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Chapter 2
Postulates of Quantum

Mechanics

In classical mechanics, if we know classical state of system i.e. generalized coordinate g, and
conjugate momentum of system p, we can analyses any physical quantity of system. The time

evolution of system can be derived by Hamiltonian equation of motion. For one dimensional

OH . OH | .
system | — |=-p, and | — [=¢
0q, op,

Similarly, in quantum mechanics the quantum mechanical counterparts to these ideas are specified
by postulates, which enable us to understand:

(a) How a quantum state is described mathematically at a given time ¢,

(b) How to calculate the various physical quantities from this quantum state,

(c) Knowing the system’s state at a time#, how to find the state at any later time ¢ ; that  is, how
to describe the time evolution of a system.

The answers to these questions are provided by the following set of five mathematical hypothesis

which are known as postulates of quantum mechanics
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1. Postulates of Quantum Mechanics
Postulates-1: State of Quantum Mechanical System
A quantum mechanical state of system defined by |W(r,t)> , which belong to Hilbert space H

associated to the system.
If |l//1>’

system.

1//2>.... l//n> are state of system then any linear superposition of state will also a state of

Mathematically |l//> =q |l//l> +c, | l//2> +...c, l//n> is also state of a system.

If |l//> is state of system then |z,y|2 ="y can be treated as probability density f (x,y,z) if

I |1//|2 dr =1 ( The integration is over all space)

In other words if i is normalized then |1y|2 is equivalent to probability density.
Postulates-2: Physical measurement of state
Any physical quantity #is identified as observable, there is an operator A associated to observable

A If A is measured on state |l//> the physical measurable quantities are the eigen values of

¢n> is eigen vector of operator A correspond to eigen value

¢n> =a, ¢n> where

operator i.e. 4

a,.
Hence physical measurable quantities are real then eigen value associated to operator A is must
real which ensure 4 must be Hermitian A" = 4.

One should choose eigen state of operator A must be orthonormal in nature such that they can

make complete basis Z|¢n><¢n =1.

Every eigen state can be treated as state of system but it is not necessary that every state is eigen

state. If 4 is measurement on state |l//> which means |1//> can be written in basis of eigen vectors

8,)(¢.|v)

of Aas|y)=Ily)=|v)=2.

Postulates-3: Probabilistic measurement of eigen value a, on state |l//>

In quantum mechanics the measurement of any physical quantities are nor deterministic so there

¢,). 1f

probability associated to each measurable quantity. From postulates 2 we know A | ¢n> =a,
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operator A will measure on state |l//> the probability associated with measurement is P(an)

2
mathematically P(a,)= |<¢” l//>|
(wlv)
. 2
figlv)
For degenerate cigen state  P(a, )=~ < | > where jis degeneracy of eigen value a, and
‘414

‘¢nj > are eigen state.

Basic Examples based on postulates 1, 2, 3

a, 0

(a) If operator A is defined as A=
|0 2a, |

. 1 .
is measured on |1//1> = (0] what is measurement

and what will associated probability.

a, 0

(b) If operator A is defined as A=
| 0 2a, |

. 2 .
is measured on |l//2> = (3] what is measurement

and what will associated probability.

Solution: According to postulates 2 the measurement is eigen value of operator

o)

1
(a) The state is |1//1> = (OJ fortunately it is also eigen state corresponds to eigen value a, = a,

y

4,)=a,

~ |la, 0
¢n> where A:|: ’ i| »a) =4y,

1
0 2 ¢1>=(0} and a, =2a,,

from postulates 3 we can measure associated probability as

P(‘ﬁ)‘%:ﬂao)—m_l
el o0y 0

P(aZ)_W:P(zaO):m:
0

Note this is very trivial result because eigen state is also state of system

2
(b) For |¢//2> = (3} from postulates 2 the measurement is eigen value
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o)

4

¢n> =a,

N 0
¢n> where A:{ao :| ) =dy,

1
0 2, ¢1>:(Oj and a, =2a,,

from postulates 3 we can measure associated probability as

Another way we can write state |1//2> can be represented as orthonormal basis of eigen state |¢1>

and |¢2> as |1//2> = 2|¢1> +3|¢2> (we can use completeness relation)

P(alzao):|<¢1|'//2>| _ 22 :i and P(a2=2a0)=M:2

(valws) 2243 13 (valyn) 13

Which means if 4 will measure on state |l//2> one can get measurement q, or 2a, with respective

probability %and % .But nobody can predict what will be next measurement on basis of present

measurement.

Postulates-4: State just after measurement of eigen value a,
If 4 is measured in state |t//> eigen value a, is the measurement at the instantaneous point of

time State |l//> will collapse (projected) in a direction of eigen state |¢n> corresponding to eigen

value a, .

Ply) _ g} lv) _ 1) lw)
SwlPly) wls)@lv) (o lw)

If another operator B will measure just after measurement of 4 on state |t//> , B will measure

|t//> after measurement of a, is

=|¢,)

eigen state |¢n>. After time will evolve during the next measurement any of the eigen value of

operator can be measured (according to postulate 2).
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Example: The operator Ais defined as 21|¢n>=na0|¢n> n=1,2,3.... the state is given as

w)=2|a)+3|4,)+4|4,) . Another operator B is defined as B|g, ) = n’h
|w) =2[¢)+3]4.)+44,) ) = b,

¢,) n=123..

(a) After measurement of A when outcome is 2a, at the same time B will measured on state
|1//> , what will be the measurement.

(b) After measurement of 4 when outcome is 2a, after time evolved B will measured on state
|t//> , what will be the measurement.

Solution: (a) After measurement of 4 on |l//> the measurement is 2g, means at the time of when

we get outcome 2q,,

t//) is projected in direction of |¢2> at the same time if B will measured

actually on |¢2> which is also eigen state of B so measurement is 2°h, = 4h, only .this is outcome

according to postulates 4

(b) after measurement of A on |l//> the measurement is 2q, means at the time of when we get

outcome 2gq,, l//> is projected in direction of |¢2> but B will measured after time is evolved so

according to postulates 2 again state will be in original state |l//> = 2|¢1>+3|¢2>+4|¢3> S0 can

outcome 1°h, = b, or 2°b, = 4b, or3*b, =9b,

Postulates-5: Time evolution of state

In classical mechanics the time evolution of state can be analyze by Hamiltonian equation of

2—
motion with will ultimately give force equation F =

>—. In quantum mechanics it is not
t

applicable so we find another way named as Schrodinger wave time dependent equation given as

A stationary state is a quantum mechanics with all observables independent of time. It is
an eigenvector of the Hamiltonian. This corresponds to a state with a single definite energy
(instead of a Quantum superposition of different energies). It is also called energy

eigenvector, energy eigenstate, energy eigenfunction, or energy eigenket .

,)

Where A is Hamiltonian of system and E, is energy eigenvalue with corresponding energy eigen

Time independent Schrodinger wave equation is given by H |un> =E,

state

u,) n=123..m.n
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2
un>:;iv2
m

=]

H

un> where <u

un>+V|u”>=En .,

u, ) (u,

Analogy to solve time dependent Schrodinger wave equation

um> =0,, and Z|un><un

Any state |W(t=0)>=z )

n

p v _ IOy

ot 2m ox® +V(x)l//(x,t)

2 2
w(x,1) :F(t)u(x) is solution of ihaé_l/t/ = _j_maax‘/:

+V (x) (x,1) then

2 2
ihu(x)a:i—lj:F(t)(—;—m%j+F(t)V(x)u(x) divided by F(1)u(x) both side

Fi?t)i’_f i u(lx) ((‘zh_m%j* V(")”(x)j - ;Z)fz_f: HJEES)

ih_dF _Hu(x) _
F(t) dt u(x) -

id—F:M ive guarantee that
Fiyd  u(x) °°F

where C is constant which is identified as total energy E of system and u(x) is identified as
corresponding energy eigen state such that Hu/(x)= Eu(x).

in dF dF 1 Et iEt
F([)E: = FZE‘[dtjlnF(t):E+lnA:>F(t)erXp(—7]

—iEt

So w(x,t)erxp( .

ju (x) , Where u (x) is the energy eigen state with energy eigen value E

Similarly, we can verify in discrete basis

[y (1=0)) = 2w, ) e, v)

o (0=1) = Zexn L5 o

9 y
weeanverty ‘A5 i ewp( )

n

v)

v)

1,1/> = z exp ( _f”t

u,)(u,

v)

u, N,
=¥, exp[_is”tj|un><un jH
ol (1))

l//(l)> :ihTwhich is popular Schrodinger wave equation, which is equivalent to

Iy

=H

Newton’s law of motion in quantum mechanics
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The solution of Schrodinger wave equation is |1// (t)> = (exp— %} | W (O)>

Evolution of norm with time

<1//(t)|t//(t)>:<z//(0)|exp[%)exp[—%JW/(O»:<l//(0)|exp - exp ' . ]|,/,(0)>

(zﬁt—iﬁt) A '
expT =expO=17and exp———==expO0 =1
( ()]w (1)) ={w ()] 2.1 (0))={w (0) | (0))

We can conclude the state will evolve with time but its norms will preserve during the evolution,

which means norm of the state will preserve and independent of time.

If we represent any state in orthonormal basis of energy eigen state as |1//(0)> = ch un> where

¢, =(u,|w) then it will fulfill two purposes.

(a) We can easily measure associated energy eigen value E, with energy eigenstate |un> as we

un>

(b) We can analyze time evolution of state |y/ ( t)> - Z ¢ exp(_f”t]

know I:I|un> =K

n

The solution of Schrodinger equation must be
(a) Single valued and value must be finite

(b) Continuous

(c) Differentiable

(d) Square integrable.

Time Evolution of Probability Density

The Hamiltonian is defined as H | ¢n> =E,

b

at t =0 the wave functionis y(0)=c,¢, +c,4, so v (0)=ci4. +c. 4,

¢,) and H|¢,)=E,|4,)

Itis givenas o0,, = <¢n
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2 2

@, +2Recic, 4.4,

n-n

2
+

The probability density is given as |1//|2 =lc,

9,

cm

After time ¢ state will be w (1) =c, exp(—lET”tJ ¢, +c, exp(— ZL;;“t J P,

v () =ciow| Bt o B o

5 it(E,~E,) _i(E,~E,)
) =le.l 18] +le.] 18] +citicde * +apiede "
=lc, 2 @, ? +|cm|2 |¢m|2 +2Recc, @ @,.cos [@j
The condition |l// (t)|2 = |l//(0)|2 = COSM =l= t(E”—;E’”) =27
27h 27ch

system back to initial ¢ = , which is also uncertainty in measure of time, Af =

n m

En_Em|

Average value of operator A

|l//> the operator A is defined as 1;1|¢n> =a

4,)-

A state of system is given by |l//> where P(an) is probability of measurement on state |l//> is given

n

The expectation value of A on State |l//> which is mean value of A4

j v (x) A(x)y (x)dx

n fovar

The expectation value of A?on State |l//>

The error in measurement of A4 = <1212> —<1?1>2 <1?12> 2 <1;1>2

<A> is equivalent to classical result of measurement.
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/ﬁ;(ample: If eigen value of operator A4 is 0, 2ao, 2ao and corresponding normalized eigen vector

0 0 1 1
.1 1. . o 1
is 7 1 il, 7 ; and g respectively ¢ system is in state P Z then
1
(a) When A is measured on system in state 1 0 | then what is probability to getting value 0, 2q,,
4
respectively.
(b) What is the expectation value of A9
0
Solution: For eigen value A, =0 the eigen vector is | §,) = L —i|,
2 1
p(oy_LBlV O 8
W) 17
0
A2 =MA3 =2api.e., L = 2ao is doubly degenerate so two orthonormal eigen states are |¢2> = Lz i
1
1
and |¢3> =0
0
2
p(aay BV (GO _o 1 _9 8 9 I8,
vy wlyy 17 17 17 17 17 17
36

n ~ (0 a 3
Example: Operator 4 is defined as 4 =( OOJ . If 4 will measure on |1//> = (4 }
a, i

(i) What will be the measurement with what probability?
(i) If |¢1> and |¢2> are orthogonal eigen state of A . Prove that |¢1> and |¢2> will make a complete
basis

(iii) Write down |W> in the basis of |¢1> and |¢2> Verify your result.

-1 a,

Solution: (i) For eigen value ‘1:1—/1[‘ =0=> i 0= (22 —aé) =0=> 4, =4a,4,=-q,

a, —

So, the measurement is 4, =a, and 4, =—q, .

a
Now let |¢1> =( ! J will be the eigen state corresponding to g, = q,
a

\_ :
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We normalized |¢1> to get a single state <¢1 |¢1> =1

(a;‘ af)(zlj 1=2a)=1=a=—=|¢)= \/_[D

b
For the eigen value a, =—a,, |¢,) = (bl ]
2

Al - 0 a)\(b) b, P (b
|¢2>——a0|¢2>:> a, 0 )\b, =4, b, = 1—_z:|¢2>— b

(1) =1= (b —bf)(blbj lzb—%i""”:ﬂ—llj

P(a,)= |<¢1|'// z‘[\/_ \/_J(‘“J _zzl
Y ylw) (41 32+42 32+42 25 2
o) Bl ‘(\/lilzj[J fzfz(f‘”ﬂ‘ S
(v|w) (3_41)@ 3 +4 25 25 2
P(a0)+P(—ao):l
1 1
o eIl = o 55 1+ 2 o( -]
f 2

—

OJ =1so |¢1> and |¢2> will make a complete basis

-1 1 01

iyl -
12 2002 2|
LS
2 2

2 2

) )= (Al 1)+ (o)) == T16)+ =0
3+4if 3V (4 )
PR 17 S (ﬁj (ﬁ] 1
v vly) Lzsa)elzaa) 34 2
2 2

P(-a)= wly) ~ 3+4 2(37+4 )

1 12
(@, |w)f SB-4i 1[32 +42j_ 1
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0 0
Example: An operator A is given by;l: 0 a O
0 0 =-—q,

ay

If 4 will measured on a state

3
|1,1/> =| 4i |, then what will be the measurement with what probability?
5
Solution: As here A is a diagonal matrix the eigen value of 4 will be
1 0 0
A =a,, A, =a,, A, =—a, Corresponding eigen state is |¢1> =101, ¢2> =11, ¢3> =0
0 0 1
Now the probability of degenerate eigen value
2 2 2 12
P(ao):|<¢l|l//>| @|<¢2|l/l>| LR |3|2 70— |4l|2 2 224_&:2:1
(wlv) = (wlw)  BF+4if |57 P +[4if +]s7 50 50 50 2
3 2
(0 0 1) 4
2
5 2
P(—a0)=‘<¢3|v/>‘ _ - I |
<W|W> 3) 3F+4°+25 50 2
(3 —4i 5) 4
5
.'.P(—a0)+P(ao)=l
a 0 O 3
Example: A=|0 0 a,|. If A4 will measured on a state |l//>= 4i |, what will be
0 a O 5

measurement and what is probability?

Solution: From eigen value

a,—A 0 0
‘21—11‘:0: 8 ) a;=0:(a0—l)(ﬂz—a§)=0
a, -

(ao _ﬂ)(ﬁ“+ao)(l_ao):0 = A =—a,, 4 =a, A4 =a,
The measurement is —a,or a,

a

For A4 =-—a,Let the eigen state be |¢1> = a,

a,

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com

11



PravVegae Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

a, 0 0}\faq a,
A|¢1>:—a0|¢1>: 0 0 al|a|=-aya,
0 a 0 )\a a,

a.=-a,=>a =0
0
a,.a, =—a,a, = a, =—a,and a,a, =—a,a, = a, =—a, so |¢1> =| a,
—a,
using normalization condition <¢1 |¢1> =1
0 . 0
(0 a, —a;) a, |=1=a+a;-1=aq, =$ :>|¢1>=$ 1

—-a, -1

Now we will calculate eigen vector corresponds to for A, = g,. Let corresponding eigen state be

b
|4,)=| b,
by
a, 0 0)\(p b,
21|¢2>=a0|¢2>:> 0 0 a| b |=ab,
0 a O0)\b b,

bl
ba,=ba, = b =b,ba,=b,a, = b, =b,,b,a,=ba,=b,=b, .. |§,)=|b,
b,

We choose any arbitrary value b, =0 to make |¢2>

0 0
|¢2> =| b, |. Using normalisation condition <¢2 |¢2> =1 = (0 b, b;) b, |=1
b2 b2
1 1 0
20} =1=> b, =5 :>|¢2>=—2 1
a 0 0)f¢ ¢
For A =aq, 121|¢3>=a0|¢3>:> 0 0 ag,fc|=ac
0 a0 0 )lc c
G G
Now we find | ¢, | in the form of |¢3> =| ¢, | such that <¢2 |¢3> =0
G )
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NS

( v I]LCIJ_O:»CZ_O

1
from normalization condition <¢3 |¢3> =l=c¢ =1s0 |¢3> = {0}
0

32
1 -1
CEEE) M
Wy | 7 ﬁU_ S s

Pl—a,)= = = -/
() (wlv) 3 BF +[4f +3f 2 S0 100
(3-4i5

)| 4i
5

el L)
)= ® by)

3\ 3V
0~ |4 [(100) 4
( \/_\/—j{ J o LJ =§|4i|2+|5|®|3| 41,959

B +ail+sF [+l +sF 2 S0 50 100 50 100
| 449
. P(—ay)+P(a,)= 100+100+50 1

Example: Operation A is defined as 2|¢n>=n2ao|¢n> where n=1,2,3,...it is also given
(.19,)=5..

Any state |t//> at =0 is given as |!//>=3|¢1> 2l|¢2> +(3+4i |¢4>

If A will measured on the state |t//> then what will be the measurement with what probability?
Solution: When ,:1 will measured on |¢n> it will give the eigen value n’a,

)= 4,) - Alh)=Va|@).4|h)=2a)|h). A|4,)=4a,|4,)

So, that measurement is aq,,4a,,16q, |l//> = 3| ¢]> 2l|¢2> +(3+4i |¢4>

Here |t//> is given in terms of |¢1>, >, >
_(alv) _ 3 B s
(ao)_ g2 -
wlv) PF+2i +[3+4if 9+4+9+16 38
P(4a0) — |<¢2 |l//>| — |_21| 4 P(16 ) |<¢4 |l//>| |3-"_4l|2 — 32 +42 =§
wly) 38 38 w|w) 38 38 38
P(ay)+ P(day)+ P(16a,) = —+—+ 2 =
’ ’ °’ 38 38 38
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7

t=0,

xample: The Hamiltonian operator is defined as H

vy=c,|d)+e.ld,) (44,)=5.,

(a) At t =0, if H is measured on state |t//> , what will be measurement with what probability?

¢n> = En

¢n>, where n=1,2,3,...m,...,n at

(b) Find the angular value of H and H* on state |l//> at t=0.
;y(t)> is orthogonal to |1//(0)>?

2 2
v (1) =l (0)?

(e) Find the value of A¢ if H is measured on |t//> at t =t, what will be measurement with what

(c) After what time ¢,

(d) After what time ¢,

probability?
() Find the angular value of H and H” on state |1//(t)> where 7 =1,.

$)+ .| )

Solution: (a) Measurement: at ¢ =0 |l//> =c,

A ¢n>=En ¢n> and H |¢m>=E,,,|¢m>,someasurement is either E, or E,
2 2
Cn Cm
pe)-— L byl
n +|Cm c, +|Cm|
Elel E lc ]
0 ()= E,P(E)+E,P(E,) ——lol_, Ealeal
c, +cm| c, +|Cm|
2 2 2 2
<H2>:E3P(En)+E;P(Em) - Ez Gl E;n A :
c, +cm| c, +|cm|
we can solve it with using formula <H>=<V/|H W>
(Wlv)
if[w)=c,|g)+e,|8,) then (= (4] +<. (4]
WlHly) _lel E,+E,le.
H =cFE +c E = =
W) =c.E |4,)+c,E,|4,) (wlw) cn2+|cm|

© |w(0)=c,

b)+|d,)

v (1)=c, exp(_iint)
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© |w(t=1,))=c, eXp[—lT”OJ

=<4, (0))+c, |4, (0))
okl af ek
(En)_ I andP(Em)= R S
c +|c,'n| c, +|cm| c +|c'| c, +|cm|

(f) Hence after time ¢+ measurement of energy and associated probability is same as ¢ =0

2 2

E |c E le

<H>=EnP(E")+EmP(Em)= 2n - 2 ;"| m| 2
c, + cm| c, —|—|cm|

2 2 2 2

<ﬁ2>=EjP(En)+E;p(Em)= E;cn 2 Ezmlcml 2
c,| + cm| c, +|Cm|

Example: A state function is given by
1
) =] ¢1>+$|¢2>
It is given that (g, |§,) =9,

(a) check |y) is normalized or not

(b) write down normalized wavefunction {y|.
() Itis given H|¢)=(n+Dho|p) n=0,1,2,3, ...
If A will measured on |t//> , what will be measurement with what probability.
(d) Find the expectation value at H i.ec., <Zfl >
(e) Find the error in the measurement in Hie AH .
1
Solution: (a) |w) = @) +—|4,)
) =l N | ¢,
To check normalization, one should verify. (i |w) =1
1
Y=g+ =18
1251 NG |9,

<w|w>=<¢1|¢1>+<¢1|¢2>%<¢2m>+%<¢2+¢2>%] =1+o+o+%=§

The value of (i |y) = % s0 |y) is not normalized.

(b) Now we need to find normalized |y) let A be normalization constant.

1
|l//>—A(I¢1>+$I¢2>j

2 2
2
<‘//|U/>=A2+A7=l :>3’24 =1 =>4=|=
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So |y)= \flclfl |¢z
<WI=<¢%|\E+<¢ZIE

(©) It is given that
H|$)=m+Dho n=0,1,2,...
H|¢)=2ho H|$,)=3ho

When H will measured |y) it will measured either 270 or 370
The probability of measured 2ho 1S P(2ho)1s given by

2
T iy 3 wly) 3
So when H will measure state |w) the following outcome will come.

Measurement of H on state : |¢1> |¢2>

Measurement : 20 3hw
Probability : 2 1
3 3
@ =YY 5 p5E —ohox i shoxd =y =112
W ly) p 3 3 3
2
iy =YH V) _5p (B> = (5% =25 2ho) +1x Ghw)
W ly) 3 3
8w’ . o> 10’
3 3 3

(e) The error in measurement in H is given as

2 2 2 2 2
AF = ,7“:[2)—(?[)2 ,<H2>=17h3a) ’<ﬁ>2=(7zwj _9r'e

9
= /ﬂ—fhw:mﬁl: /51_49ha)=£ha)
39 9 3
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Example: Operator A is defined as 121| a1> =aq, |al>

)=a|a)
If 4 will measured on a state |y) which is defined as |y) =3|a,)+4|a,) where |q,)and |a,) are

orthonormal vectors

(1) What will be the measurement and what is probability?

(i) If 4 will measured on a state |t//> the measurement is a,. Just after the measurement of A,

>, where B is defined as é|bl>=b1|b1>,

A

B b2> =b, |b2> where |b1> and |b2> are orthonormal vectors

. . 1 1
It is also given that |al> =$(|b1>+|b2>) and |a2> =$(|bl>—|b2>)

Then what will be the measurement and what is probability.
(iii) After evolving time again B will measured on |t//> What will measurement and what is

probability?
Solution: (i) According to postulates 2 and postulates 2

~

A

a1> =aq, |a1> y >= a, | a2> The measurement is eigen value g, or a,
(@) Bf 9 (el |4 16

_ Y
P(a)= (wlv) B+l 25 nd Pla;)= (wlv) 3 +[ar 25

9 16
.'.P(a1)+P(a2)=E+E=1

(i1) According to postulates 4 if A will measured on a state |ly> and the measurement is a,, that
means |l//> will projected in the direction of |a2>
Just after measurement of A, if B will measure on the state |1//> B will measured on eigen state

corresponds to eigen value a, i.e. |a2>

As Blb)=b,|b), B|b,)=b,|b,) and |a,)= (|b1>_|b2>)

1
2

Now the measurement is b, or b,

1 1

play=l B Lo < (2l L2
Al e
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(i) When time is evolved sufficiently then the state become again |y/). Now B will measured on

[v)
Now we write |l//> in terms of |b1> and |b2>

) =3[ +4]ar) == (| +[8.))+ 7= (1b)-2.)

7 1
v} =)~
Here the measurement is again b, or b, as this is the eigen value.
(W AE
wiv) riaf +juaf
1 S LA
{wlw) ‘7/\/5‘2+‘1/\/5‘2 30
(

P(b)=

Example: A time ¢ = 0 the state vector | (0)) where | (0)) = %(l )+ 4,))

It is given as Hamiltonian is defined as H |4,y =n" €| ¢,) where n=1,2,3... it is given as

(,|4,)=5,.

(a) What is wave function |y(?)) at later time ¢.

(b) Write down expression of evolution of | yAx, ?) |
(c) Find AH
(d) Find the value of AH.At

Solution: (a) |w(t>>=%{exp("' :°tj|¢1>+exp( AL ’jw&}

@) c[dy+e ™ 14)]

E,-E 3¢,

Where o,, = =
hi i

(b) Evolution of shape of the wave packet
1 1
|y (x,1) |2: E | #,(x) |2 +§ | #, (x) |2 +ép, cos w,
A A A 1/2
(©  AH=((B*)—(H))
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(d) Aﬂz%eoandmz

Example: A state |l//> is written in the form ‘1//(0)> = %WQ +%|w>

The energy eigen value is (E ) and (—E ) associated to |l//+> and |l//_>

(i) If H will measured on state |1// (0)> then what will be the measurement and what probability?

(t)) is orthogonal to [y (0))?

(iii) After what time [y (1) = |y (0)]"

(iv) Write down the expression of state after time 7 = é

(v) Find (H) and (H”) at time t:é on |y (H)).

(vi) Find the probability that the system will be in the state at ¢= é i.e., the probability that
|w (0)) will be in the state |y (H )).

Solution: (i) A state |y/) is written in the form |y (0)

)= v )l )

If H will measured on state |1//(0)> then the measurement is £ or —F

1
vl (o) \fz 1
OO T
NN
12
I 2200 I e
P( E)_<l//( l//(o)>_‘12+ _2
N5
) o (0) =5 )+l ) (v (O = .|+ |
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h L) laf 1
<1//(0)|y/(t)>=0 =t= En—Em|COS 1{—||Cm||2}here E =E,E =-Eand|C,| =‘$
R R VN T
€. _‘\/5 2 :”_|E+E| R AT
(iii) Now for |1//(t)|2 = |l//(0)|2 we have
2rh 2rh  7h h
= = =S A==
E,-E,| 2E E E
(iv) We have ‘y/(0)>:% l//+>+%|l//_>
1 L I
-, .
v)=ge " i gze " lv)
Now for £, =E,E, =-FE and tzi
6F
1 B 1 EL
- h 6F _ h 6E
w(O)=ze " Flv)+me v
1 in 1 in
‘W(f»—fexpj W+>+$exp—§|‘/f—>
h
(v) At IZE we have to find (H) and <H2>
()| #]y (1)
H)=~——+—"—L=%q P(a,
70 770 R
Here the eigen value ¢, = F and a, =—F
<H>=a1P(al)+a2P(a2)
(H)=EP(E)-EP(-E) = E%—E Lo
2 2 2
) W W) s op ) Z pp(m) - (8 p(oF) < Er B2
()= ) = 2P (a) = EP(E)~(E) P(-E) =+
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(vi) The probability that the system will be in the state at ¢ = é

@l )
{w (0)]w(0))

1 —ir 1 i
<W(f)\ =$eXPT<‘/’+|+$eXP?<‘/A|

Probability P that state |1// (t)> is in direction of state |1// (0)> _ K'// (1)|w (0)>‘

2 .
1 —Iir

NZ R

Example: Consider a one-dimensional particle which is confined within the region
0 <x < a and whose wave function is y(x,?) =sin (ﬂj €. Find the potential ¥ (x) .
a

Solution: From the fifth postulate.

oy P’ W o

H ZZh— H:—+Vx =___+Vx

v ot 2m ) 2m ox* *)
-’ 0’y oy
— +V(x)y =ih——
2m ox’ S ot

222 .
7 h _sin e 1 () TR ¢ = ifsin 2 (~i)e™
2ma a a a

2 2
2ma

222 222 232
T )=t V() =—ho-LT V() =—| het
2ma 2m

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com

21




