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A vacuum pump [ liquid nitrogen SAIMIERIFESERZ
AREE o

*Vacuum
----Vacuum pump like diffusion pump + ion pump
----Turbomolecular pump or cryogenic (adsorption) pump
*Cooling
---- Liquid nitrogen (LN;) cold trap system by liquid nitrogen
conductive cooling
---- LN, system down to -140°C to -40°C
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When a SEM is used, the column must always be at a vacuum. There
are many reasons for this. If the sample is in a gas filled environment,
an electron beam cannot be generated or maintained because of a high
instability in the beam.

Gases could react with the electron source, causing it to burn out, or
cause electrons in the beam to ionize, which produces random
discharges and leads to instability in the beam.

(Source : http://www.mse.iastate.edu/microscopy/vacuum.html)

How the SEM Works
http://www.mse.iastate.edu/microscopy/vacuum.html
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The SEM uses electrons to form an image. A beam of electrons is
produced at the top of the microscope by heating of a metallic
filament. The electron beam follows a vertical path through the
column of the microscope. It makes its way through electromagnetic
lenses which focus and direct the beam down towards the sample.
Once it hits the sample, other electrons (secondary) are ejected from
the sample. Detectors collect the secondary electrons, and convert
them to a signal.

EFREMIRVIRIFS R - KB QIRM0T;

1. i column RifHEZ  METEERERESE - B8
B SANFRAFAL D o

2. BRERRRRSH

3. % specimen or samples JAZRRKRP  SATREANE » I
ERERMEER J?*&%i])i%ﬁ?lﬁt% o

4. BHESE ' (SER ' HY) » EXESEENETR ' A
&&IA magnetic lens Elég%%ﬁzfrﬁﬁ%% ,H&ELA
scanning coils 2 H|E5REV 5 ) °

5. Uniform scan 13510 E&E SR {E specimen I o

6. 7i secondary electron detector g5/~ _H{F OB EIFTEHY
Dﬂ/u\ °
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When a SEM is used, the column [£}-~] must always be at a vacuum
V]

There are many reasons for this. If the sample is in a gas [#£:4.] filled
environment, an electron beam [~ [*{="[] cannot be generated or
maintained [ T # ~{#"]] because of a high instability in the beam [-=

SRS

Gases [#£4.] could react with the electron source [-=], causing it to
burn out [&%' /24, or cause electrons[-= [ul] in the beam to ionize
[& FEI[F,,], which produces random discharges [ Fﬁ ] H}]] and leads to
instability in the beam [-=fv 75 E].

SRR HEFBMRNERE > FERESEEEREZT
RO - RAE—EZMHFRERBHNBERRN - £EERZE
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Cooling

Thermal equilibrium, Stable
High voltage e-beam

Focus

Uniform scan

Fact, Truth
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*Be (m) BEES (E) 2GRN ' E=mc? , c 23R

Basic postulates :

1.The speed of light in vacuum is the same for all inertial frame
observers, no matter what their relative speeds.

2.The laws of physics are the same in any inertial (non-accelerated)
frame of reference.
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* Time dilation (---> The Twin Paradox)
Each observer will see the clocks in the other Lab more slowly than

the clocks in their own, by a factor gamma (1/(1- v /¢ ?) '?).
Gamma depends only on the speed of a particle. ¢ is the speed of light

and v is the speed of the object.
At=At/(1-v?/c?H "
* Length contraction
Each observer will see the meter stick of the other as shorter than

their own, by a factor gamma.
L= L¥(1-v%/cH'?
* Mass Effect m=m/(l-v?%/c? 12

* B =m’c?
ii. FEHaAfEYEH
ERBYHHREBRHETIBE 1915 F£38X  BBRENIBND

A

125 - BEHRABEHN - EREHE (L 182K aEHmEAE
By BE2ETNERXEB) W :

ESEERANE ST AEE@EO
ERIEEAE NS B L TAIRS

SEBRRAGEZBHN - A2RHN - METESZE
SNHEIBMEMAE - HFELEHR W WRATENENHBIRIEAN
g BEhaer—&K-
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General Relativity

General relativity is the geometrical theory of gravitation published by
Albert Einstein in 1915. It unifies special relativity and Isaac Newton's
law of universal gravitation with the insight that gravitation is not
viewed as being due to a force (in the traditional sense) but rather a
manifestation of curved space and time, this curvature being produced
by the mass-energy content of the spacetime.

(Source: http://en.wikipedia.org/wiki/General_relativity?bcsi_scan)

~— General relativity

Two-dimensional visualization of s ace- ime |S ortion. e presence O

mat anges e geometry of space e, urved) geometry being
curva mmmmmmmmmmrm—
the curved spacetime which-would be rectilinear in—a flat spacetime—|

Liou, 2006 31

Some Predictions of General Relativity

* Gravitational time dilation: Clocks will run slower at lower
gravitational potentials (deeper within a gravity well). Confirmed by
the Haefele-Keating experiment.
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* Shapiro effect (a.k.a. gravitational time delay): Signals will take
longer than expected to move through a gravitational field. Confirmed
through observations of signals from spacecraft and pulsars passing
behind the Sun as seen from the Earth.

B EF V3%
3 NEN=EEE5Tm T I !
i RBRIEE REpFS- iR

REESNENIER  SCEYMERISREBENS » MEK
DTLEREE ° T HAEE (BE) IWIE -

E=h * frequency. h 2 Plancks constant

SEIERER TSR SESTNIENIER - £2B0
EMIAEROFEFTFRD - RBZ RIS LIRS

i, BEFHFEE
IZETNEHNTRE ' SEGHPIBHESRA—E

EF7FFEM BRI SR TIRENALTEREENREE
Y514 0 SNEBBEE T PTSHBYE A (leakage) o

FREPEOEIEST (BE ~ &8 » ThE » 1) 2ROTEEELE
IEENEE  WREZECOBERRE - £HiEPERESETIERE
)& o (Quantum tunneling EESETHBPIREERS L » MEJRE
B - BEMABVIEMNTL > 2 WAL REBR" ( EEHRE
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Quantum Tunneling
(Source: http://www.cord.edu/faculty/ulnessd/legacy/fall2000/
hofferber/sld005.htm)

Tunneling through thick and thin barriers
Thick Barrier Thin Barrier

Thock Barner Thaa Bamir
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iii. Heisenberg e RIERYE K HFRRE/FIE

AINERIE - HPITAEEFRENIIESR(LLWENE
NENETT) ' ISHGREBBENEEM © d /2K delta » 385 -

* The Heisenberg uncertainty principle
dp*dx>=h/(2 *pi)
or
dE*dt>=h/(2* pi)
= Planck's constant / (2 * pi)

Hepp BEIE ' x BUE ' EZ6eE © t 25E -

ERE LN BRSBLINNE - S5EEE - DITERR ; O
#i5 - ESETe ; AR - AR ; Ars8 THHEEL 0 BIIE T4t
By o B8 THE,  SUIDESUNERIEGEHBE T2 -

C. BAMTFInE

PFTENYBRIRA LEEE AN ATEMEY » MEAKFHY
—LCERYPERZW ¢

"BEAKF 02 BHE » IRBEMBERIIRGEMN °
"MENBEER IR © FILKISTLEREE o

"REB BARISEARE - MEEMBERREIFEA AR
e o

* Elementary Particles:
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* Particle physics is the search for the fundamental building blocks of
Nature, a reductionist goal.

* Elementary particles should be structureless, resulting in simple
interactions.

* One of the primary goals in modern physics is to answer the
question "What is the Universe made of?" Often that question
reduces to "What is matter and what holds it together?" This
continues the line of investigation started by Democritus, Dalton and
Rutherford. Modern physics speaks of fundamental building blocks
of Nature, where fundamental takes on a reductionist meaning of
simple and structureless. Many of the particles we have discussed so
far appear simple in their properties. All electrons have the exact
same characteristics (mass, charge, etc.), so we call an electron
fundamental because they are all non-unique.

(Source: http://zebu.uoregon.edu/~js/21st_century_science/lectures
/lec16.html )

After the discovery of electrons in 1897, protons, neutrons, pions,
kaons, sigmas, rhos, and over 200 other particles have been
discovered, some in cosmic rays and some generated in particle
collision experiments.

* Matter and energy are interchangable, and thus particles are also
energy.

* A particle has a rest mass, but waves (photons) have zero rest mass.
Thus, particles are frozen energy states, as are atoms. Many particles
are unstable, and they disintegrate within a short period of time.
(Source: http://www.science.uwaterloo.ca/~cchieh/cact/nuclear/

particles.html)

R LEEIRYIENBENTIUEL - TRYIEE S IR
(LRI - HIE)  EBRS LIEm LA AEHR -
BEIEE S HYIEBERNEER - MERE—EKE - (EBL
BHPAERERENE - ZEEABMPIRGY : FBAENERE @ NEEHEREE <)
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R

A point is a zero-dimensional object. It has no extension in space, and
no properties.

A line is a one-dimensional object. It has no thickness, if we are to
draw a line, it has some small thickness, so we can see it.

A plane is a two-dimensional object. It has length and breadth but no
thickness — somewhat like a sheet of paper (but paper too has some
thickness).
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Space, as we perceive it, is three-dimensional.

Fourth Dimension

Cube with fourth-dimensional directions creating a hypercube,
Tesseract.

(Source: http://en.wikipedia.org/wiki/Image:Hypercube diagram.svg)

™

BN

Four-Dimensional Shapes
(Source: http://library.thinkquest.org/27930/geometry.htm)

Shadow of a cube in two Shadow of a hypercube in
dimensions. three dimensions.
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Galaxies are large systems of stars and interstellar matter, typically
containing several million to some trillion stars, of masses between
several million and several trillion times that of our Sun, of an
extension of a few thousands to several 100,000s light years, typically
separated by millions of light years distance.

(Source: http://www.seds.org/messier/galaxy.html)
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http://zebu.uoregon.edu/galaxy.html
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Particle is not different from Wave (Energy)
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Particle is Wave (Energy). Particle-wave duality
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Wave (Energy) is Particle. Wave-particle duality
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"If there is any religion that would cope with modern scientific needs,
it would be Buddhism.”

Albert Einstein

(Source: http://www.buddhanet.net/budintel/science/index.htm)
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