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1.1 The Schrédinger Equation

Imagine a particle of mass m, constrained to move along the x axis, subject to some specified force F'(x, )

(Figure 1.1). The program of c/assical mechanics is to determine the position of the particle at any given time:

x(f). Pnce we know that, we can figure out the velocity (v = dx/df), the momentum (p =mv), the

kinetic energy (T ={1 /2)m uz), or any other dynamical variable of interest. And how do we go about
determining x (f)? We apply Newton’s second law: ' — jpq. (For conservative systems—the only kind we
shall consider, and, fortunately, the only kind that occur at the microscopic level—the force can be expressed as

the derivative of a potential energy function; F =—gV/dx, and Newton’s law reads

m d*x/dt> = —aV/ox-) 'll'hjs, together with appropriate initial conditions (typically the position and

velocity atf — ()), determines x(f ).

52 4R 1E 72 Newtonian MechanicsHYEL AR B & 5 |

m

— [lx.i)

QO >

xir)

Figure 1.1: A “particle” constrained to move in one dimension under the influence of a specified force.



Quantum mechanics approaches this same problem quite differently. In this case what we're looking for

is the particle’sjwave function, W/(x, f ), jand we get it by solving the Schrédinger equation:

W K2 82w =1 /72 Quantum MechanicsfyE A EHZE = | (1.1)
'h—aT = T 2m ox2 + VW It is the wavefunction )i/ pf#5 we use to describe electron.

Here i is the square root of — | , and }; is Planck’s constant—or rather, his origina/ constant (4) divided by 2:

J
b= = 1054573 x 10-34 ] s,
2

(1.2)

The Schrodinger equation plays a role logically analogous to Newton’s second law: Given suitable initial
conditions (typically, ¥(x, 0)), the Schrodinger equation determines W (x, ¢) for all future time, just as, in

classical mechanics, Newton’s law determines x () for all future time.2
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1. [20 points] Consider the electron radiation process
e(p) = e(p") +¥(q)
where p, p’ and ¢ are their 4-momenta and all these particles are on shell.

(a) [10] Use appropriate equations to explain why this process cannot happen in vecuum.

(b) {10] Use appropriate equations to explain why this process can possibly happen in a

detector (e.g.. the Cerenkov radiation). Specify under what condition does that happen.

2. [30 points] A box containing a particle is divided into a left compartment and a right com-
partment by a thin partition. If the particle is known to be on the left (right) side with
certainty, the state is represented by the position eigenket |L) (|R)). A general state vector

can be expressed as
la) = |L) {L|a) + | R) (Rle) .

Suppose it is possible for the particle to tunnel through the partition or remain in the original

partition. as characterized by the Hamiltonian
H=A(L) (LI + LY (R + |R)(L| + |R)(R]) withAeR.

(a) [10] Find the normalized energy ¢! Screenshot the corresponding energy eigenvalues.
/f N\
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week 1,2 Special Relativity (Oppenheimer and Einstein)

week 1,2 f&J1 Particle and Waves, Probability interpretation, Quantum Mechanics
week 3 Photoelectric Effects, Photons, Borh’s Model of The Atom, Matter Wave (Where
Quantum Mechanics was from)

week 4 Wave function and Schrodinger's equations

week 5 Wave Packet, Expectation Values

week 6 Stationary State, Eigenvalues, Eigenfunctions (QM as Wave Mechanics)
week 7 Eigenvalues, Eigenfunctions (QM as Wave Mechanics)

week 8 One-dimensional Potentials, Energy Quantization, Scattering

week 9 Mid-term exam

week 10,11 Simple Harmonic Motion, Operator Methods,

week 12,13 General Structures of Wave Mechanics (Examples of Wave Mechanics)
week 14-15 Schrodinger's equations in 3D, Angular Momentum,

week 16 Final exam



2"d Semester

Week 1,2 Hydrogen (Schrodinger's equations in 3D)

Week 3,4 Electron Spin, Matrix Formulation, Dynamics of QM, Resonance
Week 5,6 Time-Independent Perturbation,

Week 7 Stark Effect, Perturbation with degeneracy

Week 8 Periodic Potential

Week 9 Mid-term exam

Week 10 Real Hydrogen Atom

Week 11 Identical Particles, Many Particle System

Week 12 Bloch Equation, Solid State Physics, Semiconductor (Application of QM)
Week 13 Molecules

Week 14 Semiconductor again

Nuclear Physics

Time-dependent Perturbation, Interaction of electron with EM Field, Radiation (Laser)
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A Friendly Reminder - LHCG & Experiments
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Going to cover the new results from (mostly) CMS & ATLAS today!
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BLEER14TeV - GBI TIRII5000£ -
Z[F i TevatronfJ 1442 -

7x10'? eV Beam Energy
10%* cm2s'  Luminosity

2835 Bunches/Beam
10" Protons/Bunch
T <
\

7 TeV Proton Proton
l colliding beams

Bunch Crossing 4 10" Hz

. . NUMBER OF HIGGS PARTICLES:
Proton Collisions 10°Hz

Q 1 every 2.5 seconds

Parton Collisions e q;}‘\f

T @"q

S~ . I _ ) 7’| .

signals 105 Hz > «—> P p

(Higgs, SUSY, ....) . jz O’o\q‘ %m_

W

30

Selection of 1 event in 10,000,000,000,000




(W@ CMs Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2 30 GMT
+ | Run/Event: 195099 / 137440354

For one event, we record the tracks of charged partciles, the energy deposited in a
certain direction at two layers and the tracks of muons!

Event recorded with the CMS detector in 2012 at a proton-proton centre-of-mass energy of 8 TeV.
The event shows characteristics expected from the decay of the SM Higgs boson to a pair of Z
bosons, one of which subsequently decays to a pair of electrons (green lines and green towers)

and the other Z decays to a pair of muons (red lines). 31



TSR TR B AR - (BB REFS - EENEETATD |
It is not difficult to produce Higgs Boson if you have large enough number of collisions.

Proton Collisions 10°Hz

NUMBER OF HIGGS PARTICLES:
1 every 2.5 seconds

R AR A1 A AR PR A AR SR 1

32
What is difficult is to identify a Higgs Boson.



LHC confirmed Standard Model and Standard Model only!

Fermions: spin = 1/2 particles

iggs Boson:
spin=0

"] fundamental
* | scalar particle

33
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EUYV stands for extreme ultraviolet light, which produces the circuitry.



Gate _
Contact
Source Drain
Contact Metal Gate Contact
Oxide Insulator l
n-doped n-doped
Depletion p_doped Depletion
Semiconductor
L

Ve

Gate
Contact > Vthreshold
Source Drain
Contact Metal Gate Contact
Oxide Insulator
n-doped Conducting Channel n_doped
Depletion p-dOpEd Depletion
Semiconductor
..

AL AR BV UR R > ZRIERI BB Vs B S ReE Ll -
R FBERVAR/ N ELAENSE - BEEVSIRA > T ARV RIsH e fl7 afat -

Water in

Pressure

e Ballcock ‘

e o o o s e e o o ]

Sluice
gate

AN
\\\\\

\\\\\

Ve

Gate
Vs

Source

n-MOSFET

Drain Source

Overflow

Gate

Drain

p-MOSFET



