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PR gt R E e £ S F R
~400 BC: Democritus; #% 41 & + (atom) ¢ F

1803: John Dalton --- Atomic Hypothesis; 4 F#H_d % ¥ £
A B2 R F AT

1876: =i 5441 ¢ (Cathode Ray Tube) 7% P! ; # #83<T R %

1887: Hertz; £ & »c /& (Photoelectric Effect): % *t st 38 # & 3K

] h
ook
VAL R

1897: Thomson; # R =+, A+ P 73 T+

v 5. 2 = - = 32— 5 =
R+aaitt, RFIp 323 (FERF)ZLERD I
RS W Ik

1898: Thomson; 3% B3 N ehit T = & 2k A 7,

1895: Roentgen; X-ray:=iix I, & 4 T &4 (electromagnetic wave)

GE-1712_Fall_2007 2



1896 ~ 1898: Becquerel & Curie; % .45 &f (radiation) %
*x it 7 4 (radioactive element),
fe # 2 &+ (Alpha Particle), £ # } = (Beta Particle),
‘v & E+a (Gamma Ray)

1902: Rutherford' ¥ E‘ R ”‘iﬁxﬁi-’z& S g B

AE AM C2
1911: Rutherford; 41 * P @+ HEF &5, TR F 5.

1913: Bohr; # ' & & 3 (hydrogen atom) 2_ £ it 38 2 #-4| .p?
W EY EEY
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1919: Rutherford; z#FM % F ¥ w4
He; + N;* =0O;' + H;
1930: Bothe & Becker; w3~ 5 B2 F &
He, + Be, = C;*> + n,
He, + B:' = N;° + nj
2 A TS T 5 S EE A
1932: Irene Joliot & Frederic Joliot; placing a layer of hydrogenous

material in front of the Geiger counter causing the counting rate to
Increase — ejection of Proton from the hydrogenous layer;

1932: Chadwick; 325 it F B2 2 F T 83

1935: Fermi; 4] * ¢ 3 R F4hie v 7 4 24~
“transuranic” elements ; 4+ Z F_p AR E 3 Az AT o
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Leo Szilard #-F1* x4y F A2 2 ~ E 0 ETRL° 775 1!
However, the concepts was not based on Uranium.

1938: Otto Hahn & Fritz Strassmann: # F? #73} iaAg 48 =~ & ©
¢ 7 45 (Barium), — & s ;% < e A
—— ¢ 3 ¥ i s R 3 iRt

Metiner and Frisch r2 4% & %] (Nuclear Fission) f% 4%
Hahn-Strassmann #7823 535 %

ELEELEY T SRS EE

235 1 139
Uy~ + n, = Ba,

+ KQ?+%M% fission yield

i 48 4% 4 4] £ & (Nuclear Chain Reactions),

b AT AT
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~ 200 MeV / Fission =3.20 x 1011 W —sec
1gofU4p % *t 960 kW —day energy
3 wp e’k g 600 4c & T @
1 kg of U Is equivalent of 16,000 tons of TNT

A AR R ek h A Rl % U-235 (0.72%), U-238 (99.28)
4 U-235 7 Ak gt A A F b

1939: Heisenberg; #% 114 & "k & 3 (Atomic Bomb)” 7% & {4

Szilard, Wigner, & Teller Persuaded Einstein to wrote a letter to
President Roosevelt about possible German development of
extremely powerful bombs of new type.

Suggested: obtained supply of Uranium, speed up the experiment
work, getting cooperation of industrial
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1941: Seaborg; % #.4+ =~ % (Plutonium)

Us® + ng =US° = Nps + B2

= Pu;® + %

¥ % 4 7 (Fissile): U-235, Pu-239, U-233
¥ 3 4 5 (Fertile): U-238, Th-232

% F & (Nuclear reactions) £2
F JE# & (cross section) --5 g 4 # %

FREE G R, F R, P S s B (P F ER
ZARHER) T M

1942: August 13", established “Manhattan Engineer District”,
Develop an Atomic Bomb as soon as humanly possible.
Manhattan Project: 1942~1945, 2 billion US$
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A A Qg S AR 2k Spdh B g
e % A i % T8 4% 4T (gas diffusion)- Columbla University,
& B % & 42 (UC Berkeley)
% 8 %47 (Oak Ridge Laboratory)
KT U A4 A F ¢ 32 5 E #-U-238 # 4% 5 Pu-239
EEAHEF BE (reactor)

FREMF2 Rz AFF 228~ HF B

number of neutrons of (N +1)th Generation

K. =
A number of neutrons of (N)th Generation

Ke=1 57 (critical), K¢, <1 =x §&/ (subcritical),
K, >1 A2 57 (super critical)

Tef iy F BER A2 ihd 3 23 4 ehd 3 fickp %
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K — K I:)non—leakage

K, : determmed by material properties
P :sizeand material propertiesdependent

non-laekage

K }f‘@gg norR »]’(\:’ 3 2_4» ’Fﬁ’ Wkl i«fpz&m (/}‘;\4 IR ﬁ?l “"f?g}j"}'
R A TR
PR RELMBPFEF BRI AR - RATE
(critical mass)
¥ ol B HAR < B, TRA e (TR TR AR

1942 Dec. 2" the first controlled nuclear fission reaction took place
at West Stands of Stagger Field on the University Chicago campus.
Chicago Pile - 1; %+l U and UO, (40 tons);
% fo&|: Graphite (385 tons)
st 9mx95mx6m; # X:05W to200 W

Scram (44 | 2_F# ): Safety Control Rod Axe Man
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Experiment Pile (University of Chicago, Enrico Fermi)
&4 A F &% (Hanford —B Reactor)
&2 g enit 1 & 342 5 (Oak Ridge Laboratory)

Handford Reactors: {f* ;o UO,; ¥ {o@|: Graphite;

I |

AV AR g N

'Y r-'ﬁ g:,F.)J-iJ i R B b 7 1
2 ki3 2 B (Atomic Weapon);
.os Alamos Laboratory, Robert J. Oppenheimer
BTN R E, K351 B (detonation of the bomb)

1945 July 16%™: Trinity Test; 10,000 tons of TNT
1945 August 6™: Hiroshima, “Little Boy”, U Bomb
1945 August 9t: Nagasaki, “Fat Man”, Pu Bomb
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SoZERAREL LA RBBEE

1945 Sep. 5™ - & ® % £ F 72+ Chalk River Canada & :& - /| 3] 2
EORF R, B R RERE; FioR £k

1946 Dec. 31" % ®= = R+ ic £ B ¢ (Atomic Energy Commission)
PP TS R L B RIS B

1951:% WA L f 3R EA 50 5B 6155
FExnF BRB2ZRIT

1951 Dec. 10™: the first nuclear electricity was generated by the
Experimental Breeder Reactor-1 at ldaho USA
%25 BB )
1953 May: The Submarine Test Reactor (STR) sustained production
of large amount of mechanical energy for several days.
STR: E -k ;% F & E Pressurized Water Reactor (PWR);
FRTESD BRI REDORE AT LR LS

GE-1712_Fall_2007 11




1953 July: % — R -k 3\ F & % Boiling Water Reactor (BWR)
— Borax-1 R 4p:8 8%

1953: % B\ &% %“ LB & W& A A fo T 2 “Atomic for Peac
R RE P e T R B R s
1954 June 27™: &' F % - A% i 7 A (5 MWe) >t % &I 0bninsk
R 238 (7 5k4 F BE (RBMK))
P B IR %3 s 15

1954 September: £ 7 % — #4% 3 Bebeggagi% 5L (Nautilus) T -k

£ R1997 & #e4 84 dopr 3+ $5 4 G0 175 B 4 a2 4T

2 f% 3 6 4 WA E S 113 s S B 4 4 dge “,f =

1955: BORAX Il ¥ B R (# B 2> 2% 2 Ak F B RB)
A 24 X33 Arco, Idaho USA /] 42i¢ * 2_ F 4
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1956 October: & & % = A % 7 K (50 MWe) *+ & & Calder Hall

Bn LiEW (752 ELF RE (GCR))

1957 July: 2% & B = = B™% & 3 s 5L % (International Atomic
Energy Agency (IAEA)) & B & 7 #1115 i
25 0F 4% 8 BIE4AT o 5, Nuclear Nonproliferation Treaty (NPT)

1957: & 7 % — B %5 T R FE 7>t & B Windscale 584
F 45, FEE &2 fﬁr’% FoOR R
B ETE AT iE A & E s B
1957 December: Shippingport 1% s T (60 MWe)>+ £ B %
Riep 2388, £ h 5% - 23t BREVF BRE (PWR)

1957 December: Dresden | f* o T R (170 Mwe) >t 2 B i 1350 ;
Bhad LM, RS- BB AKAF B E (BWR)
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1962: & % % - £k F B E T T4 £ < Rolphton, Ontario
BAE LT
& kN F i BCANDU © %efd: = #R4h |

==

¥ fof&] £ -k (heavy water), 4 #r7&|: 4 i -k (ordinary water)

1964: = g% % — & £ % -k4 F R % (RBMK reactor) »+ Beloyarsk
B4 L E
FE KSR RE, L xi)‘};/};‘fﬁﬁ ;
Fqed F &, 4 FrA& i -k (ordinary water) — -k
1973: % — =X £ ¥ /& 5

1975: 2R Er+ i A€ vl REX2FTIHS
(Reactor Safety Study, RSS, WASH-1400)
- PRREY ZF RERZEDEHE 2 PR R,

- PR E A R TSR

- PR Rt R AT - i R I“ RN

- 2R BUHIT A K Wfﬁﬁﬁﬁi&mﬁ 4 e g
GE-l?lZ_FaII_;aigO%Bt;E 7 75 chils g 7}5 14



1979 March 28t: % & EEEL & (Three Mile Island , TMI)
PRRE 2 e EE
B&W K32 B-KNF BE, o I B E,

ﬂ&@@%%ﬁﬂﬂﬁwwjﬁﬂ@ﬁ@%gﬁﬂ%iﬁﬁ
&2 & arcstid b B ob B Y RO R AT T R INA A K

ﬁliﬁméﬂv%%47%wﬁﬂia“”%4?

Wl%m@&ﬂﬂm“ﬁ

P1ER TS 2P R HE CR R R RE 2%
ﬁ@%é@aiag

TMIE & F 420 1 ek~ B # » 2s § &~ e %
1979: % - X &% 5 %

1986 April 26": = gKIE(R 5 & w7 = - ))’? 4 Chernobyl acudent
% 5 k4 F R (RBMK), F B> s 5 <ty 4 ¥ i fd
F E«,._‘“i P bkl R R % 5000 B
50 4 & L2 AT R TS R L
GE%?ézﬂ'ia"ﬁZ%i, FA R 2 FCUH R TG G L &4 ”




%A w TR

2002 # & >+ K¢ 441 mpra e s 5 £ 5 359,000 MWe
w7 % 5 2574 TWh
2001 & & > K F 438 Fpri g, KR F B 5 355,000 MWe

B g% 2544 TWh
2001
PR et Hp AN R DET, &R REREC PR R
A - T2 PR R

Bz @ R paFgecd P T ORCY 5ok
BB R R, R SIERRA R

i[&]’kﬂb LR g e w3tk (260F),
B 1‘ 751 20 IR e
FRPEREAIZ R € Lt T RFE BT, REEE 4,000 MWe
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2001 5% » ZRH* & FUR® % i RFCR 0 v @R A
2001 # » Established GEN-1V International Forum (GIF)

— kI 1= o o DSE1E= N e
B3 ES e & (Gen IV) 4 F RREIFE 2030 £ 7 £E%
4 criteria - safety, economics, sustainability,

non-proliferation
2002# 2% » 2 B# F Fcfre T #:2 Y Yucca Mountainfa

%\'} b 2l 'ﬁ;??i%'
2002& - TR TRk L E@E S TS
2002+# > HERTH YL B 2 T I H A
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2004# > 7 i TR R 5 200027 0 R FRREF A A

2006% > # WBush Administration % v GNEP (Globe
Nuclear Energy Partnership)#z ik

2008 - 2 B ® 7 5 Riy v Az 232 Yucca Mountain

RS S
s a@w FL

2011#37 11p > pAAA B2 <+ R 5l as > ERAxR
R oPIREL P - B2 Sl frE R < £
b TR R RS
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(i o A =]

PP 3 F RB(E2FRBR)
LMFBR

F(M)? +F R E
#=-k ;8 F & = (Light Water Reactor)

Kk 3¢ (PWR) MRk S d
-k 3% (BWR) Rk g d
Z 'k 3V F & B (Heavy Water Reactor)
CANDU X R4
FEREFRE
RBMK MR R
FEFRER
GCR Rk S d
GE-17|_1IZ§§_2007 Rk SR
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Anode

Deflecting coils

Control Gnid

\
\

7}?&7
Heater / ! - \

Fluorescent screen

Cathode  Electron

beam
Focusing coil

invented by German physicist Karl Ferdinand Braun in 1879
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German physicist
Karl Ferdinand Braun

Shared the Nobel Prize for physics with Marconi for
"contributions to the development of wireless telegraphy.”
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http://upload.wikimedia.org/wikipedia/en/8/8b/Ferdinand_Braun2.jpg
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4.5x210%4 | o5 S
e (e UZP=ThES + Hel (), Ty, = 4.5x10°year

1.2 540 | o ﬁ!vt éyl Th29%4:>POS?_4 + ,8_01, T1/2 =24 dayS

234
25=<10% %  s=2&b E = .

e 236_'; Rn§§2:>P0218 +He, (a), T, =3.8 day

oL 32 °
.

3 ss¥ I FEERESLS -
-T_E P D208

27 5% a5 =14 et 2 == 82
B Y —— > v
19.7 4% e S ECAL: =

e =S 4-238 (£ % 457 #)
2o [T [2F T ewess 4235 (X R HTIRE)
e e 4+-232 (£ % #1407 =)

(=4 Y el T .
82 5 Lo [ B:;)_._’mig = 87 €$o2 ﬁ 480 . :&
e 887 (L % H 48078 #)
4.2 > l oy 8= 22°] L Y

B ;1_ = iy :S.‘: 2‘6! 138 = iﬁ' -40 (;J;' :E‘-Q :/E!P 13 fr‘é;:& )
8 AT | 82 58 200 E—‘OL oy L, r o / o
| AR 405 R T B 9 400025 B

B 7.1 : 45-238 FZ 88 & 7] <




O
AN

R @ %

, a9 -235
—

P 3 A 4-23517 4 A iAo K ST - BY SR F -
23547 » A5 4h-2364 o sk Ak 4236 (T Al ek 2 BT o B PE
A T RS o FREERSIELfE A2 S BT dR)
2EV R RN s SR

<

GE-1712_Fall_2007 24




REE/ZT (BT

10 40 90 140 190 240 <
BEH

P IRl h i PP EEFOE G - ERIPRENETE
B 4o m W E H 4 BD6HT L E R E TR B0 283 T

PREREEFRFI PR R ST R o
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-137 T

4h-235 @ N\

il 2
£-96 L AE=AmC

15 4h e 2|7 A& 4 960 + 3 -% ¢his B
12 7 4 en 2 4p & 416000 chg & U5 &

L EY Y <
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S 35 b4 A ggf Va

-238 + -7 F = -239 = 4%-239 (——= 4%-239

bt b i e

B —‘i—'%ﬁﬁzs.w\. i%gp;,gm ¥
2 A
¥ f
B 4 (Uranium); Uranus (% %) iy

4% (Neptunium); Neptune (= 3 %)

4+ (Plutonium): Pluto (% 3 %)

R 4 42300 g A A <]
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Cross section (barns)
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Neutron energy (eV)
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UF,
—%/E' 7}"‘ /;:.“ n

ool Yo YoV N | #is

#
; OQ?. o _O0 § “U-235% £

971 o 0 O of
Lol ~ 0 5 o o |

F RO AT

Jk g4 (enriched uranium), #£ 2 4 (depleted uranium)
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&y B fale & - U-235(0.7%) 2 U-238 (99.3%);
W U-235 F i e A F
P3 s ER gt IR AT M
e +F% U235 e AR Bk BE o
P F ik B = BPEkE %
- TR IS U235 2L AR R

KR R S n s RS Y
- e 2 U235 2 &7 433,
B i RO A SR E A HE B
ﬂé%@ﬁ%%;ﬁﬁwﬁgﬂ&m@;ﬁﬁ@

% fr }é‘ # (7% i ), moderator
H-+2 (H,0, k), e H-1 § % 2z ® =
FOREE R F RE, £ TR RS T DRN
D-#: (D20,£ k), C-# (% &);
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o] OE & BoAR M, R R Ttk
4o R BoAR A P S ’ér_/}éi.%iﬁﬁ
g 7 (U-238) 2 fr e ¢
Kb A AT KRB, Z@%ﬁ P E Hci
B (E- k7 &)5 ﬂr’ﬁ'ﬂ
,é LIE T ﬂrﬁw FRE b~ t2 A2
Al RGN B IR N L A S R S Fy

ok (F k) ﬁf%“*'?m”ﬁ‘ ey r BEME=Z E2
$RAPU-239 ¢ vz ® + = L Pu-240,Pu-240 ¢ p 3 (ens 7J

%:W“&%@ﬁﬁaﬁiﬁﬂ%

Bid AF EEELD G & B4 T R e s

=
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| ] l | l P | 1
Maxwell :
boltzmann
| ( distribution e
spectrum
: Thermal Fast reactor v
o = reactor spectrum
] s spectrum
Q
v
/
107 et e e
: o " Neutron snergy leV)

FGURE 1-5 Typical neutron flux spectra.
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Chicago Pile - 1
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S,

Hanford Site 1n 1945. B-Reactor 1s the building

just to the right of the water tower.
GE-1712_Fall_2007
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Gun barrel Conventional explosive

v Ny — %y

Uranium “target” Uranium “bullet”

GE-1712_Fall_2007 40



Fast explosive  Slow explosive Tamper/Pusher

Neutron initiator

GE-1712_Fall_2007

Plutonium core Spherical shockwave

compresses core

<
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0.023 SEC. . 100 METERS

The fireball of the Trinity test, shown just 0.025 second after
dctonamm (Los Alamos National Laboratory)




73 > F 94400 kg

o & 'E'. ] 45 kg,/}E R ] 70%

R kg crkh 3 4 A,\ J}; R
g g 4k 5 0 £

4 4p ¥+t 160,000 wg§ & U &

200,000 7+ -

N

Little Boy
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MK-12A +2 38, £ %) 360 kg
N 3 B A -
£R 325m 3/ 152m % 4 4p % >+ 335,000 #E TNT

-3z 5 5 2EF =7 o N
& 4 4p 4 2% 22,000 @ TNT e %‘«MEK—Y—fl Ejﬂfgﬁ 7 4
110,000 * 7 = = B MK-12A %3

YA 3 F 4 4,630 kg

GE-1712_Fall_2007 Fat Man 44




The Atornic Bornb Dorne in Hiroshima, which has
been preserwved as a memorial of the blast.

GE-1712_Fall_2007
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The mushroom cloud of the atomic
bombing of Nagasaki, Japan, 1945,
rose some 18 kilometers (11 mi)
above the hypocenter
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http://upload.wikimedia.org/wikipedia/commons/e/e0/Nagasakibomb.jpg

—— Uranium-238 (tamper)
Prlmary — Vacuum (“levitation™)
= Tritium gas (“boosting”)

-. Plutonium/
Uranium-235 (hollow core)

~ Polystyrene foam
Secondary " Uranium-238 (tamper)
~ Lithium-6 deuteride (fusion fuel)
“ Plutonium (sparkplug)

~ Reflective casing

One possible version of the Teller - Ulam configuration
of Hydrogen Bomb
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i

1. Warhead before 2. HE fires in primary, 3. F|Eﬂhr'l|l'lqh rimary emils 4. Polystyrene foam 5. Compressad and
firing; primary (fission bomb) compressing plutonium X-rays which reflect becomes plasma, healed, lithium-6
al lop, secondary (lusion  core inlo supercriticality along the inside of compressing secondary,  deuleride fuel begins
luel) at bottom, all suspended and beginning a fission  the casing, iradiating  and plutonium sparkplug  fusion reaction, neutron
in polystyrene foam. reaction, the polystyrene foam, begins 1o fission,  flux causes tamper to fission,
A fireball Is starting 1o form...

J
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Experimental Breeder Reactor Number 1 in Idaho, the first power reactor.
The reactor is in the building top right, the two structures lower

left are reactors from the Aircraft Nuclear Propulsion Project U
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»

B*%Z R+ 5% (International Atomic Energy Agency (IAEA))
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GE-1712_Fall 2007gaawolf Attack Submarine of US Navy
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Calder Hall unit 1

52
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Shippingport reactor was the first full-scale
nuclear power plant i1in the United States
\7

GE-1712_Fall 2007 Beaver County, Pennsylvania -
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1960¢ & fezbrF s £ o
1960-1970 » %7 B = 4§ 2% ~
1969# » Rz 7 > T L RFA TN
1973 » % w =X v‘ LB S R
1973-1974 & 3= » 7@ W%
1973# » F W= 4 = @37 42 %"31‘3 o i e
7R RTRE 210 e
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50 1

40 - 38

30 29 28

16
14

20

Units (Power Reactors) Ordered

10

|
-~

4
2
00000000O00OOOOOOOOQOOOOQOQO

O_ rrrrrrrnrtrnPri rnrnPb i bbb

53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99

3 244 24 4
Iy et 1000

1 Placement of an order by a utility or government agency for a nuclear steam supply system (NSSS).
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£ B B R R

' e )

25% -

Nuclear
0% of electricity

20% -

15% -

% share

10% -

Oil

5% - 3% of electricity

O% || || || || || || || || || || || || || || || || || || || || || || || || || || ||
/3 75 /7 79 81 83 8 87 89 91 93 95 97 99
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" | o ' 1978 Postcard, courtesy of
P E N N S Y LVA N ] A Charles Ruggles

-3:—[5‘«]::‘/:_%*2% T L

58



GE-1712_Fall_2007 FRZLE iR R 59



x| = ] > A= Sho
GE-1712_Fall_2007 FRZ=ZLE e AR U so




B XL S

+ 19741979 > » B =4 G5 12F ~

1977 o@EN R TR ZTI%  HP &
%3R5 92%

« 1979 P g > o A B

« L RIBR > b RIS 4§ 30-40 7

e BT A B Y R EAREN
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Y il i St 3 O,

Reactor 4 Chemobyd HPS . Covered with Sarcophagus since accident n 1956,
096070217 DEC 1995

CHERWOBYL UKEAINE D

© Greenpeacels hirley
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World Nuclear Power Generation and Capacity (2001)

Country

Argentina
Armenia
Belgium
Brazil
Bulgaria
Canada
China
Czech RP
Finland
France
Germany
Hungary
India
Japan
Korea RP

Units

—_ U1 —_—
A O O NV WDAONN—DN

Ul —
AN

16

Lithuapia,, ,o0; 2

Total MWe

935
376
5,712
1,901
3,538
10,018
2,167
2,569
2,656
63,003
21,283
1,755
2,503
44,289
12,990
2,370

bkWh

6.5
1.9
44.1
14.4
18.2
72.4
16.7
14.7
21.9
401.3
162.3
14. 1
17.3
321.9
112.1
| 1.4

%

8.0
35.0
58.0

4.0
42.0
13.0

1.0
20.0
31.0
77.0
31.0
39.0

4.0
34.0
40.7
78.0
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Country Units

Mexico 2
Netherlands I
Pakistan 2
Romania I
Russia 30
Slovak RP 6
Slovenia I
South Africa 2
Spain 9
Sweden | |
Switzerland 5
Ukraine |3
UK 33
UsS 103
TOTAL 43|

Source: International Atomic Energy Agency (IAEA)
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Total MWe

1,360
450
425
655

20,793
2,408
676
1,800

7,524

9,432

3,210

1 1,207
12,498
96,795
348,414

bkWh

8.1
3.7
2.0
5.0
125.4
7.1
5.0
13.3
61.1
69.2
25.3
71.7
82.3
768.8
2509.2

%

4.0

4.0

3.0
11.0
14.9
53.0
39.0

7.0
29.0
44.0
36.0
46.0
23.0
20.0
16.0
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LITHUANIA
FRANCE
SLOVAKIA
BELGIUM

Nuclear Share in Electricity Generation in 2009

UKRAINE |§

ARMENIA,
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FINLAND §

JAPAN
GERMANY

ROMANIA |5

usa
UK
RUSSIA
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CanNADA

ARGENTING 5

SOUTH AFRICA |

MEXICO
NETHERLANDS
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INDI&,

CHINA

4.84
4.80
] 3.70
[ 293
D 274
I 2.16

] 189

£.95

14.83

17.92
17.82

g 17.49:

Mote: The nuclear share in Taiwan, Chinawas 20.7%
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Number of Operating Reactors by Age
{as of 18 of April 2007)
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Country Units Total MWe
Argentina I 692
China 8 6,426
India 2 980
Czech RP I 912
Iran 2 2,111
Japan 3 3,696
Korea RP 4 3,820
Romania I 650
Russia 2 1,875
Slovak RP 2 776
Taiwan 2 2,700
Ukraine 4 3,800
TOTAL 32 28,438

GE-1712_Fall_2007
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St 2

Name: Democritus 4§ 25 4%
Birth: ca. 450 BC
Death: ca. 370 BC

School/tradition: pre-Socratic Philosophy

Main interests: metaphysics / physics

Notable ideas: Atomism

Stamp issued by Greece on Sept. 26, 1983
to honor an International Conference on
Democritus and his work

)

http://en. wikipedia. org/wiki/Democritus
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http://en.wikipedia.org/wiki/450_BC
http://en.wikipedia.org/wiki/370_BC
http://en.wikipedia.org/w/index.php?title=Pre-Socratic_Philosophy&action=edit
http://en.wikipedia.org/w/index.php?title=Pre-Socratic_Philosophy&action=edit
http://en.wikipedia.org/w/index.php?title=Pre-Socratic_Philosophy&action=edit
http://en.wikipedia.org/wiki/Metaphysics
http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Atomism

John Dalton

John Dalton ( 1766~1844),
GE-1712_Fall 2007 English chemist and physicist 89


http://en.wikipedia.org/wiki/Image:Johndalton.jpg

= The photoelectric effect. Incoming
f EM radiation on the left ejects
| electrons, depicted as flying off
SR J." to the right, from a substance.
= - - - = -
- Ultraviolet Light ~ 105/sec
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Heinrich Rudolf Hertz

Born: February 22, 1857
Hamburg, Germany

Died: January 1, 1894
Bonn, Germany

Occupation: Physicist and mechanician

the first to demonstrate the existence of
electromagnetic radiation

“l do not think that the wireless waves
[ have discovered will have any practical application”

GE-1712_Fall_2007 01
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Sir Joseph John Thomson, (1856-1940) often known as J. J. Thomson,
was an English physicist and the discoverer of the electron.

FIR S fof MET A 3 6 hg Ak e EF1906E 0 i 4L
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Wilhelm RoOntgen

Born March 27, 1845
Leanne, Prussia

Died February 10, 1923
Munich, Germany

In 1901 Rontgen was awarded the very first Nobel Prize in Physics.

The award was officially, "in recognition of the extraordinary

services he has rendered by the discovery of the remarkable rays
subsequent!y named after him’.

J
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An X-ray picture (radiograph) taken by
Rontgen of Albert von Kalliker's hand

GE-1712_Fall_2007 95



Pl ¥ #3122

Antoine Henri Becquerel (1852 - 1908) was a French physicist,
Nobel laureate (1903), and one of the discoverers of radioactivity.
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Marie Curie (Maria Sklodowska-Curie, 1867~1934) Pierre Curie (1859 ~ 1906)

Polish — French physicist and Chemist. French physicist

Nobel Physics Prize, 1903 Nobel Physics Prize, 1903
Nobel Chemistry Prize, 1911

GE-1712_Fall_2007 98




Ernest Rutherford, (1871 ~ 1937)
nuclear physicist from New Zealand
the "father" of nuclear physics
Pioneered the orbital theory of the atom

1908 Nobel Prize in Chemistry
Shickk § R¥ APk 4 R TER,

FEBYHMPVIFRAWE RSP ETRASE
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Albert Einstein (1879 ~ 1955)
German-born theoretical physicist.
widely regarded as the most important
scientist of the 20th century and

one of the greatest physicists of all time

1921 Nobel Prize for Physics for the
explanation of the photoelectric effect in 1905

GE-1712_Fall 2007 " B 100



Niels Bohr (1885 ~ 1962), Danish chemist
contributions to understanding
atomic structure and quantum mechanics

1922 Nobel Prize for Physics

B Dt B ik Einstein and
x &/ '}2 N 2 Niels Bohr
TTFaALARMREKR R
i Bk Ka
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Walther Wilhelm Georg Bothe (1891 ~ 1957)
German physicist, mathematician, chemist

1954 Nobel Prize in Physics (along with Max Born)
for the invention of the coincidence circuit

GE-1712_Fall_2007 102



Frédéric Joliot-Curie (1900 ~ 1958) Irene Joliot-Curie (1897~1956)
French physicist French-Polish scientist

1935 the Nobel Prize for Chemistry
for their discovery of artificial radioactivity

GE-1712_Fall_2007 103


http://en.wikipedia.org/wiki/Image:Joliot-curie.gif

Sir James Chadwick (1891~1974)
English physicist

1935 the Nobel Prize for Physics

GE-1712_Fall_2007 104



Enrico Fermi (1901~1954),Italian physicist
most noted for his work on beta decay,
the development of the first nuclear reactor,
gE5  and for the development of quantum theory

1938 Nobel Prize in Physics
for the work on induced radioactivity

B RSy 1
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Led Szilard (1898~1964), Hungarian-American physicist
conceived the nuclear chain reaction and worked on the Manhattan Project.

GE-1712_Fall_2007 106



Fritz Strassman (1902 ~ 1980), German chemist

Otto Hahn (1879 ~ 1968), German chemist
1944 Nobel Prize in Chemistry

Meitner and Hahn working together
at the Kaiser Wilhelm Institute

GE-1712_Fall_2007
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Lise Meitner (1878~1968)
Austrian physicist

1926
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http://upload.wikimedia.org/wikipedia/en/b/b3/Lise_Meitner_1900.jpg
http://upload.wikimedia.org/wikipedia/en/e/e0/Lise_Meitner.jpg

Werner Karl Heisenberg (1901~1976),
German physicist

1932 Nobel Prize in physics

Heisenberg uncertainty principle
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http://upload.wikimedia.org/wikipedia/en/f/fe/Werner_Heisenberg.jpg

Eugene Paul Wigner (1902~1995), Edward Teller (1908~2003),
Hungarian physicist and mathematician Hungarian-born American nuclear physicist
known colloquially as

1963 Nobel Prize in Physics "the father of the hydrogen bomb™

J
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http://en.wikipedia.org/wiki/Image:Wigner.JPG
http://upload.wikimedia.org/wikipedia/commons/0/08/EdwardTeller1958.jpg
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Teller became a major lobbying force of the Strategic
Defense Initiative to President Ronald Reagan in the 1980s.
GE-1712_Fall_2007 @ 111




Glenn Theodore Seaborg (1912~1999),
American chemist
1951 Nobel Prize in Chemistry

prominent in the discovery and isolation of
ten transuranic elements

Ernest O. Lawrence, Glenn Seaborg
and Robert Oppenheimer at the controls
of the 187-inch cyclotron

)
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J. Robert Oppenheimer (1904~1967),
American theoretical physicist,
best known for his role as
the scientific director
of the Manhattan Project

“the father of the atomic bomb "

)
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http://upload.wikimedia.org/wikipedia/en/0/03/JROppenheimer-LosAlamos.jpg

Military head: General Leslie Groves
scientific director: Robert Oppenheimer
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http://upload.wikimedia.org/wikipedia/commons/7/75/Groves_Oppenheimer.jpg

J. Robert Oppenheimer and General Leslie Groves at the Trin-
ity test site. Metal rods are all that remain of the 100-foot tower on which
the first nuclear device exploded. (Los Alamos National Laboratory)
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Richard Feynman

N /\ | . . :
= o i Enrico Fermi

A group of physicists at a wartime Los Alamos colloquium )
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http://en.wikipedia.org/wiki/Los_Alamos_National_Laboratory

O Richland

(Manford Engineer Works)
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(Project Albena) (Metaturgical Laboratory)
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Olnyokern Oak Ridge O

(Project Camel) OLog Alamos (Martattan Distnct Headquarters
(Los Alamos Laboemtony-Progect Y) Clirdon Engirsenng Works)
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{Project Trinty)

A selection of U.S. sites important to the Manhattan Project
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http://en.wikipedia.org/wiki/Image:Manhattan_Project_US_Map.png

Ernest Orlando Lawrence (1901~1958),
American physicist

1939,Nobel Prize in Physics for his work
on the cyclotron and its applications

work in uranium-isotope separation
in the Manhattan Project

)
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The Evolution Toward Generation vV

Generation I

| o Nuclear Power Technology
- Early prototypes Generation II
demo reactors [ 1 R =
- Shippingport ) S e
; - LWR-PWR, BWR &

- Dresden, Fermil
- Magnox =oAlDL Generation 111

- HTGRIAGR

- VWERIRB MK [

- ABWR, Systermn 80+,
APBO0, EPR Generation IV

—

- Highly economical

- Proliferation resistant
- Enhanced safety

- Minimize waste

- First demo of huclear
power on commercial

scale
- Close relationship with :
DOD - Multiple vendors .
. : - Passive safety features
LR gt =Custom:cesigns - Standardized designs
- Size, costs, licensing : _ H
times driven up - Combined license
Atoms for
FPeace Thil-2 Chernohyl
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GEN-II

GEN-IV

>

GEN-IIl f

GEN-lI |

\ 4

Key problems to be solved

standardizalion Safety:

SA prevention
CDF < 10°

SA Mitigation

Economics
simplified systems

high efficiency
Sustainability

fuel utilization
waste toxicity

Non-Proliferation

|
1950

GE-1712_Fall_2007
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1970 1980 1990

2000 2030
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Nuclear Rapidly Expanding In Asia

Japan: 55NPPs in operation (49GW) 30% of electricity
2NPPs under construction 11NPPs under
planning (2017)

China 10NPPs in operation(8GW), 5SNPPs under
construction, about 30 new NPPs will be
completed (total 40 GW, 4% of electricity) and
18 under construction by 2020

India 15NPPs in operation(3GW), 8NPPs under
construction 20-40GW in 2015
500 MW FBR to be completed in 2010
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In Asia(2)

R O K 20NPPs in operation (17/GW),(40% of
Electricity) 4 NPPs under construction,
4 under planning

Viet Nam The Prime Minister decided in Jan.
2006 2NPPs(2GW)in operation 2020

Indonesia: The President decided Jan in 2006
2NPPs (2GW) in operation 2018
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Nuclear Renaissance in USA

USA:

103NPPs (127GW) in operation
No new construction after TMI Accident (1979)

Comprehensive Energy Act (2005)

Encouraging NPPs construction by tax exemption,
Insurance of financing

- Some 27 new NPPs under planning

Proposal of GNEP (Global Nuclear Energy Partnership)
(2006) to develop and deploy technology for recycling
SF not resulting in separated Pu.
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Nuclear Renaissance in Europe (1)

France 59NPPs(63GW) in operation
-EPR(1.6GW) to be in operation in 2020
-Commercial FBR in 2040

UK 23NPPs (11GW) in operation
No new construction of NPP after 1989
-The Government announced in July,
2006 the new policy to start construction
of NPPs for energy security

Russia: 31 NPPs (22GW) in operation, 4 NPPs
under construction. Additional 57 NPPs to be
In operation by 2030 (nuclear power share to
be 25%)
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Nuclear Renaissance in Europe (2)

Finland 4 NPPs (2.7GW) In operation
EPR (1.6GW) under construction to be in
operation 2009

Poland No NPP, 95% electricity by coals
New Administration announced the policy to

start NPP construction to be operated In
2021-2022 (2006)

Turkey: Plan to built 5GW NPPs M
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" Countries with
Nuclear Power

®  Countries
Considering Nuclear
Power

16

From presentation of M. Dreicer of U.S. DoE at 4th Nuclear Energy NPT Workshop,
Bunsun, Korea
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VA Calvert Cliffs
KY EPR - 1 Unit
MG
North Anna
;\ ESBWR - 1 Unit

Harns

/

APL1O00 - 2 Units
Blue Castle William Lee
Design/Units - TBA AP1000 - 2 Units
Hammett
EPR - 1 Unit e Bellefonte o Turkey Point
AP1000 - 2 Units AP1000 - 2 Units
Comanche Peak Vogtle Lewvy County
USAPWR - 2 Units AP1000 - 2 Units { AP1000 - 2 Units
Victoria County South Texas
ESBWR - 2 Units ABWR - 2 Units  V.C. Summer

AP1000 - 2 Units

You may click on a design name to view the NRC's Web site for the specific design.
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