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v RS P,
BRE T I
gl PO24E -
/’ i
ZH% 4 L B

E11-31

ERNEZEHRE, TEZEINARELZEMAEZE K EHE
AR, 2/ RRWREFMEW, XREREMES. Kk
MR UHEIL T T RE, FEESHEEAMZ AR 254, #e
FRANDEZTERK. A TRANTHEELHE S, AT THE
. BESRMRERY, REZKRHWT N, AHSKRFEERT
WEBRAE, URFE AN BT, BT UM R
REEHTHEIAMR, AT BEFNEW,

@/



m, B &

UETITT

BREAEHELE A B, A% 8, BRFLE 11-32 F).
REwGimg e Bible AR BEBERR, TUEH AKLEBEKRTH
FAEHD, BHERBRT, REANRLELAEBRIVAEARA
(A 11-32 2), ZRAHA?

El11-32

By B BRI, R R B Wl ETH, HEARETS
BEMN A RET B. WrIRhE, FHESBEEE 4 Al B &k, &8& LA
THR.

RAMRRENT R

ARYBRAIETERAR, HTHETrREsiRERAR. KBETE
THBAB B, bTIRFESFRIMALAER, R TrasiRaEd

~e
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Sk, BN, EHXESRBREFHAENESEY, FFPEEFEREN
—SBl TR UBR F IR, EEIN&RT E B3, XRETFESH
L F(free electron). JFEFHPHAMAMERETFE, BdBFTLEEN]ZEM
KL, MEKETMS IR E BiEsh. ATLL A RSsi e 5 i
fir, &BEREDKE HEARES HETF.

e, B FREMERTHEBaRAERES), XfE b aAEn
BshBUE AL T it (electric current). LRI FH AR BT BE S HL IR ¥ FELBE
AL R IATE A MRE.

SRFEPHER, LThLEFRBR
HHBEFERBIERL. HERELT,
B A Ve — 7 1) 38 B = AR N A4 Y
1E T U A R W38 3l 7= A I 300 2 —
. AAMTHRE IE HL 67 28 [ 8 3 i W) 9
WA . TN 11-33 fias, XA HRE,
TG T, BERMNBIEM BRI,
ZeuN 3z 2 S A LR NN & —

RIS & L R ERRAH o, B K 11-33
P BT S i (arnpere ), TRIFRNZE, FAFS
AFR. BRTRUSL, HERARAEAZELmA). BEWAE.

1A = 10" mA;
1 mA = 10°pA.

F11-2 —EHABFEETY TERPBR

A
AEEFRITESR %13%10" KA o AL 0.3~1
N R %4 0.01 RHF ks 0.5~1.0
3 2 a4k F A 0.01~0.1 R ERAL #1
LED F# 0.02~0.2 K & 53 1.5~6
KA ERUET 0.05~0.3 F4-E-8 4~9




4B 11-34 FiF, LAFEB—RIres—F Takdid, &
B RNITRERY B Tk, HE T, Mot ES
RATHG? EFRE—B, MEXHFEALT, MTESEERT4
RE, FRAAXRA LR EERNT?

e |
R TH? WEBASE P LATRRR . |

BT
W e PR DR A iR, AR B S QD) .

ARRSEE
1135 PRAEREFANEAEL, B11352L2E84%E,

(]
HWE A

5 Z
El11-35

RREAE, KEARFBRERAOBARA ZAREAE, HPAA
“—r 406" A2 37 ERLLA-ARAH A7 F. RELOHA
2HLFEE, EBOREY 0~3, TEEFEA 0~06, ik
AR SRR LD

N\
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=REW “A” BEREAEXE-MHEER, RELWEEANREEZ. WdHbs
FEUHZEREAWNER, WEEESFIP0~3AH 0~06A. f5F “—”
WEEEESHRARE | HNIFREE, AWM ERLETLDREFRER—
ANFHE R IEAR S| PR E . WRET/DT 0.6 A, RiZFEH 0~0.6 A X
TRE, EAFE “—7 M “0.6” NEEAEARRK: WRAFAT 06AAD
F3A, B ~3AXAMRE, HFH “—7 M 37 wEgiEAak., L

HE:

(DHFELERT, WRBRBWRETRARE “0” WALE, TEFEN
R T HMAFRE, HIEEHRT 2
“0” i E.

(2) L I R DA Z0 R BRAE HE B, A
B 11-36 B R

(34X BB E R i R L T
RIE. k., WE 11-36 2.« FFR.

K 11-36

(AFELFRIERFRT, BATAAGERFALZK. XN LGHER 0~3 ARER
2, BT RBREEGEEIT, BRiamEHL. SRENER, ERERER
RURRR: AR ABHER, BREAT 06A, N 0~3AKE
FiE; RDT 0.6 A, NIBIHHA 0~0.6 A WEEATNE. IHAETEH
HHBTE h BE -

R, AN SRA&EE. EE 11-37 1, BEERWPDERESEEA

THLE, TEIREEH IR @/
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s2 S o2 m
m

[#

1 2 1 2
sy, wiitfy,
Q\\\\\“ 02 .4 ”’//,/” Q\\\\\\\ 02 | 04 ”’I/,/?
8 2 @ S %

& 11-37

HERENRERE Ay ZHRERAREE_ A,
RENTEERE ? SRS .

B, FRAMPAGNXR

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

EF_FPd, AFMNERT SRR AHBEER, AT AR E
—TFTRAEN R FBNF RIIEGBA KD, KPRELAH A
AT

LA 1138 2=ABHEa%K, L = L, L HARE &I, 45
R AREERTMH A B, C 24, ABATEX B ER.

LA Ay L=  As L= K

MR ELERPREATHA? IR FIAERETF R X487

| b
a ng c d
s
E11-38 K 11-39

2KV REEMRE 11-39 M FRELRE, sl iikdsl
PEa. b o dWEAL, MEFATIX WA E A,
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= A l. = A: I = A [, = A

a _— H b e ’ ¢ —_— ’ d o

- =2 L )= =1 2L -

=4 42 & AL

25 ay . 0 ( JH E= N

A A
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FEERERHLEE T, AL, TR, ﬁﬂ?%%%ﬁ%?ﬁi
BRI Z AN o

l \\\\\\\\\\\\‘

1.2 R A g B RET. ANBE:
EEBHINFTEOACAN TR £BFRE
AHP, SRGEERE 0

2.FH K ToRAGHEERGE( )
ARKEESH4BH, FRBEER
B.RA & au-Teifbal; T REREA
C.E % B 8701 % ik 7 &
D. R & B X A5 o) 7 d Rk
3T @6 i
(1)0.05A = mA ;
(2) 0.006 A =
(3)6.5X10°mA =
(4) 5X10° pA =
4—B by ULk
Edhk b, Fit@ide
MERARXYGE 1.4 A.
— 45 B F BT 6 B B e
B 11-40 A7%, stetsk
AKX S AEGG? B
EMH?




S5.EE 11-41 rReeRF, FEAEGE, RAK A, A, HTH&

SAA 1AF04A, MBHL GERAE A.
A,
L, L,
&
Ls
&l 11-41
A% -
e 3
/ J % ¥ (André-Marie Ampére, (1775—1836)2 3% H #} %

R ROEHER, ZERBEET) 13 SREETE
CERER K, FEEERENES, BAENEE, A
% E AL TRENEE.

FREAERETEEES, —F, b
R PR EEE, BBT AR HENE
X, EARAHTEET A, RE, ML
AEHE S “BR” , HEME S B
we, ErEEgRk. B BN BEE
L ENEESE. BEAST, AaE It
Bk, HAELT, DERERNE BHET FHTI5—1836)
ER, —N—BEXRMYRE, EIM H11-42
EUTF L REFETTHG, THAARENES, Y4 ElA
RS

AT T HTR AR YR, MHE AR <
B R T BAGRE, WEER M4 A B R A AR

N\
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A.H E

HEMeBwmil, FRPHELEETUBFGE LY, BHLHe
RABHAHBREAR. RARTAREEEHZABIHR?

USRANFLANT L, BRKREATTE A, BR8] —H R .
WK 11-43 BETR, FASKBERPKEHF, KRAEHRREE
B, FHEEE—TBIT TR, BNRKRBIG? A

Fl11-44

WANMAER—AE 1143 2), TR, BRMKEERS)?
JArA? KEBFESERI 3G ?

F— BV ART IR RN 28 KB S A RS R (E 11-43 ),
B FI7K RBEESE A Wb i Bl 2

& 11-44 B— A RRHARER, S5 11-43 FHEAH 20242 /REE

BA4? P



M EERZRRMNED] . BEIEEPRKRS, SHEEE P KA
BEAR. ARAZFETAE, HEAERESKFAEE, Sk RR
KEREE . SHKPUAL, A REE M B IR I 42 20 A e 28 AL P
E SRR A v P DA R R A TR R S e R IR, DA TR W B O i O 55— R R FEL LS
L., (voltage), EABAEIEMFFEEMI M. IEER RS UFn. EERERAH]
R, BRRBRARAR (volt), RARIR, RS V In. BEKEARR TR,

BETREY). ZR@mV). HRWV)FF.

1kV = 10° V;
1V =10 mV;
1 mV = 10° pVv,

Fz11-3 —EEILHBEEE

v
—BL AR | 0.5 — B 2.0

HEHH 1.2 FHLE 3.6~3.7

BT FRAKEN | 1.25~3 KEWE 220

— % T L5 T #hEw 380

B3R

0 EEL e Hp SR L TR EE R /N R A E R 3R . R R RIEFR IR P AT S
BN, B 11-45 H 2R HNEESR, B 1145 ZREEHHEE.

Sty
Wy,
SN SR P4)

\\ v
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FERFTANCERFIAER? SABBYSBRMEARS )T A
AL ZABEE, REEMHERA?

HEE:

(D7ELBRT R, MEBERN
BEBRARE “0” WANE, FEAY
FETHEMEETRE, TR RTEE
“0” MIfLE .

(2)HE PR SR N2 B 7 Bl I 2 H K Y
v, A 11-46 Frmn.

GYEMBEBMMBEERRE “3”7 I
“15” MEBESHERA, BMsE <—” -

BRI 1146

(HFERREBU G THe B R R/ Ney, FTLUEMT 0~15 VIIER, L
BEIF A& FBWIF, BiREMIREENL. S5 RREEHER, BERNERER
W RS, e RERART 15V, BEAXT IV, MZER 0~15 VEE
B WRBEHPRE/DT IV, MNESH 0~3 VINERBNE. XS ERD
TEHEE.

B 11-47 P ERAIEL R EA T HE, HREHERRNAE.

5 10 ] 1o
whitlinf, wnlingy,
Q\\\\\\\\ 1 2 l/ /// 7 /v/\f Q\\\\\\\\ 1 2 ,I//I 7 //J 5
Q \4 2 Q v 2

O O
S 3 15 e 3 15
G Z,

K 11-47

B R RIS V: ZHEEFERREE Vo
WREWMEEER? SRR -
@




X
n
a

B, FRAMPHENXR

1LAEE 11-48 Fia#se By, L L, 2 HAREANITE, 55
MEL A#GREU. L, AReBE Uy, Life L, &g EdE U,

U= V; U,= V; U= V.

Bthegm E LR S Ftb o aaegml-F4E R4 ak, ReEF BT 24
27

<
U
[— U1 Uz_b L1®
& X &
Ll Lz L2
U
_,,S | l A ||
| S |
Bl 11-48 E11-49

2R 1149 Frdg e %P, oRmE L, @tk U, L, H%
e JE U, Li#= L, ®3%e) & d )k U,

U = V; U,= V; U= V.

ML RE LA F 4 REATIE, hEFEH2
k7

+,

FEBMERELER R, RS EESTA ARSI REZ M, 3 FERE R
B RIS EL RASE, S BRAE  AAE

i\\\\\\\\“

LERTF @ o .
(1)0.5 V= kV;
(2)2.5X10* pv = mV ;
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(3)0.16 V= mV ;

(4) 5X10° pv = kV .

2.8 11-50 YA AR EAR. RALRZITE L HnwEfdile
MR RN EEE, FRER 11-50 PHEZENFEAABLELR., Bk
A, FHE 1150 2o Shdiak k.

&11-50

HACREBRERLRE, MAEFE, ZLEi, LAEFE
4 B 11-51 &, WAt ke m 2 V, iBitirif e i

£_ AL A
“\?\\ulllmf’z,, 7 ““‘\u I|I|llﬁ,”
Q\\S\\\ A ! 2 ///:g/s Q\\Q\\\\ 0_7_\5 0.4 /Z./;/j'
2 A8 2 &G
2 i
B 11-51
Ll
34eE 11-52 Fi 7, 2% <8L
EH3V, GEAMTHA 1V, s
R A AT Ly Ao L, 3% 6 R —
23 A V Fa V. W
K 11-52



AN F LR, 4 @)
B 11-53 &~ u%, BiAb
ERE, MAFL£E, HL. L, LY LY O
AKX, —BHAE, LP—%
ITRRER, ik, LEL B 11-53
BRSRARE, FAR—AEHRAZ( ).

AITL 4% BT L, 42.%

CHv L, #7% D.JT L, B7 %

ik o L))

He AR LR o — e Ry o o B, 8

T . Fu, smanirarhiiiag. 8 1 ex

K, BARWES F IR F TR LA S
A, ATRFRRAE e s 2L RTL,

vl o SR B B AR B S R KA L
FEART A, T LR SRS, BB LA A
BRI, EATHRA S B AL b, 3B G B AL A
B, HUEALASIE SR, REMRES, L,

AR5 4R 55 9 T BRI U T
BRI, BT AR E 3 bR [T U B S S B JE R
fho WA, FAF7, EA£AMNEBBEQUEE 11-54. B 11-55).
B AR R T DL T AR H A AR W TR, A
FORBH LB, BATPHERARRLE RPBETRRLGE,

At [ 4 5T E BT A 3 A BB B BB
Bo SRR B AL B A, R T B MR A B LY
WEEE, RERA—IEE, #E5RA SHIDEANES,
BABKNESD . RABRKLRAE, LEd BRI RELEY KA
WEHHR, SERLFRESWEAN, AEXABEHELEEEL
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W, RERNFZERDABHTENEE DB EELERN A X TRA
W, ERMEREENFWESRIE BB,

K 11-54

?I

E11-55 ES$ILAeHFEANBEEZHROEEALE

WTEHRENRREM LR ETEAAERENER, Ei
4, %7 LAF R S080 oy o R R AR A e R R AR K AL RE, KB
AR ENENER, B, AEFHFRLT, WOBEEFEFELNER
FHEREANE, BEEACEIRCEAY, - EXMEREYR
ERFROEZRR ERE, CHRBEIBREOAR EM. QREEH
BUURELE BN LR BERERFHNES, EFOBEEF RS

MAREHBHFRERECRBERELAE, FHREESTE
GEERGHY, XE-NEELSAFRET AR

~
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7~ FRMER SRR

Sk, BREMEZK

ANMRSEE

WME—RFER, TUAFHEHARIL AL, RENSBELL
T — B RBARME(E 11-56).
HrsmiliX R A4 4757

S i)

HRESRTER, MESNE NSRRI TR, XA R R
FHERRREA R
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IEQ 11'57 ﬁﬁ%%%ﬁq’; A 7AFVB ﬁ%%gﬁ-ﬂ_%o /E‘A\ B ﬁ.‘:“?\
Z RS FBARR ., KA, Bk, HBFERE, AL, UK

A
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E11-57

¥ BARKR, LHTHYR, ARXENEESS
W, &A1FREANT™4E S (conductor).

¥ BAGR, BwBRPEAER, RV EHERRE
H38, KRAMNETNELEGE (insulaton)s
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B sEikitie

1.4k8, WA, BR. AR, HERFHR, RERBZMK? R
E AP W2

2ARBREHL M IR R AR, TR R ARG ?

YR SRR, BRT A SEALEZE, B —KYE, 36
HREN T SRR SR ], XYM 24 Sk (semiconductor). $%. &E. Al



LERSEAR T  AA
B 11-58 T HiR T — W R SE e, AAZH T8 Rk
SR, HALPEREERES .

W% T T A fiﬂs&ﬁa@égﬁ
ERBAEABEFEAZTAAABRESE TR
K 11-58
[ -
= MEH
SR EAXERNGEWS B RB IR B T

E2REY, ARTHUIELTHREHBRTHORE, BAKE
RRABBIHGETFRTFFTAR). EB., B R KRERY, BAES
XERGHAHBIYHE. A5 FENSFFES A B). ATk, €N
AR Tk

AR ﬁﬂ%‘%%’ﬁ‘-"’ VA ILPFHRBEREGEERTHER AR
e awBs, AdeARS, BRLRRESHFE.

[l — 7 o i H P B B R — AN N

NS B

4B 11-59 Fra, HAHFX, W
kAN T BT, R
B EAAKRKF, BHEASFX,
S o, S Y T A

L 2] 6y A AN T HA L
e ? XA THA?
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REMNRULBEARFEY, F—FHRETEEERIFAR—RAZR.
HESNHRE . B, ERESFMARERERBAZRER, BEAH LR
T

RAFH SRR AT R B R TADR. 18] 11-60 iz 2 3 R s T
Fdh. MECENIFULH IR BRI, W RAaSE, Bt o
M. fRBEREE B H AT 2 .

1160, % e TH &

H M

TER 11-57 i B P AR R AR, BREERNREAR. B4
FEREMARMERL T, B AR REARR?

RRYFEERES TR, HEEMNBREFEERMMER, MEAH

BHASEFIR, A BBEARIER/D.

L PH (resistance) BFRA-FHXN HIRHEBIER X/ YHEE, AR5 RE
o TEEBREAI S, HBERRN I (ohm), FIFREK, RS QFn~. H
B B BR T BRLASS, B8 TBR(kQ). JKER(MQ)EE .

1MQ = 10°kQ:
1kQ = 10°Q.

ENELRZ2%F MANFESFRA BN, SR TUZARAT. 7EH
BES, HESHTSR T . B 11-61 2JLAEFRHRESR. -
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i \\\\\\\\\'

FRaMERGE, A CEEu,
D &shiw, A. BEARBEAEL B RE
#. EvAHFhGE . ,
AWHAHR . (AHF
ARE)

1.F3 &M m, AFHATEZERG—EZ( ).

AAMR, B HBE B AR, X3k, ik
CAE. ki, BE D.37k. ARy Kb
2.EM T B ELBRE: '

(1)20kQ = vl

(2) 0.02 MOy = 0.

3.8 11-62 PrT o & —Fhidn X

4. % T FHptgk, TolHk

AR ER( Ve

AFHREG FEREAFTHRAAREGEAAL
BHRBAARES TR, RAAMLZENEIARHTALE
CHEABEEMEATHRTATE, SBAELTEALTHRRESL

%

N\

DA LG — AT T R4
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i
Md 4 SR KL F
7 FERHEEME LR BE. KA. EhRB

HEESHERNE ., —UXBERAEZIENE, &
FHERRERANEL, FHAXMEE, TUMRERRNN D&
T, ARNEEAWE/L, —LEREAEREARN, CHFEHE
BB EE, FlAXAEM, TAMHERB DGR EE, FRN
BRENEML, REERE: BALERE, ARALER, EFK
5%, AAREXGIPEAETE, AEHRRLEEETURE
FEMNLBE B R B s EHFEE .

FRhRFEERLBNEELS, R 8 tANMERERS
ITETNERDHEERERF LRRBERAZH RARE HHEET
f, AREABADEHEE. YHEEEXRREAELANERELN
FE, RESRUBEAMBRN. 23 2EF A 610704 bk AR
N BERS, AEWTEN CPU ELTUERNLTEAGHEE,
FHBHIL LK.

HFSEFERE - RECED)ARNE T E#, BAKIER
E(MR 18V~3V), mEABRAF, ®rE. ks, HHE. U5
£, FoK(10FAMERK, FUEABEERREFHS ZHNA.
)3 Ak FEEA(E 11-63), AR F T 8 F(E 11-64),
hEFhW L B R L. LED B B AAEF G .
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wIn SR AX/MYER

Rl TS EE
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SRFEEEM, EMRaE/NGBERRERE? B 11-65 FEnigz
RENTATRB— LR

El11-65

LAETE i L) 2 S RN B, Bt AR REE?
2 AT A B PR LB ?
3RS BT, A AB TR, BRTLE? BrkTaMs, A

HAT 22404k
PRIXEEBE S ] DAFE AR -

BTt
BT AHI L BEL A R/ INAT BB S AR RIADRL, HAFTREA K. (BRRIERA]
HIf7EE?
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EVEETT AR RARREL T, SRR, BN, )
n, e, KREMFRELT, HBRARMEH AR/, BFEHEH
REER/NE? FEAHRIFLE T, i SRRy i, B A s B

WL Eartr, MR, FHEm P& TAE,

1.5 MR SRR .

23 LB R T ZE AR

3R A, INBRERANES, SER P T SR (R AR

AMBEIRASCITT R, BT ERE .
FL R -



W SRIEHR
IR SR RIBATER, IHHLRPRICRFERBTHRE T
BRI R

S EiR
PRIGSEI BRI T A A2 RAESS TR ATLUR AT A%8

VG SR
SR¥3n, BREBHNEGEETHE, SSHEA WL ERYER T .

SHENREAREENEN
TIHFTR, RATHE R T FAM AT KRR
Fik. Wa, FHIRBHAN, BHRESTSRAEZLIR?
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B 11-66 i &, HM&FRE, RBMIThmikmit, £4 2
BERHA SR LHEEY, RELARATHEPDNEREY
AT REFBT2LH®? Sk LBRmih 2 F it m
FER, REEMRIMBOAL? AiX ik FRIE T 4FE0IF HH4
LE®?

AREHGRA, SEMHERNSERBRERIEEX, 28K HEHE
H REYR B PR T .

fir 2BlF R BB HIE 1911 FE B, 7E 4.2 K(—268.95 C)MfiT, /KEBRH
FHZRRAENT ., MR FREEIE—RER, YRKHEHEENE, XFRISNME
SR .. RAHSHRHKY)FE MR S (superconductor). B 11-67 A F
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LEREMAUERLT, AF. LHRREMRAMRATIE, T3
£¥04m, LFL¥K20cm. FRFLEGEEK?

QEBEAMBAGEALT, HA. BARKEAFAWRTE, A¥H
BERE 6 mm’, BHEBEERE 4mm’. FRFLEHLEK?

3EMBABRET, XTH4e R, THHLEEAEE( I

A BB F-L AR F- e b FE K

B.AR4AF4, Kejrhsingdrak

C. K EAR 69 ARk F 4, A mad ek

D.KEARR 8 ik4sF4%, @egrbmegdakx

4fe—Rimf H e mB LR R, BR—EBHVIR, R4
Sxbir a4, RRAMFLN AT ER? ZRHEIRABLTR
—k, 5RkEIRmek AARR, B A0 B P el T 4L ?

PR
#e a5 &%
7 BERERE A RAL Y, ABARERR

KWL AERES KW mREAFEFER R, S8EFR
EHN, EREIREREKN, EHERTRENRKL, X
MHRENRAEEAN, BHERWHEERAERREEN 8%
AT, wmRBEAAREAKTERE, Ha, e
KB R K RHBA
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BERHERRTURKRRB DR FERPHIER, AR
ARBEEETFURNEHREE, INXTELENNEALHFEESY
L.

MREHEEE TR NEE, W EXRYRYBSETEEGR
WRESEREE). ARMEERKTEAERBEER, XHWFRL S
BAAEE. —HKLERALHERBEESNRK, AlLEHEFEE
£—271.76 C, 4WEREER—26597 C. BELEFX L KNWEE L
EREER, XRESFEENAENAERN ELREHRERT,
MAREDFEFEEPLREA.

HRGARRANE - AR, 2ENFFX-AES T RESE
FETIHENBSME. BB I, AEFHRANEELSFEE
BEHAEEEASHEFALEELE SRS AR EENE, T E
AEZRNXFAHNGERLSHEAMEE TEATR, AK#ES TESH
R E.




/\. 3EPHSR

A, TR ARAE PR DL r B T R SR A A, AT R XA BRI 2

Zid E—TH, RINELMEAR LR —EHNENT, HEF®S
WEHEAR, BT LUES A RS B R L. FEIRE AR R
HF, BEEREEERMRNE =ZMERNITE: (DRERERE Q%3
PR G FAAIRE.

WS, SRR —MRBGITRINEG. SHE W HREHE
BELAS WL P~ SRR ] B AY o

it %) 32 FH 2% A M i

1SR AR ISR 11-68 1 BTz RIAINE 442 /Y L PR R 58
R DR TSR, SE 0w R FEE 4. B WIEEEL. &
BRI LA - RERTREAZ SR E, SRTNPRIAA C. D T H
i, EEBREF LAESILT USRI EAARS), BRSBTS
SR ML R R . KE _ERE ey, ARE0HEEIE. WHE
TR R R R R T SR E .
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X4 Sk [o] B% i — R R RE S TP A B R ERIE 3R, RIS =AW
Wi, XFRBRGHR A B 8 L Y (electromagnetic induction). 7EHLBEREN TG Hh =
A= ) B 3 Y 4 8% B L3 (induction current).
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EERMIEINE 14-52 Fin, 7EEB0S B
R A JE TR A — A AR AR SRR 28
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SR & B L E TR TR . KRB BALEE T Lo &
B, #%TrR—EBmk. SRR, R0, REBUKRHE IR F#%3)
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SE P

DHETAFELS: RERAFEE FRLTFEH AL
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FHERET-PMERE, B TEEAR
B, BEALRURE, F/T. £YEFEIT
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"WYY -—-MERE, BHWAFXREBEATEHHR
WEREK, HITRAWHE.
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BhF. 1824 FHRBHBHERFSL R, 1825 FHEEHER¥FKE
BEEH, AR EENZRE L.

1820 F R R A TLEL BB THEMILHMAEFIRNEI, LT
ERAEWER: AR KETE#R, HLAHBEETEER? A THFEE
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R, RILT E kRN E A,
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FRORNTEE, FEEHRBERT 19F. SHENEYVEELK, 4F
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FE B (electromagnetic wave) BRI B WK —MAE. W, J %
HEMBEAEHHRREEES T AR, MRPERBEn#Rgs, “F
M7 (BB R EES. FEED, RIEBFEIRE FHEAK
HZE K EE /K, BRB I BRIk BIES P BRI . 10 AR
FRE—F “TIEWER” , BREEBREN, NREEBHEEHENR?

R BB Y 7 &

UETLTED 1) )

L4of8 LSS FE R, B & AR, R a4 A 4
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FRE CoE, vEee” B, RAGKRE?
2HEAMEMISE— A ARSI, —HBLAIEITRE R,
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WRUE_E ARSI P VB R RS, IRSE R E R E L T ARk
THEN. F—MEARTFHRAPHERNAERTT, E4ETEA, S fER
EEIT PR AL T2, FLL, RATATLIBRIZE. SHNETELEEE
A 55 (8] o 7= 4 FR R

FEREY, RARITE PR = AR EH R ETL, XFh
ARG B, BRGHEMEALRSWRITRE, MEEREE Bz
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WG 2R R AL R, B R PE IR RN . SR E
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LB F#EILT R AT ENGE 15-1). gg;&;% .
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CHENAN A TREAHEFEHEZREDDEFEE LN
Fo 1864 F, ZAMFTAETT LRKY
Hl. 2055, HEALETRRIET £
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SHEZRBMITMGRER, AAEERBGTAEDL FPRBGR
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T, EREE, BEPRNEEE
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R SERM T B GBS ME R BRI R . WREERE, WHEHTH
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AR . RS RIREE RS RS, B SRS RES
BAFHEREE AR R BHHER . GACRESHREER, AR
R WAT .

RA | 4o ’ RS
ﬁi% @F—lﬂ \~ 55;‘\
, e 2 o
) 2w B vg [E] 40
\\\\\\N (yb$‘ﬂk) E& ‘% ‘%& ﬁ Y
STy 5
Fu Dl =
LA TR0 Z dEH

BI15-11 B&E) EWRS 5 ERLBREEE)

~®



REHHERREE, AT RHEMEIK
BT . KRR AMRS, Wk
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T, BB R R AL TE .

FTHE EREEEE—EGEARN

E15-12 EH X%
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BIR, mgrEaagtisEs, WA 15-14 ZF0R.

F15-14 BUHEHASBEUAR(TER)

A LA BIDE AT ak Al L SR A4 ) R LSS B A s R A
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B . DEBEFEEAMEE, Flm, FHXABR, H70hERE TR )
BAREEN 8 GHz, T1T(TE IR HBEBINEN 7GHz, HArm RSB
IRREE RIS BB, B 1527 B, MHIESGE TE 1 Z%EME, T
B 13k gk mmam L E 2%k, TE 2R3k R
FIEHEATE 3 &%, TEIFEMMEES. XFEMMR—NE B RESH
PR A — MR R EE . RT3, FrUlgiRo R abEs .

E1526 “AHF4a-3” EHELE 1527 FE#ERFA(TEE)

20184E 5 H 21 H 2SI/ “B94F” 2 “fE@R” 1S AR HaE
B, HAEF BRI 54 ABRE mRREM “HHi” 1055088 2 (8] M5 bl
. 20194E1 A3 H, “BEER” WSEWEE w8 BEeXA hLEER
XFTF, AT ARBRE FWHRE: BERARTEEN: BREAT LY
WEREE: ARTEREESHENAT
REHGE - “BEER” NS5 “ER”
Hgk R EREE, BRREHMKKAERM
MRBEAHMNEEREZ —, EHEME
] A RS AR R BT $r
HE, BPRRENAERFHRMMN
Hi I N — L RS TTRR B1528  “HK” WEHAE <k

(188



FTHE EREEEE—EGEARN

BEEHEAPZRENR

21 R ARLEIEAE RS, EEFR AR B, REEE#
BEDEHA ERNETEGEN, TERARES r2mEt, TEIngET
VAEFHATZA P . THEYEARERFSEAEE M ZAREA BB .

R 4 GBARR R ARG &, IR BRI E AN ZEZ B K
RIS BB R BAR s R IER], AT . TAR S A st R b e A
TERB. YEN. mitE. ATERRENGE, IEfsE SR st

TEBEFEMNAHEE YR, FInE H TP ety “dek” T
EHRAG I ELREE ARG, SR ASRMREEHE. RuRKeE
fir. S, RINERS. I DTESNARSR T eREREZETUAER
KAERISL, RS TEZRETER, W) ZhHTHARZE . ARSOE. 5%
i #EARL. Bolbder=, AKSCIHR. BRbkBi A FMERIISEARSA T .

B REEFEARIEENEREBRE Ry, e afmesE it
kB2 B KESHERM Bir, REEE TEFEATHCEE
FEHAFP] . REHEFEHBFEMETHEALRTE ‘875" EEFE
BRI IAE AR B R R, e RSN R TR E R
HIBEST o

RKETEE R REHEBR B EHERMEARNSERS. HAiERs,
RIRE IR 5 G NATRNIT R, RETESGEAT AT HE T iR 9T
Hif . FER 21 BRI AR, RMNEZZEFRARREHSAIRSWEN, @&
B HHETE R P R EEE R AR RE N, MR R R,

i \\\\\\\\\\

1.7 RALENFIEERLBZSME, FIRAXLAR.

28R LIPS LMY B LRSS HEIRE LA LS
g,

3ERBAAGARALEH RAMN)E “HA” G-
BELR, Rl e FHARETHELLRND? E2NETH
AriRw S

/



4RERA(OFELER), BEbXE, THGMB TRk E.
(D) 8 SR A 6842 kA E 2 2 6B B KRR R

DA EZF LN B RIRZE, FH, K4, EBE, BT
He REFTHF. RILBR—EEEF RN AEE, AR EM,TE

EREH.

Q)REMFESA LR B s TBLERRGLL.
(T REF AL AR 10 F P BRERAEHRELRE?

vi” o w s R
/" MEREAXRNAEEFABR R, BB A
REFWHRELET foF. Bk kEaENS 5

REA, KEAE, MEMRE ARABARNE, EhEHH
El A SRR K B, BE Mk, BRI ARE BT E
AL,

BEL, Bed. Ba. Be. T, RARRAE,
BFNE. BN RE. AAEAERE, HEP. KENL. 2R
AR FILGE R w8 TARRE, &7 & AR 5 03 0 sl 3
A A ARERGEF. ABEKHEEAEERBELTRGTE
W, SWAUZL . REABBEN TOWEETE. kKA R
EARERT VL A%, BBk, FRER, A0MLE
KRB EERBANER. BALBKBEHAERNEESTA
Wy ERANEA LAY, RESEARCER, XRGFHE,
i ALk LR g

AT H L EsE -2 E R E, EAR B MARNX
Ao BAEEFRRE BN & BB o R k. SRR
WeRrnkn, THFRESEE. W REREMREFEIAK
FES N, HABALENRSEE.



iTi|| g+»® nFmes

A, REXXFRL—HE
o b g, RITAREEAMEE
3o oF “Wﬁ 22 IAFEZ R EHR
' T RERY

1969 %, ZALZE—%
AR, BT RL
iR A HIARE: £ E
HFEEP, BRNRBELE—
A ER E

ARBIFEEAZ
g ?



—., REMUERBHE

RESER) K T

P T LR (Democritus, Z125TCRT 460—Z1/ATCHT 370) Xt Y224 AT 1 U8IE -
“URAB REEI A WA TIG? AXEEE, BR-EEABXMSEE. (HE
E—&, FAEHARME. BRALE—E BB, HISEM TR 4
FLHBE P -+ - IEARERHE S AR T AR B, K B AR TT R B A LAY
UM F— R ETFARBESR, HUASTHER”

R AR 7 B A i L B Bl F Se I g 2emh, RS ibT s B B
=, MAREERLRE SRR KA.

E16-1 fEE 7w BEarh ¥R

ERTFE

IERAEREFEN 7 B Rl ia e Eal, e “YhE
B2 BEiedh, KBDREHALG EX. BEF 17 #2050 18 it
42, LB EH (Robert Boyle, 1627—1691)#1iE /R1Fi(John Dalton, 1766—1844)
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FRBERFR =R A BEFRSL T R Fis. MiTaFseFl
BT REYRMASARN, RSN T IR

1. 22804 BT vT B HoAb ) BB A2 LA R, X
/it aplasy /P

2. — 640 B AN B bl At B GE 1Ak 2 RV OR A
B, XEEYIRAR R, WARAITE; _ il

IMBEAMTR, FEESMET, TRUER ¥ ru0766—180)
METEAINIEFEAMERR. HFROEARMLY 162
YRR IS AT A R R/ N LT

ML, RIS W ATE I B B LA ) T MR TR T S M B B 4R
Pl BE .

1811 4, BERMBFRFRMEES (Amedeo Avogadro, 1776—1856)#
H, TR RER, BA—MOFARE R A4, T2 s LR
FHEE AR . BENSFHRMEFER S ia+Bmfhe
BIF A JE A AR

BAERNAE, LitREEMERIEMNE YR, ko, Erd
. B 16-3 REEFRSHER. B 16-4 RREZEZBRONAEY ST
SR,

E16-3 HHBTFEMELE K16-4 DNA £# AkoTEHH

W4tk E R F B

~



XD

1 cm® @ARPEH 334X102 MkgF. —ARSFHHELH
3X10% kg, ZDHO>FRAE 107 kg, AREME TR LLLHH
¥+ Foz—,

R AW A KMAT DNA 5 FEHILEFARF.

BHFRTFH “ms”

19 e T2EM, AMEPRHHES
R IR R, MR EE 16-5)
WA R, Bl S h—Fh
Shek, XTSRRI STk

1897 4, HEYHEZEFKGHA
(Joseph Thomson,, 1856=1940)% 3,
BRI S48 70 B S 7 1 P T 7T & A A
B, RETRSEREOR T, X Hles PRAAT
FH AR E—Fhir A AORL I . BE M SGETIE, SRR
g HE S B FRMHEE, MREEABEAETFHRTHZ—. FERANTEXF
BETHR A F(electron).

3 FE 70T DU AS [a] £ B AR A4 A A D B o
sk, MEEKERENEE FEERBEZHHT,
X R RT3 AR R A B 5 895 /NAJT.

HTWRIBET TR AR EL N —A,
IR IHARAE T 1906 4F3% I /RSN

AR, FErRddFkn—®Y R
M. BB, mEF2HRPER, B
DAFRS iR — W IE . BB4, R IE s AEp —_—

A B /e RE B 2 %ﬁﬂ%%i?;wm)

ATHENEFEW, 20 hew, AMMERT—

~®
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FRSCI vk A—SEAREL T, WHF. o BFERGHRENESRETE, BN

S5&BREFE-HMEAERT A LIRS . B RS R T 55376 i B R EE

BoL, ATLIRAEF MG R XL B 2.
o BT 2—F 2 AN ERALER AR, SR

B F R 7300 fF. 1909—1911 4F, &

ERL 2K /5 48 (Ernest Rutherford, 1871—1937)

SATHERHAEE o BTRELESE, XA

JRFHir ER AR R SRR, EEER

X, LPEPTHRFHIEHEE. Gk, AN

‘B RIE FH#i(atomic nucleus). WRAUREFHAT

02EEMKEIRBA, FETERE BT

42—, TIEFHREZA “EW” . HHRERN

BOHHEFREX ‘B0 MEBhE#Es.

PR AE(1871—1937)

& 16-7
BRERXAFTH
MR FH AR RFIAER T2 A AR B R HE 220 fk A f e
HREE AR R A%

1919 48, | HEE AR T W IEHR IR T (proton), 1932 4, {4 AR
.(James Chadwick, 1891—1974)& B T A H
Bk F(neutron), HBAHETEFEREHRR
THPFHBR .

XA, ATRMAIAHE T FTFRFFal
A A SR T R R EEA BT, FRRR BN
F(elementary particle). {HE, HFEAK, Af]
RN ER A TEZRHMWET. FH
FEMTFERFMBTZE, XEETFHRAINTT: :
T P ST S e Y R ——
2%, HRERSGERNT, EUERFEZINA #l16-8
EAREE, R FFEN RN AR B R X EREEAOR T,
ENARFTRETIREA BRI RE1 .

M 1949 4£FF4A, K (Enrico Fermi, 1901—1954)f 1 ET(1922— Y&




P H B —(Sakata Shyoichi, 1911—1970)%% A Je/5 42 i — 806 T X Sk F I
BN, 1964 47, EEYBIFFR /KB Murray Gell-Mann, 1929—2019)
BT HATERAL, BEET. P 47 BTERh =MERS T4,
N SR, TERMERS K. fkl, AR RS E
s TREY(quark model).

Y SEERNET. PTRGEA TSI
WEMRAH TRIFNBRE, HREUELKE
T 1969 45 DR Yy BAERE

HREMEBEHZE, 1974 £ TEY
(1936— A E 7 4F(Burton Richter, 1931— )FESE
BRI T—MRR VY OERT, EREER
BN IEE — R AR AR S TR BT . DX
MR TIRSRHES . 25RMNELFE
HE 6 Ew,

BREARAFY, ZF, R0

- &= R B (1929—2019
i e

RRIRRE S RENZEBERFAZIT,

SR FHR,\ WV R BT I
YIRS, BT RTEEEERER O H RGO HOR T AR
Fo A 1610 REMABMSARERER. WEHAL, BEIMRERN

10" m.
BT PF ET
RF AT,
,J
E " =
: —~A3~0

. » :
|-—~:0“° m~  |e~107m~] |__”10_15m <10‘”m|

E16-10 ARV T892 o R E



| £+~ mFnss

10°m B— MK ERN, FRAES K (nanometer), KRAE 10 MEJRET-HS
RRIKEE . JRBHERIE, AN EAEGORRE | T ek R,
BIRBMFZH AL, RHMIFZHER,

YRR EAEE B £ E Y- 3t 8 2 (Richard Phillips Feynman, 1918—
1988)1959 4EM—IRE . LT ARMEBRE L BIHRIER HEFE MK EIZELA
AR, DMEDYRMUSE IR, RBEME: “MMHARMTATLIA
FI—NAERE, WENSTRZEFFRAS, DOABIRITWERRE? ”

B0 AT IBRGRAEBREL 4 TR TR “HUKIR” , MBI REERY 5T/
JRFH “GIkTF” , BEERHNRBEERGHEINERELE. 1986 4Kk 5
IR BMGRA T — R4 T MR T “9URIR” FARAETH ‘9
KF” . IBMAEIRBERIIT 1990 E£F A BN 35 MR TESI G ENE,
HERT “IBM” =8, FHEEMLEEARE. PEAEEMEART
1999 4EF FH9K I THARFER SR E S i F i 2  T HEA B
B E A

SR, YORMAFIRIRBER S TRER: ARG ARG R AR
BHER H AR B R B EEEE: | SRR EZ B R KM I e

JEEARSR, BT LOEAE SRS R 2 R, A dEh
WASTAERI SRy, L2 IR E BN FERET, RN IHE
BTG FRAGCREAR, ARATRBEREFMSFRESEMEEER, &
ZEAMEM; FURBARKRETT LIRSS 7 Rs, WmFB—i Bl
FARMEA, FHEIREEER, EHE -

Fw

LEREBAERGHEP, AMNMEEXAT F, #mikinE

RTEHC  )o
A ERF Aol TR BJR F o 40 A%, Y
C.8F 4 Fetz st -F A D.RF HA 4

2AEBER P E ST HAEFKEHAERGH S HE,
3.3k — K £ T ML T 694584
AK¥ER RBHEE BHMENAE, #—FRRARER,

-



PR ERHEF

“FT RE-TRIENKT (GERNBELD
./ BN eSS E. RSN EatRELH,
ERFEETHTREE-HBE. AAYN, ZREAIN
WEANFAL, REETAMEEFNTENRFETNAK. 408
A, “FR” WEFEGREMNW, HREEHRKBRT R si
A FH BN - ER, EREFERLRAF

TEREERNDIE

1976 £ 12 A 10 H, AL RPN ERMANEZE, ERRNTES
¥Ey, TETESELEHE, AATXREARX, RETREEN
IR E WU

“HREEIRE, R-ABFEREANER, REETFPELA
H, B, BEXMLHELRTERNESABRBESRIENE
B,

“HEH—HE: BOFBA, FHEFBRTA. XHEEWN
BE, NERBTERWEENARAEL. HTXHEL, RER
BYERHFENBME TERTR, WHAELH T,

“Ex b, ERFESR
T E T LW A, HAR
WIS RN P,

“RFEEHTREIAKRHK
R, YR ERRPERY
FAEMWNA, TEELRT
HHEEHK, ”

H16-11 T &

~®
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=, iAHMFH

FEEN

MABHHERE—RWERZ, FHBEENHFZWE, AT HEE
WiEH A ERERCHZWE. FRET, KREBAE BRTMAHINS, HIRE
#IEAZE, K. ARFEEHMANNL L, HIREFHMP L.

AT FEEIRAAR BRI RARE 16 AWK Z22ETFARE
(Nicolaus Copernicus, 1473—1543), A ARKFHEENFHEHLs JERAW
R, FERRKN “H.OU” SR TFHCCARMER) M ELE.

M 18 HEfEEM s, ROCEFRASFEG T FH R EH#ET T
GERMEE, ERAMTAMUARBIRHEASEFHR L, TES T REXNFEH KA
R AR — e B A SR B TR F i Z BB R 2 K

HBR e Bl R P R N — 4T 2 (planet). A PH F(solar system)
(B 16-12) R LRARARI, B —1EEA 7X10° k. REREE 6X 10°K i
fE 2 (star), HBLOBERX 1.5X10' K. KHEPE /\BITEL N8 173 5
BE, &#FY 17 600 FH EXMEZEFSH/MIE, UEREAZHEEM
e

H16-12 AME



£16-1 XMEETEHIRE

=8 FEHRE H R HEMEE AEEEH e

/km /10* km IR ILEHE /HERH #B
X E 2440 5791 0.39 88 0
& B 6 052 10 820 0.72 225 0
Ho® 6378 14 960 1.00 365 1
X B 3396 22 794 1.52 687 3
A E 71 492 77 855 5.20 4332 67
+ E 60 268 142 345 9.56 10 759 62
RTE 25 559 287 668 19.2 30 799 27
WIE 24 746 450 344 30.1 60328 14
iiﬂ
= FN¥ER

I LETEHERE

19305 X AEE2)E, HFERLBIAAKXBAALBAITE, £
PEIZHAHRBARTIEZS, BETXMASEGHFEF,
EANARBR—ARKFEBRNM ENRGERAENMS ., 20 #42 90 FK
A, RXFREAAFOFTALSBRAMBIAHRIA. 1
do, FERXFEANEALY “2003UB313” , #hA—ANMEBFHK
FHRRBTEZLIEZNRE., ARFAXNLASELZTEZLEBE X

B, BRRLFRESLXSBET MTEEZL.

“TE” H8

AEZKMEH, TAZFINARAERKCERHR, RBHFRHE
Bl iR Rk Rk, FEERTHAESH L EHNEM
R, RAEGHGAERL, BHMERY “BFE” .

@)
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i BB R LB B — B E R R, AMIFRE R (Milky
Way)o SEBR BERITBEEERM—TERMRAERSE, MAEETR(Galaxy)
(B 16-13). RTRKERL 10 JTOGE, BKREEA 1 JOE, BR—IHR
ZEE. VU B 2R F -

E16-13 B %

KBRRARA e s EEA . FMAETA 2 000 {255 K HXHHE
E. BKHES, BRkeurEER AR . B 5MERAEE 40 H{ZT%K, M
FAR R R HIRYEZ 4.3 4EA BER R HIZR

B R ZINEARLL 10 /2R BIE R . A IRTT R Rk —
fli& BEmANE R (E 16- 152 —, THREEN RN 220 HEE. HE
Ui, BATERZ FETLBIMZ 220 TERTMAI L ERE R .

H16-14 AL EHFIEF

qb/’



BWEEERERERMERA(E 16-15), ERAWEARA A 1000 FEE
PLE. HEl, BHIEBECREWEZEL 130 /0CEERNRE, ERLEEN, A
TBHWERA ., HERFASE.

o’ ’
K16-15 M1a/R 2218 E %

BRATSFH AL TR, BRRICFHTERRASSM, R UK
FHRREYEZER TR ETORR SR,

CRAE

FRFHNEMS, Fn) BB ENRSEALATORHEE,

FIE RN A R A R AR B R4 T 19 e dr AR 5
IRBERETE(1857—1935). MiFgH, ABRAZ[PKRET, FABSKIERAN
HHHZH KT, BLIREITRARMCHTE, BASFBEAERLIE
ok &5 R ShHLRIHERER] . ZEMHE 20 R, ARKTHHERE, BLET
b8y N i1)

1957410 A 4 H, #HF EF—FAEBIRIER
$ih. TEE# 058 m, F&E 83.6 kg, 4% 96 min ¥}
eI B SR AT —P " _‘lﬁ

1961 48 4 A 12 H, HBFABREMNG L, -
B H R ARESRAH . KW OTURBE “ K 4
17 BEME. BEEDKIINAR(1934—1968) 5 ZEMIK P \h
MR, kEBBE, FACMBAM. kTR & I (1934—1968)
REDIET 108 min ZExbIR AT —RE, WEREE LB E16-16

@
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B16-17 #KRAEHRE

HREBEERME, FHARE KT AHARS WL,

ZELRIETE 1969 4£ 7 H 16 H 09:32, HEH “FHEF-117 S KMH X
MEXERNEPRA SIS, PIFAREA X BRI BHAFHHER.
7H 19 B, ¥#HEAARBE. 7 8 20 By 88 KIS R
RBRERFAZAR, SEMSE, A PR, ALK RN 7E 5
FRPTVEEE A BR 120 km Y BB 4T 116:17, % B IRTE AR ER; . 22:56, BT
BRIV EE MR BT AR, TR EERALRMES: X1
AR, EAERIVMNI—E, EXARTE, HE—TERKREK. 7 Af]

PTG “HRTHRAIMESE REEBEMARTRH—TS. 7

2003 4 10 A 15 B, RESSIAS T “#r” 5B CHE(E 16-18),

HE ASEEE T R 2 A .

E16-18 “# A" L5 KA



BREH2004EEFTHRATE, BATESN “4. &, B” =4, 2007
4E10H24 HFI20105:10A 1H, “IER” —5. S DEMYMETNLS, Tl
TXHERMFALE €T, 20134E12H2H, “BR” =SHUBBRI LS, T
LHI4BBRHER, REBCVEEE. HEZEHE=1LIA mKE =
K. 20184E12H8H, “WFik” WESHMAFMII LS. 20194£1 H3H, “IF
B®” WS HTEMEARTmAMEERX . 20204E11 H24H, “H®R” 55
WIS &S, 12817H, “BER” HS5REZEEEN HBREE e BlE R
2ER. “HBR” ASEFEATHREGXRA MR SHE. AmE €. A
PE SN, HRREREARFSEZTE AR, EHREHFA TE “%.
%, [B” =Z2ERRan s 5e A

T6 9% 7 o LR 2 B

REARCEBARE, BLEAXK, HE, X TFEEZER, -HBRFA
BATEEEFERARAL “R” . N TEHIAKL ARBESHRIKE
B EFHRER L —E/IVNIZYE - FHA RAREMALS, BEKEAR
IR EARTEAE 1 BERKIEETIRN? A4k, XEpk—B iR
— EHRGTEAMN T T

M “HIDELY B HOE” BER AR R CR| 2235 1 B ¥ (Giordano Bruno,
1548—1600)45 i X FhFH P.OWEBA S REREFHRARRA SO, T
—MEAHLNTFH NSREFTE?

1929 £, EEPFEZEME(Edwin Powell Hubble, 1889—1953)M K 312K
R, BIEMAEREEERMBAART L, RRITHRESENMNERINN
PEBSRIELL . BURUL, FrATINE REEIEEIRA], T E BRI TBGT M R Rk
k. B THEFHETEARIFAETRHRESTOAE, Friirem 23t
EMERTMSARESZN. XMEN, FHATHRMEK L. T80
2, RER—ERNSELEmL AT E(E 16-19).

WRFHPHWER BWEERKETE, BAENSROEERGAL, T
HEEFRAZE, MEEEIE. EER, HENRNFEFNYREESE
&, UETUEFE—TZ, e PRy A emIlmR. SEERR
=, XERMIFHB .

1948 4E, PP RMEEFK (George Gamow, 1904—1968)EH!, FHE

~

D
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E16-19 “#HEng 1620 ABMHESEHNE

BTF—K “RIBFE” , BYEERE “FiHARR” BB ZEEH TR,
T BAROBRFEIKE FEH . HRAAESHE, ARk EREN <&
w7, BETHFEHEPMN R BAESREL R 5 K MEEEN .« 2R, 1964
4, REPIFEFEEFIHT(Amo Penzias, 1933— )FIFURE(Robert Wilson,
1936— HYEMEIR T XFiES, HiFXH@ENmRER 2.7 K, FHEILIK
87T 1978 Fin N /RYEEE,

“CEERBIE” UL LA EREE TREWNA S R, HERE
RIS E BRI TR E L, B A8 B R E RS
i M. ZRMrH(Albert Einstein, 1879—1955)% Ziiit: “— M ABEE
MERMEI B Rk A A ARz . ” REEMABSE R 2

I \\\\\\\\\\\

1t EM KL o k2 % Kt 2]k bk,

2AFRBiI A ERRENHRLI, FAGERARELE RN
ik, FHEPERAAGEEERMT L, ZHA(C ).

AFHRAERH GBI P

BHFAR -~ ANERXRAERA

C.RMZ KM AePo KRR

D.kfafe k& g&istd “RT”

3REFMILBR P FY, HHMECMNBREGEE.

AMEHR {FHEHAD -

qbf’



HMd 3 BURRY S HF RS
7 KEARAI LY T8 (EHRZA)
W. HE

21 4, FHEFRELERERE. BFEXEEL R L E
W—BEEWRTELTHARN, #HET KK 100m. ¥ 40m ¥
CREAREMT . RAFEA 20 A, F2017ERERD.

AN ER RGP EE, BN —WEAEEN, 204 KR E
BEMLF. BTNZLTREARBENFHER, ANEENFEHE
o M1 A s AR “2HR” , EFHEHE ‘WK .
REEFHEEEAAER - NEAKNES, ERBERHMT AR, £E
R — Bk E,

IANAR, ARERFLT . AZHLEFE B EDARES
M, WARARRECELAR FTLHBEEARLE. ARK
KosE g, MAEF ARG LW KEFRET WM. KREMMLET
WZ . BERNEHFTHFRTEFZRE, 1B LRERRE P
W, PREEEAWERE E-

ERXYFRRBEAFEF 20 52 A ERAEETAREFETS
EAEFERAFPNEREAMZLL, ERNFEFE AT
ANBERES . REFAWFARXERD R - oL B FECE
P: “BEEERA, REFEWNES, EHA-EFE RERE
Mo HlHKL 7
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=. BEiE: B SHE

RERRALSTEER

HRFATRYRAEEARNEER, IRENEE. 2 TrEs). &
TrHEESE, XEARBEITEASNE AR HREE. AEARBUKBEIR XA
SRR, WMRITREME LB =8E r MR e, WERWIERERZIRE
BRESEE S, MBI ZHBIEESRHZ AR, XEME NI LI
R . AMEREMAAFRERSEEE RHAAANE, AR r4 ™
MATERS, ABHERAMSEERE.

RETITED.

WKW 1621 5t SAEE, HRAH: SRR GEHT X5
BAEN LGS SAAMERARAHBIXSESEL L MERL? REAH
RO EZ AL HAR EAGE?

R HAE S AT L ok AT

E16-21%



Km0\ RIS
4 | 16217

RKEFELEN: AREAWEEZET DAHEEE, E—EENFEHEL
HRER B/ FEY, SRS AP NN RERE SR m. tgRil. S
BASETHE, BAESEETT4%, ERSEMN—MEXZLAHMENX, NF
M= TG ERIEMME, MERHENERBNEESR, EENEERFAR
T, XREREREILSTEER(law of energy conservation).

BERIIEH “AEhHL” 1D

T 1T R, AARH L - FREELTEE, AARRE
BIb st S B, SR “F—E KM . =B 1622 FFFAHIL
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ARG BH TR, TABMNMEKT . RIAAAMNRAESE R
A B MR- R AR ERLETREAZFRIALE,

A A # A W8 F ) #% k xt % B 3 4 F F b 4k A 35304,
EEEHRT, & WMER |, #5 Earst M NETHERADA
Bk, FREET Bt MR L3k
B o %% 54

K 16-22

BRI REEARA A, AR E AR LW E RS R
€, AMIELAE, £ P ESMHRRRHEES, AN EN2ZEE
W 24 80 R Ao AL b A R AR R

EHS—EH2, BRI LB R M T, HAEEER
M A BT TRIEA T« IR KBTS, FRATTAT AR 2R Ak iRt ok Y
WEE, TEAZIKKIRE RS, TIEKAEREERNBIR, PERTEKE
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i energy

/3 kinetic energy

T h#H4k gravitational potential energy
BbE 48R elastic potential energy
U BB mechanical energy
MRk inner energy

#* £ heat

WA specific heat capacity
TR thermal conductivity
#F M heat engine

XA rocket

#* A combustion value
WK power supply

¥ OB series connection

i B parallel connection
A electric charge

8 W1 free electron

LA electric current

%z B ampere

w )k voltage

P volt

¥ Kk conductor

4% 4K insulator

F 4k semiconductor
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LA : resistance
B4 ohm
#-F1R superconductor
BRI AE Ohm’s law
W, o & electric power
BEHEZ Joule’s law
3 magnet
N # north pole
S # south pole
b magnetic field
FERER, magnetic induction line
& F e RN right-handed screw rule
W Rk electromagnet
EF RN left-hand rule
o, B i L electromagnetic induction
YA A induction current
B aH generator
LiRE alternating current
NS electromagnetic wave
BafE5 analog signal
BFET digital signal
AR internet
#, A laser
X4 optical fiber
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electron

atomic nucleus
proton

neutron
elementary particle
quark model
nanometer

planet

solar system

star

Milky Way

Galaxy

law of energy conservation
nuclear fission

nuclear fusion
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