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Hello students welcome back we will continue to discuss basics of spectroscopy. So what we

discussed in the last two lectures is that light can behave as both wave orare the particle.

(ReferenceRefer Slide Time: 00:.56)

So we did see that during Young's experiment light behave as a wave so when light is passed

through two pinholes a diffraction pattern was obtained which is a peculiar property of a

wWave but then during the photoelectric effect what we saw is (light behaves as a particle)

light behaves as a particle these particles are called photons and they are associated with

momentum.

 Nnow this was a bit surprising considering that mass of light is zero what does that mean that

photon should have a 0zero momentum if photon has 0zero momentum and how we can say

it is a particle .I still explained this by suggesting that momentum is not 0zero when a particle

travel with the velocity of the light.

 Tthis was very important  contribution  by Einstein and for that  he got a Nobel  Prize so

YJoung suggested that light behaves as a wave photoelectric effect showed that light can also

behave as particle and  EinsteinI still explained this behaviour by suggesting that a particle

will not have 0zero momentum when it travels with the velocity of light.



(ReferenceRefer Slide Time 02:.54)

Now, let me explain this in detail, so this is the equation given by Einstein for the energy of

the particle energy is given by mcMC square and that is basically equal to a square root of pP

sSquare cC square plus mM notaught square cC 4for.

S so if rest mass is 0zero that is what we expect for particles like photon then this term will be

0zero this term will be 0zero what does that mean is your pP will be given by e by cC, pP

will be given by ea by cC.

N now we know that eE is equal to hvHC by lambda e is equal to hcHC by lambda what does

this say is that if we calculate e by cC it will get hH by lambda will get H by lambda and just

now I showed you that pP is equal to e by cC and since e buy cC is equal to hH by lambda

what does that mean is lambda is equal to hH by pT or pP is equal to H by lambda so now

momentum is not 0 it will be given by hH by lambda and tha ist's how particle and wave is

correlated.

So these two (experiments), experiments by young an experiment done by Einstein y I steam 

which is photoelectric effect showed that light can behave as wave of particle depending on 

the experiments and photons can have momentum.



(ReferenceRefer Slide Time 05:2.0354)

So till now we are talking about light now let us's see what development took place on the

particle front, it was Dedeep Broglie which suggested that electron which is supposed to be a

particle can behave as a wave and they are associated with wavelength they are associated

with wavelength.

Sso he thought that if light which a kind of wave can behave as a  (particlee), particle also

shouldome behaveiours as a wave of it this is basically work of his PhD theory and when we

will  surprised  that  de  Broglie  got  Nobel  Prize  for  his  PhD work he  also  suggested  that

everything in universe can behave as a wave or as particle wave or as a particle and they this

was a big statement which was proved by Davisson and Germer and thThomson umbs.

W what  they  saw  that  electron  can  behave  as  a  wave  by  doing  electron  diffraction

experiments and what does that mean is that electron apart from being a particle can behave

as a wave and dde Broglie also explained or Dde Broglie equation also suggest that all the

microscopic particle can behave as a wave.

I discussed to you in the last lecture why a baseball cannot behave as a wave because wave

length  of  a  baseball  with  some  velocity  is  very  small  very  small  whereas  wavelength

associated with electron is of the same order the size of atom size of atom and that is's why



electrons behaveHe be as a wave where as baseballs do notn't behave as a wavey P do notn't

behave  as  a  wave  either  way the spin does non't  behave as  a  way so these are  the two

important observations two important finding that both light and particle can behave as a

wave and particle both can behave as wave or particley the next important theory came about

quantization of energy.

(ReferenceRefer Slide Time: 07:.56)

The next important theory came about quantization of energy .So, I discuss how the concept

of  quantization  of  energy  came  this  scheme  when  people  triedy to  explain  blackbody

radiation atomic spectra and heat capacity of mono atomic gas now what do we mean by

quantization of energy it is very important to understand.

 Qquantization of energy means electrons cannot have all value of energy or electron can only

have certain  value  of energy so here is  a diagram of here is  a  electron  distribution in  a

hydrogen atom.

 Sso now you can see that electrons can have energy minus  13.6thirteen point six it can

electrons of hydrogen can have energy minus 13.6thirteen point six minus 3.4three point four

minus 1.5one point 5 electron volt minus 0.zero point 9 electron volt.

S so in  hydrogen atom electron  can only exist  with energy minus  13.6thirteen  point  six

electron volt minus 3.4three point 4 electron volt and 1. point 5 electron volt and so on. Iit

cannot take a value between minus 13.6thirteen point six electron volt and minus three point

3.4 electron volt and similarly it cannot take value between minus  3.three point  4 electron

volt and minus 1.one point 5 electron volt. so electron can have certain value of energy when.



So electron can have certain value of energy when eElectron of atom of hydrogen atom has

energy minus 13.6thirteen point six electron volt it is said to be in ground state. Sso if it is

here then it is said to be a ground state when it is it has energy minus 3. point 4 electron volt

it is said to be in first excited state and electron cannot exist between these energy levels so it

cannot exist between minus  13.6  thirteen point six  electron volt and minus  3.three point  4

electron volt it can be either in either have minus 13.6thirteen point six electron volt energy

or  minus  3.4three  point  four electronight  or volt  energy  that is's what  we  mean  by

quantization of energy. 

(ReferenceRefer Slide Time:  11.:09)

Now, what is  this why this is  important  so suppose we bombard light on and light  on a

hydrogen atom light can give all  the energy to electron or it gave none of the energy of

electron so what does that mean so if I bombard a hydrogen atom with energy 10.2 electron

volt are 12.01twelve point zero one electron volt orare 12.75twelve point seven five electron

volt it will absorb that energy but it will not absorb below 10.2 electron volt or suppose 11

electron volteleven electron water.

I it  will  only  absorb  energy  if  electron  if  photon  have  energy  10.2  electron  volt  or  are

12.01twelve point zero one electron volt how does this 10.2 electron volt comes so this is the

basically difference between these two energy levels.

 Sso if electron in an hydrogen atom observeabsorve 10.2 electron volt energy then it will go

from ground state to first excited state  ground state to first excited state if it absorb energy



equal to 12.01twelve point zero one electron volt then it will go to go from ground state to

second excited state.

 Iit cannot absorb energy for example here in between so they are re like five point one 

electron volt it cannot absorb that because it cannot have energy equal to minus 13.6thirteen 

point six electron volt plus 5.1five point one electron volt it cannot have that energy and that 

is's what we mean by quantization so if a light of 10.2 electron volt is struck that atom the 

electron will jump from ground state to first excited state. 

(ReferenceRefer Slide Time 13:.16)

Now, let us's go and try to understand quantization a bit more in the last slide we did see that

electron absorbs light of certain energy now what we are going to see that if it absorbs light

of certain energy what can happen if it tries to meet the energy.

S so see here this electron takes energy and goes to suppose excitedsite a state of 6six excited

stateyesterdaof  sixy top six n is equal to 6. Sso it is going from n is equal to 2 energy level

to2 n is equal to 6.

N now suppose it comes back then what happens so if suppose it comes back from 6 to

ground state the energy of 4 10 nanometer will be emitted or light of 41014 nanometer will

be emitted if he comes back from 5 to n is equal to 2 then for 434 nanometer will be emitted 

Ifit comes from 4 to your n is equal to 2 then your 486 nanometer light will be emitted and

when it comes from 3 to 2 656 nanometers light will be emitted so a particlparticulare light

will  be  emitted  what  you  can  see  here  is  that  this  all  wavelength  belongs  to  this  all



wavelength belongs to your visible region visible region and this is well known bommber

series.

 soSo in bombers is what you are doing an electron is excited from excited from level 2 n is

equal to 2 to higher energy levels and when it comes back and it comes back to  2, when it

comes back to energy level 2 then the light in the visible region will be absorbed absurd light

in the visible region will be absorbed observed. 

So for absorption for going from n is equal to 2 to n is equal to 3 n is equal to 2 to n is equal

to 4 a 2 to n is equal to 5 n is equal to 2 to n is equal to 6 you will need light in the visible

region light in the visible region let usbut suppose you are trying to go you are trying to make

an electron of hydrogen atom in the ground state to go to higher energy levels you will have

to supply energy in UV region not in visible region.

 not in visible regionS so electrons from state n is equal to 1 cannot go I cannot  go  when

electron is is in n is equal to 1 it will not absorb visible light and when it is coming back to n

is  equal  to  1  it  will  again  not  emit  light  of  visible  region  so  that  is  what  we mean  by

quantization of energy.

S so electron can only take certain value of energy and if you supply light which does notn't

corresponds to the difference between the energies which electron can take there will be no

transition there can be no transition.

(ReferenceRefer Slide Time 17:.32)



Now, there is important difference between macroscopic particle and an electron electron is a

microscopic particle classical  mMachanicskin describes the motion of baseball the spinning

of a top and the flight of an airplane.

S so I told you that baseball cannot behave as a wave and in that case it is classical mechanics

which is going to describe the motion of a baseball but for particles like electrons particles

like electrons which behave as a wave classical mechanics cannot describe it’s motion.

T this  quantum mechanics  which will  describe  the motion of electrons  and the shape of

molecules such as transfer as well as electrical conductivity in and super conductivity so let

us go and see how to describe motion of an electron.

(Refer Slide Time: 18:41)

S so motion of an electron was described by (Schrodinger equation) Schrodinger equation he

gave very important mathematical formulation to describe an electron trajectory. an electron

trajectory. 



(ReferenceRefer Slide Time 19:.21)

So, what is basis of his round injury question he basically was influenced by Dde Broglie he

took this hypothesis that electrons behaves like a wave and momentum of electron is related

to the wavelength by equation lambda is equal to H by P so since electrons behave like a

wave so a wave equationour very question can equation of a wave can describe the trajectory

of electron.

(ReferenceRefer Slide Time 19:.51)

So let's think about how we can show a question of a stationary or which is not moving okay

so this  is  your wave and I  have already explained what  I  mean by face and this  is  this

corresponds  to  zero  phase  this  position  corresponds  to  90  degree  phase  this  position

corresponds to 150 degree this position corresponds to 180 degree this position corresponds



to  270 degree phase and this  position corresponds to 330 degree phase and this  position

corresponds to 360 degree phase.

S so what is the relation between y and this phase  yY is basically vertical displacement so

you see when theta is 0, yY is 0 when theta is 90 degree, your yY is maximum, theta is 90

degree then yY is maximum so this wave must be defined by the sinea sine function.

S so yY is ayour function of this phase and that is given by a sine theta it is given by a sine

theta so when theta is 0, Y is 0 when theta is 90 degree  Y is maximum when theta is 180 then

sine 1 it is 0 so again vertical displacement is 0. Sso equation of a stationary wave is function

of theta and it will be given by Y theta is equal to ae sine theta.

(ReferenceRefer Slide Time 21:.27)



Now let's convert this this theta or try to express the equation as a function of distance so

what you will see is we know that one cycle is equal to 360 degree page and we also know

that one cycle the distance covered is lambda distance covered is lambda. So basically 360

degree phase is equal to one lambda

in them(Refer Slide Time: 22:14)

 so basically 360 degree phase is equal to one lambda so the relationship between theta and

xX which is your horizontal displacement theta by xX is equal to 2 pie by lambda theta by xX

is equal to 2 pie divided by lambda.

 Sso you can see that theta goes to 2 pie then xX will go to lambda and theta is given by 2 pie

by lambda into xX now you can see if x is 0 theta is 0 so at this position at this point when

xX is equal to lambda by 2 if you put here then 2 pie by lambda into lambda by 2 lambda

lambda R cancels outso this will be piePI and you see 180 degree.

W when xX is equal to lambda then what will happen 2 pie by lambda into lambda so theta is

equal to 2 pie theta is equal to 2 pi so the relation between theta and xX is tTheta by xX is

equal to 2 pie by lambda which tells you that theta is equal to 2 pie by lambda into X and

when you put in this equation when you plug in this equation what you will get is y x Y X is

equal to a sine 2 pie xX by lambda a sine 2 pie xX by lambda now here you see this equation

is this term is function of  xX and so now we are writing  yY as a function of  x yX Y as a

function of xX.
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So first we described how to write yY as a function of theta now we described how to write

yY as a function of xX till now we have looked at what will be the equation of wave which is

standing or which is just stationary Mary but suppose if wave travels in positive x direction

with  velocity  vV then  what  you expect  that  distance  travelled  by  the  wave  and  the  xX

direction will be vV into TT V into T .

Iin that case your  yY which is vertical  displacement  will  be given by a sine 2 pie X by

lambda minus v t VT by lambda VT by lambda X by lambda minus VT by lambda now you

see this VT velocity into time is your distance.

S so basically this is xX by lambda minus another distance v t VT by lambda so now yY is a

function of xX and tT y is a function of X and T and vV by lambda is equal to frequency V

by lambda is equal to frequency so yY as a function of xX and tT will be given by a sine 2

pie xX by lambda minus frequency multiplied by tT so both are xX by lambda is unit less and

frequency into time is unit less now we want to know how this vertical displacement which is

y changes with xX.



(ReferenceRefer Slide Time 25:.43)

So how this amplitude changes with xX so this is the same equation taken from earlier slide if

I differentiate yY with respect to xX what I am going to get is a multiplied byx we know that

differential of sine X x with respect to xX will be minus cos x all right and here it is sine 2 pie

xX by lambda minus nu  T  t  so what I am going to get is minus  Aa into cos 2 pie xX by

lambda nuew tea frequency multiplied by time and then we need to differentiate this term

which is with sign and that will be equal to 2 x by lambda since T is constant C.

 since T is constant Hhere we are assuming that it is that time is constant in that case this will

not  change  when  we  differentiate  with  respect  to  xX so  minus  a  2  pie by  lambda  so

differential of this 2 pie  xX by lambda minus nu into tT will be equal to 2 pie by lambda 2

pie by lambda okay.



I if I differentiate again with respect to xX what I am going to get is minus a as like this for

cos I will get sine termurn so sine term now again we have to differentiate this function 2 pie

xX by lambda minus frequency into T and then what I am going to get is 2 pie by lambda

again and so this will be 2 pie by lambda square and if you look at this wave function what

you will  find out  is  that  this  has  minus  Aa term and this  has  this  term which  basically

combined  is  equal  to  y  x tY X T and you can  simply  write  here  by x  in  place  of  this

multiplied by 2 pie by lambda square with minus sign.

 with - and Sso minus- does notn't come in here so minus sign so d 2 y x by d xDX square is

equal to minus 2 pie by lambda square y x(Y X) Y X so this is time independent differential

equation of a wave since we have taken tT as a constant tT as a constants so this is applied to

any kind of wave this equation is applied to any kind of wave that means it is applied to water

waves it will we applied to a sound wave and also it is applied to light wave now till this

point we were not considering about we are just considering the motion of a wave.

(ReferenceRefer Slide Time 29:.05)

Now, let us come to see how we can write a differential equation of a wave associated with

electron associated with electron so here the proposition made by Deded Broglie comes into

picture what he told that  Dde Broglie wave for a particle is made up of a superposition of

infinitely  large  number  of  waves  of  this  form and  for  this  kind  of  wave  you  have  this

differential equation now only thing what we have done is in place of yY we are now writing

sizete xX where size of a function the siize of wave function okay so this  is  your wave

function associated with electron. 



(ReferenceRefer Slide Time 29:.59)

Now, what next so at this point what we are talking is one dimensional movement of the

wave so this is your the equation for an electron when the wave associated with electron is

moving in  xX direction but suppose if  wave is  moving in three dimensional  space three

dimensional space then this equation can be written like this.

S so now differential  the double  differential  or second differential  will  be not  only with

respect to xX but it will also be with respect to yY and with respect to zZ so your light del

square by  dDel  xX square plus del square by  dDel  yY square plus del square by  dDel  zZ

square in place of d square by d xDX Square and now size is your function of x y zX Y Z.

S so same equation just only written in three dimension and to make things sort you replace

this sum of three second order derivative by del  sSquare and this combination of second

partial derivative is known as Llaplacian so this only simplifies the thing so now this is your

equation of a wave associated with electron in three dimension.



(ReferenceRefer Slide Time 31:.51)

Now, what Schrodingersurah dinger did is he replaced this lambda by hH by p P so he was

influenced by the hypothesis  of  Dde Broglie we're deep Broglie predicted that lambda is

equal to hH by pP so lambda associated with an electron is hH by pP.

S so what can be done is just replace this lambda by hH by p P so let us think so for a particle

energy will be given by kinetic energy plus potential energy which is half m vMV square plus

v(V) V is your potential  energy and we know that the kinetic energy is also equal to  pP

sSquare by 2 m from that you can calculate what will be the value of (P) pP will be simply e

pP sSquare will be you eC p aPA sSquare will be e minus vV into 2 n and so pP is equal to 2

m e minus  vV a square root and we know that from Dethe Broglie equation lambda of an

electron will be given by hH by pP.

S so lambda can be replaced by H by 2 m e minus vV the square root of this so when you

replace this lambda by this exxpression what you'll get is 2 pie by lambda square will be 8 pie

a square m e minus vV by hH square so Schrodinger took your equation of wave and then he

plugged in value of lambda.



(ReferenceRefer Slide Time 33:.48)

He plugged in value of lambda from Ddee brogleeBroglie equation and what he got is well-

known Schrodinger equation well-known Schrodinger equation and that is your minus  hH

square  by  8  pie square  m the  (())(34:02)cell  depletion operator  into  wave  function  plus

potential energy into wave function will give you energy into wave function and this is well

known Schrodinger throughout dinger equation. So Schrodinger utilized the concept given by

de Broglie to derive equation this can tell you about trajectory of electron.

(ReferenceRefer Slide Time 33:.48)



Good thing about this equation is if you solve this equation you can get the wave function

and energy associated  with the different  quantized level. energy associated with different

quantized energy level Tthis is your Schroedinger equation and this whole term so this is

your kinetic energy term this is a potential energy term and that is given by operator h.

IH I will just talk about operator hH or operators what are operators but this is your equation

which is  known as  SI is  equal  to  e  side in this  equation  what  you are doing is  you are

applying Hamiltonian operator which is given by this symbol and getting your energy value

getting the energy value. so when you apply the Hamiltonian operator on the wave function

what you are going to get is energy multiplied by the wave function energy multiplied by the

wave function.

(ReferenceRefer Slide Time 36:.06)

Now, there  are  two  very  important  thing  which  comes  into  this  Schrodinger  rod  injure

equation one is wave function and another is operator in this case Hamiltonian operator so

now  let  us  discuss  what  are  these  parameters  so  wave  function  quantum  mechanics

acknowledges  the wave particle  duality  of matter  by supposing that  rather  than traveling

along a definite path a particle is distributed through space like wave away and the wave that

in quantum mechanics replaces the classical concept of particle trajectory is known as wave

function so basically wave function describes the trajectory of your microscopic particles.
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So, a wave function in quantum mechanics describes the quantum state of an isolated system

of one or more particles there is one wave function containing all the information about the

entire  system not  a  separate  wave  function  for  each  particle  in  the  system  that  is  very

important part just by knowing the wave function you can tell all the information about the

system all the information about the system.

 Sso what is momentum what is position what is your kinetic energy what it total energy this

thingks  the  information  about  this  parameter  is  contained  in  is  contained in  the  wave

function.
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Now, let us go and try to understand wave function a bit let us's go and try to thisdisappoint

of mechanics so quantum mechanics is described by different postulates different postulate

what I mean by postulate is there are certain rules have been given there are certain rules

have been given and you take it as a it has face value and what it has been seen is that if you

accept the postulates of quantum mechanics then the information about a microscopic particle

information of a microscopic particle can be obtained can be obtained.

S so first postulate is the state of a quantum mechanical system is completely specified by a

wave function which depends on the coordinates of the particle and time tT so I ha've already

talked to you that sipsy isze your wave function of Xx y z Y Z and tT.

S so this is for one particle system for two particle system a wave function will be a function

of position of the first particle position of the second particle n type so wave function will be

a function of x1 y1 z1 x2 y2 z2 and time Tt. 

 Wwave function contains all the information about the system and wave function is similar

to classical trajectory in Newtonian mechanics wave function tells you about trajectory in the

quantum mechanics what is the physical significance, physical significance is that you can

get the you can find probability of particle in aena or around a particular point xX. particular

point X by using this equation.

S so probability is given by your side'phy star into sypsy to  D tauD tau psySIA star into size

is known a probability density when it is multiplied by volume element and you integrate it

you will get probability of finding an electron in a particular region in detail region.



S so  psysize stars  I  tells  you  about  probability  density  and  thatthere is  synonymous  to

amplitude square amplitude square which is proportional to intensity and now you think of

that  what  happens  if  volume element  is  small  finding of  an  electron  in  a small  volume

element will be smaller.

S so suppose in this room electron can be anywhere and suppose you choose youra very small

space in this room okay in thenis room then probability of finding electron in this volume

element will be very small and in comparison to this whole whole room this whole room and

so probability is proportional to D tau D tau is big then probability it will be B b and that is's

why PR is proportional to D tau  P R is proportional to D tau P R  r  is also proportional to

psysize star  psyC which the probability density and I explained that by giving you or by

giving an analogy to (intensity dependence on amplitude) intensity dependence on amplitude.
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So, there are a few things which is needed your P rR must be greater than equal to zero 0 here

sine of wave function has no direct physical significance the positive and negative region of

this wave function both correspond to same probability distribution the second thing is that

that if you integrate psysize stars psysy D tau over all space it should be equal to 1 and that is

not a very difficult thing to understand because probability of being an electron from minus

infinity to plus infinity is going to be one going to be 1.S since probability of finding the

particle in the inverse is 1 and that is what size should follow 

(Refer Slide Time: 43:33)



Sso there are certain rules for a acceptable wave function and that is based on the real things

wave function and its first  derivative must be finite or the wave function must be single

valued what does that mean it means for any given value of x and t psysigh a wave function

must have unique value and why this condition because this is way of guaranteeing that there

is only a single value of probability of the system (being in a given estate) being in a given

estate and that is quite illogical. 

(ReferenceRefer Slide Time 44:.22)

The second thing is wave function must be square integratable so what does that mean is the 

integral of psysy square over all space must be finite must be finite what we are telling by this

is it is also logically valid because what we are trying to say by saying that function must be a

square integrable is that the probability density must integrate over all space to give a value 



of 1 and which is not possible if the integral of Saia square is infinite and this also gives you 

one very important consequence that psysy must tendsest to zero for infinite distance in finite

distance.

(ReferenceRefer Slide Time 45:.28)

The next criteria for acceptable wave function is that wave function must be continuous a

rapid change would mean that the derivative of function was very large is very large in the

limit of a step function this would imply an infinite derivative later we will find out that

momentum of system is calculated using momentum operator which is first order derivative

and if there is a rapid change it means the derivative of the function will be very large. Iit

means in finite momentum which is not possible in a physically realistic system. which is not

possible in a physically realistic system.
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So, all first order derivative of the wave function must be continuous following the same

reasoning as we did in the last  last criteria a discontinuous first derivative would imply an

infinite  second derivative  and generally  energy of  the  system is  calculated  using  second

derivative so discontinuous first derivative will mean an infinite energy again which is not

physically realistic. 

(ReferenceRefer Slide Time 46:.52)

So, if you look at these wave functions this wave function is not acceptable since at this finite

value of xX you will have three different values of yY of size xX so it is the wave function is

not  a  single  valued  function  now  the  second  one  is  also  not  accepted  because  it  is  a

discontinuous wave function third again is not acceptable and fourth is also not acceptable



because you see there is a very sharp change in the wave function at this particular position of

X so this wave functions are not acceptable.

(ReferenceRefer Slide Time 47:.45)

Now, let us think about this four different kind of functions exponential minus x from 0 to

infinity exponential minus xX minus infinity to infinity sine xX by xX and sine inverse xX.



(ReferenceRefer Slide Time 48:.00)

So in exponential  xX this  is  exponential  minus  xX so you can see the plot  between  xX

exponential minus xX as a function of xX now you see here this wave function is acceptable

if we take from 0 to infinity if we remain in the region 0 to infinity but this is not acceptable

in a reason when you go fromm (0 to minus infinity) 0 to minus infinity. 

(ReferenceRefer Slide Time 48:.44)

Sine X x by xX this is an acceptable wave function it meets all the criteria for an acceptable 

wave function.
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Sine inverse  xX this is the plot of sine inverse  xX versus  xX is a plot of sine inverse  xX

versus xX now you can see that  xX will be 0 at  yY is equal to 0 yY is equal to piePI Y is

equal to 2 pie and so on so this wave function is not a single valued function and so it (cannot

be a acceptable wave function) cannot be acceptable wave function. 
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Now, a postulate 2 tells you for every physical property observables in classical mechanics

there  corresponds  a  linear  hermitian  operator  in  quantum  mechanics  so  there  are  three

important part of this postulate money observable what we mean by observable and then the



second is operator third is your linear and fourth is hermitian so we will'll go to every this

four of them one by one and try to understand what we mean by this.

(ReferenceRefer Slide Time 50:.31)

So, let's discuss about your observables what are observables, observables are anything which

is  a  function  of  position  or  and momentum  for  example  position  is  a  function  of  X

momentum which is function of p xx kinetic energy which is a function of P momentum your

potential  energy which  is  a  function  of  position  and total  energy which is  a  function  of

position and momentum so these are the observables.

(ReferenceRefer Slide Time 51:.07)



What are operators? operator is a rule that transforms a given function into another function

so if you apply operator Oo on a function f x FX it will give you another function which is

your g xGX so operator transforms a given function into another function so here operator Oo

is converting a function f xFX into another function g xGX. another function GX.

(ReferenceRefer Slide Time 51:.50)

Now, let us understand by some examples so suppose either operator dD by d xDX when I

apply that on function  xX square we will'll get another function 2 x  dD by  d xDX is  xX

Square dD by d xDX xX square is equal to 2 x.

S so this is first function when you apply this operator  dD by  d xDX it will give another

function which is equal to 2 x similarly when we apply operator d square by d xDX square on

4 x square what we will get will get first dD by d xDX 8 x and then this will give you 8. this

will give you 8 

Sso when we apply this operator this operator double differential operator on the function

four xX square we are going to get 8 similar kind of operator you can see here and you can

practice  what  you  will  get  when you  apply  these  operators  on  these  functions  on  these

functions this is about operator part.



(ReferenceRefer Slide Time 51:.50)

What is a linear operator a linear operator has the following property if I take a combination

of two function f 1 and f 2 and if I apply a linear operator you take that value and then what

you do that apply this linear operator to function f 1 and fF 2 separately then the two values

must be equal to values must be equal.

N now you will see that it should be equal for every operator no it is not like that for example

suppose you have a square root operator a square root operator operator okay so a square-root

operator for example this one f1 plus f2, f2 will not be equal to a square root of f 1 plus a

square root of fF 2 s square root of Hector.

So so this  condition does not  n't  hold true for every operator  but  this  will  be true for a

differential operator this will be true for a differential operator so differential operator is a

linear operator so when operator is applied to a combination of two different function and it is

equal to then apply some of your when you apply operators separately to this two function

then you have a linear operator.

T the second condition which also should be maintained is when you apply this operator to a

function multiplied by a  constant  you must get constant  multiplied by  x operator of that

function  constant  x  operator of that  function so two condition  you apply operator  to  the

combination of two wave functions if it is equal to operator of function f 1 plus then plus

operator of function f 2 and the second is an operator is applied to a constant multiplied wave

function  that  should  be  equal  to  constant  multiplied  by  operator  of  this  function. so  we



discussed observables we discussed your operator ID discussed first your linear operator so

now we will go to hermitian operator.

(ReferenceRefer Slide Time 56:1.5050)

But before that I will tell you to look at these four questions to look at these operators and tell

whether these operators are linear or not so check whether derivative is a linear operator

where integral is a linear operator the log is a linear operator where a square root is a linear

operator I just discussed about a square root it is not a linear operator.



(Refer Slide Time: 57:29)

 Sso since now time is over so I will not be discussing hermitian operator I will discuss in the

next class so thank you for listening thank you for listening and go to last slide I like to

acknowledge these books which I am referring to and thank you very much for listening see

you in the next lecture thank you.


