
An overview of Quantum mechanics

Linearity and nonlinear theories
. Schrodinger's equation

XFor motion in1D I

VCX) ; XC+ ) >m =CX(t V is negative
3 Nonlinear -> complicated toQM is linear ! I warefunction (depends on time solve !

in = FI
↓ Hamiltonian ! -> linear operator.

It kSo ,
it's linear > LI =0 SE

L* = -FI
Necession of complex numbers

i =F + z = a+ ib k , a . m =R
> complex number#P=b = z2

+

Determinism

E= Erosa+ Eosineto
After polarizer Ec = Es cost

fraction of energy through (cos2)
"

Polarizer .

photons either go through or not can only predict probabilities
(Photon ; x > , Photon ; > -> photon polarized along y ,

a rector

So , according to linearity ,
do superposition .

1 photon ; 2) = cos2(Photon ; X) + sind /photon ; y)

Nature of Superposit
.
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Superposition of State (A) , and 1B

Assume measure some property on 1A)1 -> get "a"
on 1B) -> get "g"

QM state 21A) + B1B) = -> Not intermediate statee
. q .a

Problas ~1212 If get "a"
, state becomes 1A)

Prob(b)-IBI
"

If get "b" , state becomes IB>

Physical Assumption : Superposition a state to itself does not change
the state
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New quantum state

, (1) = (iz) +Wiz)

19 ; 2>
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The photoelectric effect
1 polished metal irritated may emit electrons -> "photo electron"

2. There is a threshold frequency Vos only V Vo

To depend on the metal and configuration of atoms on surface
3. Magnitude of the current is proportional to the light intensity
4. Energy of photo electrons is independent of intensity of light
XE
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Ei =Im= Er-w = hr - w
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Unitsof hand Compton, wavelengthofPartide =angular moneisT

If I have a particle in
,

it's associated with lengthnmj- > mc E Compton wavelength of a particle

~ Different from De Broglie wavelength.
-> use true moment

Compton scattering instead of me

Photon scattering on electrons that are "virtually" free

mc2

E = 1-
E - p-c =m24

P-
for a photon , Mrz 8

-Er = Pra -> Pr=



5 photon loses energy

zom
e ~ x + = xi + mb (1-cos8)
ei

de Broglie's proposal
particle C > wave

E , P "V"

for a particle with momentum p , we associate with a plane wave of

X= (de Broglie wavelength) ↓
wave function (SE)

It measurable ?

meaning ?

de Broglie wavelength in different frames.

P==
wave number v's W= LTV

Frame S , frames' moves with velocity +↓ in the X-dimension.
I

Sa S X

particle of mass m

C
#

, with velocity E , 7 >

② momentum p , p.
X= X -V+ it= t

* = - u = v=2 -z

=. D' = p -MI

x= = pEz # 5 =X
de Broglie don't
agree !



Galilean transformation of ordinary waves .

P = phase = RX-We
> angular frequency I

&2k(x -Yt) = z(X -Vt)
2t=*
wo

% D' = 4 When frame to the same point and same time

y =

y == (x - V+ )= (x+VE-t')

-- (-)+
↳"

z

- k= = X= X ! for ordinary wave .

which means :

I can not be directly measurable.

Not Galilean invariant

# exits # I'X' it's

The frequency of a matter wave

P =AR , E =W > w = En

wave phase : 4 = kX-2t , Uphase==ME
phase wave velocity of a particle is not equal to particle's velocity
~Ugrout=&W
special relativity
(E, ) = h . M , ES

4 - Vector

X

position and time



Group velocity and stationary phase approximation

Group velocity is a wave of a packet constructed by superposition of waves .

↑2x , + ) = [dRER)C i <RX-w(R) +) Dck-

↓ Paxs

-

·principle of stationary phase .
-

since only for R2Ro ,
the integral has a chance to be non-zero

"Y(k)-mx-w- -> dy2X-dwick = O
, Xbot

Motion of a wave packet

&2x1t) = (dRECk) eiRX-20cr>+) *2x , +=]drEir) eiRX
Talor series = WCK)=CRO) + IR-pos&/Ro + & (R-Do

~ Exit) 2 /deck) einy . exicbost . Libert
. e
iRobot enegligible

&in cost eiRoot/dREeR2X-trots
Due to imaginary number , hard to see boumb creal number
-> we use absolute valuee.

14(X , t)) = 11(X-Elmot , 07 /
The wave for a free particle .

particle E . P , EztW , PathR ,WILDV= angularency ,



Momentum operator, Schrödinger equation, and 
interpretation of the wavefunction.

Momentum operator , energy operator , and a differential equation
The matter wave : N(X , +) = fikx-int path

, non-relativistic particle
Ezhn

E =
-

Momentum operator. 2m

#*Xit) =AR I (Xit > 2 PICXit)
- operator -> BE -> PExit)-PLIXitS

I this holds , #Xit) is an

egenstateregenvector)

Energy operator

it ExitIc in <-i2) Y =t1 = EXCXIt)

- EX = EI -> right but not implicate too much info .

Recall that E- > E== (X ,+)
↓ p is a number

,El=c=
- El = -2x ,+)

~
Free Schrodinger equation
Ch-4
Remarks

* I cannot be wave

* Not a usual wave equation tye: 20 .



the general Schrodinger equation .

X , ↑ commutator.
2

Now , we had it = E1 , E= 1
for classic physics , E2KIN + POT
Assume potential to be VCX It)

#E +VcX+ )
* Hamiltonian #
In I

Vexits should be treated

as an operator .

Lt)C-+ Vex ,+)I

* full schordinger equation .

Introduce an operator * ,
which acting on function of X

· multiply them by X

* fax) = Xf(x)
Commutator of X . 4
ops · ↑, , i=+ VCN+ )

* H -PD = 0 ?? -> proof
* IPS - P(x) = App - P(XD) =XPp-(XP)

- xPD-Ep-pXD = -Ep = ind
:** - PX = in cequality between OPs) ·

Commutators , matrices and 3-dimensional Schrodinger equation
[*, B)=-BA , commutation of A and B
[*P1 = it



3D physics

extend to dimensionpi

So , =E
#+Vit ,I = P . P-DD-

↓
Laplacian" i =D+ Ucxiti)1 (x,

+)

For commutation rule :

(i , P] = LtSig , Sig= So it
Interpretation of the wave function
↓CXits does not tell how much of the particle is at X

at time t, but rather what is the probability to find it

at X at time -

=
and



Probability density and current. Hermitian conjugation.

Normalizable warefunctions and question of time evolution.

in =- + U(X ,t) & xit)

[11(x+ (Pdx = 1

In order to guarantee I can conceivably hold

Lim [xt) = 0 ,
Lim & is bounded !2x

X-> top XE Foo
-

Normalize/Normalizable·
for a ware function ISXt) ~ /IFYdx =N(= 1) < 00

using instead: I= - I is normalizable .

III'dx = /# x=*PdX = 1

Is probability conserved ? Hermiticity of Hamiltonian
Recall that SE*CX AcxtoldX = 1 at to to , then it must hold

for tota

- Pexit) = 1*(xit) [ (xt) ; NCt = [Paxit)dX
when Nctos= 1 , will SE guarantee that = 0 ?
# (2x =S +* ]
=I > & =-I
-I*F<F
N (dxπ*** - **#I]
For this to be zero , it need = /C#*)

*

IdX =) ** #I dx
* Hermitian i should satisfy

true if # is a Hermitian operator

CLA[i)
*

I: #In



In general , given an operator T , one define to Hermitian conjugate
TT

/ **TI = /ITI)** 2 , Tis Hermitian : if T =T

Probability current and current conservation

N (2tsdxaxt .Ext
& t

&+ V(,)+ -Ev(x ,+ )1)
=in--
~(c***] = 22 Im(*

So, =-m current density
= 0

current conservation

Three dimensional

Unit (172 , 1 · currentandconservation
(111dX = 1

[J] =E = -> probability per time .

3 Dim case :

=(x ,+ ) = - Im < **** )
EP + D .T=0



Wavepackets and uncertainty. Time evolution and shape change time 
evolutions.

Wavepackets and Fourier representation
I

Assume +=o , 12X , 0) = /#CK) eikx &R
if we know [2X,0) ,

the #CK) is calculable ·

#(k)= /↓2X1 0) e-Ekxdy

↑ Ecks

uncertain
>

↳ R
[xIO

↓ ex, 0) peaks at X = & xox width
.

as LICXO)
= 0 when K= 0

.

X

CR

Is I(X0) real ?
too

([(x,+)* 12m)****&K .

1 change k- - R
-og

-Remed=
Reality condition

#KEK) -PE)eRy dk .

= 0

# (-*))
*

2 ECKS Eck) is not real

width and uncertainties.



Uncovering momentum space. Expectation values and their time 
dependence.
Fourier transforms and delea functions
Ingore time : [2: /ECR) eiRXdR

-> PICK) has same information as
⑦(k)= (1(x) e -kxdx ↑ (X)

~ weight of the plane waves

~ I= /he* /[CX') e**Yxi
inthe superposition .

= [d* &k eiM(X-xi)m + -

Reimcx-x)

= - S(x-x)= (dkeimex - x)
,/SSex


