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1. EEHEN

A2 B YR ERE, YREKAEBHIEZEE,

YR —~TULRAER, ARYREHAMEERERESZHRENER . N5
BMREE, NEROHRTRAALEGEHFANRBRITHEY, RiGEBERERE: FEWTEE
FEBp R KRB, MW MR BNE B EEESR TR, EERKWRE LRI T
HHEASER, BEAERNMRE FRIVENERBZROEH, X, WEEHFRH
BAEFHEE (107" m) BIEMNECRUBMFHEL (10° m), HEBEEL 4 MBER;
FERT R R B b, MR T %4 107> s BIF R KER 10% s (2% 10° a), B8] # EE
ERABRE, WHEHHARY, SHKEMEEEHREAE TR, EMNaMEEHEKE
107" m ML BATEETE] 107 %s, M/ FHPRASEREN, AN SEEHTERHER
T. BEINE MRS AN, At EHEESR 6l MR, BRI
MR EAYHAEERER, BRT - TR FREYEY:, £ RKRZ BRI ERKY
HrmEAFREMERRLALREEN ., HLYESEN—U BARFER IR,

PIHFREFRTEHE 2600 ZEMMERBBRETY ChEBALRANBRFHMN
BEMEBEEGHEASTE—TI¥HE, RIBREF), MAREX LR EEN RN 1687 4
AGEMAIBE ALY TAENEMLE, ERT (BRTFREFEFEE) A B, A 18 it
wE9tite, ki, £E. FRX. RFEBY . XREFH. HE ZEEI TEANAN¥
B WHBE. ERlT. BRAEESET TRENER; EC. B, B, R
WH Sy THBEEHEE (RESEA¥5HBERMIERY, BEREANLRERE,
BRI R ML EEE) . AR 19 HHEURTERM 1%, B2, BRFFERBHKN
Sy ErEy, FY2AYBSYRBERENZR, —RISLAYEHTFTRAEETN
LRELHAHR, XETRABEIFRI . —BREENHRER (ERED—EELBHN
BER), _RENMES (BREHTE. AHRNIRS), SR IMENINESHTER
WEAEMSHRY, BESRTEFEMEFH¥EMAN, HNSMBTFHER 20MHLY
MmN ATH, RARYEENEBRERM. NPEP AT (WRTF
WE,. EYWHE. NTYE. BEFoToHE. SR5YE. $oLYR. A T7YHR. FETKY
), URHFERX¥H (MXEYHE. Ry E. L¥EYE. £UPHE) SFFRNEE
519t KXB T ENBEBEEVNXER; ARB¥BREAEXMAERKNBELAX, W
AR FRE. BO6. EREMITBIEARENRENBE ZRERER, KELUAEEHME TN
K R BT R RE R

ZHENN, 0L KYEEXXBETHE . —TREREEE, —TEMHEA KK
B (BI—AFOREABEMKRENER, ZRABEMMEMANKFREROBOLT, XRER
KRS TS, RS HREN B RBE) . XF MR LSYHEF P iGKBha, R
WHRE - TN KB ERFANERAEEXQUFH IR, WREXWANHB AR, FaX



2 REDELE

KREYHERBHEREE, AR FHEARNERER—KE M, ARKEHE - REZE
) 7827 R ) SCHARRZR:

2. MREREMBEER

HRAMPETEAIHN . FELE, XEYRIRLHMT AWK, BEi1ZREE A
2R BULATARX M ER LS AN XEVHEFHRWEAREZ —, ZHYP K
B A EAE AT H R R S EMLR S,

(1) EAHREAER 20tHaoYEENYREERENEEEZEE, RYEh/MYRA
B, /N REE /N RA R, R B A MR F R T AR E B KW R A . IR ATER)Z
KR RO, SRE R RES Mt AHERKY R NE? RATIE Y BE #H
R RS, BEMRIE, RITART BRAFPREAMEERAE R, 0052 510
MIHAE R (gravitional interaction) . ML B #1 B /E il (electromagnetic interaction ). 55 #H H.f:
(weak interaction) ., #RAHHAER (strong interaction), 13 0-1 Fy/R,

%01 HFMEEER

bl WARF RIE F AT BE B /m
SR A A B F 1 H(~10""m)
B, B A LA rF 1072 K
555 0 1A 4 o H 3 & F 10°% ~ 107" B (~107"%m)
11k A 3IAT 10°% ~107% K

SUNMEARMBBETAERASERBHEAER, BREAMNIAR; msHEEERM
BHEEHEEEMEAR, BALRERTFRORE ERIADK,

PR EAMEAEFRALEERE FOERBA, MBLEEHEAERNEE R 1 WIE, BaB#
MEARN 1077, BHAEAERR10°% 107", SINHEERES, 10 *~1077,

YHEYE - HoEBNMHEEARSE B, BZREEEEER T REREE, KB
MM EER S NMEERGE —EX, HEABESLHREMBR, EHRHERAR, BB IE
HBRRR FHEARNELER TSI, ZERAMNERYMERE: BB T XN —F
%, MMFEMHARR FHZEHERBARENTE,; FENGHL TEESN IYEA
%, BNERSERANHAMMAR T, EAERENAREERERANK TRRAT E
BB Y ERES; R THEMHEERXBSZRMEEER.

BFHieM AN, BAH R RS A E MR T 2 B 3 e S Mokl 7 R 15 5%
M. BTG, HEARKNERNEEREMAEAEN, £RHEERRB TR IRE
B4, F (gauge boson), BN, XTF (photon) JRA%i% e #iAH B /E FHAIR AR 7, 1983 £ R B
B W, WM Z A AT (intermediate boson) R 1% 5% 5540 ELAE AR BT o

1967 4F, MIAKE (S.Weinberg 1933—) HMEFHL 8 (A.Salam, 1926—1996) 7E #% i H
(S.L.Glashow, 1932—) HEILHIERL I, JCERH T REM E/AERMBHELERE -
B, HBEEEEMN—RIILRMES (BOTREAMEERHAN=F, . 5I0MEER.
WEMEER., BRAEAR). RBHEERNSE—, HasHEFERmSHEERE—
MAEERA—aBHEERNERRIER, X—RRIEHHEERE B EED H



g it 3

TRWNE %, BEAAFERBMEFERASEHHEERRE-EX, HRZ ARG
o MR EFHLERE - BROEL, RAIBRE-BRL.

(2) FHKXBERE HINRTHTERBRERLTAEO-1 RER, X—HBEXH
RHRFHEMBRESEAY: FHEERT -RFHERBLE, KEM107°~107° s ZFFHNA
AHER. RTYR (SRBLAREF. PFHERBRWYR; BTUNRAS 5BMEMA
B —KB T, MEF. o F%), BERE SEGE, REERUERET (2 58M
HERB—KRT, BFEF, WEF. #F. 4 F (W A%H)], RERAK. ET.
HEXSHIR. NBEMRNTUES, KBENOBREERZ®E, BINE10° s BHE
BEIRE) 10° K, REEHT A AR, BB AR T M, E RS 0 20RO E R X I iR
2.7K, ERFHABEEBH—MRFHIES, EX—BRH T —18A TR ER.

— <

10]'“s 10‘l”s 10‘;% ]0]65 3min 3100 1.5%10"%

WS Tl
i%g Eg — yquark+]epmn ____,: hadron ©  nucleus . atom

B Fatdh  RIREE  HAW A

ik A, BRI
e L1 | | 1 | i
10" 1.7x10"2 1.2x10° 1.6x10° 2.7 TK
10"°GeV 10°Gev 10°GeV 150MeV 100keV 13.6eV 2.3%x10 %V

1. 8
HE | J | | | | L |
fER A 55

R i

5 {ER

o1 FHERSEAREE

BEFHABERLE, KBENREARERRFNBRE, dE -1 THHERKAN
10° GeV, MIBip BAtitt, RATEKBEE 107° s BB EHRERE (107" m), HEXB
], WHAEERRE—E—E, REKE—NHEE, BE (107°s) BHELIERGTED
%, KGE—WRET, BRBEGER10s, BBHMEERASE, AURELITE, KRE
JE K 3min, BIUTEFHBH, #MEREFE.

A% HRRAWARS FHMOFEFHAR, B EAARAE, AMIARKRR
BAMA MR, mE%E, dESLASEOWRILR (MEWERE, EFEHHEH
A%) NEBRLARENYERS (WXERSR), BHEBRAREAENYERAR (WERT.
BF#. BF%). ROAE -1 TUED, HMEVWRERENE/, EREKER. AAT
7 BB R IR E R B KA Y B, B R 0 8% 6 B8 £ B B o S o/ T A
Ao 33t R BR R /1N 2 XK i AR R X Y DR BT EE



4 RE¥ENBRE

G) WEME ERYEH KBNS T. RTFEHMEFHR. AR 0H 8 X
Wi (MRE) WER, RALHEZUBEHERAR. #YEARETNE, T4HES. B
TAS EEBTES PTE (BED)., BE-ZRNEERSES,

BESHEbHTAHMEENVE, RMENMEAEERER, KbhE i EH
FIEFR AR BR—ERBHIIERIERK,

BEDHEPRTTFREBENMLE, TUAHNBE, FUREERA —-ENER, HE®
EaFZRIMERPEE, 2 TRMEANESRESRERE &, ER—ENRME,

AEYED THEHAERRR, 2 FESGERIERS, 4FaAUEREs, FHiik, &R
EERENT AR

E—E&RHT, SEFHBIPHRTFHERAIENTHET, XMHEET, AT
hPER TR AR S TR, WERRMEFHRESFRAEE TS, AIMEKRMRMEENN
W, REZBINLBEAREZEETAFRI, HPHYRRLETER TERES, REHRESAR
V61 BT B B BN B T AREF B0 2R A, DK PH S At A 2 TE R AR % 5 0 PR I O 4 AR R 19 1L
BE, IS E AR R

HFBWE, AFEERTSMPFSHYE. RHNERERHEREBREZS, B
EXEESIEMTA HELEBET (RTAPT) EPE—&, AT -1 ERNET
B, BARBESFREERRORE, RFHEHEEE, REVETFEBEEIMRIE, KX
¥ERZHABRE. FEERWBHERENERENREZETEEFREARTEZ, SEPHE
FHEEBPF, BMEREFERB P TR, XFHRERAIDTE,

FE-ERBHERS, 19546 A5H, XREZBESEARFRFTMBALL KEY
BREAMAFTWYHEERES (C.Wieman) MERE/K (E.Comell) F A, KKK
(Stephen Chu, 1948—) . BB —I1%15Z (Claude Cohen Tannoudji, 1933—) FIEREH (Willi-
am D.Phillips, 1948—) ZFAFZME R HAMFEFRERO T E, NABERHMERLH
MEBEAEAR, BAEEREFE ("Rb) WESPTAHE - ZEBHEER (Bose-Einstein con-
densation, BEC), BT LA NMNEFH#EAR—-TRBRFE, I—-KACHESITENINYER,
R 1925 4, BREHHENEYEEREE (Bose) M LIEEME, BKRIET 7 XA
MIBWFE, AMIRZHEE - ZRHEER, X —-HYSEXHEN:. THEERNBEAE
FRELE-TRE (0 KHEEBENWMKER) T, BRAEWAGRERENETEL, ER—
BERMBFS LERERATREINHEAT,

3. MEFREERRES

iRy, MEEFNERARBEBEXWRESKNHES, HFRAMEHE AR EMNE
W, TURDHEHPCZRNALHSXVINERRR, TR ER=ZRERERBESWHEEN
BREBEFVHX, URKIHT ZHANEEFRENE - REARER, BREBAENEN
¥EBER; UB NN ZHARNERGEFRNERAN ERRENE KK AREMw, 2i
B RBHLGR; 20 A 40 LK, URTFRE. 8O, FREMITEIEARFAGE
BEREARER, RUMEMBHEFH¥RARSHIEMNOYEEALRERHOER

YEEGNBBHAAZTYEER, WEMLFRERAE, YWEEARBRLENE, 9
BESHEARRMERBEN, HAMRBREYHEERELFE, REVEORRE, RIK, YWEE
WHERBUHERWRRIEHT HE, NWER T EOR- Y8 -5 R 5 ¥ 85 R-97 8 X B



Fhk R

% — WK ARFE R, LAREE TRRILLG, ZBRVTHRTEZMATHR, 8. X
A, EHIMERIIK, RE 5% ~8%. WMTRAAVKMER? FHERBTELAHF
WER, HREBILOBOREY T HE, EENRILEGBRRERTE 0%, BRRRIEIEE
BE 0%, TREHKR-YA-ERAEARBERK. F RKEARAEGFURELZLEL. K
I, Wuer . K BB ERWHHASHETENS IR TRESEL, UREXR
2L SR IE S T L REB AR AE LS, A S BT I M A EZGEE R R Y. XEEARE
WO B RS T B R R, RE, XRIEYE - BR - WEOBRRERKG. 20
ik, MHAMBEANXRFTEREYHE - HAR - YRR LRN. sla, &N
HZ B4 T BRI . RN o N TR SRS BRAREE . S0 O
YRGS ML R MR, MBOLEARMN, wRENA T ZFNIEZH AN KR
RS AMUEH, URTHERENY BN 1947 FRKEN R 1962 544 B B
(9 & WA T 3 70 ARG B K LR AR B B B R IR T B M A o X SR B R R RN HT L
Jo BB O R RAE TR FI R, i, i THOER A ERMERE, KH T HE - ZN
W, X — AL, RYEENHRITF T - D EF SR R, HRYH
(KRR MAR, BARFRTREERKEEAMNA.

4. NBENEREBERE

19 {40 R Py B2 B T WP ik S BT AR B 7 ¥ RIS, Ak T 20 S DURF
it WOt FSERITENER S IR ENE SRERER, BAREATHEENNR,

20 e K e B TR ik, AR SR AR AR R B R, X T i
QRS B , KR B EIS M ERRW

HEAEBGEMNA, ERBAEYE “Ha” AX. “EE” ERALYNES, HARR
MEk&, “Ha” RYBEGMEIEHMERES, RTRESEMAN. £TXMAR, Hit bk
WAk CHT BERNKERRER, FESRBHKE D, RTREQBAR TR
AR T, ENRERAGNRFHNEE, Bitsxamahmizs (WESRKNE),
WEE, “Ha" BEEMHKE SR T MARERBIR, XBMBXMRER A Rk, Wi, XE%
BRI BT MBER, MESFHPIRNIRE, XSRS KRR
HWKAE R, RALRIEL THICHTE, BREREURIN, Fit, YEMERM X
AU EY .

PN ERITUEN, BT 0 HEYHEENZEAEYRBREWNEH,
J BRI @ A KB, MR T AEZ K RSB T X
4B, AUERMBYEY, WEWBEGRE, 519 TAERPERBRIT, RN
BT P AR TR

PR XA BESEE T2 RN BRAR, @ THELBKE S, YES5HF
PR R B2 T, EE RGN SRR, UBOFERERARIGR. in, MHAES
Ff e — bR R, TRRBR AR, MBI T SRS, RBABITE. S, il
THRENFAETTH T AM. BT, YENBEEEMZARKE, WHRATIRELS
HTOE . WERER, MR TFRRAEEZMN CBHET P, W CHZET BTERE, EFA
CHEAMME . ERAEANE. SN TR ERBYE, A Ay HE TR R



6 RE¥EMEUE

MET “HZE" RALESHN, MREMRKNEFHERN "B SaEkemtNEss
B, TREELEANRYE, KEVREFENELLHER

ISR 20 R HBE DAL ERORBTRAIE, A 21 2 a2 B4 1 3 3R iR %
MEEMBEENHBEEZE, QENMRERYHENBENTE, REXE, RIS E8%E
RYE. BRSYHE, BE - ZEAHEER (BEC)., 1 MWE (HKB%¥) SERNYHE
R A TR R



B1E W 5EWE )
B WAL RRRYER R SHLWIE 3 g

1.1 Bk E3) BE =@

1.1.1 MER5iEz

HAEH YRR, YWREKNFLBHES.

HoRME? HREARERFE. IMERFERRBRORE, Famzz? 23R
PIRWEA BRI, ERHBBRAOKEIIEK,

VERARMEAER: X5, ARDERRNERERY. ASR-HNES, X
VSSMREASHBES. TVSHNEIEXFIETEXYNRBFEET K THOBEFE.
BB ERESEI R MR R F (particle) s RFU—EHHFRARERKRAHBRLY,
MBEANBEX L, EYRFENFRRESER D, GREELN. B—MGHIN T /K
F, MM TARNTREMGHELERMERENZE .

EERBT RN EE, ZHAX-BREREXYHEREEMBENEARRE &
o oo ) T 2 e A O 2 0 3 A A O A P JRE B I RS B 1

ik, ROTUES, WK, 23, &HE., ZEEATHEN. BRFEAHE 7ot @
Mz EWMAAEREHYE, CRABRE TSP ENNENZE, S30Y RSN S 26T
FAEEFTWMEEIAR, BE3NPENFERE THENER, SR RERERRET
Yy s sh e R
1.1.2 HE5=E

1. @RIt R

e} ) 2 1E 4y 2 354 04 PP o A0 B2 Bh B R 2 1 . RS ShRFEE M I < S P e (4] ] R ok
HaE, XERLAE - BRIER, 967 EE-"RERTEASRERAREFHER
FrRgetE B, FANRBINEERRAN— () TTREXHEMNEN: sHWKESTH
133 JEF RSB S FRE S X 8] BRI A X R A9 48 51 A B 199 192 631 770k . A T B (8] iy 1
WLE, —HREYEARANEIRERTURMMERT, AXFREEHEENCT R
BiRy it R B b F A F G 107> s BIFHMER 10°s % 2 MEEK, A 11 Fix.

2. ZEEHITR

SERBRYFENT EE. SRPREENERHIKE, KETROEABNIK (m),



8 AEYEHE

19834 10 HE 17 BERITRASEST “K” BEXL: 1m BAEEES P 1/299 792 458s Bt
EIERBAEITRENRKE. ITEXFATERAN - TMEEEH:. EEPREH ¢
;- c=299792458 m/s
ANERRTS @SB EEL 41 MRS, 1-1 AT — e s R BB S 55 (| R
J5:8

ZFBRE L/m BHERE /s
CWMEBEHEE - | -10%° 10%-
BREAREZE | -107 10°'- |- FHER
- KR REH (1.4x10'7)
Y BB A2(7.6%10%Y) - | —10%2 10'8-
- B#A
-10% 10°- |- BRXFiTR
-1 10°2- | - AT H G
K P B B AR - | -10" 10° - |-HBRA%E(12)
HiBk B % (1d)
kR EERMES - | -10" 10° - |- K PEE B ER O 15 4B R ]
HgEE
KHI%EB - -10° 10° = [ REBkEN FE #E
-1 -10® |- e
HoEREyHZ - | -10° 107 [FoRSR T4k ik R
FERAPHEBK | —10° 107 | e A RO B
R AU B K
MNGEE-| -1 107°- F AN
4¥-| -10° 10t
AT MR E 2 | —10° 10'% |- BFRSEBCEBIE)
ML
BFaE-| -10° 1078 | - S Bl BT et E]
BT RS -] -10" 10721 | - &iREE S
BT -0 W02 | SRR ]
T
BT R | -10°° 107 | BT

M1 R YRR R S R
T KRB 78 (B R RATTH B WBILUT LA 8L
1) RICHA (AU): BIHEER, BXHANRSREERYE AR, HHHEN
1 AU=1.495978 92 x 10" m
KHRMERZRZ 80 AU, W 10° m BESR.
2) Y4 (light year, F l.y. TR ): RARNXE—FERELHIER,



