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Red-shift examples

Receding

Advancing

These examples are greatly exaggerated.
An example of doppler shift.

http://www.arachnoid.com/sky/redshifthtml

F_L

X P REFE o LB A dp bk L & B e IR
Foo BV AR ARG RFERY LB E T - R

W ik {%ﬁ‘@w%aog%%ﬁﬁﬁ%ifﬁ%vﬁwﬁﬁ
Bkt g2 Lo RO R F L3 Bk
SO O o

TRAG RN AT ARGk Ty L H kG
B AP S Bk R P d 2 e B Tk R

) G i AT 5 g B kAP0 20 0 fdd 3 b
R E o i e PR A 2 B T e

86


http://zh.wikipedia.org/wiki/%E5%A4%A9%E6%96%87%E5%AD%A6
http://zh.wikipedia.org/wiki/%E5%A4%A9%E6%96%87%E5%AD%A6
http://zh.wikipedia.org/wiki/%E5%8F%AF%E8%A7%81%E5%85%89
http://zh.wikipedia.org/wiki/%E9%9B%BB%E7%A3%81%E6%B3%A2%E8%AD%9C
http://zh.wikipedia.org/wiki/%E5%A3%B0%E9%9F%B3
http://zh.wikipedia.org/wiki/%E5%A4%9A%E6%99%AE%E5%8B%92%E6%95%88%E5%BA%94

CE BRI R LSRR L Rk B
BRI hie BB G o S R et BB ERRE S L o SEfE M
BEEH RWEMBBRE P E RIS R

- iy s

S PR R Tk R
kL e 1100 & 0@ S
: BIRY > AP AL
KA HBIA T EG X ;¥ - éi‘u”ﬂdﬁi P Fla R I

87


http://zh.wikipedia.org/wiki/%E6%98%9F%E7%B3%BB
http://zh.wikipedia.org/wiki/%E7%B1%BB%E6%98%9F%E4%BD%93

FTHARRER

T2 HEEFIEEF S A BRI AP > @
TG REEG O RPEBTH A R AR R SR
St d 52 i 2 MROEBA L bR RS
FR AP RS R e T e BERERL L e
FREFTHAREFERTEG FHRALATRISR AP
LV U DA AAEG 21960 £ 2R T X <~ & 7 Arno Penzias and

Robert Wilson # 37 2.725 degree Kelvin (#&=<-270.425 )
M F e ok ¥ F oty 5 R Cosmic Microwave Background
radiation (CMB) & &% & ¢ - izl & ﬁié‘? T B 3y PR
e 0 Flet g IR Penzias o Wilson & e #3] 1978 # & £ f
Pl PERFAFE Y HI ”#*“”’f'ﬂ"%'»éﬁ% F
"EFF AR e AAE TG RREEHOL L R -

MLECUTE T TEE NS R R
SMi o A (d ) MR FHEFREEGRE S
ME e R o B RS ARKAR S R AP > AP DTG
L aEied o AR o
http://map. gsfc. nasa. gov/universe/bb_concepts. html

88


http://map.gsfc.nasa.gov/universe/bb_concepts.html

The Big Bang Theory

ExrAnNSsION OF THE UINIVERSE

4 T T T T
Dark Matter + Dark Energy
affect the expansion of the universe
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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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Galaxy Picture
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Fourth Dimension Cube with fourth-dimensional directions
creating a hypercube, Tesseract.

(Source:

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

PN

Four-Dimensional Shapes (Source:
http://library. thinkquest. org/27930/
geometry. htm)
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Shadow of a cube in two dimensions. Shadow of a hypercube
in three dimensions.

e Wikipedia, the free encyclopedia”ﬁ - ENEMERT S
Bz e A3 anthmig §er o APk e

[& 1884 # & W73 ¢ L Edwin Abbott Abbott # #
To AP R E S F P (T E R SRy B aRE)
(Flatland : A Romance of Many Dimensions)

Abbott H* [ =2;) hif > U fE- Rz Ra T4
P RRHEERA L Y P IR Rk o R e AT
Rl L ER S LA ST R B R

HEE - BRI IR P ERAEPN L
RS rE e~ A A S PERR T AL Sk T £357
R R (2] (347) LA aTE AEE 2

103


http://en.wikipedia.org/wiki/Edwin_Abbott_Abbott

A FEIFPEF LRI RERI PN - RZRF A
B0 PRAE (% F Jc%xm “REE o B EBEIERE I o ¢t R
PV BRA R AR 2T R RERIED B D

%é%[ﬁﬂi]*ﬁwﬁifiifﬁﬂé oLt (k) (o
SA5) A A TEfR (fAg) B R e 4

RERATE (TR ) HFF g T
7

s

na

= x
3 R T B {I%‘lﬂ’—mc’lk q_F'&P* E'T’—?,’/'.'§|
£

>~

g

ey

5

o)

=

£
1
5 !
g
5

>~

_“1'7\%
}.

,t“*
Q
ey

J

ﬂ
“N\

TR EIER LI F R

%0’&_1)‘3%4@’%2”5 FER P E\‘TZFJ\“’J °l"i’_[—l-1-—”
2] B AT B PE R EFEIR (M) ARG €5
¢ %%ﬁi

mt‘lé °[J1”‘I‘§]



AR A R R Y e

. AR ¢
4o B - TRBEBFRTTERLE SR

FEATHFAF O RARIFALMR S BT E Y A o B
Edwin Abbott Abbott }_E?]@?cf‘}f;—i P (Taeg) 4
ITRFAREED - F PR E A e R
BACEZFAEFRF) A3 L e a3 mh ko & 1920 &

20 12 PR RF LRGN TR, 5 - BRAEL (B
A AT FE) e P &I (Lo 5) o Abbott 4%
PdEi o AERALARL RE o s - A T B § o
REROPEREF > JEARG T ER

N

RE GRS FRPPR RIS AL EF T
FAce FAxEL ce BT B YLZULVW ) o
(i, j, k,"') Taghs - 2d a4z
Fito Apear SwEg” ﬁw wq pE RS R 2E o
CEFEFD0, 1, 22 IREZF o dokd “ERT eplp
ﬁi&*ﬁ(XYZﬁw’ﬁ$im&*WﬁA?ﬁéﬁW%{
M dh(iCt, C 2k > t PFR L) &7 o AP - A a4 F
ZRBILGEROe RZEF > s 8 (X1,Y1,71,t1) vs
(X2,Y2,72,t2) & e 3 g & [ (X2-XD**2  +(Y2-Y1)**2
H(Z2-Z1)%*%2 +(1C(t2-t1))**2 ] *X1/2 fe EjE4p $+3h K8 > pF
Bt A48 d 2 p3tEdcnid B M £ 8 ZApEdeeh
FRRITRER > B EIERING SAEH AN D

F.

)2
5 =

i

T b

= T
b3
-

fn
4 -@- \g_ﬁ\_

ol
<

105



Fegmd 2,10 REFFAAPLE L R F G- ne o
f‘%ﬁm“ FREAPHLEZARRES] L e
2 grldet g o AFFL AP pu x g 7R
AR I IEE - T o ARk G ek 2 B ] AR
3 (F e v rafle ke g s had LLg73 5
SR Il s o AP S G o WAL E Rt B

B T AT Mo AT R anE g B A

)

,\~

WAL RAGE "R v AR T R
é—_i;’lj!’_é_’FJF;‘; ERZEF B i Al 217
B E SN EERE rﬁﬂ?%ﬁ’*uﬂi”mﬁiﬁ

L
P A

BT o f+_“r7a ik A+ ¢ o ik 3 (photon)F it £ 0 i
LRGSR TR RS T i "B R E o ¥ b A
A gl § 3 (boson) 7 i EE R (real) » F PFiE A AL
E#e(virtual) > F1E TP R %‘J";f_ BRI« g0 -
AR R EEPRI FHAEEFER TR R BEIEY S

(force) » GF44 T o &~ 300 2 il D RAFTE) - d 2

PSRRI D SN R AN SRR S AR BRI e Sk
EIETI SO TR IS A S SOk

S

Bosons are the particles which transmits the different forces between
the matter particles, they normally have a whole number spin, 0, 1
or 2. And Fermions which are matter particles they often have spin
1/2. Real particles are the ones you are familiar with, all Fermions

are real particles.
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The Bosons can sometimes be virtual and sometimes real. Virtual
particles are the particles which transmits the force between the
particles, e.g. virtual photon carries the electromagnetic force
between e. g. electrons. They are called virtual particles because they
can’ t be directly detected, you can’ t’ see’ them so to speak. But their
effect can be noticed, by e.g. the actual forces between particles.
(http://abyss. uoregon. edu/~js/21st_century_science/lectures/lecl6
.html)
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Fig. 4 Two photographs of a single hologram taken from
different viewpoints - (B®= ) From Wikipedia, the free
encyclopedia -

124



How Holograms Work Divisible Properties

Fig. 5 If you tear a hologram in half, you can still see
the whole image in each piece. The same is true with smaller
and smaller pieces. (BT )

http://www. howstuffworks. com/hologram. htm
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How the SEM works:

The SEM uses electrons to form an image. A beam of electrons
1s produced at the top of the microscope by heating of ametallic
filament. The electron beam follows a vertical path through the
column of the microscope. It makes 1its 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.

TS T S - AR KA TE L | RE
* vacuum pump % liquid nitrogen 4 #rm i# % tti
*Vacuum

———— Vacuum pump like diffusion pump+ ion pump
————Turbomolecular pump or cryogenic (adsorption)

pump
*Cooling
-——— Liquid nitrogen cold trap system by liquid
nitrogen conductive cooling
———— LNz system down to -140°C to -40°C
TARMEEIT AT REABREZHREZT o £ &
TIRMBE A DB i g B 2 S 2

AR E L R 4 b w2 %] T When a SEM is used, the
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column [ ¥ ] must always be at a vacuum [/ ]. There are
many reasons for this. If the sample is in a gas [#24 ]
filled environment, an electron beam [~ 1% %* ] cannot
be generated or maintained [ # 42 i¥* ] because of a high
instability in the beam [~ % B % % %_]. Gases [} 4 ]
could react with the electron source [« ], causing it to
burn out [ 45X %% ], or cause electrons[« % ] in the beam

)=

to ionize [#2’f 4% ], which produces random discharges [ #

*f %] and leads to instability in the beam [ % & 2_]. |
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Basic postulates :

1. The speed of 1ight in vacuum is the same for all inertial
frame observers, no matter what their relative speeds.
2.The laws of physics are the same 1n any inertial
(non-accelerated) frame of reference.

* 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?/c? ). 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/ (-v*/cH "

X Length contraction

Each observer will see the meter stick of the other as

shorter than their own, by a factor gamma.
L' = Lx(1-v?*/c®H "™

¥ Mass Effect m =m/ (I-v°*/cH"

¥E=m ¢

b. B &P HH

R AP 28 Florn b 1m5ﬁW%$’%“i*%m%
PIRdh o B ERAPHK- L LB % (M ﬁj&ir}‘@ﬁ%
,}Xﬂ@m, %—ﬁbibmﬁ—\? l@}iﬁ?{g%ﬁj}‘_“fi&)vﬁr—f:
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5

General Relativity

General relativity 1s 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_s
can)
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http://en.wikipedia.org/wiki/General_relativity?bcsi_scan
http://en.wikipedia.org/wiki/General_relativity?bcsi_scan

General relativity

wikipedia.org/wiki/General_relafivity?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 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.

¥ 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.
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c. Heisenberg #1% & 2k
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fé_:::;) AR eE R g A ed At & delta RERL
*  The Heisenberg uncertainty principle
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,f‘i ,?fu_’ﬁ# WEREFO Ao 8 N H
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