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—ER—BRORLEBAEEBHMENGE. FREETET.

BREHERBBE  ERERELE  BEHRMEEE
- TEFENSEENEBNEL  AHERFEFERSRENTE
L, REARKBEREREMANIERTGE;

=B (MER) BRHEHP , TREEMEMNERBITA

%, CBNRRAINREENBITREAE : Bk, HM. BE.
B, BE, wE
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BEMRETEMENRERGZE  ERHNAEBITNG
&, M-HEERER  BRUMEBATEANZ[EE , ESHRE
BEREMNEERGEZ  ERFEFNEGEEZ -, REPET
RURSELSR , R Haf —H—HEER, |

BFBMRNERIRE KITE
ETHEWURENERE  F—ISRAERBEEESNRE , EER

A vacuum pump X liquid nitrogen AAIMERFZEINSEEZE
AR R,

*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
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---- LN system down to -140°C to -40°C

ETHEWENRE  RRFTEESEEZRE  HERW
T

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

Electron =un

Anode

To TV
sScanner

Secondary
Electron
Detector
Stage -
— - Specimen
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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.

« 26 .

ETEWENRESR , XBABROT,

1. # column RFEMET K HMEZEZTEHLELSR K BAE

ERAIRBAL A

. AREEERGEAA
. # specimen or samples AR , HAFBETE , X

REERREETRTFERBERE.

. RBEBETE ,(SER  HY) EESHENETR , R

#AIA magnetic lens %IEEE%?EEZ$ THR , REBU
scanning coils #HIE F RN [,

. Uniform scan 35 #% & F 3R 1 specimen L.,
. #& secondary electron detector /K F LEAERIFTEMN

E;:ll /%\ o



BE M
CH4

EE

ETHEMBRNERE  ARFEESEEEZNREZT. SHKE
FEMREASONEFRE-—LE A HPFEESHEZRE

When a SEM is used, the column [5,] must always be at a vacuum
L%,

There are many reasons for this. If the sample is in a gas [3t&] filled
environment, an electron beam [.(:#Y{EF] cannot be generated or
maintained [~ #E1E{F F] because of a high instability in the beam [,(»
HY = A ZE]

Gases [§f=] could react with the electron source [/[] , causing it to
burn out [#X K #AJEE], or cause electrons[.(» ] in the beam to ionize
[EELE%], which produces random discharges [&1E 1] and leads to
instability in the beam [\{\R 22 5E].

EREX  HETEMENERF K FTEESEEZREZT
MR RAEA-—ERMERNENAEREN, EEEK2E
®, LW ANEOER  HEERNLES HMECRMEER
T, BETHURRE!
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EEAE  fite. BR. BE, B, BEE. ®E, X
REE  BIAETZUARER SR E  SEIERZEEF
HYER

—ROVBEBNTR (BEERHE REZELRE), TIE
RPN ERMEENNTE

NE
|
Eli 5 4 3 2 I1
fi [ B SN = id
£ E & =2 1 i
| | | | | |
[ l I [ l I \ ‘ I \ ‘ | [ l \ [ l I
—ZEE BEOE REHE EEE SEE BEM
12z EEE LB £33 REE REKE
£EE BiEE & BEM
=] & 5N B
™
[ | | [ | | \ : | \ : | \ | | [ : |
| | | | | |
E E E E E E
B & & BB % &
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1)

o] Bl

e MUK, ERBRREA) | BEABIEATE
=iE) ; eEBE. MAESHE  EHEGREE
=, ERTESRERS,

B FRE, TEBE , TEEE , ARRLE  EES
QBO

BDE  RBEFTERE  AREEETHR  RATETR
2% ReEEE, ERE: "TAER | BEENLR
EUAESHRLE SRR, EEEA, A—1
EEE , SRRT. WEEBEERENE, [
B ? RER | HEEETZEER. |

Bl BE , 5%, LREGBTEZE , THREATEZ
W, BORE ; BERS,

BE  B0E  HELRBEOTHE , ATER, BT
Bl ; BEEREL.

BRE AR, —U%E  BEABRTHALEM; 8
ERE,

RRPUBHE  DERER, B "B 7, JREHER
KTHEHNEET,
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g &/ ‘?
'rdﬁﬁ$
TR A RS A
SHAE ik, TR, VE. B, . RENS—8
BEEES  RHHENYEES  HETFEHAEREMLR , 5
BT :
it
BEEESR BE BT, BPEE , #2, ZERFEAR,
BTEHR ; BERE , BRI EERE,
YRR . ZME , AR , HIEZ (vacuum)
B
BEEER® 5F, 58, Tao , @0 , BESR , BATA
YIEEZ . B contamlnatlon , leakage ; BB , /58D
cooling ; # 1t , no vibration ; B&{& random
motion mean free path
E
BEER A, R, 28, ¥, FO0FE
MEER  BE , ¥y, ¥ 6 REFE
B
BEEER 98 , L 8hH, EHEESL EXE , 5
YIEER  BEERA K REEE
i E
BEEER  T28 (WER) , Ta9F (FE85) , ATE
M, ATEL , AT E , AomeE
MBEE  REDH , FEHF , 99K E (uniform scan)
&
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BEEESR  EEHRFHALENEE  RIEM
YIEEE FREREEM , FEEM (root cause)

BT MRS E MR

AREBT , AEHBERANEER , RFARARET , A
EREETEERETHN—I1TM. EFENERERSR , #
teipth A2 MAEAVAR , EEFFREHBIEIT. TREME

E—8R , IEHEAE  RELHIFEENHE,
NE (SEM)
iz =Ry Vacuum
B Al Cooling
DE #F @ , BE Thermal equilibrium, Stable
B High voltage e-beam
Focus
B Uniform scan
e Fact, Truth

ANERZEEBTHMEE, AL EZATRRESRERLSE | 2

BIREZBERE. ERBAANE  EXASBNERERSE. HEAN
EREANEERRLERER , B 55—, LHET., B

n

Y, LENERHE TS, FHER TETOE

a. BEAEM TESHEN—TIASY
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b. EFABENERA, MAEFSF

c. EIMLEE GPS, R, HEERE

d B, BREMHE , AEHRERR

e. THEAMAYFER , WMEFFEH/NORE

f A FRERRT NEBENY , EEIFEXBHNEART,

AERAUNE TEXERLFE, B TERZZEF NER
ERTE MEFEMRERRMATARKBEREMENITE, #
LHNNRELER , INEHEFEMENREREBHNAER
MK A BEEBFEAUAE-H-NHE; EEER  HU

=F .
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FHhE KB CYE

REEREMRBEAEREN, MRERILERORMY | KEE
#, TEEEABRFHALENENR, BESRIEERTE? <M
REEFRREMN , BYEE FFRNRET -8 ?

EAERMEEEREAEE—RHSE !

[BIEE®REE, OEFMNEERN , ABHE. &, &
=LEE5HK  BEEE. SHEHARE  RESER A BHEK
VEBRIE, MER  BAYR  ERER ; BEHUSHETF

BiE : TFEITE , AR, .

BB : "FHTHE A6 BEEHR? .

BiE : TREGYE, FBEXF. .

EEEz EBEEHFER=: "hRAEZL , HFf#
2. 11

EQSRARMNEE, "REYE  FBAAXN, FTLRREERE
tEERNYEER, RUE "HEROR (XFESEEN) EE
%J _ﬁo

HER , RMREEAYEN - LEERMEBENNE |

REBRYENZNERE, KE., =ZF. WE, BR. EEF,
REEBE R MEERERYENFHE.
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EAYEN - EERESEN - Y%, BFHE, REAX
HFYBANUREERYEBOREE,
A. fB¥Em

BRAAEREZEENEE 1905 £/ Y , MEREHBREE
1915 F &K,

i A BRAE YR

TEAMBEEENRR : 1. TEMSEER , EZFHXER
FER (EEDSETD  BERAURE  XETEER), 2. YEER
EEAWEES2EER EHMRE —KN.

BRI —LEERLRUT ¢

*HEEREEN K MANBEERABEETEMAE. i
EREEE N EEHNNEEBIFEN,

“PENREAXNEESERE | hRFE —HKH2HEEHN,

B8 (m) REER (E) REUEMEM , E=mc? , c BHE

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 2/ ¢ 2 1.
Gamma depends only on the speed of a particle. c is the speed of light
and v is the speed of the object.

At=At/(1-v?/c?)

* Length contraction

Each observer will see the meter stick of the other as shorter than

thelr own, by a factor gamma.
= L*(1-v?®/c?)
* Mass Effect m=m/(1-v?2/c?)*?

*E=m’c?
i. EERMAE R
E%ﬁﬁhmﬁ@%ﬂﬁ1m5$§§,@mib%m%ﬁ

2. RREHRN —HBHEEER (W-BEHERKEERTH
El’9 : nﬁ’i&%TE%Kiﬂ{ 7) 3T

*RETBRBNENSZT , SEGRIE,
SR ERE NSRS L RBAIREX

EEBXARARERAHEYN , TREHN. MATEEXE
ENSEREMAMIE, WRRR K NRFENEISRES

|E-I , H:{fFEﬂ mgz;_%o
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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

(http://en wikipedia org/wiki/General _relativity?besi scan)

Two-dimensional visualization of space-time distortion. The presence of
matter changes the geometry of spacetime, this (curved) geometry being
interpreted as gravity. Note that the white lines do not represent the
curvature of space, but instead represent coordinate system imposed on
the curved spacetime which would be rectilinear in a flat spacetime.

Liou, 2006

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.ETHE
BFHEN=AEEHmTEEER
i XRYER RER FEMR

RiFEF HENER , AEYERRRBERN T K MAK
BRiRrEE. XTHRERE E) KAR .

E=h * frequency. h & Plancks constant

EEERESSEMNERSERNN TYENER  EREAMN
SRR OETRD , BEZIRNEIALBEHER,

i. BFFEM
ASETHEHNRER K SEHELIHPENBEZRT K.

EFFEM , BRHM¥rERTITENALTERBENRERE
B, REEHEAEKRNEE (leakage) o

BHTNERR (BE. BB, EE. #) EROHESR
EENERE  MEEZECIBEAER. AHEPERIETRAREK
Eo (Quantum tunneling EEEHER AIREEMAS L , MATEE
EW). BRHEEHER 2 AN MEE (ERORE
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SEEKAER K RAEHR "EMEER" , XKK2EE, 1B
TRER), MBBEENRREEMR(Dy product) , HERERE
EMREE AL,

BRRNREEUUSERE THERE,  HPFEZEHNRR ,
BABSLERANBMOEXEEZERY , YEARRABHNAFTE
. HERLHHINERTE  BRELDMASRSH |, £
EERKXBRE B Z KM IR

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 Barmer
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iii. Heisenberg M T HETE M 2B R 2[R 3

AFEFRE  RAEAEEFRENYEERGENELE
RBEF) K MENEREETHEEM. d FR delta, RE

* The Heisenberg uncertainty principle
dp*dx>=h/(2*pi)
or
dE*dt>=h/(2* pi)
= Planck’s constant / (2 * pi)
HAp ABHE  xALE , EREE , t RKAE.
EHRELBARSBOUNGE , SHER , OTER ; BO
B  BSE®; FAR, FAR; A "HEL , BIE T
B, B8 "HE, BELZREITEFREBEERHFIIZY,

C. 27N FE

FIENYESBEAR LMREAN FAIERN, MEXRRTH
—LEEYBHRISOT

EAN T REZRARE  REEMEEANREMAR.
M ERERETUERL AT RELE

EReRE o
KB EANFHIEBE , MECHEERENKERER
R,

* 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)

REIEEHERKMENFNTUEL , EAYEE G HYE
(BB -—RERBREE), FHESLIERLBAREB, T
BIERYMEBEELAYEEANEER , MEER—KN. (ERLE
BOERREMEE , SRERRIFTERAY : SEEHE , THERE, )
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ZEERERR

EMYzZENEs RATE=EZBH , FTEFREHH
PEAR=—EZFHNMRRL , HENZEHEZERGIERHRE
K BREMAMEENFERZTRART=EZEN.

HoRTEEZE ,REA)  EREBEMBELEEHEREL
CREX—ERIMN=ZEEEER, LLWRE OB
O, RRBRE?CHRERE , B8Y "HKFTE” . EO
HRIKD , HEAERARKE , EHREERLEWHZEN
“HERZET

R EZE, REEE. RfATEENRHBEEE |, Fr
UBMFESE , EBEFTRRT

H:2EZE , t2EUNEF.

. EEEZTE, tEH—RARBRENZE[,

IMEEARESENZE , RMABRSBNHALTFHRE
B, ETHWERHTENODEZEESRER , HARMEET
SEPBHE , ST T SUE B3 148 hn iy = i a9 28 R BE
H,

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.

« 42 .


http://en.wikipedia.org/wiki/Image:Hypercube_

F?§U?§

(ERESE PR
CH5 MIERET A28

3T < [ i o R 28 2R 4K
[WREE : — K, #ESEEEREGENER , Bt
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2, REAE  AREN , SERW. MAHS : r%ﬁ'
HE, ﬁﬂﬂiéﬁénﬁﬁﬁ Eﬁﬂgnﬁ‘ﬁﬁo HE | E5F.
ELAN, BEBZE= ﬁ_ih/b\ r\ﬂﬁgﬁ'?zxﬂﬁ%ﬁﬁ
B2 B "TERIER! /En?nz | QISZPRER ﬁﬂﬂi =
SHEE  ENBREEE. ASWE  BEAUR. BB
=34 ﬁﬂﬁ%ﬁ F=ERO0, FEZZUEE , ﬂﬂmﬁﬁﬁﬁ
o rﬂﬁ% | HE | FESEAE, 1 ]

SRR BABRBNALAEHERETMHNEELESE , REAE
R (BHEEETFD, BZE ) BARE, "EBF. B,
BMBELE=HF=ZEL , zAEE? zABRREL? ., BER
BEEEEARE  NRRMEERG K BEEBBAFHEALENE
M, FEZIAEE 2 iMa HORE ? KERER !

BERMEATRENZEEY  RESRAENRZIRAEYE
MES . BE, KE. =6, WE. RR/EM
B
[ERME. A, REE, 8E5M,
H=EARME. A, REM, 88, BFEERE,

RS EETE , BNMREFFO , TEERES , TE
=, &, K, B, FEL, BEMRE, MEHED
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EERRPERZUAE , LRERE "HaB” |, BEW
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., SFH REREEN -G, BEFINORRZ , t—EEBHE
ER AEE BR ,FEEEEMNEREL, r@ﬁ)’ﬂi mEH
Dy, EREREAMBEENGF , HEEMHFAS WM, "FTER
8, ZZUZZUTEU , =ERAOH B,

ERBEEED—EF T

BAMNE  SRABRIEFE  ®ERET. A=RRMAR
ME2L tHERERMKEE K BRIFABLE , XREMA
MABHAE, ETHER. TRATERMBRMEIABRER
EFE, MEEEETE?

BELE "BRME" A BABELRRLEERE K BEAGH
BE , hRMEREMM (R ) EEXRENE M FEABE
HIREMAEER. Mit—k , FTEEMEER , MERMBAER

MET MERDCGRE) . BERMAEENEEREE T, Hil
7. RE7T,

VERM. AN, REM, 8ER RERMATERDH
o, BEEORBEMATCENE , H—IASYEHTDE , T4
Z, MEOLRET , DRFBEMARMBERMBMAE T, Wik
BEAL , ERABNTEEE ; @RAGH . "RMEEE, »
SER  THRME , T s. " SRRE-GUREEEEIE
HTEMABREMESZNENREREL X,

ERMBLERRERBE , AZHASEXH  ZRTEANAE
FafERERESH , EAEILERERNG RN,
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EMNEBESEENRERARE  BERRAARRRESTIE
1, BRFIRE HELERER,

ERIEN AR :

[EER | EEEEERER. 28 L URRBERE
E, "AER AE=M?2UMKREREFR?, "TWR it
EINREAR, o "AER I RE=M?UREXE
2?2, "R  HEBEINMREXRE, ;» "BEER | HNE=
M2 MREERFT?, "R, HE | MREBEER, , A
%E!%%ﬁﬁ?wmﬁﬁmT°erz HE | 1RE
ER. rﬁ%?&!m%z‘xﬁ?ﬂmﬁﬁﬂﬂ$h g
HE | MRGHE, 4 ]

AREEESKPELBERNRSA . [BTHIR , RE
ER. RIREE , RRBE , ZREF , SIREE , #RE
B ,CBTEMN, ]

RIREE , T RAEREBENE 400nm E 750nm £FH |, —
BMARRBA RN RREELENEL  LLEFAERE—L ,
EREMNVARMESINAREEREGRN , BEBHYHFT
DEBSIFT—EKWERER , BEERERMN.

RIREE , MRBA (BRARBEEDX , DHFFHA)
ARIE "W RNXFE KEEHER , RABRR (REBXBRITZFBEREN
B#) ERZFBRANERMEZERT. BRAGHESRMBA
LA ERERIIRE,

BITEZIMMAKE Santa Cruz P REXRBAREBREEHIZZ
X B+ (Dr. Wentai Liv) BAEYRIREE FRIZESHNER
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JERE  fibigd |, ETFREKIRE (Neuro Engineering) RIME
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YIRAE) WIESRBIEARETFRS , EH BN
Thee , CEEERAIHENARMBNEED, SR XEBEEN
BIEBRIFER , EFANKK , EAEAREEATR. EEHE
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REMAREKN “EXIE” hEHATEEN,

ERRBEINBULEHTRETH , RENFABEESE,
ERENES K RNEERFEETNE , t A EMERKAH,
BRESHMHRAZER , SRR, MARGBE FHRIRSE
— UHIEZEENERRESR:Z  RESFEHENEIEN
it EREHAAS —BREESS,

(HEZER) THZHELTET R ERRE— WY
#: [ "M FIBRE | RERFRFR , B1EAEER ? |AEAEER ? 1R
F4EE , AIEABEEE , &M BRES , TEE
R, o tE | RIGFRA. HAXBHEHS , BKREE | BAKE
EmEE : THRAEEXRRE?. HEFRS . TEHIEE
BEXR , EE=8 , BRFAEH®E , TUZH. 1 ]

HEE#ERELTY "EXR” WHRZE  RMNTEENKR
ARBERENER  ERBEERELIMRN  E6EL02RE
MIERNERE, B, TABEEF—=,

EIREF BB —IREKRMARERME , T35,
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EHELEFHREA "—K RREBERENEEH. B
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B, YF—EE#IkE K RERFAFENEBZ™E.

M CBELFTE , BEOCFTE , RRLFTE, |, =0
FAE, ERGREBERSAR  BETLEEN , TREY
f, RFTE, MABRE. BE. RREFTE.

RARBHREBAYHREREN , BETR—ETEM
CREENRAEEDNEE  RAEREENBHBBMF
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RNEEES  TEY LE=95MEe  BEGKHCLEERY
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[AER | MEARAEDR , MRDEET , REXR
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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)

=EFARFHEHER . —BAR—HR , —FEERZ2— /P Fitt
R —TFTENMNHERAR—EFFHR, —FEPFHAZ—EBAKX
Fitt R, FRA—@AFH#5RE 1,000 X 1,000 X 1,000 = 1 billion
BABRE—EBAXTHRAE=/T , FAAU=FXFHR),
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Galaxy Picture

http://zebu.uoregon.edw/galaxy.html
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B IR,

BREZE NTWEH) EXKBREER) RETE

Particle is not different from Wave (Energy)

EZTEE KBFEER)ENTWE) RETHE

Wave (Energy) is not different from Particle

BEIRZE NFWE) REKE(EE)

Particle is Wave (Energy). Particle-wave duality
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ZHRE KBEE) MENTFWE)
Wave (Energy) is Particle. Wave-particle duality
Wave-particle duality (FI FIREVE 4 R) RERMEEFH
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2.8 78 UR-K, REBSIRIFEEETIRIAZE
M, wEitt,
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&7 IR T RAFRERAGE

[EREHE : MRRHEARE , AR TERDENTE
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EEERUALUESHR , ERMEHEHANIIANEZR
REZENEEWN | ARTHEMEBHHNRLERLHE , IBW
ZAF,

"If there is any religion that would cope with modern scientific needs,

it would be Buddhism.”
Albert Einstein
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