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Quantum Mechanics

Feynman’s Famous Thought Experiment
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Quantum Mechanics

; RECORDING
SLIT 1 OPEN, SCREEN

SLIT 2 OPEN

o .. :/ ‘\‘,‘v s
L b - P(x)=P1(x)+P2(x)

Classical Mechanic Intuition: A Marble can go through only one of the
two slits (or so we think)
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Quantum Mechanics

RECORDING

SLIT 2 OPEN

I(x)=1,+L,+2(1,1,)"2 cos(¢)

Classical Mechanic Intuition: Wave fronts go through both slits
simultaneously and we have interference
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Feynman’s Famous Thought Experiment
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Feynman’s Famous Thought Experiment
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Feynman’s Famous Thought Experiment
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Feynman’s Famous Thought Experiment
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Wave-Particle Duality

Need both the Wave and Particle like treatment to explain Experiments
Photons, electrons etc behave as particle and wave
Wavelength of the Particle=A=h/p (De Broglie’s Equation)

h=6.6x10-*Js is the Planck’s constant

Example: Electron

Charge=-1.6x10-? C

Mass = m=9.1x10*! kg

Velocity = v = say 1x10° m/s

Momentum = p = mv =9.1x10-%° kg.m/s

Kinetic Energy = mv+/2=p*/2m=4.55x10%! J=(4.55x10-%")/(1.6x10-'?) eV=28.4meV
Wavelength=A=h/p=6.6x10-%/9.1x10-*° =7.2 nm

Example: Tennis Ball

Mass = m=0.058 kg

Velocity = v =say 50 m/s

Momentum = p =mv = 2.9 kg.m/s

Kinetic Energy = mv?/2=p*/2m=72.51]
Wavelength=A=h/p=6.6x10-*%/72.5=9.1x103* m




Usetul Relations to Note

k=wave vector=2m/A
(k also used for the Boltzmann’s coefficient later on, please note the context.)

r=h/p
p=h/A=(h/2m)2n/A)=hk
‘h bar’ is the reduced Planck’s constant A=H /271 ~1.05x10*Js

Energy of a photon
hv=hc/A

hv=(h2m)2nv)=fh @



Heisenberg’s Uncertainty Principle

Cannot measure position and momentum — both — absolutely accurately.
(Equivalently, error in energy and error in time of measurement)

If Ax is the error in determining position and Ap the error in determining
momentum, ApAx >/hi/2

In general a signal in time/space €= frequency will have this restriction

x;’.“;‘;‘r‘g:;etﬂed;fg;‘l ) p.~hl X dsin(A@)=A=>A0~A/d
gun is known) Ay~d, Ap,~pA@~hld~h/Ay; ApAy~h

Position not defined
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Quantum Mechanics

The Wave function

L

Contains information on all measurable parameters of the particle

If we consider 1D (say x direction), the wavefunction is y(X.t)

WY\* = Probability density of finding the particle between x and x+dx

If y(x.t) is real,
Probability of finding the particle between x and x+dx =[y(x.t)]>dx

Probability of finding the particle between x=a and x=b is j |y dx

a



Quantum Mechanics

Operators

Contains information on all measurable parameters of the particle.

Some useful operators:

Momentum Operator : p_= ho Thus, ROy Py
T iox i Ox
Energy Operator : E e Thus, —ﬁa—vj:Et//
i Ot i Ot
Kinetic Energy : L] (ﬁal//):_ id 6‘1{
2m 2miox\i Ox 2m Ox~



Quantum Mechanics

Properties of The Wave function

Contains information on all measurable parameters of the particle

v must be a solution of Schrodinger’s Equation (Energy Balance)
v must be continuous
dy/dx must be continuous
Vv must be normalizable — i.e. it cannot for eg. blow up.
This condition is realized by noting that the particle must exist
somewhere in all allowed regions and that the Probability
of finding the particle somewhere is 1

Il wdx=1

-2



Quantum Mechanics

The Schrodinger's Equation

Kinetic Energy + Potential Energy = Total Energy

Potential Energy: Depends on the potential terrain the particle is placed in=Vy

Time independent Schrodinger Equation

0oy

+Vy=FE
2m Ox~ L 4




Quantum Mechanics

Particle in a 1D Box: Infinite Potential Barrier
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Quantum Mechanics

Particle in a 1D Box: Infinite Potential Barrier

h oty

- 2m Ox~

+Vy=Ey

Inside the Box

= Asm(kx)+ Bcos(kx)



Quantum Mechanics

Particle in a 1D Box: Infinite Potential Barrier

= Asin(kx)+ Bcos(kx)

V must be continuous



Quantum Mechanics

Particle in a 1D Box: Infinite Potential Barrier

= Asin(kx)

V must be continuous
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Particle in a 1D Box: Infinite Potential Barrier
. NI
w=A sm(T X)

jl yldx=1
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Quantum Mechanics

Particle in a 1D Box: Infinite Potential Barrier

B n27[2h2
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Quantum Mechanics

Particle in a 2D Box: Infinite Potential Barrier

R (5—%&2]]:&”
2m\0Ox~ Oy”




Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier
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Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier
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Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier
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Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

hZ 62'/11

- ~+V,
2m Ox~ 8=
h 0%y,

_ 2 = Fy,
2m Ox’ Y2
h’ 82%

— +V
2m Ox’ 0¥

=Ey,



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

7

h* o'y, o’y _2m(V,-E) O v,
+V w = Ey => 24 - Ji i T o
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Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

W, =Ae” +Be ™
v, = A,e”™ + B,e ™
Y, = A.e” +B,e™



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

W = Ae™ +Be ™™
as x—» -inf, the second term =2 inf
Wave function cannot blow up => B ;=0

Y, = A;e” +Be™™

as x—2> inf, the second term =2 inf
Wave function cannot blow up => A,=0

Wavetunction symmetric about x=0
Odd Sym or Even Sym

% - Alear

y, =Be ™

dS

y, = C, sin(kx)
v, = C, cos(kx)



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

l/jl:Aleax Wz(le'/z):%(sz/Z)
w, = C, cos(kx) C, cos(—kL /2) = B,e ™"

ax

W, = Bse



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

W,(x=L/2)=y,(x=L/2)

W=dy C, cos(kL /2)=B,e ™"

w, = C, cos(kx)

Y = Bie™ Ws x=L12)=Y(x=L/2)
dx dx
e sin(kL /2) =— gt e

2 2



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

y =Ae”
w, = C, cos(kx)

_ ax
Y, = Bie

w,(x=L/2)=y,(x=L/2)
C, cos(kL /2)=B,e ™"

Ws x=L12)=Y(x=L/2)
dx dx
e sin(kL /2) =— gt e
2 2

tan(kL/2)= %



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

W, = Ae”
W, = Cz sin(kx) cot(kL /2)= _¢

»

ax

W, = Bse



Quantum Mechanics

Particle in a 1D Box: Finite Potential Barrier

BIG MESSAGE
Particle can exist outside the box!



Quantum Mechanics

Harmonic Oscillator

h oty

— +Vw=E
2m Ox~ P=E

V= if* /2
o=(f/m)"”

V=mox"/2
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Harmonic Oscillator

B a-!f/+(ma)2x:" /2)y=Ey
2m Ox~

N
—-ax”/2
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Harmonic Oscillator

h* 0° mw-x”
Y &

_ ’ .
2m Ox~ 2 g o
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Harmonic Oscillator

B a-!f/+(ma)2x:" /2)y=Ey
2m Ox~
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Harmonic Oscillator

_T_(a ¥ ma-x- =By
2m 2
mao
= ——
fi
o h_’a: h~ n1a)=ha)

2m 2m h 2
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Harmonic Oscillator

F o0y
+Vy=E
2m Ox” eV
. Ve 2
V=mox /2 >
o=(f/m)"
h & W-l—(ma) /2D w=Ey
2m Ox”
W~e—ax‘/2

W Py

+ ma x" /2 E
2m Ox” ( W=Ey




