c-: - J 

12. cLu.:. c." ibe>.. "i'tA-e. p--ro ~ b r U lf °'fl -f/V\d1111't -Ht>e ~ 'f>+evv, 

.. o,~ -po)'-db,t ;.:, ,',-lo.:h:. (D . . 1 
2. - s.~e..@ 

- . -

p1 = j c1 4> C, ~,dT 

; C.2- j <p, q,dT 

- ,,,. 2.. - ~, 
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C, I 2.-1- (2-2. 4- tt :; } 
I .+.1...,.,.( 1

.::. I -c; ,_ 3 

½52--= -4 

6EIJ 

Cl -c_r 
. C:2. - c2.~; 

C/· + c;::. I 

.. 

J (c,tp, -'-C.'2.4>2.)7t• l c._t\l,-1--~4.2..}d't'-::. I 

/ti 
111 Q,11. -

J £.st tt.+ c.'J.* <t>I) ( <:1 ct>,+ c:~ cf>~ J. dt =- r 

c.1 c.ix J<1>t,h ctT + J c;,i ~f "-c/,,_ + c: c,_ J +/' IP,_ cl.:c +cJ_*c,} 4i;,cl-r:=1 
. .tJ..,~ . . ., . 1 I , I 

l . I 

[ Ct c. 'II" + c,,__ ½"" n I j 
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·. P'?rd~oltL~ ,~.d>~pm.cU~ -le b~ 1; . · · 

P, ::. J (c, 4>,}~ c, 4', ct-c · 

-=- c,* <,_ J 4>t 4>, cl,: . 

[ P, = cfc1 ! 
Piro~bili~ ~Pw,cll"t ;o ~We:.~ 

. P1 =- j (S_ <t>~J~ Ci. 4\. d,: 

p( l"JJ ,_.: .1. 
.'.)..5" 

p :2.. C. ~ 
2$ 

~ !:. 
,~ -:lS 

~ 4: ½J'l. .,. L.,Z:: J_ ~ 

t:.-+ '-::J,,_ ::. L 'J.. - lz-1 

::. ..{ ( l + 1},t,, 2. - ( nlf 11 )-i... 

~ ..t (.t+t)·t{· -M2..Ji ~ 

I 

. J.. -f" ~ 1--1! ~ ~ 
II. ll. f&. : 

~ /~ 
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l,-1-l{..,._q+2.. :l- I 

@--
. I 111 ~ 2 tlJ _,_ 3 ,_,"' .,· + A w 1/i '<_:i,o,. -, Jil -.:,_,II ' ,11T, Jf ,o - m -r:,., ,,-1 

Q-3 

:::. I./ - 2 / 11 1'· 7Z 
r - © - 5 

L..z7 · C J I.JI ~ I.Ji dT 

.,,0 f J,(" "-Jf JJ1C '¼DA.Go.8 9 ,qe..-1"'4. ,( ~ Sh-11• cl ocl ~ 

--

f)D£l 
oa ;f tR-r 

11.~ j A-a e-~. J ~a.sine cl e J ,:,/G 
. ~ 0 ~ ' ; .J, 

GE) 
l -,...£ ~~4 :a, 3 (., 3, 

(fj) 
J.. -b ..,.~·· ~-' ~ 
3, ·3{ 3.l 

fa ::. s -.a, ;g ---
f;_fi/ 
<f" . &-1 :..--

(J.10 -I 
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,; ,;?:(: ~em~li. H~ir~tc. owiliclc.A.. 7" 1o h~ ~r9ir4:#'tm4l M1rtraY1~ · . -

fl 1>1rt.,rcw:,,pk pa>.Jlt.h.. . 

lJ).,, c.: li [,_,,_7,,_ 

t O ,;_ i 1-rJ {2_ 'YI ~ ( 'J1 +f) h V 

<./,x-;, ::o 

L... :x..2.;;, ::. _L 
2.(3 

~ t:,,t > ::. ~~2. -1-

l.l{ 7 =- L J,,-v 
4 

~v> =L brr 
I./ 

To oh+a..1
111 

-tw.. \Jtbiro.:tim,al -e.111c."'11' 1---t1tte. u~ t-,. fl.1o-ti£1Yl 1 MJC<Jt,~41pic_ 

~c.Lt. we -tz:t l<:.e_ -t\Ac. /4.C..\,,.iro~ 9~ °b 1-JJ ,.(~te,»t 1v, 1ftt1Y1 cf 
C,c;;t.1f1""~l0.Vl C...b- OTdJ.vta.:\:~ f q,S 

v::: J_ k:>'-2.. (S.Ho) 
'l-
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Tue &o lu+f on at ~ e,"" ~ he.. ~ !·::';/ l.tv>1 ve,,vh"°s,,,l l°f l 1'tfo 1/AA. 

ifOTl'\.11- t-fe_,rn,\tc.. f>~OMta.l? Qw::j We... ia -rlnc:. ;$,C,fY/ Q.b 

2. ~ 2. 

H-n/~) := (:-1 )r, e ~ dn e-
~~ 

'Yl_-=....o Ho(fc.):.I 

'>1-=- I H, lft} -= .l~ 

2 
f)t::::. 2. Hi ( ~) := 4 ~ - 2 

liY we:.F ~ =-- ~ 117~1 
~ 

••••• 

• 
'1 

• 
~ 

@;g 

~ 
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• 
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• 
.CE) 

• • • • 

Jn ~tlFi,r'Y I )If/ !br(~) ~ - ~/:L . 

tr. = ( f.-
0
1 /'-- ( {, f H./t, l - [ ~ i !)._ 

4' D = {!ti" ,:'. -'$/,. 

0 

0 

½~ 
!$~ 

::: 

rztt2. - l~w 
~ - 4V1 

~vYJ 

I< _ J_ •~ v := ../2 tl;w 
~ - 4"1 -r 

-:h:_ hv 

'l'l ~ I 'l1 :: ?1 

~ t !, J~xe~ 4Jn(.4.)=(fa1){¾f tni~]e-'< 

0 

0 

CJ 

0 

t1+±}7:s 
(11-+ ~) ~ t, 'l.. 

~ ll!t .2 - .3 ,_,, ~ · 3 -r.w 111-+.J.-) ~ ii 2. :::. ~+1;_) ~ 
4 m - 71 ,, v 1j n \ - 2..M '.:l-

¾ \ = fn'-'==f'>w -iK [-n+~)q=~ 
2--
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lfll,t,_2. - 0 ~-
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., 

?c.~±, = l47\e~a;2, 

rwoYI i1, IM'1(imu'IYI o¼ x.co cu,<i d.t..-etlll.~ q,.Poy,-t.MI:,~ ,..,rt,, """/kt. 

'"\10,W-l ~ ?<. h ~ t11U'YY1 o · 

?l.-=- 0 

lf, ~ 0 

{uv,ctf l»1 'H bi! COWi~ ~ a.±- x..::...0 

/IS -fk.o 'Valw.. 1 X 6~ t-a-crwt -u).JD 

r + i/.J.A. +- i ~ c. y CA6.~ -th 6,\ q, C.7 ~~ 

4', lx J -:: x.e- S.:x.7':).. 

?f.!!:-f/ LV,(1).::: ;J>-e-ll/2,. 

tp, (-J):: - e-81')... 

·w 
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~ 
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rl 
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~ 
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~ 
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~fllt""'-'"'r---• -. ___... 

~ 

le..£., 
· V,::.IIIQ.1. 

oJ :x.::o 

Spord Ml t1 -#ntt:a.@ 

f~o.i.-
(D ,;ram -tine. 'r°P~ 'i- 4!.f.cp2. vs x. rn Qm.SHo i+ 1,s ll~11Aa:1-

pvJ:t cJ.t &pewtck Ml1'7m l;f)') -flme.. at-e, rn ~ i-HU>? { tLO£ .::o) /J1 --ltu__ 'fvtlncJ 

Ai.4o.te hecou~e. ifv,d-rC>? ~ rno:x. aJ- ::x.= o 

&J:- 1'V\ c.\aMa1cal SHo ~c.lt. ~~ mrn, +tme_ t::tf(:x.:::oJ ee,111rH1o>?, 

® ZVl c. ku,~J ad SH o 1<, B l p~1l. • rn~ he -u.M hu:J- ln t:J.m .SHo n-el'#uJ

k. f, 7..VJ). 't'l6'f" p.f;_, -zva.o ... 

1Vt.clt:J.¼(ail 81-/0 ;+ 'ts t.tm4~ 

k.it_ :::.. c., al- -e.:x t-rc. JYtt,M °1) u i b, cJ-r UYJ 

p, e =-- 0 aJ:- X :::.D (_ o.:t cc:;rw) 

~ TV\ c..\cu(<J°cal 8"10 paJJ/cl.t Vt.®t!-1fYlirc ampu~ 'i uib-do:Hcrn 

~ flA 0.M SHc ~ "'lalul ~ ifVld:-,dn e.xlsl- -9-'w --o -to f-0 

So r1'\ Q rvi SHO 71A eu. ~ -HA e. (!_,M w-q-e. 'i 1/-nclt~ paxtl~ 

l"' Ltll..¼i=l iF'biolOU/1-t ~<YY>, H ~ Calla.a -tunnel.uh(' :..,,... 

---tt,i~ fovw,~ pwt.:a..bili~ -Ji.~ t,urfl,, "1'~ fn va.1..ut1@ 
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.-,I • I 

• ' ! • ~ . 

I 

: 

· 1.Consider a .~lassical harmonic oscillator with a mass m and a force constant k oscillating whh a 

frequency v. Which of the following statements is NOT true for this system? TIFR 2013 

A) v increases if m decreu,ses. 1 . V =...L ·JK 
~he oscillator is most likely to be found at its equilibrium position. f 2/(' In. 
C) The acceleration is maxihrnm at its turning points. - T 
D) v does not depend on how large the amplitude of the oscillation is. -r 
2.For a harmonic oscillator in its ground st!tei.e v=0 the enegy is giv.en by 0.5 hv where vis the 

vibrational frequency. This is due to its TIFR 2015 

(a) its kinetic energy (b) Potential energy 

efsum of kinetic energy and potential energy ( d) heat of formation 
3. Which of the following statements is true TIFR J015 

. (i)For a.harmonic oscillator potential, the spacing between adjacent energy level remains·.·· 

constant with increase.in quantum number. 1". , . . 
(ii) For ·M.orse oscillator potential the spacing between adjacent energy level increases with . 
increase in vibrational quantum number. E=, .. · , · .. ,, · 
(iii) Harmonic oscillator are used to explaiilbond dissociation P · > 

. (iv)Morse oscillalor are used to explain'the OSCillation. T p · q 
(a)i,i~,iii (b) i,iv (c) i,ii,iv (d) i,ii,iii,iv -a ~\..J~ q. 
4A free particle of mass 'm' is confined to a region oflength L. The de-Broglie was associated with the t)?:::3 
particle is sinusoi1:1 as given in the fi~re (should be discussed in class). Th~ energy of the particfe is Bn::. ~h 
. ....................... ':llp-"$1Yl/ (2.. . ITT JAM rhys1cs .. • . 32.IYJ 

~nsider the statements . . . . 
· i)Pure s~bstance are required for studies by Raman spectra ,studies by IR spectrn do hot require a 

high•4egree of purity. 
:,,, \ " ' , .. 

ii)Water can be used as a solvent in Raman as. well as in IR spectra. 
iii)for intense Raman line concentrated sol~tion is required. 

. Correct statements above are a) I,iii b) ii,iii c) I,ii,iii d) nor\e · .. :. : .r" , ·. ,. -·-- --·.-- . . .. . . a 
:i ,l~O.,,,§The quantum mechanical. virial theorem for a general potential V(x,y,z) is given by (x a:+ 
~ av av) 2T h = . . h k. . . d . d. . . . . 1 

~ ; ;, .. · t \•: · ~ y oy + z oz = w ere l 1s t e met1c energy operator an <> m 1cates expatiation va ue. 

This leads to the following relation between the expectation. value of kinetic energy and 
potential energy f9r a quantum mechanical harmo.nic oscillator prqblem with potential 

~ : , • , t •,~• I ': '" ! ' •• • ' . '•, , .,. . · 

Dec 2013 CSIR 

1 
(c)(T} = 2 (V) (d) (T} = ~(V) 

7 The most probable value of 'r' for an electron in ls orbital of hydrogen atom is 

(a) ao/2 (a) 3aJ2 
. ·I . 
Dec 2013 CSIR 
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8. The most probable radius for an electron in.2s orbital is{i1ino . .(~:':!}7.~~-
9Consider the statements . ·. . . •· · · · ': , · 

i) wave function dec~ys more slowly as E-'>Vo in case oftuimeling process. T 

_ii) T~e.noqnalization constant in caseofshois dependent on mass -r 
•1,. 

, i'ii)Molecular spectra is much more cpmplitated than atomic spectra 'T 
. ' ~ . : . 

Correct statements ab@ve are a) I,iii b) ii,iii c) I,ii,iii d) I,ii 

IO . Combining two real wave functions <!>1 and <j>2, the following functions are constructed: 
A=q:>1 + ¢;2, B=$1 - icp2, C=icp, + <!>2 D=i( q:>1 + <Pz). The correct statement will then be Dec 
2012CSIR - -

(a) A and B represent the same state 

lef A and D represents the same state 

.· (b)Aand Cfepresent the same state 

(d) Band D repf~sents the same state 

· 1 L The energy of a harmonic oscillator in its ground state is{ hw. According to the vi vial 

theorem, the average kinetic (T) and potential (V) energie.softhe above are . 
· 1 1 . · ', · i' ·. < 3 · 

(-a1T=-hw; V=.-hw (b)T=-fiw; ··V=-hw Dec2012CSIR 
· 4 4 8 .·:8 

: , . · · · 1 · "3 · · 1 
, ( G)T =J1w; , V = ~-,"z,hw ( d) T = 8 n(J); _ ·. V == 8 hw 

12 S,uppose, the grom;d stationary state of a harmonic oscillator with force constant 'k' is given 
by lflo=exp[-Ax2]Then, A should<lepend onmandkas.. . 

(a) A e<k"wm 112 (b)Aoc km ('d ~k1\n 112
·- · .. (d)':A 'cc k113in 

13If magnitude of tl'ansitiQr.i dipole is considered same for all th>e of transition then the lifetime for 
electronic transition in fhe proper order is · ·· · 

. Af_ (>f- :=- !!-
~ eCtrOru C<\<ibrati ori:;t} <ro tati O Oal (b) vibrational<rotationa.1 <,electronic " · 44" 
( c) Electronic>vibrati onal>ro tati onal {d)'Electronic=vibrational<rotati on al 

. . '. ".,.~,.~{;·: . ,, 

· 14The fundamental vibration~~ frequency v of a homonucl_ear diatomic molecule with atomic ftl · 
massm and force coi1stant k 1s · · · ··. · . · · · _uc. ~,.,.. 

·;. "l 
a)v-=(1/2x)(klm)°-5 (~(l/21t)(2klm.)°-5 (c) v==(l/2x)(k/2.pi)05 (d) v=(2/2n)(klm)°-5 Mc.c M~ 
15 At a given temperature , for a rigid retor, the probabiticythat a system is in the rotational state . ..u c ~ , 

J=O is 0.6 f,n state J= 1 is 0.3 , and 0.1 · in J=2 .. The average energy of rotor at the given 2/YI 
temperatur~ "'r, ~; ilp~ 2:'e7:: p0 eo+ ~e, + Pi.f::,...... 

a)6.0 B ~ 1.2 B c) 3.6 B d}4.8BTIFR . . € ,.. g::,C:T+I) .. 
16 The correct staf:ement about both the average value of position ((x)) and momentum ((p)) of a 

t-d harmonic oscillator wave function is June 20 i5 CSIR 

a) (x) f:. 0 and (p) f:. O b) (x) = 0 but (p) :f. 0 .ef(i) == 0 and {p) = b . d) (x) # 0 but (p)° = 0 

. 16)~iH intheB!anks . .. . . .· . . .. . ~) 
a) The degeneracy corresppndihg:t~ 3D isotropic SHq_iy\th'~~~rgy 4.5 h vis .. ta .... '. 4 · ·· · 
b) ftJy ('hkfat1v~dA tfi ~ . !;t1r,; l'>'t'f;!lLin lh(~~/) .f¼. ½.:!lltu.. 7 < 3(.,, > 

. . I '1 M,t ?l __,, ey.'J tt~~t w i i,)_jj/ .kH. .,,> , · 

?7 .-4 t5IO o-to i -

~ex"' ~ l(~~t 

OP --
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~ . 

,ttvli-

: m,.. 
ti: m.~ 

2rii 

q1' ::;,(;!-1-1} M+2.J -:::. i: 
·. ;i_ 

of'P _, 
:....:---

H~~'S •b.»J~ 

V !!, J_ 1( -x. 'l.. 
..'.L 

C[=-i] 

D.: 
. r(lo-rl.>e'.. 

~al. 

' 

a ~·;f .~i--'> 1?:;~ &Mt!U 
2.~ .. . 

De,_ oli )/4oll.a:b"oYJ ' ·. : . · ' 
. •.· •.· ..•.. ·~~ 
£=- (i',-1-J,:)hv-l<n.,.l }'1-h~:>ce -r,,... ~a:I- -tw:_pc+-wm= 

~-·a"' l1a1rn1rn iu°~ 
6Dti~ , 

c~=~J 
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¥1 =- l<t, 't 

~ .:::- ~-z.-
J~ . 

-'X. l<.:;I(_ ')( + if kg d .+ 2. k.z -z. =- ,;;_ T 

{~?e --t 1'1 tf~ -1- ka, z. :i-_ o1. T 

o!V::::. :l.T 

V= T 

* 7111 Wl'..~.;_Htflx,pn -

.. LT7=-l.<.v> 
. . .:2. .. · 

V=··· --(.2. 

----- ' l.t If t:o £,cz.+ tj ~ '2 aJ Y 2. 

A 2 = -::,c..2...+&2+z.2. 

..t..:::. r ✓C..?..+(12.t z. 2-

~ 
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: :if; 
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• 
• • e 
,fg 

G 

• • e 
G 

fJ 
G 

e 
• e 
0 
0 

~ 
e 
e 

• 
' • • • 
lj 

• • • • • 

11{ fl/ld Kofo't' [dl_,neMfa~ t°dll-l) 

/kc. -k Hunr,ilcmiaM C)~A,_ -/J°-r hyd~1 <. 

_To 6-fv~ --H,,iL M-fair~cd_ mfrftuv, 1 mr/Jy(J~ {g) plc_ pcvd,ch. we_ !~d.od 

-/vM a.-na,vb~ morvteMl-vm of'-oaio?t /n H4rn!A::h:J'Ylia,,y, aj 

-::. 
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; ~ .. . . . 

~ ~ ~
1

MoeltJ --~ 171°f>O!J.~ -~ r.,f,.,"'f /JJf-rd-,(MJJ) )ntJt7CA? 

~ A.::. ii ><ed =) 1/ C: i/ x.«J . 

co auo-fcl ma11,,eJYtcd-fcal. C..olV\ ptf<n±i011 V:::: o 

H4' -=-- ~ LP 
dlI 

= ..l (,l-t I) 112.tp 
al:. 

-:::. E LP 

7L- {v-8/HJuM t1'10r I~ t~wei:J) dlj_.t,v~ dwJ7 ~ ~fv~ tj

mf r.:;ro~ ~ll fa.Ah"'d.J eh._c.:hrrnt<. r17a-l-,"'VY1 1 ?70W WC ~1'('.'. ~tool.tjl-na 

-th.tf><M/t hltrfl'oYI, ~ we_ Mfla.11.. ,l Ir/ 6) i.- 3 beh.av-e.8 

.&f Tl'lt \a..i- -+c, J.. 

::r ::. 1 

'MJ = 7, ·O 1 - I 

--;J:::. ' el-::: :1 s if .::, 3 

'J' .... 2- (2-:,., :::. 6B 1~s 
~,.. 3 I:? 3 

=12g 'i} -:;- 7 
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W .. . ·· . . .· :·:: .. ,, . . . : .... :,.,· . . . , ·. ... , . ·,. . ·.··· . ·o·w1· 

8 ~US·. 7h valw 1 · e11e ~jxmd,"7 1D "· ;,IJtiM/rJM mJ'. ~~ 
: . poJJldt. 1',,,. f.! IP/"" 1ft,_c.! -ti.l. ~-ya°f . . . 

0 
E) 

~ 

• 
6 

() 

e~ 
0 

0 
~ 

0 ,,, 
e 
() 

@ 

• 
0 
fJ 
(} 

-G 

• • • • 

~dJ ~ d_J+l 

-:::.. J..¥ll1" I 

U0J 
k f 0+0'\:hal s~f a pcrable.M _ 

d) po+ Ba~ie.cr P'b't)bl(.M wi-tv, t\lliriu+c wial:Jf,p-

'(D ~ <VJ 
E .:: V 

R ~ ( p, - P:1.)2. 
(p, .f-p:) 2. 
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/ 

© p~ bo.nf ew ~ fJwi Wfti. "6tWk v.iiotfh ;.._ 

T 
ex.o.d: 

:::::. U E (_E-V J 

f4- >I 
L... 

Sc.1'rrt>el.i.vi-t.~ ~"YI Uct'ir~roY!d..Lnq' ·""tO move.MM 1 F1d.t tn 1. ,,_,.,..~;CY/ 
d?.(p + ~ (£-VJ lp.= o 
q :x. ,_ -Jr l,. 

I11t 1A>t ~'°IN? V ~o 
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e 

• • 
€) 

0 
G 

• e 
e 
e 
0 
e 
G 

• • • • • • • • • • • • • • • • • • 

• • • 

~ 
Sop? 

= C.e it,~x + De-i~x 

:::. Cetf.0'i1 -+oe_tf?..a.~ 
L-? J.,t_r~ -fiu_ mavemw¾-°{ ~dt r,,, 

- 'VC X. aJxe.dfcm iVl n ~itl"r? ~ l1~l.J..cf«. 

if" q Fr,_ bt-rrf ~y 'j; ~ 1P>tf1-1 
b~ c..a..u.J..C. ' YI Il' ~' dYI fVlOv<:.m e.t.d-1f 
pa.xl:t lli t"" -x. d.J..'-'11(.diCTVJ ?tot 1-q f 4~ p&.u 

"To ff'Vl.d ~ NltJ.EoYt .b/w 11,B~c.. qPP1 btr0Vl~ CiMcll-hGN1 

CD 

ax:- ?t.-= 0 o/1:. :: 4J .II 

-- -d?L d')(., 

~rJ.x.:::.o = l4Jrr J )(.- o 

fie. Lj:•,o/-1; -t 8e.-il"ro/'t; - Ce iP,·6/t;; 

0~s.:C] - uJ 

(
dth) _ (q_ 4'n: ) 
d.::,l-f 1<;::.. o d:x. / :x.:. () 

"I C Ll~x. L <..1_ e. 
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Tu vah.u_ er/J 8 1 n iUf n(j) f,A. 

fd fn '1" (%) we ~t:.. 

p,rJ - p, (c.-Ff )= t~c 
f, f1 - P,i C. + f1 fl :=. fl C 

[/>t+/J,}c :: df r, r-1 

B -::. ( ft - P~) It 
[0+ 0-) 

P-a" h4 bi LL°1 ~ w~eM.k- OU1>11:. f} 
J :.:. _!_ [ lf'ltv l/J - 'fl,qyJJf- 7 

~tm J 
~ ~ l lf "t .:L t/J - V.J L ~ 7 

c/ t l"t1 c}rl d x. j 

Ji: G ft /1'/a-l!. 1812.. 
("' ~M 1 

~~~ tvqv~ 
1 "I11~ t.,J-o.,vc 

"J'u - f=lcJ :z. 
"" ~ T 'Tc.t ~ M; tJ. t:.4 

I A/?-:::. JI I! 'Jr 

1f3f ::..- 88~ 
/C/7...-=- Cc~ 

T-ira mn1il¾Cl!Ylu. 

T= 

::::. 

:::: 

.£i /Bl'-
m -
f::>1 /'A/L 

rY1 

1-1'2. ~12-

R:: (J,, -p3/2-
~1-rr) )-

g: 

ii; 
(1

;;. 
~~ .,, 

G 
{Ji; 

~) 

ID 

Q 

• • • 
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•··· • • • e 

",.~.:; •. '..T' .. 

· . Pot~ ~~~~ ffob/J.m wrf:,~~IAl.~ w~-'~ · ' ··r~· •· · , •..ii 
b. . o- . . ] . 

. . uk lJAi. (DfVl~fdJ..,s- 0. Q~ 
pa..>J;1dL "6 m~ m, encr~ 8, u,Ui~ wrrh rot· }:x:nn·fc,r 1,- h¥V 

e 
d 

• • 

(o<x<LJ w.. €~~lv}~ 
Sd-rr~ &j 'n f 11 Rea-ld>? 1 - »; L ,t;. l 

cl2.t/lz ~ ~ C €-o) t/z ::. o 
dx2..- 1f ~ 

€) 

0 

• 
C, 

e 
~ 

e 
e 
fj 

0 
ff) 
~ e ~ 

• 
" • • • • • • • -• 
~ 

• • • 

~ + ':?. IYl ~ 4'z ::.. o 
d')t.,,_ -Pt 2. 

Sc.n~LY a,'l"I in 1l ~.'1m

d1.o/.iI -t ~ (_ £-V) lfa. =- o 
c(,c..), ti~ 

dl.laJ _,_a. J- 1< /· tf n = D 
d.:x:>-

l<.2. ::. ~ .::: P:i... 
11 ~ 

we. o.1S <- Jsfu~ 1 via, Tu 'Vl.,eU~ 

p ~07on?e:t,,1 ..:rYJ -

fa.Afid.L ww f( e Ytt:.:<rrf UM~ 

ffAJ- -c.1n a1t 4r b a--nrr t:. er hew t:. . 

-tl,u.. ""tt!:r\d.JIYI~ --tri c1r0ss --t'w- ~nnr~ir 

i/2 l,1110UJn ~ -Iv vtvtdlv,. 'f . . 
tr1' 

To ~ -fkc. paJ.J:Jd,_ tl'I cla.Kfo:al 

ifrrb,~ 4-rdYl c.s -1-o11vie.LL~ 

f le,, x - { ls.?-L 
Ce ...,. oe 

-- Ce i~2-~ -+ !}e- l/tl2->y-Jr 
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,,,,~'&h~ .a,>i'in JJJ ~~ _ · 

o12~ . 
-· - -r '1i!!. lE-o J l.f/lJl = o. c1,o- 1i 1-

d" tp £il.. ~ .r1...t:tL €, t.p lll = o 
d 2. )., # ,_ 

d
2 'tttl -1- k, 2.. ,_,; az -= o 

flpf~'7 &vt?4a.~ un,,ci.L~fitT>1& _ 

C.Umrt'MJ- c/.vr,/417 

,;.. - ('I / f-1 ,2-. __ h /8 / 1 
.JI - - m 

/11 

:far = .lJ 1~, 1-. 
/YI 

l<.'frlLcftll'1u - -% /1312-

_b_ I fll1-
rv1 

1-., I€ l2. Tra-a Vl/2 tvl171M'l u. c -;;} --~ 
/:>_, J 1rt 1,, 

7M 

1 = ~£ (V-E} 

:::: 

4 e ( V-€)-+ V2..S,'v,-/,,2..(l<2.L) 

-k L 1i e k ... L -e 1 

Sin h(]<2.l) -=- -
.z. 

----------····--
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~ 

• • • • 
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1=i 

dlv.e. Y V 1 a.17- t:rfl. L /a'7~ ~ bsni la°7 

e f<it >::>.,. e- ~,._L 
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L/E (V-E} 4-V"" (eh~) 2. 

T:: 16 E (_V-€} 
16 €(V-F3) + 'lt ie:2.ki2..L 

• • • • • • • • • 

fl.s v f,,s t air3e, -Mit:vn £ 
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. DPPJO 

1.Consider the statements , 
(a) Each wavefuilction is orthogonal to all of others even if the symmetry of two function is 

·,;anie:~ · . ·' .· · 
(b )The particle in box function differ from the harmonic oscillator function because in PIB 
model turliieling phenomena does not exist but in SHp it exist."'f' 
(c) A particle with wavelength M strikes theJ>otential barrier-. with region of2M wavelength the 
ratio ofV and Eis 2/1. f'" 1 w,tt,.;:t\;::~ . 
The correct st3:tem~n,trabove are (a) i,ii (b) ii,iii (c) i,iii (d) i,ii,iii (e) none (f) all 
2. The probability cfu:r~11t density corresponding to function 'I'= Aeikx is 
(a) hk/211:m ~211:n1)A2 (c) (2n/hkm) A2 (d) none . 

..3. An electron with energy 5 e V strikes a potential barrier of infinite width and with height 3 e V 
then the transmission, coefficient is 
{a) 0.1 (b) 0.3 (c);0.5 (d) 0.6. (e)norie 
4 When a particle ~th energy higher than potential barrier strikes the barrier with infinite width 
then the expression oftransmission coefficient is · , · · 

. a) T= e:f 2m(V-:E).L/'fi 

c)T= e-2 . .jzm(V.-E).L/'fi 

51 Consider;the statement .· 
'-. ' 

b)T= ✓zrn(V -E). L/h 

i) :function 'Vo and 'l'l are orthogonal to each other in lD SH0. '1 . 
. ii)The average value of kinetic energy in first excited state in case of lD SHO is 0. 75 hv. -r 
. iii)Maximum amplitude in SHO is· a ~lassical t~rm that may be obtained by equating potential. 

ene~gy t~: thekinetic,energy. f V~bf . · · •· . -
The correct statements above are (a) i,ii (b) ii,iii ( C) i,iii ( d) i,ii,iii 
6. Considerthestatement . 

i) The spacingbetween n energy level and ground state in SHO is hv,',:: '>1h1' ( \VI tsdh01'1l.S1 
ii) The.degeneracyconcepfin SRO occur when we discuss anisotropic SHO. ~. 
iii) -.As we niove towi:\fds higher vibrational quantum number tunneling probability in SHO 
decreases "\ · · 

The borrect statements above are ( a) i only (b) ii only ( c) iii only ( d) i,ii ( e )i,ii,iii (f) none 
7. Consider the statements lYI l [).5~ 
i)The spacing between the energy levels is ljroand there is a z~ro point energy at (1/2)t)ro. In 
1900 Planck's treatmentof blackbody radiation predicted the same arrangement of energy 
levels. "'"f .• ' 
ii) The spacing between rnergy levels of an osciUator with. a large force constant k is higher than 

~acing betweenene1¥level~ of an·oscillatorwith a small force ~onstan~k. ,,,-. y !!'A,J( 
m)'1'2p-1 and '1'2p1 <!f~e!;_gnfun91J.Qn ofLz but'lf2px and '1'2py are not eignfunct1on of I,,;. T · /YJ 
TI1e correct statements above are (a) i,ii(b) ii,iii {c) i,iii (d) i,ii,iiifo)none . .· ...... . · . . · [1./J · ,,, o<. S1vt!J c ... , f' 

'to 1 a,,e. . .· . 2p l . • I . 
. · 11,ivdm,,diuv . . · .· · c<. S i,tl e. • .. . . . .. -~·. .. . . r-,-,_t L z.. lfl • · · ~.,'J·. - · · (p1p·H · · · Stl1 e-16&1 > · 

• . P~ f L~ . . . . . :taiff~~~;~i~!ifr{:!~~ 
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. . . 

e.1 - ·tlJ~ hv €0; ~ 
.l-

t(.).:::. ,QJ l{.3 ..... /6, 1 1. --:2. . 

~he strongest infrared band of 12C 160 occursat2143cm·1 the force constant of 12C160 is 
· (a) 2155 Nim (b) 1855 Nim (c) 1658 Nim (d) 2056 Nim 

9 fill in the blanks . . 

i)The term degeneracy is applicable to the eigenvalue of any operator not just the'.; }1,;urrJi!/trriaM 
ii)The function \j/2pz is zero in ... ~t:.plane. •. · . · · 

iii)If the harmonic oscillator wave:functiom.jfnis an even function than \jf n+ 1 is an QdJfunction. 

iv)The n=IO harmonic oscillator has :.;tQ ....... nodes 

v) For n=l harmonic oscillator; tJJ..~ m9st likely position of particle is at: ............ .. 

vi) The IR spectrum of 1H 35Cl h~- its str~ngest band at 8.65x 1013 Hz the approximate zero point 
'b 1· 1 C'. 1H35Cl. ,1..1.. .. , ,,. , ,.,Y,/ -34 ){ S'- l.S1.fol 3 

VI m1ona energy 1.0r IS ••••••• ,._.a.v ... ....- :t~ . 0 . 

lOOut of Px, ,Py an~rbital of hydrogen atom which of the following is an eignfunction of 
-~ . . . . 

(~y Pz is the ;ignfuntion (b) only Px (c) Px and Py (d) all n.. t:r·H) . 
11 I.Consider the s~atenients 15'-:::. -Ji: :::Ji 
i) The energy of a rotating particle is 28~2/I the degeneracy corresporiding_to this energy level is 

15. a'· . . . 

ii) The probability corresponding to J=O state is 0.1, probability corresponding to J=l state is 0.6 

and probability corresponding to J=2 state is OJ th~n average value of energy is 3 B .. 1 
iii) The value of magnetic quantum number of Px orbital is + 1. P 
Correct statement above are ( a) i,ii (b) i,ii,iii ( c) ii,iii ( d) i,iii · ( e )none 

. : 
~ 
!t 

~ 
~ 
l 
! 

f 
4 

• 
4 

12.Considerthe statement 

i)The wave functions · correspotiding to hydrogenic atom are real function when m=O ,and I 
complex function otherwise:-{ ; . 

ii)Tlie probability of fin.ding the elctron in ls state outside a sphere of radius 3ao is 0.062. 

iii)In rigid rotor potential energy is taken is zero because:no. hindrance in rotation. -r 

2VI :1.. 1 

p(! l-G &?'J"'~ 
0:- .3 i 

'l • ... ... 

The correct statement above are · 

· fflii (b) ii,iii (c) i,iii (d) i,ii,iii (e)none 

:(fpuppose that the ,wav~function for a system can be written as 

' 'P = (1/2J<1>1 (x) + (1/4)<D2(x) + (3+:2 
i) <!>3 (x) then 

(i) The functiori \jf is not normalised because imaginary part is present. f 
(ii) Function \jf is not normalized but can be normalize. f' 
(iii) Function \jf is normalized. If the energy corresponding to state <D 1 (x) , <D2 (x) and <D3 (x) is 

E1 , 3 E1 and 7E1 then the energy corresponding to state (!)3 (x) is 7E1/l 6. 

Tnie satatement above are ( a) i,ii (b) ii,iii (c) i,iii (d) i,ii,iii (e)none (t) ii only 

14.A hydrogenic 3 p orbital has the following form of the radial wave function (o.i <:0nstant) 
a.1-r) e--u2r (b) r2e•o.Jr (c)) r(C4-r) (o.5-r) e-116r (d)) r3 e-o.7r 

onsider the statements · 

., J ere are;exactly 21+ 1 different wavefimctiomvn,l,m for each En,1,m• . 

-'.ii)Thete are yxactiy l(l+ 1) different wavefunctiomvn,1,mfor each En,I,m 

iii)E11,1,mdoes not depend on 1 a1;1d m for the Coulomb potential. 

~ [p,'Y't-J· ;.J'i.1),~t-f c.ii~f!f "1'£; (tt') ·~, Ji / lb_; (J1'_ ) 1T) l(a;J- ,',, o ,:,,; f ol>f L fii J 

_ Je~ 1T\fr,,e) <dJ~ M~d ; C,?,:: ;~ ,Y ·lM-l;J 

: ... 1 • 
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- 11,rio;;maRtn, rndhor:J l~-~M --

TVlr>!:>'r p,rohu..YYJ 1VI- 0-,DU'lll~a.u:I iJ? &ilYl CQIII v,or be...~lu~ e.:x.a..~ . 

~e:!e ~orn 1 --&v,~c.Uv\~ ~ l1 ;~ LJ<l,S t-~ C( ifw ~ ~~Ten1 

5o q 21Jb. 1J piro b/lVI o/unif- v,av~ ~o..t± .-!:.o'/Y/,, 1;::rr itta&e.. p1SO{:,ltm w~ 

V\_cu..,(_ --lo ift:,us OYl. q p ro-xf fl,tccte. ~or: J4 Vlb ~ i mdz,,o-eJ ~ Pe..LIVJ 

. oU\J"W-f -r ~f~ plh.po-4,e.. ~ l'.Glll/21cle:,( Cf f p~1Cl1YI~ f'\;te..tl,i~ 

iwJ: dutl. Wt--fln /2~~ ,6-fcd,e_ (.p"T~poirpuq -1o 

tlVV'l(!_ tl1d..tpe.nct-£Mf' -Ha.MLl.:tOI/\ ta.Y7, to <b~ paobltrlt\ ct-
~ +a-kf Qv\a7 6~ w ~ i°c_u.seo/ OY1 @ rn .e.tltocl 

L l J -p e.,rlvcr ba.±:icvt 

(i 1.J \J Q.)\La;OOV, 

·tit 1 J W1< B Me:t°1tlccl 

Pe.'T1V-v b~ TY\akod-
- PL-d:v~bx:lfOY"t 'Tl-'l-e.o>~ -LA. uAed wtie..v, i1-1e_ 

dt.viecl!ovi lrw -fu,.JD r.--ohl.t.rvt& l ,oua.l ~-e:x_q_<:.±-} ~ ~TYta.Ll ~ ;+- h~d 

cM -itA-L ~~p-han it,a:¼ -ft,,_e_ P"°blem t>J'e. tu:tLd:- +o ),.O(l'.)e. f,g. 

A>~~~ t7r01Yl ct. p~Ple.n1 -t¼a:l: ~"' 'be. ~otud ex~ 

::1-¼- r~ ~uf~b\.t -ifcS' Cl;l..l_c..ulcd-t'-"1-fi,e.. ~t-d::-is-tbui-i 0v1 ~ociA.i:ed 

. ~+vi ~ d..t u ta±iCIYl, tL1 i'h u ~hutioYt (! a..olc..l ~ ct unr~di~ 

-to e.:11\ C."l{"~ ~ w a.u e. tu vi~ 1 e...'¥. ct~ .i:,DI v ~ i u.. H q rY1ilkrvl talYl, 

for1"V'Y~71-\e.o'd" u~-c_ C.7\Q...t.X 6ofl'1 -to Ob>4aivt qPrX-IM.Ct:.tt: 

/400 . 
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e; - <.xa.cl- .!,or1'1 o.fs !.,c.J1"n10U.V1r'i{ ei,,c.yrr 

Tfr Man1~ia.m 11.. .e.,u,W:-°"/ pc·.rtt..rrc.D{ 61'. tCJH ~C4Ja"re.J:,7't1Ytcl1n'I 

ch:u"<r'- lvt C'..lf\~ 1A t1e 

f' es-'->f- o1!0Uo Cttnr<e_tl:zetY1 ~ i 'YliYl .1o to.k:e. ~ e.n e. ¥:1<f' , i~ ,-,at e!b c:. but

~ b~ ~1alt.o~ ~ -e..1-rc.~Ovl v~ c.ant,r~pD ~7'-fo 
Fo'11-)-Y l:,~ pcu± °i ·rktmUfcrniai,,, L,ul,,e.11\ LUC:. -fee.kc.. U7pe..Ttu¥b~ 

pw..k ;V\ ttw1&1c{-e.¥a:f:icrn o. ~ba-1 
~re 

11e¾' ~ j if; .tJ H w!,01 dT 

_j. ~ .,,.,jv.-1,<ol' 
U'?~·hnrh<&>I vnr~· 
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1t we. pe."b'-\'\.nrb~ ~t!. Harvii):}:o-niam b't <::JI-I 

,J,e.. VJ-e.u.> Ha M Lllo111; av, f .& 

1-m= ~-+ tJH 

t\1..-o..u -tu Yl ctt t1YI 1--', 

4' 'YI -::: LtJ; +, l1 l./J 

Nau e -v,. e..11'{ -va.ltu. t/2 

\ 

~'Yl. =. ~ Qt10 + A£ 

So ltlew rb_ n1 UJ-,,,,,j cm , h eu., if 1'1Ch ~<m q i,icl i,,eu., e:1,., "-1f'ft rvi us t 

al.be ~ &-b Ye~ , h'?t::..ct~ 

~ t.p."¥1 =- G n lf,., 

( H.:.,_ + ,!H-l) l lJJ-n O + tJ t.p) ::: & '1 0 -1- LJ E. J C l.f',,,, 0 -r ~ Ip) 
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DPP 11 Quantum Chemistry 
. ~!' "'-

1. The first-0tdetcofteet16n°to energy for the.gr~undstate ofa particle-in-a-box (<J to L) due to a 
perturbation).;x·woitld:1>e:(~11,E/2 (b): 1L{cf 2Xt (d). 2 CSIR MODEL PAPER · 
2. A particle in a one dimensional harmonic oscillator in:x-direction is perturbed by a potential 
'A,x (A is a number). The first-order correction to the energy of the ground state CSIR, June 
('Qfis zero (b) is negative (c) is positive (d) maybe negative or positive but NOT zero. 
3 A particle is confined to move in a 1 D 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 perturbation is . Pl-4vsics 
(a)Vr/4:{#f1V1/4 (c) 5Vi/4 (d) 3Vi/2 (e) none _ 
4. Ffud:the.exact energies and wave functions of the ground and first excited states and specify 

. theird~g~"era.ciesfoifuejnfinite cubic potential well V=O [ O<x<L, O<y<L , O<z<L] Now add 

~~iQll'.~\lipert~#~on: to the infinite cubic well Hp =VoL3 o (x-0.25L) o (y-. 75L) o (z-0.25 L) 

Using· '-- : 'f4~r pertjrrbation theory 9alculate the energy of the ground state . 

. 5. 1\51:f· Jt~'isitovenied by the potential V=(k/2)x2 + (y/6)x3 + (b/24) x 4 usin,_g a hannonic 
oscill<ltOr~aiiunpeiturbed problem; calculate the first order correction to. the ~riergyof the 
grotU.1qJ@eillsimpleharmonic oscillatoris .......... ,:,:..:-, . _ {,~'111 :z.~ _. . 
6A hydrogen atom is in an electric field of strength € The Hamiltonian operator for .this system 
is asgiyen,.JI= -(tj2 /2111e) A2 -(e2/41tE0 r) + e€rcos 0 ,,Toe first order conection to ground state 
enetgyofhydrogen atom is (a) ei (b) en12 (c) e ~ € none e.€ h..41A8 

: 1. C2~~i9~19~ ~temerits . _ . · . · .·-. >-vi,~ G' -i. . 
{<lhMH:st,'qrd~rcorrection to the ground state energyjs the expectation value corresponding to 

pertut}ietf:pID't'ofliarhiltonian when we take perturbed part of function info consideration. f 
-·. Cb);WA@,j'.qeyalue of first order energy correction because of perturbation becomes zero then 
w; ~ppfi@.efgn.tl, orgyI" gr, highe.r .order perturbation; T 

. (c) pdrturbation method generally apply when the deviation of the real system from ideality is 
large. ~ <:'/ ·. · -. · · · · 
· Corrt!<;i·~hi'.temen& above are . . 

· .i) a;b~'(ii):W.b;(iii) ~li;fr(~ only(v) a only(vi) none 
. ·. ··-., . . . 

· ~ \Vhen~~pperate.P¢rturbed part of Hamiltonian H1=Psin <Don roatating particle Than first 
order corre.'c_•_·_pon to tht! energ:y_,!f/, , . . ._ _ · _ 
(a)P · (b)J'>/2n (c) F2/4n2 -.\ca:J O . . 

J).. Wie:q w.~:p~mrrbed.Swiple hainwnic oscillator by odd power of X then first order and second 
order energy c'orrection becomes equal to · · Zaro 
a)Constant (b) zero ( c;) nonzero ( d) can not calculate 
1,0 Partic[ei~:confinecHo move in a 1 D box of length-L to +L, the system is perturbed by b( a-x) 
then flm(grder corr~tion to the ground state energy is .. ~ .... Gate phys 
11. A oD.~ensional box potential is perturbed so that it is raised by a constant amount, o, in 
the left half of the.box~ and lowered by o in the right half then first order correction in energy 

. . (a}Zei'o in ground state because it'is symmetric but non zero in first excited state because it is 
·· ~tisymmetric ' · " .,. ·· · 

. . . ·. ~ 

.. (b) Non, z:~9 ii;i_gi:9.u11d ,§ti:lte, b~caµs,e it is symmetric but zero in first excited state because it is 

ai1.tisyminetric ·:(c )'Zero in both ground and first excited state 

(d)non::.zef§mliotliground and first excited stafo 
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Ql2. Consider the statement 

(a) first-order correction t<J the energy is the expectatior(value • for th·e perturbation 

operatorcalc:ul~tecius{ng the wav~function ~f 1:he perturbed systel!!: •· ···••··F" 

(b) Particle is confined to move in 1D box oflength L box is perturbed by amount )...x.2 first order 

correction to the energy is )..,I;/3. F 
~When perturbative correction is applied on the ground state, the second order correction to 

energy is.always positive 

The correct statements above are (a) 1,2 (b) 2,3 (c) 1,3 (d) all (e)none · 

Ql3 Using first ... order perturbation theory, calculate the energy of the nth excited state for a 

spinless 
particle of mass m moving in an infinite potential well of length 2L, with walls at x = 0 and x == 

2L: V==O in.side the box and V is infinite elsewhere ~qich is nwdified at the bottom by the. 
· . folJowing perturbation V p =),V0'6 (x.:.L). · 

Q14. Determine the first order correction to the energyin!"iound state.frop:1. the following. 
figure( discuss~ i~Jhe cl~s) · ':\/i' > · .. · . . 
Q15. Calculate'the first otd~·correction to CIJ.ergyfor.apart,i~le in a 1-D box oflength a with the 

potential V = xla inside the box and V = oo outside .. ··. <?> . . . 
Q 16. Consider theJ!'fle-particle, )D system with potentiafet1ergy V = h 2 

/ mz2 for , l/4 <x< 3l/4, 

V=O for O<x~114 &114:.i}xt3V4 \\'hat result do you expect:(to first order) if the potential n?!ml2 is . 
treated as a perturbation. · · ,. /<" · · , · 
Ql 7; A particle is confined to move in 1. ;D box oflengtb_L Y=O is inside· half of the wavelength 

,V=0.1 E1° in the other half and V= infinite otherwise. Wh~re E1 O is the ground state energy. 

Q 18.A particle is confined to move in 1 D box ofleiigth,i~;(-a<x<a) if the system is pep:urbed <Yl::: 2. 
byV='f>{x~(a/2)} then first oder energy correction to ;firstexcit~d srate is .. ~-- Gate Chem· ;;::::::::: 
Q 19 When we operate pertud:,edpartofHamilt01liaI1H1ffcos <l) on roatatingparticleThan. 
first order correction to the m th state ofenergyis .~ ..... }:;;£ ...... (if 'I'==' (2nJ112elllllp for rotating 

;~~~ ::::i:::) confined to ;t~e ~~e. n box of len.• ~ 1\. if syst. em is perturbed by O {x-(1/2)} ~ 
Then first order energy correction to the gro:und,stateis~llt::!1?:;..~Jt,. . .. CSIR CHEM C_:0 
Q 21 A pa,rtic1e in a 1 D harmonic oscillator in X directi()Il,IS"perturbed by a potential AX 0\, is a. 
number). The first order correction to the energy of the ground state is CStR CHEM 

· a}{s zero · , . · b) is negative ·.· · · ·· · . 

c)is positive d) may be negative ,p.Qsitive but not zero 
22.Consideran infinite, one-dimension~ pptentj.al welloflength L, with walls atx= O andx~L, 
that is modified at the bottom by a perfurbatiori Vp(x): · .. · 

,, £ l'- , 

I'{ ) f v, 0 < :r < L, 
x = l oo, elsewhere, 

· Using first order perturbation theory Find ~e value of Eu.. · · 
· 23 First order perturbation. correction L\Eu.1 to the energy level En of a simp1 e hannonic oscillator 
' • • • • . • • • • 3 • " • " C '" ' • • • ' 

.. ;due to .. anharmonicity perturbation yx: is gfl,eriby ·. .. .. Gate Chem 
a)L~E1/ =y b)~En1 = y2 c)Af1n1 =f1 

~
1=0 · 
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I 1 

! ; 

· - DPP 12 Quantum Mechanics - --

@)An unperturbed 2 level system has energy eign value E 1 and E2 and has energy 

eignfunction[~] and[ ~ ] when perturbed its Hamiltonian is represented by!: :Z 
i) The first order correction to E1 is (a) 4A (b) 2A (c) A (d) 0 
ii)The second order correction to energy El is (a) 0 (b) A (c) A2/E2-E1 (d) A*2 /E2-E1 

iii)The first order correction to the wavefunction is 

0 A *I E2 - El O 1 
(a)[A *I E2 - El ] (b) )[ O ] (c)[ 1 ] (d)[ 1] 

, ' 

Q2.Consider a particle in a one dimensional box of length 'a' with the following potential @ 
"' V(x) = oo x < 0 Dec CSI -:;::, 

V(x) = ocG , V(x) = 0 0 ::S x ::S ~(x) = V 1 a/2 ::S x ::Sa 
L 

Starting with the standard particle in a box Hamiltonian as the zeroth order Hamiltonian 
- - . 

and the potential of V 1 from 'a/2' to 'a' as a perturbation, the first-order energy correction 

to the ground state is 

(a) V1 (b) Vi/4 

Q3. The unperturbed energy levels of a system are E:0 = 0, e:1 ~ 2 and e:2=4. The second order 

correction to energy for tpe ground state in presence of the perturbation V for which V 1o = 
2, V 20 = 4 and V 12 = 6 has been found to be June CSIR 

~6 (b)O (c)+6 (d)-8 
- - ' 

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

E(l} as the first-order perturbation correction and Eo as the exact energy, which of the· 
0 - - - -

following is true? Dec 2011 CSIR -

(a) (ECO)+ E(l)) is always equal to Bo 
- 0 0 

tA E(O) + E(l) E
0

) (d) E(O) 
_WJ \ 0 0 0 

Q5. The following\areith~ three statements about perturbation theory June CSIR 

(A) Second order perturbation correction to the. ground state energy is ALWAYS 

negati;~.--1' • 

(B) Sum of the zeroth order and the first order corrections to the ground state energy is 

oY e.i:t,\)al:\o -(.1.....0 - (Atw A 'Y§kreater than the exact ground state e~ergy . .,-
(C) Sum of the zeroth order and first order correction to the ground state energy is less 

than the exact state energy. f 
-1 

From the following which one is correct? 
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(a) Only A is true · (\l113oth A and Bare true 

(c) Only C is true ( d) Both B and C are true· 

~A particle in a I-dimensional box oflengtli Lis perturbed by a delta function potential, o(x 
U4), in the middle of the box. The first order energy correction to the ground state will be 

[Hint: f 00 f(x)o(x - a)dx = f(a)] 
J+oo 

(a) 0 (b(I/L (c) IJ2 (d) 2/L 

Q7.An eigenstate of energy satisfies H'l'n = En'l'n• In the presence of and extra constant potential 
~ . . . . 

. Vo. · ·. June_CfilR 

a)Both En and 'l'n will change.b)Bqth En and the average kinetic energfwill ·change. 
. . - . ~ 

"':}()nly En will, but not 'l'n d)Only 'l'n will change, but not En. 

Q&.A paqicJe is in a one-dime.nsional box with a. potential V=O inside the box and infinite 
~ outside. An· energy state corresponding to n O (n: quantum n~ber) is not allowed 

because CSIR · 
' ' 

a)The total energy becomes zero b)The average momentum becomes zero 

~hewave function ~mes zero everywhere d)The potential Vo= 0 

Q9. A hydrogen atom.is in an electric .field of str~rtgtld:'. The H~llliltcmian operator for this system is as 

given H= -(lj2 /2II1e) !.12 -(e2/4xE0 r) + e€rcos 0 , The se.cond order correction to ground state energy of 
hydrogen atom (till 4 term) is ...•........ 

Q lQA particle is con.fined to move in 1 D box of length L V:c,::O i.s insi4e half of the wavelength ,V~0.1 
E1° in the .other half and V= infinite other wise. Where E 1° is the ground state energy. Find the first order 

· . and second· e>rder energy correction (till 2·term ) .in perturbation theory. And write also the wave.function 
corresponding to second order.perturbation 

@})A particle in a I-dimensional box of length L is perturbed as given in figure the first ,orqer 
c:orrection 'in ground state energy is . · 

(figure shoulctbe giv~n in the class) 

-0 lv a)V b)V/L c)V/2L d) None 
~ i.,::::::..---~-

6iz)consider the stat~ments 
0 

i) Variational method does not :require the knowledge of simpler Hamiltonian which solution is kno~ .. 
exactly. ·. ,---.. , 

· ii)Trialwavefunction in variational principle should taken int9,account all the physical property of that 
states for which function is taken as trial wav~ function. 
iii)Variational parameter are adjustable in nature ,that is used to minimize the en:egy that is calculated by• 

trial wave function: 

[ 
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••'""'"°''"'"11!1i-:;·~~i:,~:~·)'~12. .. 
· .. :."',', 

L - 0' 
'C:.O - "10 : 2. 

V :: LI .,2.o . . 

v12. = 6 

()Ef" " ( j ~ tJH 'fo:!_-rJ ~(! ~. 4H % 'Y: . 
to - c, - el> - £ l-

2.. 
:::. df-110 

t,l>..-1:., 
+ 

v,6,.. --
"'" -----£,,_;.£, 

:a. 2.... 

.dHzo -1- ~H3,o __. 
e,-€2.. . eu--e.3 

·, 

. 2, 

V.2:0 +· .. . 
~ 

~ 

E. ;..€J. . . 

<!. 4',: dH i.p,:,ctt > (. l/,..; '1/:/ ,p; c/T'? 

~91-E1t1 
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.. 

j '11.s dH tp, .s t:/'-C --:=. O 

J, i 
./Jl8.{; Si>18c/~ =-~ 

1) 

J W=4,._ <! H <P1.s <-l t 4--v 

4 -t . J 
". fM ft S1n6c/~c::b/> 

C.~c 

f u.i-e sinec:Je = '% 
D 

'If> . 

-ai<-Yft tt:. al • •·l::l ~ -ye 

.,,fi1J = u 1/-',.. tJH i.p.,, ort) '2-. 

£1) - r;IY} 
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!.I{ .dH l/1, c/ T o/.. + 4!a IJHt.pdt '-P-3-,.. ....... . 
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€JV =- J . <'.: % " 1-l yi!,t' I' 

... -
<..4-J,,," tJH trfV\ > ~ taH I "J:PY1"? 

,::: .... 
I;;.. )1- (:.,/VJ 

L 
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¼, 
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~;;'"\laxialt"~ Atiilldp~~q - · · 
. . , .. . . .. .. . /><:vto.Ji"'ir;, 1f'- lohwf~ r~ ·la""?e· 

7t,a--e ~ts.+~ "f\11.tJ "' I" ~te.w, i 111 Q. M w 1.u.'cM i"'1 .,,, U.:kM k:tJ.? ;~ k"' o-w;, 

h,.J.! ~ ea.Ml+ be. ~ol\Jed e.~~crfl... b{ pe>dt,~btrl-tve. 

~eu.r t,e. -tl,uh.L ,~ vto ~~ ~ H4mil:.km~ -HN:J-

CoVJ be.. ~o ll)-eol exo..~ <:rI<. q p p/...A:>~ r ~ ~ f e_y fu"T bo.:b"'tm 

-/W.D~. lJYle_ 'i -f1.-o_, ap p..oxiMa:1-lO'Y? ~ ~ ~ t,.t.u:/Ql,U 

if'<> A,ol \J fnr ~e P'° {:, U 1ll1S , /2 'Y a.,.la..:Hrv, IVl,dl,,«I.. ~ Y1A dtttx:J 

dtJ ~ 'nor ~\Y< l<. tyll)U.) ! ~ °1r .-61 MP Lt. 7 Ha rni..lto'>? ,'cv,,, ~ 
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f11f!Mlv-fiC1Yt r,1q_l<:.e. Qv, ~~ 1ut!J,/2 °fr t:!4. w::nr~V1.drv>1 

~ ~k.e,_, t \d:-o O..t<:J)Ui,d:- a.ti -ttu.. p~l°CAJ (->~/Vlete.,t!, °f) 74.e. 
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( lJ e =- i,, ~ 
fi& 1Y1l 2.. 

( :2..J 

Sol'Y1 --

::::. 

e..V1cirrt 15 Ma.I.. . IA.}d,vt: & J11tbbn wW 

Ju._ ~4 t/A4M ~ 1 .t.x~d
~ tv YI d:f th) ~ 'Ytti.J.J.l, 

(Ws - 1 If- ·-hrta.1 WaJv~ ft'Vl d-101 t.p l '1 ) =' x{_ ~ ,-'X )( ,l-~ 

1/2 fV-.pw,c,,/ t• ~~Ll.t_ iYI l~D box, T~ va.lw. j ~ 
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6lus- 3 /fl Mal t.,JONe.'/;.mWm ,.-i..,t t's P,,,f70!.""1 1/'-ra,y, d.J~ : 

1tJd~1c a:l:rm,, f,s N ( .3-a-) e:.- P,,- a.111cl -ftu. t:.',/'Je~ ~,. ti 

~ ~ l,tJfW(:. t;,n,t.:fi&v1 iff , T1A..J.. ~-x:a.d- ~-N:/ ~-lcd-e... l.JJO..Ai+ndio-r, ~ 

Clr(Tar7°"7' fr; fw- hyd~K- a:bm itS N,e-o- wi-rn ~Id, 
[tu. Dr'lfS.f- t:.,<a'°+e4 ~-/t:Je._WON~ t;unCft1'>1 6tro1rq~-#7 -/t:J ¥~c 
c.,A-ctw, lh N-:,.. (_ 2-:--) e.- dl(a- w I 11,,,, ~ €:;_ 

wJ.t.tc.h 0),1.,I. °6 ~t)Y)~ ~ u-r;red-
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(c.,:; € i. :: E 7 €1 
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tp ::: AJ { 8-c:-) e- ~er 
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"''. • , .. ·., .1 

··•; · .. I • '':., 
;~ .• : 

.. i 

t1H. 'i;' €o [-°t'j;ri) Y,,8 a {Jr} "-1 e . . r ;2. . , 

- J (-<.. .2.) k - <~ l 1-fg)"( :£2. Y<I. .;.. a(_J e,fJ ::. J l/{ t!JH t.p~c/'1.. :::. l ~ Cle_ ,. ' r,-;. ff I e 

:::: (-<2..J½. ~
0 
{!. j 1f e-~2.~.2. ::c. 11 e-~~A . · 

Jr to '1 -Gil! J: • .. ,c:'' e _ o.e'lx '2... 

DPP 13 QUANTUM CHEMISTRY . I:) • 

. . . . . -::-#0 . ·~ { lll7'. <.lf)~A"i~111> 
I.The first order correction m the function m perturbation theory for nth state 1s ••...•••. :. . •• •••• e.,._- EM 

~ 

2.The wave function for a 1D SHO is 'l'o (a2ln)25 e--02xzt2 for the ground state, perturbed by Eo 
( axil 0)4 .the first order change in groµnd state energy is Gate Physics 

(a) (Eo/2)104 (ef3Eo/4)104 (c) (3Eo)l04 (d) (Eo)l04 

3.A certain 2-level system has stationary state energies E1 and E2 (E1<E2) and with normalized 
wave functions <p1 and <pz respectively. In the presence of a perturbation, the second-order 
correction to the energy for the first state will be CSIR Chem 

~<P,IVJ'h) 
l. E.t.-Hz 

' \k"' [{1P,IVI.P.2)F 
• E~-Ez 

2. ~"1IV1""2) 
Ei,,-E,. 

4 l(q,,JVl9>2H"' 
• @'1-IS':.)"' 

4. Calculate the variational energy of a particle in a hard one-dimensional box oflength a, using 
.. Jhe variation function ¢(x) Ax(a x). i: ~ fYi el'l~'Y~ 

5. Consider the statement 
i)Variational principle is valid for ground state only. F 

.,..:,i,i) If the variational function is orthogonal to exact solutions to the Schrodinger equation that· 
..ht~ . correspond to allthe states oflowei:. energy than ~e ~tale Wf? ~ interested in, the variational 
-~ . principle. . · . ➔ C.i,,oli.11M1 -tl,,ar Va.N.td!Kn1 'f"'nUJ.7U. GtppUc..:.{ fO ohu.1r .&~, 

~ iii) Th Ritz method resents a special kind of variational method. The trial function <D is \:Y re ........ ..,. .. ,".... the known basis functions {'l'i} with the (for the moment) 
u 
The correct statements above are 
a)i,ii i,(ii,iii c)i,ii,iii d)i,iii e) i only . 
6) A trial function used in the variational method for the hydrogen atom had the form: 'I' = 
exp(-c1r) +c2 ~xp -r/2). From a variational procedure we obtained: 
a)cl=c2 0· cl=·l c2=0·c)cl 0 c2 l·d)cl=l c2=1 

' , ' ' ' ' ♦ 
7 In the Ritz method (M terms) we obtain approximate wave functions only for: 
a) the ground state; b) the ~round state and M excited states; ~ states; d) one electron 
systems. 
§..Ina variational method, four,,,class~s-of~tpal 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: 
'c!)-48.2 eV; b)-50.5 eV; c)-45.3 eV; d)-43.0 eV. 
9. In the Ritz method (cl> stands for the triaL:function, AH the Hamiltonian, E0 the exact ground
state energy, 'l'o the exact ground-state :wave function, a= <DIHAcI>/ _ cI>lcI>) the trial function cl> is 
always a linear combination of: 
a) orthon9flllal functions; b) unknown functions to be found in the procedure; c) eig~mfunctions 
of'H; llj1mown functions 
I 0Variationalmethod cl> stands for the trial function, H the Hamiltonian, Eo the exact ground
state energy, and 'l'o the exact ground-state wave function, a= cl>HAcI>/cI>cI> If c = Eo, this means 
that: 
~O= cl>; b) lcI>l2= 1; crwo =cl>; d) 'l'o= Eo 
. :11. A trial wavefunction used in SHO e-cxz was used and energy value was obtained as 
(1}2C/2m)+(mro2 /8C) The minimum value of energy that was obtained by variation~ principle is 
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• (~/2 (b )lj.ro ( c) ljro/4 ( d)21jro 
·· j 2. Which of the valiational function have acceptability for a particle confined to move in ID,,, 

box oflength Lis (a) x (b) x2 ('6Yx2 (a-x)2 (d) all are acceptable 

13.A trial wave function for SHO was proposed i.e 'l'=(~x2- l)e•~x2 if the energy calculated by 

this function is E than ~ich of the below is correct 
(a)E >0.5 ljro ~ > 2.5 ljro (c) E >3.5 ljro (d) E >4.5 ljro 
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 Hu= -15, H12 =H21=-l, Evaluate the. approximate 

~ue of energy of real system and determine the coefficient of the expansion 'l'=C1 <D1 + C2 (l)2 
~onsider the statement l-12.!L e - 3> 
i) energy calculated by perturbation theory may be higher or lower than exact value of energy. 

ii) Ruckel method is an assumption, in which 1t ,O' part oftqe bonding in molecule can be 

separated. 
iii)Inhuckel approximation all the overlap in adjacent atom is considered as Zero. T 
Correct statements above are (a)ii,iii (b) i,iii (c) i,ii fd) all (e)none 

.. ~normaliz~ slater orbital ~or IS orbital in Helium atom is '111s= (1:nt5 (Zetr /ao)l.5 e·Ze/a Its 
leads to-followmg energy e /ao[Zetr- (27/8)Zetr] Treat ZetraS a vanattonal parameter 

. caIJul~te the min energy. 

):]By using trial wave function e .ur the energy calculated by variational principle is ( m:;2/21Dea)~( tl /4€0a
2
) 

. ; Jhe value of variational parameter a is ...................... And the minimum value of energy obtained 
... frolll variational principle is ............... . 

. ·::., ·0 .. ,• - : : -~:.: ;:J" '\\.~• .' .. 

·: ~he energy calculated for a multi electron atom using variational function is E=( alj2 /m)-a21j 

,, ... · · TJ:te.yalue of variational parameter a is 
;,:;;:~:,,~~4-;'?.~-~~~(f:~.~--'~ . : ·: . 

t;\t:"',(a.\)¥:· Mijl2m (c) 21j/m (d) ljm (e)none 
r,· ___ .. ;'c,J '~,·omzation potential of hydrogen atom is 13.6 eV. The first ionization potential of a 

"'"suming that energy of its outer electron can be represented by H-atom like model 

clear charge 1.84 is Gate 2007 Chemistry 
. . . 

1.5 eV (c) 5.1 eV (d) 2.9 eV . 
ction used in SHO ~xe•~xz was used and energy value was obtained as 

'
2/8~) The minimum value of P is 

;(m(o/li c) 2m(o/h c;I) none of these ~ 
ments \ "V\o,elk . / Mt> 
" ,,,,,,... ::.,;:-- I 
:on{2-r)e-nr is suitable for an electron in 2p orbital. r 

)ul~f the energy calculated with arty function(? obeying the same 
·· th<'?correct system wave functions cannot be lower than ~gs. -r 

··· ·!h more than one parameter can produce impressive result but price we 
· y~alculation. -r 

t;_ a)i,}i,iii b) ii,iii c) i,ii d) i,iii . .., 
~I,.Jti~e5.wave functio9,is given asr(a-r)"Pr (a and~ are constants). This . 
,·✓~,- • . . a) 2s b) 3p c) 4d d) 5f 

_.,~.:,~f:8 ...... . 

·: I . . . 

- I 
I 

I 

i .' 
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lei 

we 

i'his 

... ·.. . '' . 1l' 
., ' 

1'(1Ddn,-:: 2. . 

< @ To ~ -ttnc. atc.e.ptabHl~ °cr lJ.JO,rj/f!, 1fnd:lrm 
-=fi'a'St- 1,- a.LL ~mine. -f1.-..t ,rol.u.t a{, -e..Ytq1J 

a""cl -ivle\11 ca.lwb!-e. X ~a'lllqe. lYI c 'YlC'l"'r;f ~ f+- ~ +-vc 

roo"'d>1. ~ v~c/. 

. · j :Jl 1.. {-.b_. •~ L :2.. )-xa.. c/x 
~Jt? JXz. . 

J XL?<¾dX 

f x._'L /_1,2. ..2.)c:lx.. / . 
. . l cfli"/ /j '>tYd,;x.. 

- '1
1 J ,c, ric:l-x ' /1111 . 

j:xlfdx.; 
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. . --· ' 

.: · .Q~eaA- · v~41. f>?r:inclpl!:--
11 bF 1:Jpe- ~ \f ctJt1a:bm1 

wfd_¾ u~ .f.,, ~~ ~ ,Moltw.iD 1~ ~o Coll~ u1,1eQ.A 

\j~CMCU.. if,vtdic,1,1, C\ UII\~ C011'1bino.:h'°O'Y,1 ~ 1'7 fn~ 

~VJ t:ft WI i, i ~ · · · .· i'YJ (o'f>~ t.d-a M \L o,r b i-\ctl ) -rt,.tl ~od:,.1:..-rt 
-tlJ- b\lO'Yl c\d."t eomdf hon o-fs- p~ bu. m, 

t V\ d?tCIYI YV\ ~ ·1,, e.__ ~ l::le.'v\ ~ 

4! ~ z. C.i '6i 
tw.. ~~ -e.A.d: C.i. Ct.A.t ~ pb..hO. n,,e}--ui_ e"a\11 b c.. ~ lVI i ~ bi 

... .. "' ..,I 

('Y1lY\ 11V\.t~ l vi..a, ~ e.._\1e.~, 

'l'V\ Lu,\~ '\i~U\.1cJ. ~tlllU plt. 9 ~ -h,:,a.( l..aJt«Uc:. fiuv,d,'trv) 

li~ d.L,x-1'1 d l-\d- O'V\ 1l,\e. pa.. 1t"a_ md-ey s 
1 

-

. ' 

App~-
t.uid~ Gtp pli.CQh u. · LVl ~+ud.f~ mo,; vr3,; 1-1 Mo7 

/?t.d- m"-:J · h~ C-f. pf~ --fo ,-s iYl-1 plL ~ <f-k1V1 a.Ju,. 

~we_ -i"C\.k ~~~if'\f\~D\-\ if"" ~ ~1VV\pll.Y ~~teM1 °-6 P7B 116 

L J 
J.. 

(lJ 4-' ~ C1 =t.(_,l-X) 

Li iJ 4-'::: c, ?( ( 1.-:X.) + Cl.-xY. ..t-;x.) 
2 

1 

(i_i.,) tp ~ Ctxt....t-~] t c'l.::,c(,(.-xJ-i.+~::,c_3(l-~J3 4 
I 

i+- ~ ifu-vicl ~ ~ -tw. 'Ylo. °t '\JaJJh:.b"'~ pwzro.meA:e_-r1l~ 

-tt,u._ a..c._('__u1(~°t °'ls ~utl- · fntcl'eLU..~ mea~ l~«' fw. u-uu°-,., a&--

~ -hrfa.L l.l.Xl'-l:1J'Y':t:H'OJ1, C.l<½-e.o: t+~ ~\rle,s-~ ~ -tL,...o. ~:x.ctc.± e..ne"'~ 

SJ-p1r1'dtL we h.A.UE>- ff>_ p~ i;., LiM~"thd' rno:t1'1e_rv1a:h°CJli e.o1_wl41Lm?. 

_ -t:.D ~ev,eml~ we UJ.»e Cib1Y1pu+e.-< Fq-?r4nm,J0 '1' jf r_ -fti ~ pu- 11 po&e. 
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• • • • • • • • • • • • • 

.. ~ 

-i-wo ~i¢J. W(J)/t! 1JuV1dftTH11, 
c, :,t (Q ... :::ic_) -=. 4', 

. 2../', 2.-
Ct x. (4-x) -+ <1.::>c.: \...q .. x) = tp~ 

f Ve. o= V1 ol ,(,1-al "-- "--'ti>~ tr K,. r ,_ 1f-.- q Mb• I,(; r,," (.. pru:1:t'"d..t. ,..,, 

1-o 8• "· B<f u,. f "'3 1/lV,J°,:,J,u tw1 mdt,,rr;/, I.fr- <1C<t d- ~nd .t.+.:J:e 

e"' ~ J1:. G C, w hAl- !'1:. -/iu. MJ.a.t,~? 

A naJ.Jich. f.,,, 1-D Bolf ha.! 4-am,nc/ 1oWt:. ~e~ i;a = D~"-
~~ r-- u -,q ~~ 

tfM- e. i<(X- ~ -rn),"c,,,i V "1w., ct -fw.. Q ho V C Hq r>11'ik-i l 0, Lu l ,-,_, f I? d-1~ 

4Jt_-x.) = X l'X-Q ) 'diek/.. £ I 

u.i. 1 Yl'J' <1 /,tne4.,1.,, &yy, bt'mH wi '15- -lw-~ eJVeM f;u.,, t-hi:,,,,J :x.t:x.---a.) ~>(-x-4 .r 

J.>)e._ obW,,,, tw. min en<.Y'71 e'J- . 

411.::. c., x l?l.-4) - £, I 

Ip 2- = CI ::d .. 11.. --4 J ../- < l. x,::1- ( :l'.. --<U" ~ 6' J.. 

et)<- £':l-< g, 

</!, 7!e- .A.of! °t ~e:,.t... v~ if"c:t,c,,, !J.A#-!. -k, Sec.ul':"Y beh:irmi»o.l:e

le.l:- 0.1:. C.0¥\~fd.t"ll' LV ,~ C\. U-Ytea.J... va.>JD.:H~t,11CHdl? 

f~ cd:f ,&UMM O"V) ~ -two o..ia.ue. trvicJ:t""OYt q>' 4 4>:i~ 

[ 4J = c., 4' I H2. h l 
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... -

1 ( C1 i + C;,_<f>,J H ( (,4', .j. <i<t>S "'T . • 
~- 11 

J l c, 'Pt +~4>:,.J ( (, 4,..,. c..l-<:1>l,J ctr .fi 

• 
~ 

J Ct~, H c,4>d-r~ J ~cp1 H(,._tp:,.d:t rjc_,d>1H(~d,~d.T1 C2-'P,l-f<,c/drti 
,C.;, 
~ 

J c, ct,, y 4, cl L 1 c.J, 1- c.,_ ~ q nJ Lt ft c,J,,,_ d-r +J c Ac, ~,J-c • 

j cp i H 'PJ ol '!. -= H fJ 

j <f',,H cf>;i...°''t -=- 1-111 = <4>, IH1<pl-,'7 

j <p !)., H .f,, d.-r. ::: H.:J..t ~ <. ~ .2. 7 f--1 1 cf> , , 

J 4>t <f> l ol 1'. = Sri ] ov tJJ.qp maM,l.'x eh.mt.Mr I C)yo_ /Qp rW:-,-,al. 

J c/>i q>j o/7: -=- s u ' 
~ 

~ 

e 

• 
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4!ff:,_',;;,.'u1H11· ~mi:.,,~ cam·•.· bt.·J.&~· +o obktlvt{~;~~r~ ;·~~<; . 
lJ..11S1fttV\1 e.cl f-v1 1~ C.1" eAJ.:."'a cn-d.l.!o at C.'W\~ e..ca.t.i;, ~ L.o._uc. ii.'\<.. 

-e\n~~ lll~ -t1AaLM. i1,t.o. -hu.t. ~Y't't bu.I:- in vaAU:t.:b'°tnll #tt:Al-M IAlt! 

t.l,61);!£ mi)'l}mum vai.uL 'iJ eM~ 1 &o &rna.Llu. -f ~ol?? (itrOf) 1 ftu. .U:,l? 

~ f Y<!. 11A.a. e Vl.t..~ 

~ l 1n cl4!kt -ftu. val.tu 1J St'i ~ .Sfi f& mu!-3-tv&11 f!AIA1 -thvn w-e 

Off1;/ &mdL~l-trin a/; o'otnf>11oama.J /4ef &ii = I .StJ =- o 

rlM..-hs-fa.l W-4.Ue. if"d::iav, oi- a 6~~ f-4. ~~pet)1d.J.cJ~ 

qJ -=- C.' 4> t .+ (. :l--cl>'l., 

< cp I H q,, ,. = D 

' ... 
I , 
t 
® 

@] 

~ CF1. P·-1 I 4J, ? = .2. ~ < tp'I- l HI 4> .1 > ,_, it a"R. Ht 2.. ~ 

E' ::: 

--

< 'Pl. HO 4>,. > = 3 -== 1-122. 

:::. 0 

_3f:-tE.2-Lf =.. O 

E'2._ 3 E -4 ::..o 

E2:..4E + t; -4-::. 0 

t;: ( €-<.t} + f (€'-ti) :; 0 
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DPP-14 QuantumMechanics 

1. Consider the statements 

( a) 2pz and 2px orbital have same radial part of function, but 2s Orbital has different radial part. 

(b) The maximum angular node corresponding to e in orbital of H atom which have the radial 
part of function r2e•r13a0 is 2. The degeneracy corresponding to this function is 9. 

( c) The degeneracy corresponding 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) b,c (3) a,c (4) a,b,c (5)a only (6) b only (7)none 
~onsider the statement 

a)The first order correction to the ground state energy of SHO when it is governed by potential 

energy 0.5x2 (k+bx2
) bx2 is O. 

b)The tmmeling is niore 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 ~ace of radius r is in the state 

with energy 1Qtj-2tmr2.The degeneracy of this state is 'E:,-:. ! Jtyt\ IIT JAM 2010 
a)20 (b) 10 ~ (d) 4 . . . :l~'-' ~~~~\ . · ,, . _ 
4 A particle in 1D box (potential energy between to infinite outside) has the ground state energy 

E=(0.125h2/8ml2) The expectation value of !the above Hamiltonian with 'V(x)=x(x-a) yields an 
energy E1 Using a linear combination of two even function x(x-a) and x2(x-a)2 , we obtain 

variation minimum to the ground state energy as E2 the reJation between E0 Ei and E2 is 

a) Eo < Ei <E2 b) Eo < E2<E1 c) E1 < Eo<E2 d) E2< Eo<E1 CSIR NET CH 
5 For some one electron system with l=0,m=0 the :function N0e-a and N1(2-o-)e·012 refers 

respectively to the ground state energy Eo and first excited state _energy level E1 . If a variation 

wave :function is N2 (3-o-)e-<J yield an average energy Ethan it will satisfy CSIR NET CH 
a) E~ 0 b) Os; E:s;Eo c) E1 d) Eo<E :s;E1 

'6-4:'he ground state energy of the attractive delta potential V(x)=-M(x) where b>0 , calculated 

with varatfonal trial wave function 'l'(x) = A cos (nx/2a) -a<x<a is CSIR NET PY 
a}~(mb2/n2n2) b)-(2mb2ht2n2) c)-(mb2/2n2n2) d)-(mb2/4n2n2) 

7.For a particle in a box problem in (0,L) an apprnximate wave :function is given as x (.5L-x) 

(L-x) The average energy E for this state is CSIR NET CH 
a) (h2/8ml2) <E<(h2/2ini2) b) E>(h2/2mi2) 
c) (h2/4ml2) <E<(h2/2mi2) d) 0 <E<(h2/8mi2) 

8. Two trial wave functions <!>1= c1 x (a- x) and <!>2 = c1 x (a- x) + c2 x
2 (a- x)2 give ground state 

energies El 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 E0, E 1. and E2 is 

(A) E0 =El= E2 (B) EO< El< E2 (C) E0< E2< El (D) E0> E2 = El IIT GATE 
"'-9'1f the perturbation H' =ax is added to the infimte square potential V=0 for 0<x<n and 

V=infinite otherwise The first ordercorrection to the ground state energy is. NET PH.'{, 
.a) an/2 b) ax c) a1t/4 d) an/2°.s 

10 Write the principle of variationalprinciple . 
11. An electron is in a state described by the wave function 
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'¥=(1/4n)05 (cos0+e-i'1>sin0)R(r) Where 9 and <I> are the corresponding angle. 

i)What are the possible value of Lz 

ii)What is the probability of obtaining each of the value ofLz. 

12 An leV electron got trapped inside the surface of the metal. If the potential barrier is 4 eV 

and the width of the barrier is 2 AO 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. 

0 ~ particle of mass m confined to move in a potential V=0 for O<x<a and V=infinite other 
wise the wavefunction of the particle at time t==0 is · L tE1/K 

'l'(x,0) = A[2 sin(nx/a) + sin (31tx/a)] '!Co. t 
\\' t ?<. '-) ~ l\) t,I) 

(a) Nonnalise thewavefunction at t=0. (ii) find '¥(x,t) 

. t{f. An electron is confined in the ground state of ID SHO such that L\x= 10-10 m., assuming 
<T>=<V> find the energy in electron volt required to excite it to first excited state . 

. fl1\t time t==0 the wavefunction '¥(r,0)= 1/(10)°5 [2'1'1,0,0 +'1'2,1,o +(2)5 '1'2,1,1 +(3)05'1'2,1,-iJ .where 
subscript are value of quantum number n,l,m what is the expectation v~lue of eriergy of the 

system, what is the probability of finding the system with l=l andm=l. 

18 Consider the statements 
i) Schrodnger equation for a quantum system is linear differential of the type second order in 

. space and second order in time. · 
ii)The expectation value of z, coordinate in the ground state \1/=Ae-t,a is 0. CSIR NET PH 

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

(a) a.+ p ,a- p (b) a+ 2p,a- p (c) a.+ 2JJ,a-2p (d) a+ p,a-2p CSIRNET CH 

20 .Consider the statement 

i) Coulomb integrals for all the carbon atoms are assumed to be identic~.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 1t
system, there will be n overlapping atomic orbitals giving rise ton molecular orbitals. 

Correct statement above are (a) i,ii (b) ii,iii (c) i,iii (d) i,ii,iii 

.. ' 
4 

~ 

~ 
I 

~ 
I 
t 
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•tct"'.'''"lf., '\: ~ .. -<.-.2 C . HOMO 
c=o<.--~---(~2.~ 

::::...s~ 
' ; 

i • I • • 
~ • • 
0 
() 

0 
0 

Q 
' 

(j 

0 

0 
Q 

- -(-ff LOpto 

- 2.(> -:::: tS'-o _!l.L • .(+$_ ft4wto 

- ! $ i .2.:1.'S" a• -<-1- 26 · 
·opp 15 Quantum·mechanics 

L The energy for a single electron excitation in cyclopropeneumcation according to Huckel 
theo . ry . 
(a) p (b) 2p ~p (d) 4P CSIR NET 
2.The resonance inte al for benzene _in the Huckel model is -75 KJ/mo!e the energy required for 

r transition from HOMO to LUMO and to the highest unoccupied MO respectively will be 
(~ and 225 KJ/mole (b) 75 and 150 KJ/mole (c) 150 and 300 KJ/mole (d) 75 and 225 
Kl/mole UT GATE 
3 Simple Huckel Molecular Orbital TheoryCSIR NET 
(a) consider electron electron repulsion explicitly (b) distinguish cis butadiene and trans F 
butadiene · • ~ 
~istinguishcis butadiene and cyclobutadiene (d) has different culomb integral for non F 

equivalent carbon · · · , .... · · .. · . 
4. As per Huckeltheory , 1t electron energy of cyclobutadiene ateIIT GA TE 
{a) a+ 2p,a+ p ,a-· p,a-2P (~a + 2(3,o.- f3 ,a-1l,CI~2(J (~T2p~a: ,u,a-2P ( d) a + J3,a- p ,ri- p,a.:· 
~ .. . ... 

5.Consider the statement 
i) Coulomb integrals for all the carbon atoms ~.'.3SSUITled to ~e identical. I 
ii) On-diagonal elements incorporate the Couiomb integmls for each atom and Off-diagonal 
elements consist of the resonance integrals;-r r ·. ·· · · 

iii) for an n-atom chain, in which each atom cgntributes one atomic orbital to the conjugated 1t- · 
system, there will be n overlapping atomic orbi4ils giving rise to n molecular orbitals. a' 
Correct statement above are (a) i,ii (b) ii,iii (c) ~iii('dYi;Ii;iii .·.· . . 
6 The root of determinant in case of ethyl~n.e m~(ecule inHuckel theory is CSIR NET . 
(11Ja+ p ,a- p (b) a+ 2p,a- p (c) a+ 2~,a.:.2{3 .(d) a+ p,a-2p .. · .. 
7 consider the statement •. · , • . . .. . . · · .. 
i)The concept of1t bond formation energy is different than delocalization energy. T 
!~~ The 1t bond ~off1;ation energy in benzenei~ 6ti. F . . . . · . . ,,<.-,.g~ _ (o(-:: 6 ~ 
m) The delocal1zat10n energy for cyclobutad1enemolecule 1s zero. -r 
Correct statement above are (a) i,ii (b) ii,Hi(-e,:t1ii (d) all (e) none 
8. '{he electroni.c charge corresponding to cen,trafcarbon atom in allylcation is 
(tiff (b) 0.5(c) 1/¥2 '(d)noneCSIR'NET · · 
9.Consider the statements 
i)Huckel allow us to determine the energies and wavefunction for the 1t molecular orbital without 
specifying the Hamiltonian operator .:i 
ii) The d~localization energy ofbutadiene is oithetorder of 65 kJ/mole. f 
iii)Compared with the 1t electron energy of three ethane molecule the delocalization energy in 
benzene is 3 ~- f 
The correct statement above are (a) i,ii (b) ii,iii (c) i,iii (d) i,ii,iii 

10. Consider the statement 

i) The delocalization energy corresponding to cyclobutadiene molecule is 0.472 (3. F 
ii)The total 1t electron energy of naphthalene Ex= 1 Oa + 13.68 P delocalization energy of it is 

1.68 p F 5 ~lutf uitlt _
1 

iii)Secular determinant simplifies if the trial waveJimction is the linear combination of 

orthonormal function. -r 
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.. • 

Toe correct statements above ar~ (a) i,ii (b) ii,iii (c) i,iii (d) i,ii,iii 

I I.In case ofHitckel molecular orbitaltreahnent ofberi~ -~ @ · 
i)The total 7t electronic charge onrith carbon atom to b~So we see that n electron are 

uniformly distributed around the benzene ring. F · 
ii) From the bond order (P::c:2/3) calculation in benzene we find that aH bond are equivalent. i 

· iii) If p=-75 kJ/mole then benzene is stabilized by about 150 kJ/mole. -r 
The true statement above are (a) i,ii (b) ii,iii ( c) i,iii '( d) i,ii,iii ( e )none 

12.Consider the statement 
i)The delocalization energyJor aJlylcation, allyl anion and allyl radica! are same but stability for · · 

. all these species differ, so Ruckel method can not ex:p lain the stability order of these species.· F' ~) 
.. ·.• lji) If the energy of two electron one in each side of two isolated non interacting 2pz atomic . . 
t}tl~Groital is 2a then net gain in ene,rgy on. the formation of ethylene system is 2p .• T · :(_ l.(.+ B 'J - "<o( 
rf' iii)The ground state of ~yclob11¼~i~n~ is a tripletstate.biradiacaL T ... :J,it·,,:,:,if . .· • :=. 211 
; The correct statement above are (a) i,ii (~i,iii ( C) i,iii ( d) i,ii,iii ( e )no~e ':/ . . . 

,~;u;::::;:;:::;~il~d by deloca!rnltion (relative to ethylI):iJls much less 

· t< ~-oqjugated than ~llylcation.~ o._~~ ~ a) · · . · . ·. _·. ~~~E~. ·. ·. 
u)Huckel theory IS an approximat10n formulae , the concept ofbathoch.rottnc shrft that was 
studied during 1t -n* can not be explained by Ruckel metho'd.f · · ·· · 

iii)The value of Huckef parameter a and p ate different in c~e of hetro~tofu. T 
The correct statement abo~e aie (a)i,ii (b) ii,iii{c) i,iii (d) i,ii,iii ( e)ii (f}.iii(g) i .·· 
l 4U sing extended hu~kel theory det~rmine the lilleat or the triang~lar :~~:9fH3 + i,s the more . 

stable sta_te._Repeatthe calculation f()r H3 and Il3-. -='i' f!x~HP1~9f~~o.pfllc.qblt t11'J 
15. Consider the statement · ·· ·. · .· · . · · @1ovuo/ ~,.:-'", ' 
i)Huckel molecular orbital theory is based on ~Mt seperability. -:T. · · . . . .· . . 
ii)The value of resonance energy generally remain in the form of resonance integral 1 
iii}The approximation of consicl.ering overlap integral zero in Huckelm9h:~t4lar orbital theory Is 

a bad approximation. 1 $11 !:- l ~• 2: c.D•2.s St3::: ~oq .. ➔-t~J:t ~ 'li\i-4-t.l:-.:.d 
The correct statement above are (a) i,ii {b)ji,iii (c) i,iii (efall (e)none '(_' ;,/ · . · . 

16.The bond order between first and second carbon atom in allyl radical is;·:···· 
17 The energy required for the transition from homo to lumo in ethylene moleculeis .. JS.9 l<j'/n,oJG 

18 The energy level corresponding to methylene.irnine if uwq,+0.5 pis .... 11!( -:r.l~ q 
19 The energy level corresponding to allylcation j as ...... ... ... ..••........ ... .•• -< - •. -rt I 

C.tt.lJ-.cNH 

-/ 

0 
c 
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DPP 18 
I .Consider the statement 
(i) For one spin system there are two spin state ,for two spin system there are four spin 
wavefunction. -r 
(ii) a, a.2 and Pi ~2 are symmetric wave function whereas a, ~2 and~, a.2 are antisymmetric in 
nature with respect to spin exchange operator. t= · 
(iii) fu triplet state the function corresponding 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 ~ only (f) ii only (g) iii only 
2 Consider the statement 
(i)The spin operators satisfy the same general equations that we developed for the angular 

momentum operators. "'f ·. 
(ii)The value of commutator [Sz, S+] is -(h/2x)S. F 
(iii) normalization constant of an N x N Slater determinant of orthonormal spin orbitals is 

1/(N)0:5 :f . », , 
The true statem~ above are (a) i,ii (b) i,iii ( c) ii,iii ( d) i,ii,iii ( e )I only ( f) ii only (g) iii only 
3 Considerthe statement · · 

(i) when we operate the operator S2 on state a.1 a.2 then eigenvalue is 0. 1== 
(ii) The spin angular 1!10mentum operator i,s generally represented by pauli spin matrix. T 
(iii) For being total function antisymmetric if space part is symmetric then spin part.may be 

symmetric may be ant symmetric. fr' • , • · 
The true statement above are (a) i,ii (b) i,iii (c) ii,iii (d) i,ii,iii (efonly (f) ii only (g) iii only 
4 Consider the statement · S , · ( ~ 

1 
S. ~, St'--) · 

(i) only the magnitude of the spin angular momentum and~ ofits components can be known 
simultaneously. f . -
(ii)Pauli exclusion principle requires that each orbital have a maximum occupancy of two 
electrons may be explained by Slater determinant. 1 , · 

(iii)The two electron with same spin in a state have zero probability. T 
Correct statements above are (a) i,ii (b) i,iii (c) ii,iii (d) i,ii,iii (e)I only (f) ii only (g) iii only 

5.fu certain axis of quantization z ·componen;;l[_ sp~ ~gular n10menttim have the following . 
representation · . So111 ~OJD--?M4.l ~ <rd':;,. r, 4:- ~ <::i.-2. 

Sz= lj ( I o t>] what would be th~fthe matrix S/ is 'd ..,,.. s~~s.;:-
o O CJ · (a)Olj2 (b)llj2 

(~ (d)noneoftheabove s.,L- tl 
. 6 ?>-f 

@)A random distribution of error obey the Gaussian fonn as (Alx)°-5 e•Ax2 , The mean and ?Ja1l~kvJ7 
standard deviation of this distribution obeys · 
(a)<;x>=O , ax 1/ (A)05 (b) )<x>:f:0 , ax= 1/ (A)05 (c) )<x>=O , crx = (A)°-5 (d) 
)<x>:;=0 ax= (A) 
7. Fill in the blanks 
i)The wave function corresponding to helium atom including spin is ..................... . 
ii)Normalisation constant corresponding to lithium atom in slater determinant is ........... . 
iii) The NxN slater detenninant may be written as . .. . . . . . . . . . . . .. ? , , , .. 

iv) percent ionic character may be obtained by parameter 1 as ......... -~~ 2. - lr IOY1! C 
v) In MOT the covalent term and ionic corresponding fo two atom two electron system may 

~ ~::: ~;i~-~~~~~tum operator in ~·dk~ti~~in form of pauli matrix is .. $.t: ::-:&, lif ~ [ h 
vii) When we operate Sz operator on a spin then corresponding eign value i ........... .. _1 
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DPP 17 Regular Batch 
1. Consider the· statements 
(i) Overlapping Sab can have value between zero and o~e. In order to have a chemical bond it is 
necessary that Sab> 0. -r 
(ii) The bonding orbital change sign on inversion in Px 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 d~crease of electron density in internuclear region. T 
Correct statements above are (a) i Ji (b) ii,iii (c) i,ii ,iii (d) none 
2.Consider the statement 
(i)In the case of bonding orbital of HF molecule N(C1'1'1 · + C2'1'2) C1<< C2 T 
(ii) Photoelectron spectrn generally support the existence of molecular orbital.""t 
(iii)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) ii ,iii (c) i,ii ,iii (d) none: 
3.Consider the statement · 
(i) Virial theorem apply to atom and molecule described by either by exact wavefunction or by 

approximate wavefunction. 1"' . . . · . ttJ. · . · . 
(ii) Orbitals are conserved and generally probability 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 detennining the significant interaction between AO.T 
Correct statement above are (a) i,ii (b) ii,iii ('err,ii,iii (d) none 

4.Consider the statements 
(i) The sign of the wave function does not indicate anything about charge. I 
(ii)In a 2p orbital, it is just as probable to find electron density in the negative lobe as it 

is to find electron density in the positive lobe. T 
(iii)A molecular orbital cannot hold more than two electrons. T 
Correct statements above are (a) i,ii (b) ii,iii (c) i,ii,iii (d) none 
5. Consider the statements 
(i)An antibonding molecular orbita,L(designated with an*) occurs when the electron 
density of the orbital is concentrated in regions of space outside the area between the 
atomic nuclei "'i. · 
(ii)rotating sigma bond does not decrease the overlap of the orbitals involved T . _, 
(iii)pi bonds cannot rotate around the bond axis. T .,~"'lf»' 

The true stat~ment above are (a) i,ii (b) ii,iii (~i,iii (d) none a-10--'-of l 
6 Consider the statements · . • .j._\'1,/l,, 
(~~Forb~nding MO Sav0 'for antibonding Sab<0 .. T 'bi ¢tVl\ 
(n)I3ondmg and antibonding molecular orbital are orthogonal. 1 
(iii) !he magnetic quantum number in molecular ;rbital'is denoted by 'A. , if 'A.=0 the orbital 
syminetrical with respect to reference axis. -r . 
Corft:ct st~tements.above are (a) i,ii (b) ii,iii (c) iJi,iii (d) none · ~ 
7Nom,ta11;Z~:the molecul~_?rbital 'I'+ in case ofH( molecule ifS=0.~9. ~ . 
8 ~13~nd1ng molecular orbital leads to accumulation of electron density between the nuclei to 
Jl11~~1P'.~~~9!(!Us nucleus repulsion. (f /F). 1 · (Il}Gom-·aroo to H + c' · · · · -._, ,1,,,,,'""~ ~.y,,,,_,., - , . 2 the bond energy of H2 is greater. 1 -; _.,- ~-~·?--:'"*·•'•"- --~ ... ,-: . .>,-._-: '• •. , . 

(f)-(i) 

Ct2@·G 
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.. I 

' . : 

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. --r 
(ii)In MO theory the covalent and ionic term have equal weight. T 
(iii) VBT asserts that electron pairs occupy directed ·orbitals delocalized on a Qarticular atom I 

The true statements above are (a) i,ii (b) ii,iii (c) i,iii (d) all (e)none ~l>fn?D~C. 
10. Consider the statements 
(i) According to u.ie Pauli exclusion principle when electrons a8'f~challjed 'I' must change sign 

'P (1,2) = -'I' (2,1). - T ~ _...,( 48.{~l 
(ii)For the molecule to be stable Llliio1a1< 0, Lllikinctic<O , ~potentiai<O. f= 
(iii) Slater detennmants are used to express wave .functions of many electron systems, and by 

many electron we 'mean more than one electron 'f' · 
Correct statements above are (a)I,ii (b) ii,iii (c) I,iii (d) all€ none 
11.Consider the statements 
(i) wave:functiondecibing many electrom system must change sign under the exchange of any 
two electron --T c_()N,ct{.-l!t(P1~'-? 
(ii)The integral H 11 represents the binding energy of the electron in the ls state to nucleus LT 
(iii)overlap of the orbitals becomes O when the atoms are separated 1:,y an infinite distance. T · 
The true statement above are (a)i,ii (b) ii,iii(c) i,'iii (~l (e).none 
1-2 Consider the statement . 
(i) H2 molecule, the two electrons reside in the 1 O'g ~olecular orbital and the configuration is 
(lug)2 -r , -. 
(ti)A purely covalent structure with equal sharing of the bonding electron pair would result in a dipole 

moment ofO for the molecule. 'T · 
(iii)for most heteronuclear diatomic molecules and write the wave :function as '!f'molecule= 

wcovalent+ A'lfionic. T 
The correct statements above are ( a)i,ii (b) ii,iii ( c) i,iii (M-rall ( e) none 

13 For a molecule XY, wmolecule= wcovalent+0.50wionic. Calculate the percent ionic character 

oftheX--:-Ybond. t-1-=- £hS'-o ti.!l. 1<.{UO . 
14 Consider the statement r,r;; ~ · 
(i) Ionic term dominate in molecular orbital methos so we need correction in theory. 'T 
(ii)If th~ electron in the HF n,iolecule is described b~ 'If= 0.34 <l>H(lS) + 0.84 <l>F(2pz) then 

. propabibility of finding the electron on H atom is 21 %. 
(iii)In thp VB model the molecular wave:function are generated from AO whereas in in MO 
model the molecular wave function are generated from MO , which are linear combination of 
AO. 1 . 
Correct statement 'is ( a )i,ii (b) ii,iii ( c) i,iii ( d)' aU ( e) none . ,. 
15 Consider the statement .,. l,:,tv1cli'1' 
(i) the energy of the MO that has form w=C1w1+c2w2 in-phase atomic:orbital is lower than that 
oflower lying orbital by LIB+.© ' : · .· 
(ii)The energy splitting LIB+.+ AR. always increase with overlapping integral. -r 
(iii)The negative of o; is generally considered the ionization energy -t 
Correct statement is (a)i,ii (b) ii,iii (c) i,iii (d)all (e) none 
16 Normalization constant for [<l>a(l )<l>b(2) +<l>a(2)<1>bU )] for a homonuclear diatomic molecule 
according to valence bond theory if S=0:59. · 

l 

I 
I 

'-. I 

l 
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