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B AZ, WERBRIFAMNERZIHERLE.

WEEREPRY R ERAENHEEERNEN TR BROTRYERY
REsMmERER Xe¥RnsEsRAafsEs AEs ez BT
METEANEH%, SR ETRARBEN SR REHERZT,
BRIt , 0y B 2 T O 9 A R LA R A A

WE PR R R 6 A K YR, XY R %S B RE, AFRE
10 m BHE A9 107 m; B A R BE S RTAE 88 10" s B B SERFE] 107° o AR E
BIM 0 B 3x10° m/s, KB X HE 4R AGAREFHPRAZRKEFHE
R, MAMBEERMNEGARZ —. WEHR, B AKKDREWRE, [ HEH KM
Ak /NFIASREE T ) 22 IR , 45 Mg A 2 o A8 75 1R B, 5 SR 2R LS DU 4k W 4 o B
B 69 5 4 4 UAFAE . /N RBE R KR BE Bt SR BT ) — B R ADE . H AT,
R4 3 58 T B R AR USRI R E AR, A 0-1 FR.

mo-1 YEttFRAYEED

O FERAFAEYEERRYEBERARRERER (RS REE) RN ERRARE
FEA ] A, 700 R LA R R R



YEYHEMREI IR ARRYRZ N BEA R E. BIN¥
Ty E AR E R R GR B AN, BARY iR AR,
AR AYEERHEARER i AR, & mEA.

Z.HEFEREER

YHERAMRBEOEM BREYSATERANER IHE, RALXANHAR,
AL BRI BAERT ARKBRAEE WL ER. ORYEERROSSE,
AT LUIBRER AT 0 g B B R A AR

YEYMEBRELEH T ZWE AR, 7 17 23 18 taMME, i T4
WA ENESMANENRRE, AE D T RSB R, MEWME T
BB 2L A S R AL Tk i3 7 2, LR AR R BB A M ISR T — K
Tolk#Eay. 37T 19 e, EREER ST , AT P H T B B8
AESRE, B3 T TS, FARHEA TR, XBESE KTl ¥
fir- 20 42 LUK, i FAIXIE BT AR, MR T R FESH IR
HI WA, LT R F % BB A T B A R 88, (R R T 2 B4k B 3t
e BOE B R MERFREREFNEANER , FEXXNER LR RER
T FNTWRMEEES AP EEREELH —HH RN EM, AREAT
URFEE B FHENL. B st 24 00 S RBE MEER ATERESN
2B B 8 B B AR AR

A 20 st LUk, F S EERIBYEEN L R TEMLRFBA
FHRBEOHALGE, A\TIER T #F B ¥R MR T HEBEDLETIE
BETFLE BFH¥EBBEDNEYEMERER TEYE W EBED T FH
¥ RKAEYEE IR Y WEG LY B TREFERZ . g K
ARBEMNBE, FFH T HETIRKFOE, #3 T ARBENRR. YE¥E—T5
T [ DA VR B4 SR B R, 55 — O TR 3L ) L P ) BE R S A T R R B A Rt LA
BEFHTY W %%, AR T F 860 SR PO AR RS ; T iF 235
RFTLHEI, RAKRBERT &7 0. £ HARMRR, Rl k4 0 Y B8
PR E T R Y R &, T AR A S OF R R . 21 #E2 L
KA 20 4R BB E A URBI T Sk, EfE# — 2 I AR ICH BB AL
B ARAR R AP ARG R AR, YA, BB ERN K
R ALEECSHEABALM SO HEE, FHESHEAREKKR HEREH,
WK EAR S, Fb R B HAR Mk et B AR, Y HEMBLE R AR K
X&R,EWH=JE it Ry EEL K4 (2000 46 12 A 15—16 B, BEMAK) BT
BHYEZERMAVBERNER - REANENAXBIRAREZRNE
BHHFATHROMEN WEFEER NER WHRELEFLRSHREANRFE
REOETERZHAH. "

FE— R T HA, UM O R RR, SRR ARMER TR 8K
BT A, L h RS M sh AN AR, R R AR ARER




R [ P

el Et

MR BRI LER, UHENL FEER ERKMARER, RENRAXE
R R 177 3R TR — K —— 58 PO WK Tl ¥4y, 7 B B Bk B 45 4, LABT 8 BB 4
R BFEVER FHBERIRE HEXREMEALE H"! EALER. K
2 HX BREFEREABEL G AXHESETEXRWEL, EENYRE
ot A DRSHRR. ALKSKHOTR, EE£MN BRLSHAM A R Ty @E2E
o, A EHE ATER EEGE KBE. SR BFEARMA AL —&HE
IEZE RN X AEHAR A R, R XRH B R RN A,

AR TR TR A, R B A e nh R B B AN B
AEREFHEOCETHHMREGESNNTES. PERKEEE T ANEILEXE
FABRNREK, BA ARSI PEREHREMNBR.

W40 4E  REER A AR T EBE T REHEHE. FlingE R hEXIR”
A9 500 m K ERTE 5T AL B g8 (FAST) , A\ FUBH B B L7 i 22 48, F 2016 429 A
26 HERES, KR BENSRE - KA OB B BEEERN 2.5 FU L, R
REXCFIABAFUHEBHEAEER L, WE T B ZHEKRMET K. FAST
HERGEITE 2020 4B & Bk oh 2 50E &5 240 8, 2T FAST i R RME K
TR 40 K FFEMRCERETAENSER ALY A WBATH. LW
2004 12 A4 H,HF—RABRKA"EFE—FPEFRS -5 M EE(HL-
M) ERBRIFEAE RS XEREENAEER BAEHNEFIREKE,
HEEFHREBAIEAHMERN 2 UL, FE FEBMEGE 2.5MA L
b SETAETFRETAS 1 5x10° K, RREEZRERF LF L EABRKX L
BHEERE KAREBEREHNE FTEIT SEET T RLERM. MBS
BAR MAER . PESMALS FE,  REMETH THEBRRRE, UG THA N
e R

B ARRE -4 0, RIELHH ATER.SC FHEARWRKH —
BAREAR, EEIMEE AR EMHRAVLE B IFEREMHEROKR, B X F#E
BAREEKF B ARk EBMEABREOCES IR LR. A, RER
HRREKAFEAL KT ME. G, L FEEAR G BEAR B0 T
B BORES R MERIRE S, ERHA T =LA MESA, X
TEFER—-REHT.

E.HEESMERZ

EFAMBRYHEER BT HENRBAZ —FB YR “RER 1954 £
WIURYHEY R SHERENRFIBM T EEQET - ARARH R, B
FIMEREANBEELE T R TAEARARH B EITEN R "5,
YEFHERABRPEE T HEALBERRIEHE.

HHEE Mg BEERTRETKHERAPEEESSHH 0. 481K
FRRRHEBRITE, AN E-UARREANIRERE S, T IR
RER” BTN AR B AR T LR IRE . 2 T 15 RS E R .



23 [B] S8 0 6] S 6 8 K 41 0 3 ok O 0 2% o o) A 3 R L s B A AR R P AR e
B ONMHAMGE—" R SR EEN B EER, RYRYEERERAR LR
9 T BAA A .

EMBRMGE—"BEERT  YHRYXRALTFELSENHRE &, 0K
B S A AT A B AL B BRI RERE RS
BLREZELBIRBIT -

LU Ak YEEA T R LS KR A 0 S ER - B e - SCER AR
AR, WELRNELRME T HLAMFTRHR R T ER; WHEHEB LR
ERMATRNHE LR EAMER , BB SR bR B LR T
BN WTRCE , SE TR R T B L ARk, W B A T 0 0 SC 0 DA R K R A A
EARHE IR KR, 13X 05 T B F AR A

BEASE BEATREENFRNRETRENALNTE, HiESREAE
RINEHENK, 7 REE R, By v 0 45 308 50 50 M AR AR w28 fm A
W A T (R PSR LA AR S R BT B C B, I A B
FREEBBTHRENLS. WHEENE - MRENTRENR, BREER S
BRAL, IZE H BT 0T S0 EBRRAE , 8 Xt Rz sh LA Y 32 05 Tl , B0 2 T3
E 2B T hr ) AR I, R R M, 5 R A MRS, mh e
A H AR R T R B SR SR, DU ¥ BB Rk | A AR
F 0 Rk TRFE S SRR BB, £ A RPENBFR D, @y HAARR
RAAERENE L.

KibHEk BT ERELEFFY S HFYHTHE AP REHEMZAL,
MTHER A FY R RER. K rk AR WEEHRS, REELH P RFELER
1R B Y 9 %o R A0 4y BT 9 () A2 47 B 1) O 1) LE B, 4R o S R BF S % R 22 [6] A R
RANRFR A AL Z 4, HE T LA R BF 52 07 1) F o BB SR K48, B 5 R — A B — 2%
MBRAXBEHARALESREBBS T RS —KHRNR L, REHITEEE
RRHHERSALASEL. flm, KEEHFBZERE(EAHDEBRELXR) ™
FIARHMME. EWRE AR TE, TUFBRMNBMFT AR, RAPEHFR
RS

MEBERTZE MEWEENRR 8 Y B K 0 | 4 ok 1
HEUK T EELEZH BT 4 Bn A0SR RENEZE RN L Saylp
B % 55 o LU RAR,, 38 TS 5 9% I e 5 A B e O A RAR R AR B R B
MR R T R EHHE T AT B YR B B A, DL AR B AT B
TR GIAR BRASBEUBENEXRUKN. MR, BRESHERaEDERK
RE—&,C2RNARBEMANREEY M % ME-~BE~LTER—~B
EoFEE R LR FRE— - B R RN ASAREE R 2 h Z B

W, WS 5 AR
BERRHAEHAREEXRRTEERE AL HEE, BERIHR




BED

M TREARAR , BE7E C R R KPR AT A BT 8IFT A BT AT, o A4 i
BRI TR , 5000 00 o 3 il P 00 A B R 2 A % ) G A T AR M R R
W BREANZHEAMARALRLEAMARENAR, KBYEEPHELHR
&AL RS R vk, R B R SRR D HE R R E
2 LA B BRANE 9 45 7 1 ) R I S, 3 3 40 ) R e B TR AR BB A, 3R R B2
KR, ZHhLRRMA BRI RANMALRE.

KTYHEEFERBAARBEMESFOER  EYHECE LRGBS HRRH
ERKERBIEBRAH O REHRE . “ LT RBNYEERHITRREN
PHEBTFEOT, B 0 A E ¥4 52 B B9 J7 B A TR 42 H [0 R A 43 4 0 A, 3 £ 4 F
FR¥ER R AFEE AR R AT BBREMGR R RS e
R B R ER ARSI ERRL, F%. " XERMNATH T TRYBEHFN Y
- YEEENEOANETEEERBARAEE FERENBENET RS
A EPHE AR, EHRAPERH B2 BB P ESE NEFTERFTEM
HBREMFEFNEN, R 0E . R FEOEAROBEEREAL. X TFET
PHEE R R PR F AR, WEEEREFER LR F T HRERRR
b SRR BT A BEERAR .

BT RAYHEREN E 2 EFRE &, WEEERREER BT HEREE
BRI R, BT UL, {5 B A6 S AN R, 5G4 3R AU £ B A B I
A, Bl sk A s, B AL KBAT  TRERATNERAL K
by ) B 55 R R B 7 ) B S Q0oL T A B 5 o T A ) IE £ T R
HLA KR o AR 8 S0 06 18 4 A BT W6 AN BE R, K44 BB 5T b 45 5 T S0 8% 0
WS, ARMEFESHHALESF, E—FARKAENRETE. F—RFER
AEFEBAHR, EFENMRME BB BT SR RS, HEE Y
FRAF.45 BARREXEZR.

RRERRABARORE. AREREABHBER AR RO L E P, BRME
T HEE, AT UM IER TR SRV LUEF A HROBKR, EARBE—
TESEREMMBERFHXRPETF. EMAEREBRN TLERPFZERLE,
EFEMENYEF WESEMFN TEFEEAMBERRE BRESOUH AL
EUFEERNKBR SN BFONE, BRFHEMITE, B &
b " EAF RS R PSR AR A, B [ BT 3o 3R E R BT, 95 A
Bl , 35 A R M, HY SR R
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BAFRR—ANEHER EREH D, RN A
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R R0E B RO A

P iKiE 3

Bl 2] iz 57 0 — AR b 4535 5
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8| ®—% Eafn o

HRA—UYREBL T RKIENESEHZ P YWEHZHEAREHEZER,
Hoeb  HUHGE 30 R SR B RS S, 112 B R Y IR YURGE 3h Y AR
e . B FHLAE 3h i B B A, BT A D ¥ R B 10 Bl A 3
AR, 3 R LAR PO (a] B SR — , ANl R A 2 SRS FEE s R MR e
32 B AR A5 AL 52 0 BE A 3R Y , T 0 4435 3l 5 B A A0 O P i B Rl it
RN i BE AR, IR X B Bl A AR X B R O B S R A TR A
W, BE ¥ O RE 2R REER WM MNE S B L, SRR
KT A R 220 64 57 G 3 R AN S BE A T ek, SO BB R HE . e B (B ) 5
B[] (9 6 R LA BB S A O T R AR BB 2 R s EE R /. B, B2
SEEHEPHAMBD. E=, I AERRORAMESHRR. FBEZER
W 28 3 F1 S B FERY. 55 100,52 30 B BF 5T, B R T f (8] F s (8] 2 L) 2 B A 2 SR 2
MA-45E 3 E R R E—RHN, ARREEEBNA T 2M S F R 2.

$1-1  RAED A

—THEEMTFR I OENNE, E-TOENRERSEN THAE
SOOI E | B & B I8 T 2 40 72, MY A0 4 IE B (mechanical motion). 28 T HF 5
Y B LRz 3 , B ATTAS (LT B S R W A Bh /Y O ik o A B B AR B 4
BEH TR EAENMR, RO YEER, UERN FETE AR, UM T
i R [ R

—. R

21T ) R A — & R/ B R B A NG, W ko sh e, R R
BB AL R &R HE &, T KNI ARE AT B & A28 fk. B, iR
ERMIFFFRA RS, W& 8 K NFR KR L 28 AT a, At LB Y
HKEEE—TBEEREBN/LAE S, AR S (point mass, particle) . NE S il , B
KRRz AR, R YA 369 2 al. X FhAR 48 B BF 59 5 B i P o, e i
ERER ZWMRERE, B BB, & 2% R K — Fh iR ) 8 84807 %,
LAJE 1 5 B R A B AR SO | Rl 1T S AR R PR AR AR L.

Z.BERMAERR

B — R B HLIRGE 31, 00 AT B 55 — W AR s LAt 22 18] A X #8 1R 9 9
BERNSH. HEESHFHYEWMS £ 7 (reference frame). 7] — Pk 82 3,
HTFRIFEBRESH RAR, RREE 3% R AR, X E#E s g d e
AR Bl AESEELEH K FERF A — Al TENYE, UERSH
R ikt B ¥EEES; LT N SH R, W TFLE 3. ERRESE RS, 4
FA—YERAAFRSHEMHEL, n iz s B, BRERERENHNOE
FRADEBRCLERBIX A, MBH T RS ZRE) , REZHB"HIRE. T



o e—— §1-1 RAEshitHR | 9

5 69 B F 57 o T oAb A R R B B X RS A Sk U, IR RETE , X AN
FRERSNT. EiEsh¥h, BE RN EERERN, 12 b RIBH ¥ TR
W7 E P SE. (BAESY 7, W 22 32 3] BR 4.

HTHER EHEDEHENTEERNME BEESER LSRR 1HEE
#4417 % (coordinate system). —ESHE R I E — KIERLHE RS 0,
M B AR KB R IE A dn il % FE R 45 R B E A L4 & (rectangular
coordinate system) , P () =& Fnlh (Ox B .0y BhA Oz 8h) EHREH. BIETE, R
14T LAk F A 4 42 45 2 , 89 40 57 1 4% 48 45 3R (plane polar coordinate system) \BR
A& ¥R 2 (spherical coordinate system ) 8 4F 4 #5 % ( cylindrical coordinate system ) %.

=. ZE 6 E

A3 F 25 18] (space ) Fil B 6] (time ) #E:5 BTE AR, B Se & ¥R T X & B 4 J it
RAYEBSHHER. S@Em TYRENEE, ENRESRSYERNERMY
B BROTARRE RN HafEMOZWEEHNIRFEESEYE. RE
R EH R E AR, B B B FOE IR 2 R AN E S AT T R
WA (BL) P F, RFHE A, RREA. AL, TSR,
“A BB . BRI, 25 AR — YIS [ A AR A ik 5 W IR — 40 R R
2RSS Ah & 7E B AR BL 2 A0 B1 IR FUB RURHR, 56 T2 (B A 6] , A Pl AU R 4
H B . AR (G. W. Leibniz) A, 25 [0 FIR [ 24 i LT 24 KHPE A H0
FRAE MR, B B0 i Y I A4 IR i 12 3h 98 B A 25 (6] A (). 3eAm
JEKA , A WA Ay , 25 1R b o) /S 4K 8t T 0 B o 20 ST B 2 TR AT £E . B S
B, NG5 T WA 150 A 4 X ief 2 0 8 2 8 307 S5 60 0 0 2 SO A0 8 28, I 25
MARSERMGE ¥ EHB AR ETBORRR BB 37, AMTAVRS 2 H M
i B R R BT 430 A, 25 () R ) SR RS2 3l s R AP FE T . R 1-1 Ak 1-2
AR T — By 2L B 5T T8 B 23 B R 6] RUBE, oy ST T4 32 B o B A 22
V6] 0 e 10 905 R AT 4 ) W ! 7 R B B o ( PRI SI) b, 4 BE B B AR B K (F
B m). BAEERR ERFAKREE SR 1 m BOETERZ F (17299 792 458) s Bf 6]
VR 8 P T 422 B A B . IR B SR BT AP (RS R 8) 118 REB-1B3 R T EER
/10 40 B R 2 1R BRE T % IO A4 3 49 9 192 631770 A 3] By Rp G i [E.

®l-1 —HEPERRFFEROSERE Bl im
. =ARE | HRE
B W3 B i 5 1 10%
BRHEERE 10®
ERMEERN 2x10%
BE AR 7.6x10™
A PH B 83 16 2 1 B P 4x10"
KB EEMNER 10*

F 37 34 55 2 - 1.5x10"



0] £—% Eahfn

%k
25 8] R BE HRE

R 44 6. 4x10° -
TR PR 10°
B S MK E 3x10?
BEER 1
g 10°°
ARTHRER _ 107
HERE 10~
RF&E 107"
FT MR 107"
EHRKHE 107

Fl-2 —E{NHBIHNKKERE B8
R RE HER
FHER 10"
KB R 1.4x10"
JR 50 A H BREE 4 i ) 10"
BEXFIEF 1. 6x10"
N B3 75 iy 2x10°
HWERAFE(—F) 3.2x10
WREHE(—X) 8. 6x10*
K FH %3] 3t 2R 0 15 48 B[R] 5x%10°
B0 B B 3 A 1
o 437 R A 107
3 LR B 3 R 107
L il: SR 3P 10~
SFESRAM 107
RFwmsI A OEBAM) 1071
I B i IR T A B ] : 107"
¥R 3 A 107
TR DR T 2F 8RB A B ] 107
B s ] 107®

M. fIx

B R A B W R 8 & 8 (T BR (L % , position vector ) /K. B M ABIR R K
FRIERFAAFMEMCENERNZER ARBr 2R RESAEEALIRREDHTE
UEKLIRR 2.y, BA, B4 2.y RE r RGO =148. A 1-1 B
N, LR KN K

r=|r|=ya"+y7+2



§1-1 maEsems [T

FIAWE 0x.0y .0z = IE 75 [ 4 A {7 & & y
iJj.JkJg BRI r 5L

(1-1) A
R AL

XE a.p My HHEUERES 0 #1.0y B
O S M FHRAREMEUTXR: /

F
|
x ¥ z
cos=— cos B=—— cosy=— |
r’ B g * Lo P
I -
|
|
|

2 2 2
cos a+cos B+cos y=1

Hit, a8y RAEFERMLELA. -1 ik

H,BHEFE

E—TEENSERP, YRKEN, ENAER r B —EARRENZ ¢ %
0, BT DL ¢ B0 X BT R |
(-2
R K R A Y 18 3 %2 75 % ( kinematics equation) .
EHALRRET ERNEHFRUARRN
fr.(t): x(e)ivy(t)j+z(t)k ] (1-3)
HER, RPN ¢ B2, 8 —RITE 38 FF G ZER TR F A, W RR
BT, BT AAMT R r(e) MRS R R A B ERXAERMT=EA0E5R:
"‘:z(t): J’=J’(‘), Z=2(t) (1_4)
METESEFE, BRMNREHEE—N R RSN AE, AT ERSKEE. A
B A BB shE B EnE ¢, B RE RSN E S E.

ASNR U 4

BABN i S iE sh 8o (1 1-2). ERS 20 o, BRARALTE A R, EERT 2 e+A¢, R
REXB R ABHAKNESHBMR r, fir,
K. FERTE Ac 9, RA ML BT AN A B

B A I RBAB KRR, ABHYBAM LB

(displacement) . RIS AB T 91 B 55 4 A2 M
BERA BEWT B AHXT A KWTAL B R R
B, R AT S A7 DU TR s S A LA /

M 1-2 Al LB, R BABRILLR ryory 2 B -2 BREHTOOLE

0 X
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[B] B9 5% 3

—
r,=r,+AB

Bp AB=r,-r,=Ar (1-5)

R, BABE TR % r, M r, BERE. TIRBE ry—r, WRBRLE r 7E At
I 5] P 300, B LD A e . I 0E R I F LA

(1) B2 F HBRAMUE | Ar| B A BHEXIEN, SEER
Kr, Mr, WKEL, W Ar=r,-r,,— | Ar | #Ar, 2FE 1-2.

(2) E#EBAERA  (IRFRR TSR BUE, S H AR R S FT2 5

BBl FEE 12 oF R MR BAB, R— KR, B AR | Ar| SRR AB

B4 BE T B R A RAR IR, LR B4R AB ROIK As. As FI | Ar | RAE%. RAZER
] At #IE TEE,As 55 | Ar | AT EEHS. BEEERS ST, B ABEDLE
WARRKPABEE. S, —FHREELN A FEEE] B A XATE A K, BARK
BET AB ZE B MAR, MBS 8%

(3) BHEMAERELX PR r GEFEMERA X, LB Ar 35 frik
Y IR R B K.

EHABRES LB

Ar =ry—r, = (xgi+y, j+z,k) —(x,i+y, j+z,k)

= ("s‘x.t.)i"'(ya—yA)j"'(zu"zA)k

] | Ar=Axi+Ayj+Azk | (1-6)
DL B R /NFT 1
| Ar| =/(Ax)*+(Ay)*+(Az)*
1o Ax cos oAy c -
CSC=Tarlr P TTarT Y T Tar]

+. EE

HFREER ] Ar LS8R T L8 Ar B, b T RR R AR X B R] R IE 3h Y
RIGEE , AR AR OLEE Ar S5HIRL AT [R] Ar B9 Ho B, nuf 5058 A5 7E 3 B i 1)
At P4 I F 1% i (average velocity) :

_Ar ¥
LT (1-7)

- EI R B O ) 508 Ar 8900 [ AR F].

EHE R SRR R (S FE— LB ) i B, B 5% B 3E = (instantaneous ve-
locity , LA fa R 15  ) | 7 faf B 18] Ae 6 BR 3t 0% /S T 450 T8, 3R — b % BRELIE
BI7 8, LA S R A AR PR Sk s, B
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auRr Tdr
A e (=8}

BB, BEES T r XHRT I ¢ 49— B S8 BRI 3R 0 R A ¢ B 200 B G
PR 4 £ — B o[BI B (8] B ERAEE, 09 BV R T R A £ 2% i R R 4 8.

BB AR R 24 At BT TR, A8 Ar BOBBR 7 1. A 1-3 AL,
% Ar=ABRYSE¥I% AB By 1. 24 A EHB/NTTRIE TR, B HE W
FA S MBH, Bk AB B RIET A SRR, BT OUR R 0B 1, RS
3 b R BT A A BT R I 18 S 160 S AR A — .

M1-3 BATESE A AL AY BB AT )
BB K /NE AR R v FR

| Ar |

e m
d! At—0 At

4 +—0 B, Ar K/ | Ar | BEEGE TR AR TE A BRI A T2 9 BE R As, 5 I BR
Fisf 34 BE A9 K/

v=|v| =

v:}}Eg—A—t:E (1—9)

%S TR AERZ ¢ BEEE R RBMBA KD [ Ar |5 Ar 5K 517 L&
iH,—
dr

dr
dt ¢E

EHMALERRT, BERENE XA

LW

dt

BT RAIRE 7.k § /N AR R B R 22 4, BP
di _ dj dk _

a = =

v=

%(xi+yj+zk )

B poiE Ly ok (1-10)

v, v, v, S HIRAEE v LR xyz HOR, WA
v=v,i+v j+v,k

dx _dy » _dz

E]-ﬁ v"za’ vy_ay T de



I —8| EEMA

TREE v 8RR

 ; dz 2
BACKCAAS «/( dt dt dt)

J7 1 4 7] 07 R KRB E
I ACTE R 00 B L , 3 ol R 9 O R R R
FREBEHRENHEAYHER.

J\ TN B

FEAESEEARNUE, EXAERRGBE. WA 1-4 fin, —HSER
e fLFAENGEER v, A
t+At fLTF B RBT B R v,. FERT[H]
At Py, i 7 BE B 3H B R

Av=v,-v,
RREUE GHAEDF M0 OFA :
Flo, W AEARR BAMRTE % s

MR Z s, Av TR v, BT 3
A—B, Av iR 0 S AL, ﬂ?ﬁﬁﬁﬁﬁﬂ@ﬂﬁﬂﬁﬁk’]\ﬁg?{%
55 57 o 3 B B9 S AL, TR AR A T /7 (average acceleration) 5& LK

- 357 9 SRR T B (] Ae P B BEZE A6 PR 08 607 SR BE. O T R 0 4 1A R
FAEAE—BT 2] (B — AL B AL ) 53 BE B9 28 A6 18 BE , 46 Z0 £ - 249 i i JE 4883 Y 2
Bl b 51 A B B B E o A s R s BE S S K

a= Al'l-"E_E:F (1-11)

XEER, FEERAZ ¢ sIEAE A BB 0 (instantaneous acceleration, A F
TR 0 3 ) % T R) Ac R AT TR O 3 B b R B o 33 R A R R
¢ B 200 BRI G PR 46 A — B B 1] P9 ) o B S Ak 3. A B2 =X R, o e R 4R T B
Xf B[] 9 — B T 3, 0 55 T80 Ok R e f B9 — B S 4

BB T IR A BAIE TR, A 1
SR Ao BB AL AR Ao F A () <
THRBRBRY I —BAFETHEE v 7 H, B i '

on 52 BE 14 5 1) — A 5 3 Bt 2Rl 9 BE O 1) S —
B HEEERESHP MEENEERER (o) a5omm (b) a50R
—HZ&E WA UARAREARHER (B =5 gaea
1-5). J R AE il 232 sh i, i T 3 BE 45 3 i 4R :

(K1 hn R BF
] J i 3 BE




§1-1 maEsmmE [15

BT TECE, BT MR EBEM R M —H(SEE 1-6 A
1-7) . HEREMMA [ E1-6(a) ], Ma 5o lBMA;FEREBDE[E1-6
()], M a5 vl #EEAZE[E1-6(c)] Ma 5o REM. TTRLEKMH
i s i B R — A B, a0 1-7 B, R BT e B B — A AR AL AT R B9 o
B a BRI RKMH. £#EHEE, 517 2T B [EE B RE 3,472 B
HEEa SEREE v RBLA,TEREREWNMA; S1TRME R SMEHR QKB
Bt ,a 5 v A 1T 2 A E R R /N

() a50 B (b) eSS0k B f (c) a5vRH f
E1-6 ez shsayhndE S & E N hm

B 1-7 47 B %Kiz sh et & o B 5 0 69 77 )

EHALERD, MEEH =2 o, 0, .a, 5H5H

dv: dzx dv’ dzy dﬂt dzz
dt—af’ PTd T M A e (1-12)

Pk BE a 7 54
a=aji+a j+ak

T 52 FE ) A/ Ay

77 ] F O (e RGK R E
Fu. iEBh AR B 2 6

[ 45032 3% BT 8 B 6 (R BT L4 R LRI
(1) BRFEARES% 8, R A 7EAE B 20 60 6 B | B0 A0 Jon o . Ao 2R
286 (5 B P B



B—& EmAH

(2) B4R £33 3l i BE s BE B 40 06 2k (B 0= 0 B R AX R (2 5B 7o A0
ML o) , RIS BIE B2 07 1. Ml R 36 [R) RS R B A

r.=(2i+4j) m

. = (4i-2j) m

Ar=r,-r, =(4i-2j) m—(2i+4j) m = (2i-6j

ah 1F [51 [B] B9 32 £ ) 43 5l A

Ar| = /(B2 T+ (A9)F = /2746 m=6.32m

;‘-:.ﬁatmj\—: = arctan —

A 1’ =Ar=r,-r, =./x+y.

[ J4%+(-2)* - /2% +4* I m=0

| Ar| 6.32

=t = "= m/8=6. 32 m/s
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§1-1 FRE3) 00 HE -




20| x—% EmAn

o= s R ORI M R, AR — R EE  T k=0,

RERBIEFH¥ETE.
XM RS RS B/ §10-1.

ESREM

1-1-1 [EETHEM: (1) —WEEEMEE HEAERTTERIT? (2) —YHEAEE
EEMER, BEARNAELNEE? 3) —UEEAEEMNEE, RETRAELNE
R (4) ¥ ERAEH O« WIEF MAMEE, REARAW O« WA HFRMEE? (5) —8
A B o o BE K /M S, R B O ) 2 75 AT RE AR 7

1-1-2 [EETHEE: (1) ABEMERAMES? £ 28 TRERXNMESE? &
AR THAREE? (2) FHREMFHRRAMES? £ AMETHEH KM
7 BN REMFHEENXRNRFIREREN? BRotH BT ERYLRMEF XL
BRI

1-1-3  EIE T8 (1) A Az 3h YA his B sk, ¥ 4 A 3 BE B K7, #RIA
A ARI? (2) BAR: WL b shRT3Eed, 405 9 4k o i a9 0 8B N T, 4 4k RT
B BE R/ T L AR IA BRI AR (3) A AU Yy ok o 8 BE A (AR K, T 4 4k B A (L T
IARZE , AT RER ", HR A g o o] 7

1-1-4 BERMEHEFBR x=x(1) ,y=y(¢) , 265 5 A0 38 B A0 00 BE 6t , 8 A%

Riht r= /oyt RIERIE '
dr d’r

w—— B a=§
MRBLER A NG HEENMEEN B, FERREGER, B
~J(5)(F) 2 e f(E) - (58)

WA TR I B — R E B FIH 2SI
§1-2 it X iE B

FEBF L4 51 ) (projectile motion ) B , 3 s AW UL 43 4 A b R4 , 7 9 K
FHMAEEF AN 0 WA 0y
80P 1-10). M4 s B 20 7F 84 3 0, 0 i
t=O KB T BUS. Bl v, BRI ™) 0~ -
VR, B 0, RAMH S Wy, ot | /1 y{
A Oy B LB AR 0

Vg, =VC08 6, v, =1ysinf,

Wik sk B P A9 I BE N
a=g=-gj (1-13)

FE1-10



—_—— S — §1-2 wpkEs [200

FIR X o 5, BT SR 84 78 23 AT T i 220 ) B BE O
v=(vycos 8, )i+ (v,sin§,—gt)j (1-14)

o=, T A 03 30 R

r:j odt = (w,tcos 00)i+(v°tsin 90—%31‘) j (1-15)
0

EAMBMAZEH N EFETRARBERX, EWEARY MR b H Ox
R Ao 5 B2 E B AT Oy Bl A0 ST 283 28 55 3h 2 bn 1 i A9

SHEM— R, AEVFEF I, AR IER S 2R 008 7 k.
EEI-119,BHTUMR r A—AW=AERME B TEHX R, RIME
R(1-15)EHFKBFWF:

r=(v,cos 8, i+v,sin b, j) t- —Zl—-gtzj . %
Dot
ERNESNNERARETEE 0, & L/ _
TE A I g 6977 48 A j s 72
CESSGRETR E TS RN P
ERAER A l
r=v,,t+%gt1 (1-16) vge08 Bl & 1-11

RIERE 1-11 Frafm 09 . g2 Ut , i iz shid o] & 4 o ¥ 40 3 BE 07 1 19 &)
 H 2R3 50 AT O 1 B9 B o Y S B B TR _
B2, RIS EFRMN, N — BB REHWHRTHENER B RHE
& 3 AT
A (1-15) WE Ao B PEE o, A A 3 KPS B

1 gr
=xtan @, - ——m——
y=x 6, ) va — 0,

(1-17)

XR—FMPE. & ERP y=0, RBIWYRE Ox B — R R
x,,:—m":smze" (1-18)
. g
KRRk A5 72 (range) . BR, B —EWHE v, WYK, BEEHBRE, T
sin26, =1, A8 BJ#E 6, =45°BF, IR A B K.
BEBSHE TR BRI, HR(1- 17)31' K&, H4 dy/dx=0,
H 78 x=v(sin20) /2g; W ERAR(1-17) , EWHERE T PR BIMEKX
BER
rosin’fy

5 (1-19)

Im=



[ ]
[ ]

BriZtgt, bR —8XF RAEME LB /NE R T A RS LhR. 938
Kif, ZSHARA R, L CITMBRSMYRERKES. Hlm, U
550 m/sEAIH)3E LA 45° 1 A 55 9 F 3, 4 S, SR B 3K 30000 m LA E,{H3E
PR BEEABIRIEN 173, A 8500 m. MK P A ER B SH A K E K
HEF R, 4 8818 Bl 45 3 A9 IEH 45 R

"l 1-4

EERRTAEED 1000m A —EHSOmMILE, ILE FH - BHEFE EX%
BESHEAFHER RRAKXMEF2AETUR/NOEFER ST AR RERRHENX
BT 687

S e RO A9 40T AT A, 9 4 S 3h Bl T B K

gs"

20 cos’ 6,

HI LT A e R B v, SRR 0, 9K RN

y=xtan 6~

T
i 2 cos @, ,/xtan 6, —y
B EXREITH, Y tan 6, =y/x LIK 6,=n/2 Bf 0, MEBF LI K, B LAEX FESH

— M, BBAMEBARE. &

T BLR i e AR (B o 7 60 AR MK I BT, e, RS

L THRRIR(REMG=STER) A ORI, b T BT R A

Lo HOUBES RS B (B 1-12). 7K I R S8 DA AT L o
15, BB LE 0, = 46. 4°BF, 7T LUR/NELE o, = 101, 5 m/s % BHABHE R HEHE.

=0, BRI E x=1000m,y=50 m LA FBRM, FEN I

140

(46.4,101.5)

20 30 40 50 6 70
00/°)
B 1-12 A AOY) M BE 55 5 4Y M BE 00 5C R ih 4%

§1-3 [EREEz—Kih&i=zh

] /& iz 7 ( circular motion ) B8 5% — M il 48 12 3h A1 ¥y A % sh i B . 76 — AR IR



§1-3 DU E 30— AR i R 2

23

JR 32 3 # il 485 3 R, B B BE B K/ R T 1) AR AE O L TR B AR FE R I .
T o E o R SUSE Sl WA B R ZERT TR R H RABARR.

— . 1 0 Y £ P

WA 1-13(a) fin, BREEAKEL O EEEEBEEsh. #RBLE—-K P
AEIMTAER, K —RARMEPEE P SR M, %7 W KRR K
B e Fm ;5 — A br B R B0 Ak R 348 1)l 4R MO0, M BRI R A e,
FR PP A bR R BR 0 5 & 24 44 47 % (natural coordinate system ). B4R, {5 ¥ b
ER, BRAEMA T L RA WAL E R,

(®)
B1-13 BRLIRR

BN EEREENTILK K, Bk, EEREFRP, THEER
v=ve, (1-20)
R a Tl EAXBERSEBH. NZEE, LXEFANEE BFR,
HTFREEESWTE T AR, KRR e hENER. BREBEAN e B
HRK de, , T i 2 B A E AR
de,
dt
HE 1-13(b) A W, de, I HEE TF e, FEmBEL BMEMe, BhH—2. HE
freft e BUKEER 1,5 LL de, K/ K | e, |do=de, T2 de, =dde, , H i
de,_do _d(Re) _1ds _v

dt dt" Rdt " R&T R
R ds R/ AR d A2E K. B ERRA a HREAK, DB

2
T {1210

a—i(ve )__d_y_e +v
Tdt YT de !

B AT W, (B FA 32 3h A4 i BE P 438 b 48 B IE 32 /4 ) () 70 i a,(tangential accel-
eration ) 1 5% (5 10 % £ a_( normal acceleration) [ B 1-13(c) ]:

dv N v

= =2 1-22
a! dle“ au Ren ( )



24 | ¥—K

B

B 16 0 3 BE A K/ do/de RN SR B SR AR AL Y TR AR, Bk 1) o BE B K/ o° /R R
TR R B T 1) AR A B PR AR

BINEE a Ry a=a+a,
KKK a=./al+al = (%) +(1;:—J (1-23a)
FHETT e e, MEFEM ¢ T
@ =arctan % (1-23b)

MREREDEREEZES, A do/de=0, TR a, =0, X0 F7 R RA 5 i
BE a,=v"/R, B3R BE R A8 T il T S O /DS

. FHERALER
SRR A S , A R R AR R R B, W 1-14 R 27
BB 0 FE %A AR B, 5148 Ox Rl , P P
EEA P RRE LU - A0 R, Hh r R O /
51 P RHEER (A8 OP BWBE) 0 HHBMEN g
BRI (RN ERREBNE T ONE. ) 14 vmmens
=, BAEzN AR

WA 1-15 fis , B— B A SR A OfER Rz zh, 7R 2 ¢, R AN A R, A
AR 6, FERT 2 e+ Ar, SRR BIIE B R, AR N 0+40, 00 Ao bR R TERS[E] At N
B4 # { # ( angular displacement).

AR A0 5B Ac ZHTE At BIET R y
A B A% BR B
1 D6_d0 )
o

o MFE—B R ¢ JAX 0 & 8B B E
( {8 ¥R 8 i & , angular velocity).

BHERER—NZNAEER o, 26
B At)E , AEEN o, Bt Aw=0-0, M#X B
EINAEERNSE ARENHEE Ao 55 M1-15 M
6] At Z HG7E Ac 8830 T F 69 FRIE N

et A0 _do
a0 At de

o WARFESR —BT 2, A XT O f3 f9BR B 7 0 358 B (f8)FR M 03 BT |, angular accelera-

tion).

(1-25)




W— $1-3 WSS A—MiiRiash [25

P8 (08 6 BT R rad , 53 B 0 £ i BE A4 28087 43 91 % rad/s FI rad/s’.
RRE(SERSE#R) BFE, HARERNEHE RS (SIRRS
BH) HRZEH MBS T BELSHM. SR EEAESNEE By

0:00+a)t (1—26)
BB REHN B E R R
w=w,tat
0=o,,+wot+iaz’ (1-27)

2

o’ =i +2a(6-6,)

A 0.0, 0w, Tl a 575 Fa O B 40 A0 00 E AR RE B0 A B R Al
M, ARNEEAX R

PR AR A3 s i , AH LR B (G BE o ) i Rt (B FR )
B, FEE-EHXR HESFMT . Saniok
P 1-16 PR, BB A KRR R, R E A
W RR BRI R A0, T84 R & 76X B i ] 3 9

RAUBRREA B REAL. X4 A /et , X ABFII AB
CESE- S 0 / x

|AB | =RAg _
E1-16 #HS4K 87
LA At lﬁ%%iﬁﬂ‘lﬁﬁl,i‘_ﬂ’l At Ei&ﬂ:gﬁ,ﬁﬁﬁﬁﬁﬂl R ENEE

o BE R S, 18 % A B T Y K R R

(1-28)

BERERF] At 4, R BE Av=v-v, NN AEENHHERE Aw=
w-w,, RIEER X8 Av=RAw. FXFHB L A, 24 A B F 2o, #BE M
T E 0 8 0 S S, 8 B SR A D 15D B0 BE 5 £ E 2 ] 9 X B

(1-29)

s AR B R [ BB BE o, 5 EE o

MR v=Ro AT MEBE ML 0,2

ZEHRE R

2
tln=1}R—=mp=R¢»3 (1-30)

T, — M T 4R 5E B o Y n o
FR AR B A — M i 405 B, b T B A 0% 28 o B A 35 3 o i 3 B 4%



. 7
26 | ¥ EHMA

S ERRE A, R 7 AR AL Y B BE 7T LA
G398 S ¥k 16 B0 BE @, 1T 1) 0 R BE a, fEL2E 1) S
BER A A R B A R AE R AL i i 342D p AR,
#,nE 1-17 Frow L BP

0 =Ce o292,
n_p n? l—dt t
o’ dv -
a=a ta,=—e +—¢, (1-31)
p de E1-17

— YR, MR E & SRl R LR fh RER R
ZRAEAL Y (B3 0 BE e, AbAb3E 1w i F .

B 1-5

s E— AFTRAT MR SH RN s=ei- o000 b BREN KR

(1) SRZ AR ¢ AODNEBE; (2) ¢ BT, VAR &0 [ 0 o BE 5 ¥ 1) o 33 9 /A
%7 EACRHERBHIR
(1) R, TR REREY

L. (R TY
v= dr_dt(”"‘ 2bt) =v,—bt

LR RO, BRG] ¢ 2R, AR ST 20 B R 35 .
S T SRR A% b 3 BE , BV MR ) 1 i s BE 0 1 S BE A . 70 1) o

dv d
a,= S0 =-(0y-bt)= -b

18] Jn B BE A
o (smht)?
"R R
ERR MEEME RS R o, BB E  BREN. B EFRTEEQE B R EE,
HXA K

B
a =,/a +a, =J(~b)’+[g£1:i]
=~—Il-{—.‘/R b’+(un-—bt)‘

i S8 BE £ 77 1) e B RO BE R A e R R SE (1 1-18)

(%—-Rb;)I]

p=arc

mEERECIFER L. H1-18

@ VFEEIE, E—EELPEMR R KA MLED S IR B, MB,, %4 B, B, TRAET A KR, E
R R £ B o St R A A it R R gy R D 6 o0 P2 R 43 B R b R FE A AR il 3K R0 (center of curvature ) F1Hf HRAEA
(radius of curvature) . i 324488 /1N , Feom B 4% ' i BEAR .



(2) 840 e on o B Bl A () 204k, BE R Pl R 28 9 R BBk i, & P E S, B AT SR
A3 BT e (], P
_ ("m"b‘)z
" R
/BR = (v,~bt)
FRB t=(v,— /bR ) /b

b

Bl 1-6

— S RMM T LA o, TR EF T ROEE, E LA BT, HAFRER 0, =
by BOSREREK, I y HAASMEMEH WHE, b HERH R R (1) ARRABSEFE;
(2) #SCRRIE Bl A4 1 Jn 3 BE A 1 B0 BE 5 (3) MRRRBLB IR AL B ERE y BIX K.

B RYEEALERNE 1-19 BiR. 4 =0 B, ASKBRA T AR A (Bl
BB, =by,v,=0,, 0

dx Y
d—‘=by (1)
d
., (2)
aRDBAR [ e s
0 0 0 x
y=v,t (3) BH1-19
BRG)RAR () RAE
dx=
e s
,=-;-bg,,a (4)
TR USRMBEHEFBR
r=-b%:’i+u.,;i (5)

B (3) MK (4) H &+, BRAROBE TR

x-—yb -
Yo

ER-MWL.
(2) PATHR BB LN

u=,./uf+u,’ = /0 40t =, /b1 +1
FASBR B 50 160 o 3 BE K/




28 | W& mEasmh

2
Tl a,=,/a"-a, = b

I Sy +u‘,l
w)ﬂma=%W$ﬁiﬂm$¥&

7 _”(513""“’:)“
YT g,

E5REA

1-3-1 HEETHERME:(1) ImESHRE-ERERES? Hft4a? (2) EHEE
B MEENTARET—EREEL? B4

1-3-2 3t FYEkMREsA TEMMRE: (1) WEEih%Esh e, O e, i
EMEm S R—ERETR;(2) WikfEdSEshat EE W —EEBSHRTNTLRY @[, %
) 4 B AE 6 T, B b Lok B — T F A LR R R B IER, TRy
1 it £%52 sh B S BE A BE B K/ T B LR R

1-3-3 —MMEFEEBESHHAR, ENETER r=r(1) ,v=0(1),(1) ﬁ"*%ﬂ) .

’3'76
0. RAMMAEH? (2) MBS=0,S2 40, Rttt aiEH?

1-3-4  [B] A& 3h o R A0 A0 o 3 E R 75 — S 0 B BE O 16 3 L7 AT ol £RE s A B B R
B—EASHETMER?
1-3-5 — R M5 ABCDEFG 23 , A E TR & A NE5h, BERMATE.

f“/’v/ il
(4
F
v=04 y‘v
G =0
BEE1-3-5 A
 mAMR VR I - I I A
_ EHREAM = | S
wmwmxERMA || ]
T AT | j 1 1

§1-4 #H Xt iE 7

R—#E8Es, N TFARMNSE R, MR shfirZ WE B0 K EEM
I BEAATREA R, XMBEM AR SHE REHERER.

FREHER KN TESHR KBTI ot KR K48 F R 0/t
FKRUMGEENELXRMRE 3, HEMNOLEHME T EERRFAE, I



- 814 mXMiE3) |29

B 1-20 Fi7R. B K' B AR F K B LS u 530, B P 7 K R A K5 g0 B4
ﬁ%%rﬂr%ukﬁﬁKEEﬁOﬁKﬁﬁﬁOMQ%MEIzwﬁﬂ

(1-32)
BRI T AR MH A . - RAERFAS% AP T eneaws
R KRR RN, B P K R o 0 f % r //
ST EEKEROME S 0OHMT 0 QK /@/
R & B . /o x
HTREA—RAEESERPREZHEY °

FF MR (1-32) xH6d A ¢ SR B, BDAS W= W

dr_dR dr

dt  de  dt

ﬁﬁﬁﬁ%%i,ﬁﬁﬂ—-ﬁ%ﬂﬁﬁﬁi P T K ZM K ROEE, FH 0, M v,

ﬁﬂ‘,—)ﬁ KR O'MXTF K ROEEE, A v ER. TR ERXTER

(1330

BRI P Xt K REVHESE v, FF P Xt K" RO v, T K'EXT K R w 1
REM. & KX AENHER, L7 Eigi.

R ERBE AN FEILSH R K W3 o W @58 E 5T
R KB BE o 0 {5 1E X IR, B S R 2 1) B AR X B B e A
XEE BT HE R

v =v-u (1-33b)
BRRESIMAENEESTENENEESEEEENARE IRRHESER
Z 1) B B AR R B 7 — R R R T R

HE A (1-33b) XF B (R FH B, R8BI B P EFAS % R 2 18] i B 49

RE

a=a'+a, (1-34)
B P XS %R K INEE a %5 F i P HX K BI#EE o' 5 KRR K
REMBEE a, BB,

WRK MK EKMEEa, =0, a=a', XEHARSEFMHFESRER
BHKNSH R PRIEERMEN P ROMEEMESEZEHHENB% R
RMEXR,

B 1-7

F AL 4 kn/h i 3 BE 1) FR AT RE T, A UM IE b W S . 2 S50 3 BE 48 — 1% , 00 % 36 X,
BRFRA T w3 SRR T s T # XL A L 1
B OHER DHEARLESER K, ANBEHBHR K, v, HHTER KRN THE



T 0| m—® EmAS

PO EFAER T KR () HEXMTF KRGEE) A% Vi
B B v M vl , I AR R IER (B 1-21) ;T KAEXF 6 Tkx 45°
KR () B B4 38 o, (F7 [0 38 18 IE B 0 1) 7 v} s
(FraEmBrm). ik (1-33)78 Vak Tix:

Upx = Upg H0xk
Uyg =g+ A 1-21
W 1-21 fiR ,IEHINTFXRE:

1
Vg = Vg —Vhg€0845° =20, — —v'y =v, cos @

2

1
=l A AR ey )ty
Vp =0 81045 —-—92 ik =V, 8in g

H A% 18
'y = ( 200k =y W2 =42 g =5. 66 km/h
1,
v, =—v, =4 km/h
AK ﬁ AK
LB
Vag = o/ Vg 0 axe = 3. 66 km/h
mﬁ _”AK'_
tanf=——=1
Vg
i A 6=45°

B R B 16 S AR AR 45°, IR BRE SR I O A k.

Bl 1-8

—REATRLRS BB Sn/s BETROAN, F LERMERFEFBEARY I=1m K
WA 1-22(a) ). SR ACHR b FE T BE 244 DUt A BE M h=1m, (6] 88 26 B LA & KO R HE AT 28,
7 BB AR AR B R 7

M 1-22

B REE, S ERRRBORIR , MR 55 R vy TS E R R A @ B/
{206 T &

qu=arcuml;—=45°



$1-5 gEsin h%enn iy [BIIN

T 26 98 2247 B B, St BT 6 0 25 A0 S g 01T 39 X T 00 B 0y LA 0 SH IR R I
m 1'22(b)ﬂ?i—<- s | D-‘=5 Wﬁ:ﬁm

Uy =UpgCOt=5m/s

Uy T vy K/ SE T 0 AH BT, BT BASE TR0 LA 5 /s (RO BEBEAT I, KRR A BB T .

EREH

1=4-1 — AFEDMEEEEEHNKE Bl —/ R, /N RETEAANF R W
R/NERY S, K ZE LUAE S i BE R, G5 R UM 4 7

1-4-2 RHSHHNFHONE, ERT P LUERE o 4, MWK LLEE o BE TR, A
R LA 4 g BEST o 5 3

§1-5 HWMENER HFEHMERAN

—. FHEHER

44 (1. Newton ) 85T A % 122 B 98 2 KO, 46 B 2 W B T 1) mss &%) BF 5% AR
RE8T EFREBTHHZE(ARTENPCEFEE). R RREE S %
RN AP PHENERERA =4, REE T LN 5Esh e/

AP ERRERNENEM BRFIFEHER-BREMELATEH, e
EXFAREERY ZEAE AR EEREN EATEERRENA o502
. NFEEsERY R LSRR R RS REsIE, AT R s
BAI2RNFHER. A

. $WE—E#F

EHS—ERRENT

FAYERERER LI -—ELXESREHIORES EBEREELEAN S
BEEHEXMRENSILE.

F-EREBVTREMINBIES. EOYESAARE, BE -

g i 1R 4% E 2 (law of inertia). Fri 18t (inertia) , M EW T EA WEFFH
FHEHNREATHFE AREFUN PO EB(ET )T ER.“D KRS,
WRE—BE. " ERNETHEELE, FFREMEE—/EEE. XER
ARBEARN LR LRV, #A MM BRE. KR RZ3h, K
LRRR YRR F3h , B LAt ab s 45 o R sh AR . e sh s % sh i 4, #4E 3 i A
s BB, AN MY RS TRE.

B ZI, AN EER R XE T Y ERzEsh MY RENERT ®E3
ERA—HN. ERRFREAE, MEFENBAEDANENRE. FHIHLRA]

B, NESIBEHRECENEE REREEKRY (BE) PN, BZH
UEd”. “B”  BEROYE, X0EE B DRED KA BB (&) MERE, X




e

B—% zZsh#dh

HRERET RIE KSR, KBEMEEARTS. Bk, 55— HAEE kit
T AKREX.

AN, R — ERARN TASEREN, MRERMHSE R PUE, —
MRZ AN EERFABIEROEETREHFREFRE. IHHSERNY
1 148 % R (inertial frame) , f#F 14 R LR W HE T ECHEFERER. £
MFFEHE—CRMNSER KA RS TR HHRIEMER, FHATH
£ § 1-59ii8.

2. AW ER

BREETEMNTRATNE _EREXHESARN

WEZENNERAN , EREBHOMEENXNSHNOXMEELR,F5
MEHRBA R, MEENTESHANFTEER.

A R A E R BCERAY

(1-35)
7 E R B, R A B AT R kg, R BE RO AR m/s, FT RGN N(415).
— A EBMEHEANTEEFLR, S MEMNZEZ(BERTFHNEER
) RS BB R X R
EHNTUSHFmMzh AR EL HEZEFERAFRBELZMN S E L.
GEERPREN ‘S -~ HARFHHEXNH, M ‘B3 KERE
) 51 % ( momentum) , FH p R, Bl

(1-36)

17 4 U0 BT 8 A9 35 3 A ZE A 18 i R s B AR AL R, BT LA, AR 0 B R AR A DR 3A 3
B2

dp _ -
S=F (1-37)

XHEELTHFPRELSHN. ARELE L, R(1-37)R4FWE _SHREE
A RER, EHMNEP RANERSEhEER X, X (1-35) RAERL, T
R(1-37)BREA.

K (1-35) WA Rin FER

2
Fem 37

ds’
B BRAMNNFTE, T B XA RAEERE s R,

X F4HWE L AMEREUTILA:

() E_FREETHEDEFENEENRE HEYEEFEREMNEHA.
HE— s B R R T Wy B b BE 5 BT 3% A 1 Z IR B R BT SR T [R) BEARAE
=) B 5 28, [R] T

2) F_ BN, EHRNSONERT RN ER SMEERX L. HE
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KE PR RAB BE D, X R E R BB YL, LESREBAES B,
BMR R K. K2 . Eilt, AR R a0 B, FRN, X E w5
Bt B Fk 2 18 1% /5 B (inertial mass) .

Q) B_ERHEATRANBRUHESER.

3. FUR=E®R

NRWANYEZ FEHETAER, — APk 58 = APk 7, ig =4
Yook R X 58 — Nk 2 HE A . X R A EEAERE NSRS =/
Frifm. B2 BN ENT

AfTMEkZENERNMEERN ER—EHE& L, X MEETMAEEE. §
HER, HPUEAUNF EREDEB LN W& BLERMA F, EBED
(AL F,HF, &E-FEHEE XNDREMA@DER. JRE

(1-38)

| HIEF H Fy, o 8 — 4~ fif 15 B 71 (acting force) , M 55—~k & 15 7
(reacting force) . 4158 = E MR , 1 1 1 = A6 F 1 5 R ) s o 3t o B0 44
BRI J5 WA=, e, R L, B8 T4

Z. hERPERLA

ISR 4 15 3 2 AR Al p o) B, BB L RE EBR AT iR R D 1B h ¥
FERDAERRL N EL BEN BENE TESFINBEXILAS.
1. AHESAH
XRFETHEMAFEANYEZE GRS 5. CORBRENAR FRERAMN. &
44 T B 51 71 # (law of universal gravitation) , Fi B4 3K m, 1 m, BFHA K by
RHEE R r i, B2 EE 0N Ti 4 31 915 e
Bar

F=6—; (1-39)

G i 51 /1% M( gravitational constant) ,2018 4F [H fri#fE# K
G=6.67430x10""" N + m’/kg’

R (1-39) s Ak 52 Bk T 994K 931 A7 HEIR , Mk 31 1 % B gravitational mass) , &
A0 B2 B A ey 198 5 e R S ROR R 6. 3 BRI 4L 9 k% A 0 b LA b BR A
Ak R 51 0 B B X — A, “ B ER U O R 51 A sk, T X AR o R AR 2 BT
A BERE AW H SN HEBAR, WAL HE WEHN5HUERES
K" AB R, F L m, #om, RRARMORERBMSIHEE, WA

Mgy
R,
AP mg M Ry BRI T I FREMER g, HAk A b T & 8 0#EE, Brla
kMM ERZ LA

G

=mgy
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" m; Gmg

me gk

LRFW 7E R — & —40 B A SR A ], R R, — YW AR 4

BREMGHFERZLEHE. He EREBEFRBEITAR LRI ENE B

. MEECUESE, X AR M, mFhRR A > 2R B EE SN 1710,

XA LLANBRERBEANS W EREASEN, EMNEF—-REOFHEHR. ZH

BN XS RENSHER REURERERAG I ABHESERX
— U4 R A 48 9

FE— M B Wik Z B AT A5 RAER /ANE VT LR N 8, Tk K
R, L HEREERARR, fASI TR BB EER.

2. N

Hb Bk 22 T B S A4 B Ak A 32 B s BR A4 T 5 | 4E F , X R sty 3RO 5 | T 5 4 44 32 B
B9 1 488 71 (gravity) . ZEE A E, AE 17 40 4 7= Ak A o o BE R R B ) o 3 E
g BEHMFRMME S MEEM T MR, BLEERTH.

FERE UL, B F IR B ¥ BN, M BR RN B — MR
R AREAMEER (I BOR) BX, IR E 09 A% B R
CiE R RE 3. WA MRS NE R RET
FGH, BRES I ARE S, A 1-23 Fin. EAORKRAD
— XA EE.

AL — REREEA®NHE S, TN
HEUSFHBRNS A S TFromBhr ik, e g
G B 4 S M BR T3 K4 (£0% 6,400 km) A Hei e TP B
/AN, 00 ok S TR BRI S (R R BE S R R D I EE R T AR AR R R MM AR I
AbFFFE ARG, A TTREIR T Hb R 5 Bk 04 % R 4 A B, S AL O T O 3 AE
FIH 5RO v 38 o B hn 3 B A W S R X ROl I A E ) BRI

3. %A

RERTERYE, b FTEKREFR, S EEMAOWES=ENOIER. X#
Frny 38t 71 (elastic force) ,fMARM N MAMRALRXRLFHEBHMN, T Ritie
=MERAEK.

(1) EEA B EGE R — 2 BN BB E , X B A 557 B A 5 P 58
SRAETER, BIGE/NBIMET WE, BERESRFEN, B4 XX 7 #fE
ApmEREEETE ETFTEESREEN £ LW ROFRERR; XME
YRERTHL REAREYHEMRERE  BE=E—R EREN. XFHD
38 % M 45 IE JE 71 (normal pressure ) 8% 3% F 71 (support force ) . & {{71 8 A /N B T4
EHEMEE, EI0 T W SRR E T 8 ki 58 m .

(2) P ok BXYERORHREREE T HEBET=AEK, HKN
BURTRAWENERE, BN T M8 REFATRE DR KEN T m. 84
He, KAREBRZEBAHE M AER. £K KR A E—BERE,

(1-40)
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L8 53 S PR S, K A9 0 7RO Y 4048 A A L) W 43K ) (tension) . HH PR 1-24

B, SN F AR Yk SR — RN E a MATZE). 248 HER—/E AL,

HE @A Am, BN G HSBETKS Fufl Fo e, BB _E8A
Fy-Fp=Ama

BRF,#Fy, LA, BELK N BRAHSH. BERELEFRES, mER
WA T B , T BT A2, SR, T AIA W 4B 5 A 0Tk A R A R, T EL
RETFohA.

(3) #iwense ) YMEPRMBEEN, CREM S HENY LR H
R (B 1-25) . BORh 38 7 2 Ay VLo 380 S 0K B JBCOIR, , T LAl 50406 2L . Sl i AL
FIHE B BRBE P, B A NRITE S RE He. A F RR 30 , UL » R TE 20 7R BD 2 36 £
KB, W

F=—kx (1-41)

A bk IR 2 R 8 (stiffness) , 005 3 7R 3 Ay B9 07 1 R 0 9 SO0 BB
AR R, O B R A R R R A

Fn--—-vw—-—-» FTI |
Al,Am L X 1

B 1-24 @Hunskh E1-25 3Ah

A (1-41) M4 55 (Hooke ) iEf. H 3L, RAERE AR DM, B X EXM(H T
EMEERE RS B45HE=F,5I12F =R, 1%, UERERZ , 8
Y—a Nk —-R."EERUSHRN EEX LEYEMN—F, S HMK—
RyEFEEVBHBR T HABEREL"MWEEXR. BXHRALARRET
1500 4.

4. EEBN

FAHEZMOYAREGEMEEY SN, REFEMEDN & B, &
B fik TR 2 (B 7 A — b BEL AR HE X 32 3 A4 A7, ] 4 488 ) (friction force ) . A L B ik )
FAYRFES AR T, BAHXHZ 3 AR %, (B3R 7= 4 % 2 3h , 3 i A0 BE 4
Fym #% B % 71 (static friction force) . Bf il AHXTZ 3 i B 38 (0 2 , (RN H 0 AR 4%
H, Y & AR i 3. IE RSB T W RS LB HREEN
BEMETZHEENG TR SZYEEN TR DKz rmsE
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B B EEHE S B KNS ST B RN RE , A F O Fd K EE#E ) F, Z ). SERE
B, BAREENELTERS F, B
Fo=pFy (1-42)
e, WS B 43 (2] 44 (static friction factor) , B -5 B2 fis T A A1 AL AN R T T LA K.
L5 SR R K W R B, Yk R 2 P AR AR XY IE Bh , X Rt A EE R,
8z 72 ¥ 77 (dynamic friction force). SCU R B , BhEE#E h F, W 5 IEKE A1 Fy B
EH,
F,=u,Fy (1-43)
p W BfEh P #5224 (dynamic friction factor) .t th 1A B 132 fisk A% 9 490 4 A4 41 6L A0
REFRA X, M EEMYEGHENTEER X EREHEHERT , EHEE ML
T /DS
Xt T 45 S B — S flk T R B, e, gy, — PR AR/ T L. AR N B BRI
P AT o, FREEER TC 2K, 1T HL7E— M [A) B A 1) B2 A T PR R A R e, T e, AHZE.

TEEXHEER

ERBHBEEN , ARTHHRZAGHEEMRA S, TREAOHMESA I HREHR. L
HARLAR  BHLERAABREIAR, #5413 MR TF. 4@ AE5£H TH§15-4.

#1-3 BAFHEMEEER

J By FR A8 X} 3 BE hE HEERA Y&
5| M EAER 107 o (KBEE) — bk
BAHEEM 107" <10 m KREYH T
LR B AE 107 o (KRHEE) B, i
B EEA 1 <10 m BF N FE

8. 49135 3h %E 8 R A % 6

S ERRE— M ER, AR ERFEE R, Mt amAEHE
RS . B — R AP B R, BT Y R A R, F s
BB ARERESERIUA, AR EY AL NEENRE, ERERTR
BBIE ma BN H. A EE BB E T AHEEERGER, IR ER
Yok 32 DL SR A T AR B N 2 A 2 IR R, 3 A ORI BRE S, i
Sh IR AT LAFE R R AR A PR RO B T R 4R, DU IBAE R E ik i — 2
R BT X SRR A B A A e BT R BT L A R . R
A 058 3l 52 AR AR RIS, 7 % S 9T 6 0 A BB TR D T A, X ik A58 sh R
BEAT S HT B, 0250385 BB 24 B M R

BHAIFEREANGARE: ~RRERDNRES,; XL MBERE—FHE
B , R N B 2 AR (P A o R B9 4 BT AR R R S — KR E
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BER A REMBERHE T HENBNEMBEREQ A, X R EAFERN—
ANEZER. HGREL IR E R E A
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F;=

2
:i::(aw) (8)

BR, R a=0, ERARBL KR (3) E5R(4).
MER(7) 5K (8) P~ A o, TRBBLUMBE o TN LR

(g-a) (9)

Fr= (g-a) (10)

HUAT RN, Y a=g 8,0, 5 F, BETF 0, 0FEWR FHRBRY B i, A &R
B AR X hn R

Bl 1-10

—TEEN n BRKER | WEEEERTF L BTERAEEMEL, B 1-27(a) B
A CRETHMATREAN TR (ABENBRSBET T RA A 0 FR) MEFRKES:
(1) H/AERKFELMEE o, EMEERBF;(2) Y/AFLNMEE o, ¥ HH (4
E5KVEAR ¢ A ) B 1RSI B 4R E 5h A

(c) /N LU B @l B F
& 1-27

Q) HAEUMERE e MAESNEERENN, EHBRKE R EES. ERE
HX/NER LR, EENINEE SR e,  ENBRSEEF AR 0 K. XN EEFZANE
Foma, , FEAFEA. MEEER, ERATWAHNER BN G RAATFHEHRA F,,
Fu# G ® 8N BEKFEN, §F ma, , 5 @4 BRI E0E 1-27(b) fiw, 5



x JiF F sin @=ma,
y J Fy cos0-mg=0
B LA _E W, AT LA

2 =m./g!+ai,

a, a,
tanf@=—, @ =arctan—
g 8

Y a,=00f,0=0;% a, BB, 0 LB K.

(2) /N2 LU0 BEBE @, 40T )b 4 20 o i B R 3, AR AR X /D WP AL BT SRR
mEEGR e, BOBESBAETER 0'A. X, W EERE, ERIES G MBHA S
Fo 8, B A 098 51 % T ma, , 7 ¥ S @] b AR H0 07 ) 0B 1-27 () BTR , BP 8

x F Fyc08[90°~(8'+¢) ] -mgsin ¢ =ma,
y F i Fopysin[90°-(8'+p) ] -mgcos ¢ =0
FE Fpsin(8'+p) = mgsin p+ma,

Frcos(6'+p) = mgcos @
LA P, AT LA

i =mJ(gsin pta, Y 4g cos’p =m.\/g]+2ga,sin¢p+a:
m(a,+¢)=gain¢p+a,' 0,=mmgsinp+a2_
geos @ geos @
XE, MR p=0,0,=c, , XRBHR (1), B EXTHEH FB%TF Fy 0% T 6. XA
a,=-gsing, XMRA/NEEME L AR T WML, X Fr, =mgeos o # mg, T §'=-¢, AT R
I R LR 7 16 5 ARk T A L
EETUER, AA-AREBFMAE) PHARBRHIE, TRAX T REER
32 Bl B A o0 33 B

iR 1-11

— Gl m @/NERFF RO T 1-28(a) s A A, RRBUS PR R 096N I Bl
TN SR/ANREIRK C B 3 B R B 0 £
@ ERESE S 1-28(b) B, IRBABUE —ERA

A B Fu
U \ /v
= Ia
G
(a) ®)

A 1-28
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4]

-2}

.
-

G+Fy=ma

£ B AR PR R R U 1) Ak e A A R

do

=7y (1)

-mgsin §=ma, =m

2

F,.—mgcosa-—-man=m—';t;- (2)

HERRE, BERREAER, u=%=-"-‘—§lﬁ di=R98 fe A 3(1) 340881 BRGE B0

v L]
MARFMGH#ITRSA
J-.vdv= f,' ~Rgsin 6df
0 %
L3 v=./2gRcos @
RAR(2)#

2
Fy =% +mgcos §=3mgcos §

AR 1 56 = e B8 /N ER X (B B 3 B9 4E FR o K/ R 3mgcos 6.

Gigm 1-12

WH—/NEREEK B HYTRE B . BN E RN m, KX NRIE S A F, k3
IRESH B S F,=-Ko, b K RAKH R DREEBH X —-MHR.

# EMARETRASNEL G EHEAT BAF,, BHE ———
EiREAF, BEM E(E 1-29). EREN F, £ v B R, FTLL
REAERTHEE, REHATRHE, RIFFEE _E/8, MRS
HEFBAFH

G-F,-F, =ma
B mg-F, —Kv:ma*—'mvd—v
b dt e
dv mg-F,—Kv M 1-29 ’.]\ﬁ
% S (1) g

% =0 B, /BRI N, i R (1) T .m:mm&ﬁ&jcfa(g—%) M NEREE 0

R 0B, R B BE SR AN T . 4
_mg-F,

s @
FRA) T e 3)
i m
1 e
Ve~V m

xt EX BB, WA



u:v.r[l—exp(—gt)] (4)
A (4) RYI/NRUTPEEE o B« HOKTTHE K, I/ 1-30 FFR.
CENOLE TR e ETE

v:ur(l-——l-) =0.6320,
Lk, RE t>>%ﬂff,$’tﬁlbll1}k#1 vevy. FATHE v, W8 48 3% 47 (terminal velocity ) , ‘& & /NER

UL Tl Y Y SR AR . L R R, T R R r>>%§'z{$ﬂ¢ o NER B L5 4 3 BE 5

BT R

PRI /INER 75 6 A O o B U PR BE 5 /N BRE  AT 56, T LA L R ) /b i/ 3R R TR 3
Pl 3 JE B SRR, SF 43 K/ S TR 9 BRI SRS

P AR T S AR S v e 9 AR SS U 0. R R VR, T R A
JEE LA A 7 T e 0 23 Ao A AR B AT - T A AR E O 0. 76 m/s 5 AR A S AR
B 107 m/s; A B9 BEH 7. 6 m/s. — N4 i FE 6977 4B ) T R AN B 1-31 BT R B9
1< .

L Eay i e S S A A Y

0.632 vyf-——

|
I
|
|
o m
K

B 1-30 15k K ik B 1-31 EfTBEeRN

FE1-13

B—BENp B KERN LK ERHAMLRE THEWFERER o Mk RE.
AR OY W, VAR S B SR AR T O A WL i T A T R

W OARYEC A R B B, BT LATE T N AR LSRN N — R BN mg, T
SR T RPN F, 10w L, A 1-32 fik. Hh F, BAVED MBI K
FEN x B, F, =p'xg ORI B s A AR BSE N | A 67 ) . BRI R O Ox Bl A9 IE T7

§1-5 4EEsEg Hrhngis [



AER

TR A R

F=G-F, =plg—p'sg _><
HAEWS —Ewe i x
(pl—p’z)s=f'l% { 1
B R 0 24 A B = S L B 0, 7 L o 2 :Z_—::j‘: i
BRI ET R RS« f o AR B RAX =R ey 5

ZEHER o= BERA LR, FEARM TR

(pl-p'x) gdx=muvdv

P [ B AR5

1 v v

J. (pl—p'x)gdx:f mvdv:plj vdv

0 0 0
B JERE

v= [ 2ol
P
Bl 1-14

FEFS Sk b, X 40 A AR 5 B, TN O 08 R N 7E L E R REAE b S8 B LR R AR 4
[ B 1-33(a) ). fn S48 55 Ak ek (6] ) A0 00 26 CH e, 0400 00 RO 00 W T SR 40 408 90 0 3

NERE.

W SEEARN 6, — B AR, E B AR IR — MR IT dI, B X R REAE 493K A A
de. 2 H M 1-33(b) Fim. fERERTH A FERS Fy, PSRBT Fr f Fr, DR H &
ATFHMBARERS Fo=p F, BRTHER dn B0, FFUASHHZETEPE dn-a BT
0,5 BT Y N ¥ TR

| 1-33

Frcosééa-—F'Tcus%—u.F,{:O (1)

F,‘-FTsin%q—F.'rsin%q:O (2)
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B 0 B BT sin S~ cos Lt Foa Ry =R, FyFrm dF, RAR (D RIR(2) o,

2 2
L300
: dF =—p Fy (3)
Fy~F,dg=0 (4)

B (3)Fk(4) W& Fy BRAME

F dF L'
J- Tl_T:I -, d6
0

T
"I'A

HIEE:S Forg=Fpexp(-u,6,)

i EATR, MM S W R A A R R, Tk D Bl 6, AR B, MARE B M Fry<<
Foy. G0, 8580 55 502 (60 09 M HE SR 200 0. 25, IR MR 76 @ i 4% 1 M (6,=2m) W
Fpy=e ™™ F, =0.21F,, , 445855 5 WA (6, =10m) ,Fpy=e " F, =0.00039F,.

M2, bR g T LR B, B 4 B2 3h s R AR IR h ) 2 R A, AT
TRBEHTHT:

(1) 0 R KB EE— PR T X R R = W & £ A4
Yk, TR — A — A A D X RFEAT AT, E YR B

(2) A5 SO EWIRKE PR, 18 © M B | BE A B [
BY B ZA-Y kRS, B4R B AT18 3h 2 BB R | 75 B E AT A6 o BE B hm s B 2 [R]
HIXR.

(3) &4/ HRUBAEWRTZH— S, R A BRI X&) TR
B N (BRHE T AE. T 0 UK R 3R B S e Ak T A D SRR T RO I R
T8 3B YR SE 11 Bz s LR Ak H k.

(4) #0773 4 RS A R b0 BE AN R A BRI R,
FIH AR AR RBHRAL TRTLORFRAET.

(5) 715 AT, U E A8 SR o B A R R A B AR, R AT
S,

EIBREE

I-5-1 EETHEE:(1) phpEshFENashrmRE—EMRA? (2) k2T
JIAHMER BRE—SFEMEE? 3) WHREHWERAE, IR/ IRERR?
(4) BHEERK, FZIANEINBRBEBRA?

1-5-2 Bk ZEBEHHTRNREE—EMENZESFmMER? R2EH A,

1-5-3 FATFRE—9E EREVYEREERAZS, YA ABIRE AN, (1) HAR:
“BRYEZBA=ZAH.BEH BFHORAURELH";(2) XAEAR:“"BAX=NHKNFH
WRMTH,BWEARTE, 7T R EEZB —A 06 EAEOHRXE S FEE. " XWEH
Vo3 X g 7

1-5-4 BFWH—mEAF—ER/IR, F—IMAFRECHEREAVFEANESRB[E
B, EIBRER— SR FHKH BN EB—-SNATFHREROIRK? B



Mm% wamn . —

1-5-5 ZEMBEW AW THER T, mEFR, RAJNETIIAMAERLT , 803
Frig R E M RAR, WAABAHER T RERK? (1) Wik b E&E;
(2) Wik — K1 P 15T IR R a5 3.

1-5-6 mEFR, - TRABRFREFNWEREKRFEAEIERRES . FALEEN G
BJrm ERE S, Bl

Ficos 8-mg=0

BAEEI1-5-5 & WA 1-5-6 K
AEANERTHA F, ARG H, B
F,-mgcos8=0
BRWEF BRI R, K88 HB X FREHN, I A2

§1-6 FMHMER BHED

WHEXRRMESHFORUER, — UM RASERESHEREDNY
R MR, — M3, RN MR RS RER BN — 8% R
BEBHER. MANEESERENEEHHSE R, N R IE 8% R (non-inertial
system) . 43035 3 SE A X AP R AR RS Y. MAERBVEB T .

WE EEAE—FNE N THRE SRR, N EEE, INEE R 0, X R
B e FIZE S b I 0 h A A, BD A h Sk O B4, X AP A 4R 1 sh e . IR
UIERSWFIERSER, EFEERAKA
BANEHHRRAR—#, DERBFIEER
7 A0 5E B 6. /N 3% B B AR Ak,
A SRR 0,504 T I B , X 15 7 4 W35 3
SR, E, hEE R E 5 E R ERE R, A
St 8, 4 W55 B H R EAR L

BT B 1-34 FiR, E AT fA
B oSS B b E— A, F ik T AR B 1-34 fE5T 56 B A9
MESEREE, PREME K 5310, EERTHMIES




§1-6  EBMER

AF WA AR /pRRBHRE LT, XFEF VB ER. HEE EHATER, MR
HBRAE, AHAEE, XBRAFEF BB ER.

=, tiEn

4EE_ERUEHA TRER ,BEXKREFEEREEERERPAK
Y&k Es), BEERI - TLERTERERNE S ER?
BA—FR,ERY m, FRZEEI AL F, e TFTREROMEE N o,
BAWE e, H
F=ma
BEA—-SFR XN TRERUMEE o, FHRAZZ, EHBHERP, R
RIS o', fzsh X[ X (1-34) ] TR
a=a'+a,
HHXRAL BB ERTH
F=m(a'+a,)=ma'+ma,
¥ EXBER
F+(-ma,)=ma
WX, ERERNRE RS, BRTXENIHNZHN  WEERZB -1 K
ANFIT 18] i -ma, R 6 Sy XA FBRK 515 T (inertial force) . X RTT UER L
B 4B e E A A
BZ EHEMENERERD, RRRBINBREES Fy Hﬂk/l\%%‘lﬁ,ﬁﬁﬂ
J B A R A TR A T R R 0 B BE a, TR, T 7 1) 5 0k o 3 BE 4 7 16 A

E’Ep
(1-49)

EUSEESDHNSERD TR m HRAB AR EBEMO r &b, R
A o, FFEA 5 ABRES

| Fy=-ma're, | (1-45)

SR 51 Bl AR 0 7 (inertial centrifugal force) . i M8 tH , 2 B R # IE T4
FE AR IS R b, AR ML R R 0 BT M E AR A H SR RO A T
NS TE, B

SF,+Fg=0 (1-46)

MRBERAN TFHEFEHSH RS, WELETREZD S —FRESN—
#4 2 2H 71( Coriolis force) #yfk I (AT MMM — HHER ).

BEHREMBERRERAZIO—R N, ELBIFHEM BB F 8R4 R0 iR
EhEN. B LI HEVEEINHEEER L. EREFERNDE, EEER fl
RA.

FIABRE S, AT B3RP TR . S — A0 F R, LU S % N

mien [ASTRE




EOEE NIV

BER, 5L RN BMANE b, N RA FF A 0 I,
WA EEDERT EBARTH S RHEE R, AR LS —
BUbE BRI ATRA A, BB NIRAER B A o (R
Ik B A B S M BT B B0, FE4 5 0 S M 50 BT IR P, TR
Bl — A7 5 1 B L EL WA SR 141 0 R AR ) RO R
S (AT ) #64E FIAEANIR L, 57 B B 1R T DG RAE AR 5 S A P
HXE.

Bt AR R LA A AR B, B [l< T
S AL AE 90 1 521 % 8 1 52 52 00 0 O Y ]
(I 1-35) , BEAFIR 7 S A0 7 30 1
FREm EORENRIARRE RGO NE 0 e
.

B 1-15

— R 60kg B, S FEEL B R AOBEAE L, e B LA 0. S /s B4 10 338 BE AT b SR,
B LA RERE D AR 8RR

B OBRBBNBER. EAXNIEMERL 0=0.5m/s BYIn BN E S % KB
B, SZHNKNRES Fyg=-ma. A\EBRX P ERERER, ARZBESN G(HAEAT)A
WX LB TR A Fy(rmm b) 250, BB B —4 Fy. e AT a8 28 50, W LL
EEA S B 4595, B

Fy-G-Fg=0

F Fy=mg+Fg =m(g+a)=618 N

B ST I, AP b A SR (R4 4 U = e, R B R R A KRR B IE EE S, T IE K
M Fy R—MERALSRERD) RS TWERZHES mg. Y3 EFE, Fy>mg; BT
RERE, Fy<mg. AT—FR 000 5 B, /5 —Fh o0 0l 0 R . U7 s B DUE ) i
TR, R E R, B L R EBOR R 0.

FERAMEK AR, B R R — D E K. 76 KW KRS, i BE % 34 6g LA
£t AU FE A b, FRAE K MR h SRk T B . e B A
kiTe KWESEAaEENERR—F AXRLTREL RE" RS, XHHBM XA K
EREBFNHATES.2003F 104 15 B, BEE-ERACH HA"TSRER, RE
MEXARERTHEESKENTR.

Bl 1-16

HANUENERSHREEZ ANXR.

B iRt T A T A AR A SR (B ) L R YR R

ARG R RN EE R, WAL RS WERZ B MRNSI N F, S BT
HIERA A EE, ERBIMUM L Fou(E 1-36). WKFRZHNIEH F, REDEERN



Ll

RAERA. MG ERRBMLRT N F, SHEELANERA. EHE FSEF o &,
WhHERY

F'=JF:|+F’;—2F,| Fg cosp
Fq B3RAR Fg =mw’r=mw’Rcos ¢

T IR B % &) o BE

_2__1'!'_ 2w -1 _ -5 vt
w_T_24x60x60md 8 =7.27x107" rad - s

B R=6370km,g,=9. 80 m/s* X AT 4§

F R A 1-36
—'=w—0.00034cosp<<1
Fy 8o
F
FLE F, "ng(l—ﬁcosy) =Fy (1-0. 000 34cos” )

=mgy(1-0. 00034 cos” ¢)

6 3R T 4% b ¢=%,cos¢=o,itix;Eﬁﬁatm:o,ttid\.

)

-1 —F S Ox MiEsh, KEFHEFBY
x=5+32 -1

R s WRLIH m,e BB s, .

(1) B3R B0 A A9E 3h % B0 (75 96 B B (8] P 46 hn 832 37 76 6 B B ) o PE R B 30
TEWR B RS [A] P93 Ox B IEJ7 655 37 7EMB B A (6] 9 Y Ox MM A B30 7) B x—¢ P ot
Ma-tH;

(2) BERBAT 45 P97 45 B9V 1 3 BE A 1 8 o

(3) R 1s KRB 3s KM FHMBE , W FYMEERLFTH a=

1-2 BRRAMBEHETR

a,+a,

3 HHE?

r=( 3cos %'u:) i+( 2sin —zi:) j

R rBEAR m, BB R s

(1) SRERBBEF R, E s,

(2) R, =1s M1, =25 ZEMLH Ar A REKRIME A || ;

(3) 3R ¢, =18 Ft,=25 FHT 20 93 BE Ffm BB ;

(4) EHANZAFRAMURSHEE X BV TFEE? RIFNEHLE (BR.EWHER
AMBEHE WA -B=0.)

1-3 — AU v, =57 m/s BIF IR AR, B inEE R a=(-i-) m/s".
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L

EShA N

R (1) FABE y AR BN RIEEE ; (2) B RAMAE.

1-4 gk ERHRARNEREH, EMEENEENXRE N a=-k". Xd k AEME
A, B =0 B, x=0,v=v,. K BEH PR LEAE B 0 2 1 B8 BE B 3h 2% T AR

1=5 S 8 B 160 el 0 Lk 1) 5% 5%, L m o e (D al(m-s?)
A5 AR 0 5T B 1-5 B TR RRKHEEE ¢=50 s B A SEH—
Wk 61 T B 28 35 A 780 BE B 200 L

1-6 —SERUEE o, NEEF, B TFRROER, SR B2 i
Bk BB v, =by B A, Hh b RIERYH R, y 2 W 0 T H 2
RO B, x BHEBUK A5 R IE 7 . SRR BE R

|

1

10 E

|

1-7 409 1-7 EFR, AT RN h A A !
|

|

5

PR TR B AR S s B AL A MO B v, (1)
AE*&%%’;w%gﬁﬁﬁm (2) 3R A 0 i B 5 0

K.

T1-8 413 1-8 EFTR, B AB FIRTT A B AR EEMEENEL MR, K
SRAF EAE B A M A5 0 B2 LA B AE — i 220 B B B B K/, B MR BE A SR BE B H o BE B %
BBE Bk b; ST A SR B B E R v,

o 20

40 1-5

L

AAARANNN
-
o

Yy
J81-1H B 1-8 [&

1-9 _m-EENTHEE, M 90kn/h FIE BB AL MBITHEN , EREZANT 80m &b—
P IE A T B . S 0 % B 65 k/h B BEAT B, IR B b 2% B T . 8 ) BL A B B
(ED R 0.70 s B 7411 52 30 I 19 3 3 5% 460 50 7 28 ook (0 o 16D ) , A 71 460 30 U5 A o i B K/ R
7.5m/6", R ERTSHM? MRSHE, AR FENEESK?

1-10 BEpFsh 2.5 m BOFHRENL, AR IEFF G LU a=0.2 m/s” 7,8 s JE FHREML AR
A — R . SRR B LR AR T 2 R A A T TS MR L RS
BRI LA T N B % R A LA T BEBL N B R A B0 '

1-11 ghés b— SRR 70 K FF BB O 70 55— 0 A0 BT 8, 35— 9 S AE Ar, =4.05
PO B35 B, B K MRS I B AR AE B SR 8 5 7 A A 5 3 Bk it e 45 o 4 D

1-12 Mo T 25 i — 3R, ZE R IA 9. 1m A, B A9 LB 2 v = (7. 6i+6. 1j) m/s, oot i
M AT R BER L RE (1) REBNBABERES? (2) R HBA
SRR RE7 (3) BREH A E9H BE 0 /NI 18 A4 2

1-13 myE1-13 BAFFAERAN—, EEREHMES. CHEFH h=1.0m, Ka=
2.0m. BERRMMEE S —h 0t , HH AR EYKFER b=0.50m &b, RERIRM
VIR v, SIS 0 B HE D,



1-14 M98 1-14 EFTR, BT @ AS RO RME, UMK o, HENKE
LR [ A L1 BN R, IR IS b= 10 m, B S AR AR 0K P BE B 5 =20 m X BN BR S R &
EDEAAR? BEMADRESPHB, 0 EPNETFES7

Uy —_———

-~ 2N
ol . j/
] 1\\ e
e h

// \ h \\ e

\ vy ’//

3 . ?_/_’ﬁ ________________
} a

{ b—l [ s |
JdE1-13 8 @ 1-14 9

1-15 ZRERAE2000m B MELKFHE o, KITHN KM FBH, H28 SRRy
HRIE BB F(v)= —ko' 3L R S04 Bl oo 15 /10 , 76508 f — Mk /MG 78 W 34 B B8E 1
OB S .l 7 34 B /B T A, LU/ e R . Bk Rk m =75 kg, B
RB k=0.375kg/m,v, =80 m/s. M R H W I L8 v—c iR, T8 52 FF 00 e £ B (6] ( o [z
S /ME ) F iR R

1-16 ZERWHBAENLRNS0.0m WEEHRTH, HEHELHFBY s=10.0+
10.06-0.5¢ ,ForF s Ll m 50,0 Bl s NBARY. 75 +=5. 08 B, T A935 Sh 3 4 /oy B L 3k 1
033 B B R

1-17 — s FHEBGPES, LEHETBH v=3t,y=12-3" , K 2.y L m FHAHAL, 0 L
o NEAL. I e=1 o B3 T A4 40 1 I B | B () 0 BE LA R B b A A i R AR

1-18 38 1-6 FEshMAB, R (1) WMMEE; (2) ERBOMELB ), 58
BEyHXR.

1-19 BT HF abe 0 5T 1-19 BFR ,FE P8 KR y=h-k’ BWMBE L. — WX
R BT O, R x 7 6 9 5 BBE v, =u AN BOR MR TEHR of 6 X I8 AE — A5 B0 B B
BE B 41 16 0 1) i S BE

T1-20 3 1-20 B AR, — HBEE R (CD) ER KB A EB R =2.2cm, S KB
R, =5.6 cm, R HPEHE n =650 %/mm. £ CD WEHLA, b £k 56 — M, WOOE K 22 170 ) S0 B8
B— AW, BOEHMIERRL v=1.3n/s WETREEBEHMN. B/ (1) XHEERHLW
HENERED? (2) BOCHIEERD r=5.0 cm LB, 78 5 3 49 £ 5 8 0 4 fn ok BE & B
£

R
? % v

(4
A o 4 WOER
J@1-19 4 & 1-20 A

1=21 %P S m/s (M BT Ox B IE 7 (M7 530, SR 2 76 2 o AR — DU E M 5
WABEER LREO—TR ENTHE EROLERRU, ROBHET B x=0,y=vt-

L
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BN

Lo, g RAR). (1) MREEAHF—REDHLER 07y KRBT AROEH, EA

0'x'85 Ox BFIH 1, 0'y' 85 Oy WAREAF, M L, B (=0 8,0'5 0 HEA, U "
YRBEERGRERMNT (2) T 0'x'y LR, DREBFHHEXREFN? (3) MNE BB
RS EN PO MEEE R, NROIMEEZNEL? FEREFN?

1-22 WEEHE I=1km, WASEFERS, HE o=2m/s, 7 —MENFHKEL "=
LSm/s (BN RB AL, (1) WERLESELF AR o=15°% MEBNRRESD
Bl BIREatEA AT EATAL? (2) WSRAREITART K 0 i (6 b BB, M Sk 5 R LR & K
ME BENESTES7 B A M FWMA? (3) WS MR T R E 0 ER N
BT k5 HRRE A AE? BN A M XAET WML HIES DEE?

1-23 A #37F B AR 696 4. Okm AIZ 2. Skm &b, A #6403 B 2 22 km/h (7] 85, B YA R
40 km/h I ZRARE 37°. (1) A fR#8% B EEERZ A7 (i RAMAK JRRmIE.)(2) B
A ARHES B LA ERERS ] e AR RBOER (UL i B j RA BUME LR R ER 1=
0);(3) FEAHARBFEMBIE? (4) REMNEREED?

1-24 g HL7ER 1L 25 S0P A9 R Y 135 km/h. B — B EJL6AT, B BB £ — &
LR A RSB IE b 25 AT — M E e A WEEH A ERE R A SR BB A EMF
FE ¥ T0km/h f9R,, B T & VR . CHEE A RS, REH R, SO RS/ R
AR RAT 135 km. B 2, CHUHN T o T A9 2 R AR B A KU — . [ (1) KBTI 1B S0 T ?
(2) HLkpodmmAT? B RBLAYRIAR 5 A B M £ K7

1-25 —HWMERKEESRNFA—MNA ABHABL,HE ko B ZHABWEASEL
A B B, Fr Bl ph BEE. B RIMAT AR K B 4km/h; T Z HE R BT, BT
B 2.3 4 km/h. S0 7K 3 2% 2 km/h, F A A B B (1) R Z A AMAT & BB EH %
AW ES, ZHMPHEEREZS? (2) BARBFEKL A7 KBE LS8

1-26 Rty 3.0kg WMERRBB/AKFEHGEM, — AR .ON, FEAERK
B, B—AF 4 8. 0N, 71 R TRk 62°. SR ¥y 4k fin 53 BE &9 K/

1-27 RAFAESIAEREE, (1) FHIA%E ¢ ORRN L'M'T7;(2) EHRRE
Z E AT h B KDY 4. 9m/s"?

1-28 A —KHIBAS, WRMTE 1-28 EHFTRM TSR, LTRSS HH m, fom,, WAR
BE—RVRALE L, LKFH FEshAR 1, FERESRH. (1) REARBBKERD;
(2) FRAEAR, A2 Fih L7

1-29 A.B AWK, TR HH m, =100 kg, m, =60 kg, 3 8 40 5T @ 1-29 E Fiw , B #h
BB A 4 B0 a=30°F B=60°. R ¥k 5 464 T 6] G A 44 , M40 A0 4R o S AR A RO, (6
(1) REgmmaEsh? (2) REMMEEFREZL? (3) BIHKIREKX?

1 2

e

m 8 my B
T777 7777777777777

3E1-28 JEE1-29 A

1-30 458 1-30 MR, —APRBTEETHAMNBEER ERKN—WHE—RR
N om, MW R —WE—FRY m, W, EYFHENFRTUEEOMERE o, HRET
W SH B, B bR SR R M T A B A R B0 RS AR R A E KT




HEISI

1-31 — P REEETAMARR-AEKE LA, WIE1-31 MR, (1) BEfACHE
18 3053 T R, b 7 B B R DR (2) G SRt 6 L s 10% , 4 i) b B BE b & k7
(B RGBT R 75 ke, )

my }az

I 1-30 A JE1-31 8
1-32 —W|BEWH T HER AMBAYGE, ENMERSH N m,=20kg,m,=10kg, 5
I FRBRER(OIE1-32 BFR), Y FHH%TF (1) 98N, (2) 196N, (3) 392N,
(4) 784N B SRk A 1 B BB B AR B AR Ik h (BN RESEERT).
“1-33 N 1-33 B A hERE . B SRR, = Kk m, =200g,m,=100g,m, =
50 g, Bt W0 S SR I B B LA B AR R VT ARE R R (1) BRI (2) WRAT

FEKS FL5 Fy.
F
ﬁ tom,

J @ 1-32 4 JE1-33 4

1-34 EXWHKFELAE -FRAImKBRCEXFEEARR I m W&k A BN
HEAMERRED —YEBHE, WK BHERN m,(m,>m,) , NI 1-34 BFR. EER
e BN —KEF) F fE84k A 0 B 50 B (R EE A X L

(1) FWk A 595 F i 0 TR, W F b £ K7

(2) FWk A SRSV 6] W BEREBO pw, Bomy=m,=m’' | F ELRHE K7

1-35 A m OHMARBRETKFRELE ARER—FERHI n, W&, 0>
BE1-35 EBTR. LUK FED FAERTRE SRAMEKT KM G. HhFELNEKR?
(AR 5 5L T (] ) T 0 DR O e, W 5 0 1D ) BE SR R MR s, )

S 1-34 A @ 1-35



& 52

B—& EHNS

1-36 BRI m, W=ABAR MAR 6, HAENRBHKFE L HE—HKEH m, K/
RS AERE b, 0 3B 1-36 B TR . 0 54 i T Y AR B 2 e TR . SR T A D SR
1-37 —fMIRAEEECHPHIIG, B OIBFERA 10m
H0=0.300 #50, Hbh e BN s, 0 WP H rad. T£ t=5.0s

i, (1) ALK B B0 fl i BE | 2% 8 S | 1) 1) o € R O 1 o BE 5 O m;

07 (2) MRAMBMERERE ST REHMEENZDHE? o 7
1-38  ARBEHE IG5 T R 64 U T % 1 () ) 9 E R R M 0,25, 3 1-36 B

BEMREEEENI0m KKEEHE EWARETHAREMNE, K

HETHERMRAME.

1-39 RN r HIRPEEEKET L RBROTUER P. (1) W AYEE P REKFT
5 LA 3 BE v, i, T /N P B U R 5 R T 1 E K P Tl L v, B RIAE KT
(2) BNk E P AAE FTRMTHIKTEE L, ERERELEAKFEHAE ZH?

1-40 W 1-40 BFFR, ETRAN0MEETA L ZF—RHE DHEREN kA
BN REFEKN [, SEREN S —E E—REXN m f/0ER SR EHEER BT L LR
HEB 2R AR B R 2z 30 BRoRAA /N BRI B 4 T A G A 3 FE A UM e 8 B Y R BE

1-41 —AE66TN M4 FRE— M REHNERE L. RS, REMELR
EEHFy kN RSS6N. [6:(1) EAERBANBER BT ER“ET"? (2) £&IE
RBF,Fy HER? (3) GnSREE XS0 5 HUN G, R it Fy B9/ 7

1-42 —FAMEEN 1kg, ¥ Ox B30 BT 0 NS B 1-42 B FTR. 0=0 87, A #
IETE A AR IR AR, SR R A58 7 s R A4 T FE AN A AR

FIN
{1 S —
|
|
|
|
|
|
!
- o 5 7 1ls
JE1-40 B JEm1-42 @
1-43 —REKAILFEBHOOHE, HE—FEBR/NEEARET L, 03 & 1-43 BT
iR, FRIRES,BC=b. iRUE24 BC=2L/3 it , BB AIINEEBE R a=g/3 , LN B -
- g _i 2 - 2
v—,\/L( §L L b)
1-44 YRERI m /PBREABAR 0FCEF T L, T B 1-44 B b

. (1) 44 LN a, 45 40 B BF 7 49 77 1635 3 B, 3R 48 7 B9 3 ) B/

BRO T B0 T FE 775 (2) 24 84 7 40 00 K 2840 20 2 KB, /INBRFF 1 7 4 7 2

(HHBREHNSERNRBENSERITE.) &
1-45 3Pk 4 2 ARAE 1-36. S 1-43 i
1-46 1 STEE 1-46 B FFR, EEFENLA B M KBBS54 m, =0. 1 kg, m, =0.2 ke, FI4
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R B A W AR, 2 T AL LA b B a=—£L_t§=I-B\3‘,ﬁﬁﬁﬂﬁt&@ﬁkﬂ#ﬁ]ﬁ&%ﬂ@ﬁuﬂ
BEASREL? (MESLRMESE.)

la

D

LIPS,

S 1-44 S 1-46 H
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8 cilfTFEEMNTIEER

wRERMERAMAE AEALE GG H
A FAEANHARS,RELASSERART,NE

s TEL£E LN,
—A 2 RAA

§2-1 BERMWAFNAN FBEo RUEHEE

§2-2 FHBTE FETFETE

§2-3 FEmANBTENANETETE

§2-4 Iy & FETE

§2-5 R5H MM #HEE

§2-6 FSEAMMEEE HMeETETE

§2-7
‘' §2-8

Rl 8
HREMTEER



6] Bo® EsmTHRATHIR

Ji > B9 35 B

AREEL-BHNEME EHRNREAAHEARSRE EAHRAREN
it 2[RI , A ) 032 3h B BB D% R %% 18] ) LB B 0 B Ok R AT B SE AAR B
BRI FEER.

AU SRR R R TR, S0k e R E R — B A
NG — BB, Bt , B 3y 4 A ) 23 18] 0 ] o 82 o B 7 A A R
REBRARA A F. Ay i B (] RABRELNE, 51 A vh i 60 HE & 3 B SR B M 3h RSP E
B R TRy 3h 8 AE 69 A 30 IR LA % A sh SR A SE AR A B9 %5 ) B
BURAL, 5IAZ) hERRE AR B FHEER BRI RTFHEER AEEH
HifRX = TEEh XEHERARBSHENOFHEHERERM TR LES
SRR, ERETREE R

§2-1 BRmZBAAFMMN RO BOIEZHER

— BRRBANFHH

RIE LR REEA EREMYERERGES, KR L L RE R
M. HRMNFAAEFERAEARNREN, HERREREE. FARAEMNRA
Z E#AMEAER , BRI F0 A EAEF R 4 71 (internal force) , & 4 40 %t &
5 P4 BB B0 849 F1 1 50 71 (external force) . El RSN 1 2 2 % T8, FTUE
NMEEENALZERE. RERERUNY, EXRE(RE) FHRY . “HZX
T1E BEAHTE, FRRAME EZ A2 AR, "X A2 HREAK
MR, EXREREARERER. ERAXMESMHTFRITAHD S,

=\ B

EWREZENYEABRM RGN, B ORNMBEENES. SE, B b —RI%
BHMENENDIREBRWHRRE. YRIEEHE LR EA (B 2-1 B
), EEZENEHRBELN, ENMNRNEHUTH R EMYR. HLERA
BERIMIER, /AREZFHOREE CHNPARAERYLNES. C ENEHAER
BFUNERE R AR A C R, 2NN BEERE C S—H. XIMEHEC
B H A A B9 /70 (center of mass).

B 2-1 J.O8EshHhd



§2-1 RARMAARSS Ko Rozses (51000

FRRLERIRSAARARARSAGEXN—THRES ENUBRETLEYE
XERBRBRBS AP0 R m, 7 or, RRREFE i 45 R R
K re BB BRI BA B K = A LA AR BUE R

zmgx, Xmy, zmgz,
Xe= v Ye= y %¢F (2-1)

m m m
A m=Em, B S RKEER. UL =300 R EK R AR, 05 R

R

X+ B S 4 A B M 4K e A A R ROR  (H R R AR N B B R T, R
Ji O it R B AESR A R

_frdm -

=
¢ m

T A5 B By = A A AR B A

!xdm !ydm !zdm
o= P Ye= P Ze= (2-4)

m

MR, Bl (center of gravity) ﬂﬁ!ﬂ\&ﬁ’ﬁ&‘]ﬁ@.?‘ﬂﬁi&ﬁ—i&-
- HENRD  BEVEREHFHHARBRSBAREN —IRENR. W F—4
AH—FRARFA/NG B YRS, IR 8L, 25077 61 20l o RO B,



58| Ho® mHMTEBATEEM -

Ykt R, MBEA RS X —HEms, YR BEFREFERO E.
ORI EERIT HEH (BES) BER A B TRE S ZECR
R, oEHELCSRONNER—CES EEE—EHEFrEOEBE.

=, BmiEEE

ERRARTENEABESHN, ARRBLCHMERERE LA HE, R
I A S — S R A A4 WSS = S R E R 3 1H O i 3 S 2.
BAE—ITHERR, 0 A RER, E RO B A R R

_Xmr myrAm e dm,r,

Te= Sm, mytmyte-4m,
F SR 15 O B9 B BE R
dr,
R TN (2-5)
€T At om; T Sm,
T S O B9 0 B BE A
dv,
ol EMa Sma, (2-6)
T dt T Im,  Im,

REFEFTHE _ER,ARRPE RIS TR

dv
m,a,=m, _“dtl =F +F ,+F ,++F,,

dv,
m,8,=m, —= =F,4+F, +F,,+---+F,,

dv,
ma,=m, r =F +F +F +---+F___,

FEERERX,F,,F,, - ,F, R TR RIS 3 & A B0 FE A, B0 8 R
REFRMS ;W Fpy Fyy e Fy F - RARRBASZ T RRAZEKHEEE
RIS XS BN RS R A R B =/, 9 7E T R R BB AR
HEH, ENZEABERXRRK F o +F, =0, F +F =0, B, 8 LR &0
=, g

m,a, +m,a,+-+m,a, =F +F,+-+F
RES

2ma,=>F,

£ EXRAK(2-6) 3@ m=3m RABEARKBTE, BE

2F,=ma, (2-7)



§2-2 HHBEM HEBTFHTESR |59

XL S E R ERRI AT YRR R TR, B AT R R
Wikt A RO AE SRR R 4 B R RS P T L, T BLRR A S
SR AR B — A R B B —

Bl — B AR CATHE LR AT, e AR A A\ D G, {E R
XPEARBE—DRAR, A TRBOBRENRNS, WA HRRERERLIE
B4 , B LA 2 7R B 8 O 3 A 6 1 JRUHE o) SR il R iz 3. X T — A iE  FESIA
U MR 2 IR, o e o L 488 B2 2% o LB 3 () A e 8 1)

B fE 2-2

EER m, KN LOAMIPERILOWE L S8 —REH m, 89/0BLN R 18 AR
e e A B Sk BRSOk Z M EE R R TR B T 2B,

B TN A AR AR B 7R S 7E K T R 32 A A1 i 4 A BT LA R 48 69 R O B B
o, i 2R G I R e A . T LA B 6 7K ST 7 1 09 £ B R 5 R .

BN 2-3 Fn B9 AR R, BRI AT AR BRI ANBE AR R B, R G BO AR AR

:‘:c-__m,:w:,+m,:¢..L ¥ ‘}-——- G
m,+m, G N C 274
LN B SL B, B 2R
i __ml“:"'mz’; C *
e = m, +m, BN C
TR B R, 2, =5, T 5 T e x

M X, +M, %, =m, x| +m, %,
B mz(“z";)zml(’;:_xl)

i1 BT, %, —x) =d /MR B S BE RS« ~x, = L-d, /BT RATE R BE R, RA |
A/ EH R ERE N

ik

m, +m,

EIRER

| —PkEEFAROMAEL? HHEHZ.
2 ARRYRALREEEAEKA? BF N KRB BRI
-1-3 AR RORFERESPZA BEHEROLADERERRE. HENG?

bif s
s

[ [ (]

§2-2 HEBTEE HETFEER

—. BRI EEE
AT 9 7 e ] R



D] % cawTERATEEE -

MREREY & (R L& H F RBEEE ¢ 240, B F=F(¢) 0 hnE
¥ a BRI AE{L. RIS WL _E® .4

—ma=m 32_4(mv) dp
F'ma_mdt' dt T dt
Kb p=mohFEEHNE EHAFEAESINZREN I EEYHE. B+
RAEH
(2-8)

AR FdeFHh 71 F 9Tl LM ¢, B o, BRI BT 15

2
Fdt=mwv,-mv, =p,-p, (2-9)

-ﬁﬂ"m RAE S F AR 1,1, FFTA T BB R BR 0 1 F 763X Bt )
P i 7 B Gimpulse ) , % F 1 %% , A
1=J"Fdz

KR-FEHA RREZEHIBIMZENINABE T ZHEDIBAONE, X
AN ] 4 ARG 7 B 7E B (theorem of momentum) . X, (2 -8) k2 2 8 & B 49 1%
SR,

FEE PR B SRR kg - m/s, PR BAA R N - s XPHE R — K.

i X 3h & e EAE LS.

(1) R F 207 1 MR /NSO R AE 7, W (2-9 ) A w8 6 7 16 F K/
Bl XBMEATATT R Fd B9 K BRFORERE, TIA e R — B0 F 5k
. RAYF g mtEeE A, R (2-9) PerBA R F Fhm. & A8
B REINESE SR PR RS, WEREE S W UE SRR, S & EE
HNBRYHTE  FNAEVEEEHIBPIRTAOET T, dRHOX
MRS ETHEVMADIBROER
= CfE RN 3h B B A ok 1) A A 4R
RFE HTHEEHENMKETE,
E—BELT, BT EHA—EM
J AR B0 3h i 5K 3 & O ) A ). WAL
RE A 30 AT B, B X — 450 19 4 30
iE.- M 2-4 fin , KA 54 5 281 ¢
IRk 2% RH, RERM TN
SuRIE-AE , AL BE7E KA VE B F 36 K B 2-4 3% WUAT A 5 Hr
R E. A Pl B 2, 3 P 08 R S 45 0L A 4% R B R 5 KL B W) S w, , SR ) L
LR B FRAIER, RN v, M o B R/PEZERK B A®RET. BiEs
BOEHE, KT RWRFER D F R R A R Ao @ ) — B BB S =




§2-2 st snrEee S

SEH, RGWRIER S RS F ARSI R B, 08 2-4 s, Fif i 5 05 w4
71K HE Bl WA R

(2) iFshEEEANRBTR, AN UEERRBRER, 0TS R
RFRPHEEA. EFHEALERT A

I, =J zF‘dtzmvz,—mv,,
h
(2-10)

e
2

I =J‘ F dt=mv, -mv,,
1

(3) hi i B 75 5l 1 u b oy R P 4R B . 7ERESE D, Y R EAE R 8
AR AR, AR R K X R — R F
71(impulsive force). [H 4 v J1 A28 F7, & Bl B [6]
MAH AR L L TRE. B2, RENRE
B FRATT AT DA SE 36 0 H 4y A 7 il 4 R n s BT S A 3D
B AT 1 3h i 25 ok i 5 i i b A, 20 SR AW SE wh
1 B9 A ), B AT T R AT S Ay S 2 K/ H A

B EE2-ShFRAEHDF(EFEARE—EN) o
B H I, B R LB, 4 F BT R M H2-5 mhrEn

FAE S F MR T B9 B %, IRED F AEFES A ¢, -, MR ZTFA A F 0
B e — s bR, W T E R LER.

Eh it BF B e AR SRR, BT LA I AR K. AR P R R A R s ki T
T, At AT RE R AR K. G40, 2013 4E , MBGN FF b B 0 A %, M B
TXEFR NBEH, FBELEBETR.

(4) % F 28 Fik e 1, 51 40 V% 5 BR Ao BR AR VA R K ; T S K B 7E S AN K
o e B, B 7K 4 O 0 4 L T R R 7B K 5 S W vk R B e K e T R R
25 /[N, 3 24 () B T LA 3 i AR .

(5) T4 A, MR Yk, o6 B0k AR v R . 76 50 F 30 58 AT, )
Reta RSB R MR ERE. RESARORER WENSBRER
i, BEHREHEOFNEAIE. SRESHREHAOATE. LR ER, D
5 T A A R A A . ) A e, R B X 3

i 2-3

ik m=0.31 BYTHE, R IE h=1. Sm &b B B KB BBEM T L (B2-6), THEE
AT WEAE R (1) ¢=0. 1s;(2) t=0.01 5. SRR EERE T {43 b 3.

W BRGNS 7E X BN Y, M R LA E S G,
T TR Sd 4 Fy 700 b SR R AN A7, 6 AR S A 1 o PR A,

RITATHLHN F, R

R




K

B B AR 3, T LAOR R A e T A R

vy = o/ 2gh . T T A0 0 5 ik 6 3 4 S O R ¢ P9 R B B _..D
BB v, 2EBIRBBE 0=0. MBS H W 8976k SRR A
IEFT R AR 4 R ) ik R B

(Fy=6)t=0-(-mu,)=m /2gh

=

M
?" =E@+mg:m§(% /% +1)

#om kot RBAEARA RS
(1) t=0. 1s B}, F,=0. 19x10° N;

(2) 1=0.01s B}, Fy =0. 17x10° N.

EeER T4 F S Fy 00 A/NET TAX 5L &EH F,, BB Fy=0.19x
10° NA10.17x10° N, {B S B H A . g1 LW 69 H W il , E a0 & B (0.29x10° N) X F-H op
HREEWL. IS FHIR R N T TR F bk 8 EE AL, B,
EHRA RS TSNS ENER.

My HREFEAETFES THABEMAEE SR, 0T HTRENE&E5 g

B R MET h R ENNEY B = 33’1

EXBEMNENLRP, EH G OERAREN('+) , EXHREINDET mg(s'+1), 7
EEEE T F, OERNEY  ERRRANY F, HFEBER L b FREEXE
BOY AEESNE, FUEHT KIRYIT MBREEE LK@ YLEMENIES
38 4 1548 5h i e 48

Fyt-G(t'+t)=0

Btk LA 48 Tv,.=mg(i"-+1) =m,(%ﬁ+l)

FONERT A B A —EXFB(RE2-7(a) ] HEE v, =4n/s, TRSEENH
R 30°% , MfEX#H B SAKFR15°A, HEE v, =2 m/s. MEXFHEEREE, RHE=
20kg/s, R¥EBI 52X B L9 DEE LB FEZBN .

¥ BERRENNE A AEEART LT D REARN m, B m=kAr, XET DR
Ry RN

A(mv)=mv,-my,
HEAW AR kA LE2-7(b)]
| A(mo) |= (3.98m) m/s=(3.98kAt) m/s



BX S BIE A BHE AR S h FRES REE, B
FAt= | A(mo) |

k-]
———————

M 2-7 HFEARLETD

|A(mo) |
At

YEHA F 877165 A(mo) 8977 AR, B 2-7(b) Shfg 0 Tl FR R

FR F= =79.6N

|A(mo) | | ma, |
sin75°  sin@
6=29°
BPHE I 1 F 3 {0l 05 5 B 0 1 ) b
FHfm2-5

By m SRR, SKN L FHE LR, ETREAEAGREN L RERFILE
Bl T#2ME, E2-8 Frx REFED M EMREN N, BEFZERERID
KA.

¥ ORERE BERY « EAEBME, SN d o EAEE d ( Y dm=

Trdx ) MBS LLESE o= STREBT , RASTIN K — ) BEEREIM N F, MR B
HANES BB BEHES e
Fdt=0-vdm = - —'ziudx l

I

__m, dz_ m,
® Re-greg =

REFWE=ER, AFZERK DS F=-F I
h

F’:%vz ‘

i o* =2g(x+h) , BT LA E2-8 EFTH



FE R FA AR R BOX P AR A5 m, Hom,. B
BRI BIR G R IfE ) (b 1) F, (F, 5b, 38 3% DU R G2 18] B4R 0 4E 3
(WA F,MF, 5 PEAS Hsh e, 5

(F,+F,)dt=dp,
(F,+F, )dt=dp,
w1
(F,+F,+F ,+F, )dt=dp, +dp,
BT F, M F,R—XEROMBRAVER S, Fy =-F,. B) F,+F, =0. T&
(F,+F,)dt=d(p,+p,)
MRRRAE i A, FREMLE, 7 TE— R

(> F)de=d( > p) (2-11)
8 BT ¢, B o, B E B S
ZJ"F,-dh Zp,,—Zpﬂ:Zmivn—zm‘v“ (2-12)

MERRHEN, FRERIRELNAANINER-—HEAMNTROXBINE TR
ARLDHENER IRBERARMNDBRER.

B ERA AT, R RSB R BN SN RBRE X, ANEER
SNESBEETH, HEMNREN B RBAZ W

MR ARKYE, MR SN RBRNE, W Y F, =0, Bam=(2-11)

ATA
d( Zmv)=0



| Imy=HKRrxE& (IF,=0) (2-13)
BRER NRAREHMEFHNAI D EBIAT(WSIF =0)M, RSN L BEH
AE XA 4 5 B 718 E R (law of conservation of momentum ) .

B RTEERRI, RGN0 AR WIS 3005 50 0 A 2 , 4 4 A 3R
MRERRAAZI SR TRARMAGERADE, WLRERHE B
RFEK. HZES, RERERAZ M N BRFERERALNSNE, HH
EMEERARHE MREN—H ARSI RUEN, DREIOFREET
SZHEFRHR. B RO, R TS AR, TS EX &
AT 2 B T ah B2 R S HLAGE 3h i — Fh R BE.

A% P SR FEEREF TS EROEL, AR TEERREL
SFUE B R AR A T O R 4 9 A A N
AFHER SRR EENNS, BT EERREYEE PR A N L E RS
z—. _

R sh & <FiE e d e, MEEU T ILA

(1) shEFEERNERRG, RREAASYERARZI NRFZ 04 H2ZH
R Rl AE R RIS, B AT R N & WK T 2 094 41, AR R 4R 2 i 4
IR AF ZF, =0 sl A MRS 12 A s 18] P9, 3R 4 5 32 1 5h 7 48 1 28 46 79 4 T4
9 P 27 SRy /s (45 G 98k ) AT T A 20 R B, R T LA R P s R SR R AR ok Ak
B [ .

(2) HBRTFEHERMBFERIRE-IMRER. EXEFITEN, T HTH®
B AR A oy = D

m v, +myv, +-+m v, =& (FXF,_=0)

my vy, My, +eetmon, =W (%ZF;,,:O) (2-14)

mv, +myv, ++mv, = (FXF, =0)
A RIS TREFTZOS S0, BHRENA N ZAHASEFE BINE
R—FARHSBZANAAE g3 EE T, REREN A BATE, BADHE
BT EE S RERTEN Xt E A W , & 7078 45 50 B 16 o .

BRFEEREATRER. & BB sh B AOHXE, R R (2-14) B,
MARRNDRBLARYE—$%RM.

i 2-6

I 2-9 Bi7R B LU Fr 0 B8 — M, KRR RS54 m' Bl m, K
H RN v, BRI BKBE LORIGE M R SR o RFBER. ESHE 2 E
BB ) W A

B OBEERAEE R RE RGN ARAER A ARENANEES GA
WEEXRS Fy B G=-F, EXHABH, ERXR G=-F, AR (-8, %
A1) REFEMI A B RBRAA LT, B L — R G L5 RFFE.

§2-2 shitEH HRTHEEE




B ZMEE SHEZEAGEES, W REFENSDEKFF NS RZANE,E
MREHAEF AN SHETE EEFEMN,  RENLTESE TR, REBAKFTEAH
BB BT AR R O B — B [E) , R G K O 1 B B Bh B R A5 T F. U BT
BERT 97K 2k O« B IE 75 1 , 3P 4 A5 1 100 3ok B ( B AR X T M ZE ) 3R ) W O« BN
A 2 veos 0, MWy Ox ARG BEAMEERE 2 —o'. HUlk, X S R M 5, A AN T 4 W
BN u, BHA u=v+v. BHKFHEN u, =vcos 6-v'. F &, M B A K 77 18] i) 3 B Ky
m(vcos §—v') , M ZELEAKFJ7 W B BB Fy-m'y' MEF BFEHEERA

-m'v'+m(vcos §-v')=0

o 5 4 7 B o B
u’=L,vcosﬂ
m+m

EABRTHE—RA, RERKF TN RTE,A

mu (t)-m's'(t)=0

WALXT ¢ B4
mjou,(t)dt—m Lv (t)dt=0
md-m'D=0
A d.D K F M EHIT FHm A s R, H W
d =lcos §-D

RAR BERENER

D=( = ,) lcos 8
m+m

mERBEE SWEZ A EES,HEE TR,

51 2-7

— AR IEREERB =R K AP PRA A %8 R, B LUE R 893 R 30 m/s #4
B EE W KIT 5 SR B R 4 T I P AR A R, RS = R A B (/N
).

W PENHRESTE RN BEDRYEA S ERKXTESN, FUERELR
FLOAAASEERTEMY. Al , WEERE=ERE X =B AN RZNRET



S.Eﬂ

m, v, +m, v, +m, v, =0

B, X EAS RO TRA—FEN, BE=RORLAE— B ROAH R KNS
B AR, M 2-10805. B o o, HEEHE, BT

(”"s"s)2=(""l”|)z"'(""z"’z)z

BT m,=m,=m,m,=2m, LA v, KK

v, =—;— v, +v; =21. 2m/s msv; / £

o, v, %M ¢ 1 p=180°-0 Y. B tanp=—=1,

0=45°, F A

p=135° A 2-10 -4 U 7 AR = 3R

Eu v, ﬂ] v, R v, ﬂﬂﬁ 135Dﬁ .EE#EW—'SF‘mW-

i 2-8

TR m, T om, BB, FEHEWAKF oK b AR 0 Mt hr X Oy FF 8 A A R L
AERE Dy 1. 1Al e AT M 7 o] AL 4 7

W OEWARBREEE—DRE,KRFHT WA S W07 6 S RFE.

B 2-11 FIRE AR, A ERER R VRA, MAEN « IET M. #
FHat A m, BIARIRN 2, KA m, BABIRNR x,0 , 17726 4E— B 200 ) 32 BE 53 31

v, Ml v,.
A zh #5748, Br L
m,v,+m,v, =0
dx dx

Bp m, d_:+m2 'Ez=0 m2 ?C Ly
|

i m, dx, +m,dx, =0 :

B AL ) R W A ' T

I mldxl't'J. i, =0 Ma2-11 ™ AT AR
%10 *20
m,(x-x,,) +m,(x-x,)= 0
&

o it M,y %

my +m,

BCIE R T 5 B, A LA T ARG h A T, 5 7 R e o B L AL AR

RNPS aty
SEAARAFRIHBAR MAKBHEA HEALI IO L AARFHIEKXEA



B O EHNFERMSFESS®

HEFLE AL F LARSFPRATAEGOKHF. ARAT P A A 47T KH, Mz A
At E e KB KA A AT, Rk b K Bk AR K 8 Ak, K AP AT B ARAR
KOFHF BAX - A FRERBTEANERA AR ETETAKE N &HTAFEF FH 47

(1) k#F ek

— KRN ENERTCHF RLTLAEAFREAAY A TR LS T HAEE BN
LXK REAm EH o(B2-12) , ERAE 1B +dt A A, KT R ETHES |[dn |08 &
(2, dn AFEmAdHAANEE, B THAEn MG @E . HA dn A g H F
A5) ol it 8 SRR TR AT 09 b u KA AT do. 5t FRHABMAARN R %
R, ERAW,EMNAGEDEFD mo, FLE, KFHFAH (m+dm) (vedo), Fiek b 6 % %89
HEH(-dm) (v+do-u) (K2 vido-u BRE A FRHAEXFEHHAMRLEAGHRAE). §F X
MAELIAOHER 2R EHFRFBAE BREEHEFTEEE, 135

mv=(m+dm) (v+dv) +( =dm) (v+do—u)

v vt+do

e 1> — | 1>
H2-12 XkHCiTRE

AFHFX.E_NAEFTIF dndv. TH
mdv+udm =0

Bp dv=—u.~d;m
ERATFTRHERE AT A -dn L KN , EORERE N T do. BRAAT F AT RLER
uR—FF,HFLARS .
"2 "2 dm
J’.l L'lz;:mel -u;

% vz—vlzu.lnﬂ (2-15)

m,

HERAFKEHER m, S E m, 0, KRS RN v, BB o, KA TR R
HEHEH mg AR KFHTORED m, b ki A 0k &2

v:J’ —ud;mzuln% (2-16)
K F my/m #H KA &9 & k.
HX(2-16) TUAAH , ERFXFHERE TRAARGFLEEPFF LG Ik 23X F

Ak BWERR LA E:ﬂ./ﬁtm%ima 15, % Sk & u A ik FAn ok 8 T4 5 4 km/s,

LK B KA E v=11km/s. E3b@AH N B EHHEI) AR T A Y%A, 0 A Tkm/s.
B, —BARKAZEKFARRERERE 0B 2-13 F7+.

(2) X#res A

Rzl XKt M A dn AT R L 25 KFHRER L v, & t+de BF 2] MK
ik EH (vidv-u) HFHEBFER T



§2-3 Iﬁﬁﬁ‘lﬁli‘biﬁgﬂﬁﬁﬁﬁﬂ’ﬁﬁﬁlﬂ fads

= -
: KO

M2-13 =g AkHrEHN F2-14 “"KIFES"E® AMEH
‘Kbl —5" Kk BEMELE AT

Fdi=dm(v+dv-u) -vdm
LB =N R

dm

= 037y

F=—u(

BHAKFNOBRA. Flae  KAEEF"ER XA (RAFL”, LE2-14) £ €Ak 1.0x10” N,

CREET Beicid
iz 8k
2-2-1 B R A /A b A XUB R 3 28 SR/ R 3 7
2-2-2 FeMbTEAY bR SR, KRT MR B B — AL M AR
EReet , SHET B3

330 wﬁmmﬁﬁ,agﬁmr:%(mu),xﬁm

2-2-4 Yk om BURERE m' £ NEm 5 BR—TRE,AETHILHEE T, Z%
BAF T @A s BEETE? (1) m 5 m' A TEEHE, T om' 5 M BB (2) m 5 m/' (A5
B, T m 5 3 T i) B 5 (3) AL R R A R R

2-2-5 RGEFEST  RMEETEAKRR, MAES STRBERSHEARR, XE N A7

2-2-6 FMREHREER RTR—-FAHEGAR. FRTHR, B o kS &, 5B RAL
Sl Rt MARKORERRRT AL, BB MK S, B4

2-2-7 AWAMSRAMGBERME, N A/ BE LR B, T KM Bt 5 2
HEESR7

§2-3 RRMABEBREENANEBTEER

—. BYE
EHARTPLESBBAABESEE —EWP.oEsh Mo, flin, 172 B s



0] won EdmERRTEES

KEAR AEHERTEBSBREHE. AMEFRXLEH, RAEHEN
A Or B AL , 3 0 R /NF T ) BB AE R, SO DL Bl B ok A s B RS L A
SIA—H K Y B i — 3 ) B (angular momentum ) K # A ¥ K 112 3 IRE. f
HEE-MREENES, EESREP, EEMERM(ZR) S BTENER
AHFEML. R, RATLAR R m 89 5 BT AE & B A2 30 8, 5l A M sh B M
BE REAMERE  MEAMELCHMERr WREFER . BANEER v, H
WHERBMLRI . AE2-15(a) ATUE N, AR p=mv LA EHMK r
HEH RNPREHBrpAMhp X rB KN - HERBEXHERBIZH
MEREAMECONAHROANBLER,

L=pr=mor (2-18)

P P,
m

Ve
P20

(a) J T Lo ) S B AR (b) fTREAEN K PUE LR sl R

B2-15 Hmeamfishi

E—BEAT AN BAEN TAERNURA—EEH, Hln, TES
KBEMEPE Easshit [ WA 2-15(b) 1, BRJLARERA RSN TEKSHE p A
EXTFRBABMER rFAER EXHHF LD, FANRE—SER 0 WAZBED
KARIARRE SR 0 JBshE p MEEIERE 4 FFRH A

L=pd

HAHX d=rsinp, o R rflp ZRRIEMH, TE

(2-19)
e BREEKE, EARAE r fizsh&E p A9 % 2 (vector product) £ 7~ , Bl

2-0)

LRZAARDB LK L=rpsing, FABEEFREr MR p FAMMTE,

EREH r 20T 180°MMEE p G F BRI L #\\

i &7 5, S 2-16 TR | )
1EE R, S BB kg - m?/s. L~ @
s S EABREWED, NEE o T ‘

F ORFHREHOHE D BEN AT A, BT LT

Ggzsh, RAENEADR A TFASER AR, mo 06 manymons

RAHRADRE. FF. 2 FRETEREME



L B A Bl T 1 E A I 71

FHHEZ— RENMASBENEE SN AEEHEME. S HAsR0 B 7
{¥ (quantization ). [H it , 73X Fh R 40 B HE TR 0 iR o , A sh R 25 T E /94 1.

MPRBTER, AN ERF PR FERBNE ESREs. & FSERFRZ MM
BE AN F=k-:;,§‘§= e N FRTRMEXE,r HHHELR kAR BNETFHOMH

lﬁ-a‘il%ﬂsfﬂﬁﬁ,ﬁu@%%ﬁﬁaﬁ%ﬁﬁiﬂﬁﬁ%?%m&&(n)mk R,

A 84 B 5T (Planck) % it ,h=6.626x107 T+ 8], [l FESH A HFHRE LR EF £
BT HFES m, SRT S S0 BN r, BB R o, B4 F 1000

B 0, =S TR T L 00 RRRT A ST BRI N, TR 4 W=
i

F=k<-=ma =m-”T- (1)

T i F880E shaf , M 3h i R A T 16 R 4§ 1E , B

h
L=mvr=nﬂ, n=1,2,3, (2)
I
" 4ntkme
hEXTH, B FREEDTTHREEB S n P HREL. SR, AA RS F -1
FEMEMREA REFN QLR EERFEEN.
WEEBEOME(k=899%x10° N+ m*/C’ ,h=6.626x10™ ] - s,m=9.11x10™ kg,e=
1.60x10™" C)RAR(3) M n=1,18B/NGY r {:
r, =0.531x10™" m

MAE R A B h il , X — RS Rt R AR N R AN 48R

Bzt (1) MR (2) R, 8 ; (3)

. ERNRDERER
ATHE, A F R (L) S BB RE B A4 BT 0, IF4 R &0 A
BRI At ER?
ERATRR A sh B RN ELR, A
dL d dr dp

Et—=a(rxp)= dsz +rxa-t~

B B A — TS =v,p=mo, B, B xp = vx (mv) = 00, K B¢, 1R

O o5 mofm, CINHEMe=0,Hilt, WENKFHHE | ox(mo) |= mlsing=0, FRRREFE.



ALY

%:rx%—’% (2-21a)
iBfF‘#ﬁ%:Eﬁ,%liﬁ%:F,ﬂtiﬁ&Em

%:er (2-21b)

KRPW rxF BAEMEL. i, RIAIBXINERAENEZERNEIEr 5D
FRERMANNBESNONE, LM FR,H

(2-22)
FRA(2-21b) XA B
dL
- S T3 (2-23)

PRENLESANADRBREMNENTHUEETERTRANS AN ZANNE,
ii/l“%iﬁﬂllﬁfﬁfﬁﬂﬁt%ﬁliiﬂ.324*9&%3“@%?4:@1%:%@1?:%,

ERFNHR P, NERMEENES. BRANENIBEKEN MR,
HBAER-ENRB AFEN KRR MHE-ENHR, FHE MR
THE R SO RME. b TR, DR BRACRA N - m(4B0K).

= RR A RTEER
BIER (2-23) W0 M=0,W==0, BT

L=¥%& (M=0) (2-24)
XREN MREAERALNENHNERES
OMNEIT,MNERATZANBBEIEDT
BRREAT XRMMRANADRTEER %
(law of conservation of angular momentum).

WA 2-17 frw, B— N EEA m B/NERE
ERAN— BFEL-BANE T, - FHBE,
5—FHA, S /MR AT FE v, 22K F 1 A A 7|
BN, WERES AR TR, AR N
AW NE . T R I, X /NBR A T BE v, B
WMK.o, Mo, ZEFETIIXER:

U =01,

FA/NBR I B e b Pih L 44



§2-3 TR AN M B IR SE TR A ) BT HELE A

73

muv,r, =mu,r,

BP/NER X 0 O 6 Ff BB <AL AR X, NER i 3 R A I 20 20 7E U I
B A BAGEFAE, XREANE I 0 A NEXBNETE TES
K PH 84932 5, L ST F 3 B <P A E AR

fioh B SPEEF YA 5 — A ME. BT R E s MR 12 3
i, fsh B E AR E BEEN.

FifE 2-10

FRES— PG R TR SR B Pk 3 5h , sER AP0 0 B i — 1B R

(B 2-18). EMMEREFH R R=6378 km, A5 PR T BE S 1 R A B9 [, =439 km,

BOGEER [, =2384 km. HFAGE MM T BRI AR A, BIHEE v, =8. 10km/s, RABHHRTE
TR AL A, HIBE.

W A A Bk TR AEE B U B R B 51, i TGS 0 1 448 b R
b O, ETX R ORREAINEFREAERRDEL FFUANEHRTEEZS IR
XA 0 B fsh RS

NEHRDEEEHRR A, BAzR

L, =mv,(R+l,)
AEHMIRTBATH A A, WAHE
L,=mv,(R+l,)

B 2 f s B F A, BT LA
my, ( R+l ) = mv,(R+l,)

R+l
q:ﬁ v, =, mi 2-18 ﬂﬂ.—ﬂg

% R, L W v, BERA, B B 47 00 I 40 32
v, =6.30 km/s

M RRRANRSEEENAHETEER

MFBEAR, &S FTA 0 SR 4 A RSN AR R A s B e IR
RIMBERA
dL,

M, +M = dzl

W b % B R AR AL 18
dL,
dr
RIEFWE = E @M, Bt A AN EESWONERBEMANT, B
EM,W =0,:.F'%

My + XMy =2



o Rl

I o 0 3 47 AR O < A

dL,
szFZH
dL, dSL, 41 )
ﬁﬁZI=d—‘=d—t,’|€'2MWfﬁ5ﬁMﬂf’EA+§
dL

MRS ENLESMADBREMNEANTLEETI AR ZANENETER X4
SZRUWER-RZORHBEE.
MK (2-25) , MR M=0,78

L=%%& (2-26)
XELR R R B S B SFEE R

ERER

2-3-1 ENEEBES P, BRI BRREETTE? MZRE?
2-3-2 BAMGBRFESADBFENRGERAL2? RGBS AHRBTRF
By KRB

§2-4 I mEE DheEEIE

R BATIHE T H Rt E BRI E, WA R EPR Hf = E RR
fER B AL

—. R

YWiATEE D F ER T 20— A8 Ar B, e - 32 M4 20 (work ) 58 LR
hEMBGE LHBREMEABXNMOTER. LA RRFMATI,
A=(Fcos@) | Ar| (2-27)
K oA F 5 Ar Z[E A AT LUR A1 F #42K Ar B945 R (scalar product)
FeFmw, B

 (2-28)
WENMHE, ERA TN, BHEER. 4 0sa<%8¢,dA>0,jJX‘"J‘WMﬁIyJ-

| 0=-§—H‘T,dA=0,jJX#%{$7FlﬁljJ. %%«Js'n i, dA<0, 1 3f 9 &4 fa 2. X &

JE—FIBRE PR REES PR S F BT BT RGBS, BIE
FRRKHEG 0. nE 2-19 Bim , Z3 W ANMTEB A (o 2) , AHAH
(b &), BRMBIED (¢ ).



§2-4 I zhik ahfgEM | TS

WMERTFEES FIF RZEEREF=F(r) IEHTHHEPEN o« Z315 b
(JLFE 2-20) , 73028 77 B i e 2.

®2-19 B 2-20 4 hgsh
EHEEEE— S P,RAHEZLZ N F,2— KRNI dr, /N
¥ L, H AR BEE—MMEN  Z O EX — BB Tt A
dA=F - dr=|F||dr|cos@=Fdscos @
Apldri=ds BN ERT. TREAM « 28 b SMETH
A=JdA=be~dr=J’chosads (2-29)
Xk A e R AR XA ERFE W RERS.
EHARGEDS
F=F,i+Frj+F,k
dr=dxi+dyj+dzk
FrLA F 3 R BT i o oh
dA=F « dr=F,dx+F,dy+F.dz

:F%})kéléﬁ:"jb(x| 1 Y112, ) ﬂgm{ﬁﬁﬁﬁﬂﬁéﬁ%(% » Y2 122)&9*&33‘3:&* ,jj F
FF g B9 Th A

A =f'zp,dx+f“F,dy+le,dz (2-30)
717 B 4L & (8] P 44 0 T Y 45 ) 2 (power) ,F P &R -
dA F - dr
podd Pedr g, (2-31)

T R 3 O O ) A A DR AR AR BE. D SR, IR B4 T T T B 1Y
ef ) g AR 20 , D B B R L . B R RA AR Y B

HEEREAH S HORMEN - m, A J(EH) Rm. RN EAR I/s, F
W (LA ) B

THEE

ML R ELER PR, WREHNEARSHEHN, &M
B R E T i — ey Rk R E, sl B RSB —F BB AR/ E
R R UEAELR, T EER LR FER - ENBERXCR, XRER, —



BRI TR LRt

ERWFEFREHERANEE, SR U—ERN S —FEsh TR # ¥ EIAM .
KT BTSS0I 2R B9 AR T Ak A B AE S A b BT A 7E i BB SC R, BT A itk
A—Ai R gmeshE AN ER, FAEMEIRAN - RE X
TRBEER EREOESRE RS 19 HLHMIEYHERBH (T. Young) 5| A
A RS E KHEE T e LK BRI LA R GERIE X Z 8 49 7] # 1k
P HXERSRENTFRMFA AR, S T URE AL RESHHRTH
B AR TF IR A R —RE, DEA—ATERRRE - RERE. WRYERSE
RAEL, CHREREOMZ L. Fik, 6 RE%ER S0 R EE 8 YiEENL
BGE 3 , B AR S R A AL B A B R 1, FRATTE AL B A0 o M R S 5 B (state
parameter) . SR , Bk BE AL ARIZ 3l 44 HLAK AE R R 107 8 8 J3E A B0 0 oR . BRAE  TRAT]
Kl s N R, THRIMAEN - RERSULES LR

=. HEEEE
—FER m RSN AERT A o SIEHMKEDD b S/, BRIV v, #

v, FHRAEERS o LG b MEHEE, WA 2-21 FioR. 5h 4 F 8 Gl
LB TT dr T Er e 6 Ih A

dA=F - dr=Fcosf|dr| b
e \
WEFWE _ER,A L
do dr A6 F

Fcos@=ma,=m ——
de i
a

e | o] =197 e

m2-21 shfEEHE

dA=Fcos@|dr| :m%vdt:mvdv

A LERTE

dA:d(—mv’) (2-32)

B XS A
2 a

A= f .mvdv=%mvi -—l—mv2 (2-33)

ﬁ*ﬂg%mnz n 454 1 Y 2 BE (kinetic energy, i #% K. E. ), E, /R, B VLK
BEA—FIER. X, X (2-33) AT B R

[T (2-34)

7 (2-33) s (2-34) H 0 4R 5 89 B BE 7 2 ( theorem of kinetic energy) . /i
BB S R RAT: &N AN BB T R AN X4 450 B, HEF

FHA LRSI MIEDD, SR B U8 T 3h6E; 2 A<0 Bt ER TRA EHE



§2-4

ShIfsnsh A SRR R s T shiE. R(2-32) BE S S BER M E R

BEEAR B RE 5 BE A T YR AR E 3t 8, ik S R e T
SZHRE—BHEBR AEMNRBEREN, OAEYEERENMES, KERE
M 2R 0 R LR , A4 T 0 M A BT A Th B R BOR T K9] K BhBE 2 25 X%, 5
ABSE B AE MR RS 2 ) AR E R W E S AW e X R E R
"Bz

SAEMII AR RE — AR R BN AR, SR B 2 | BREE, KA/
Bk Tt 72 , 24~ iof 72 B (process parameter) , 3 i %R W 1K 2 s R &5, BA 1
SR EEFUHRERY. SHETHERRIN: WEVKEE T B bR T —
MEE XMMAOEADTRNZRNSEREOEIWRE.

B Jo REZ A8 1, i T 88 A BE A9 R X , Th A0 3h e to 888 A X, BTk
MK TS ERMES. B REDMDBHEKBTRES ERZN®E &4
RABESERTEAARNRE, IES MRS X RPHNBAELES HWsHEE
SH OAREN, DEFENHASHES EROBRET L DT BN XM R
B8R B R TR KA.

i 2-11

BARY AN, FIRES C=980 N, B EHE LW E. BMK 1=3m MAKMENRE
R g B — T, AR S AR T . T 5 T A 30° £, 48 5 ek T 1 3 e
WEM p=0.20, RH S F SPER 10°, KK 700N, Ik 2-22(a) Fim. R : (1) A%
B A B2 (2) S AXEAMBT#ATH; (3) MBAHRENEAREER LXE,
AEABEA 2L T

N o
<
-
I:/ LI\ /o</l°
Z,
a7 | 30°
0 —¢ N

\
G B

(a) ()
& 2-22

W RBFTER M SK Bh F 07 SR R 10°f 18 F D G, A7 B T 4 &t
ABMWEEN F, FEEETRES L, SEX ARG ERH F,,FaRSEET, 5K
BT MR, ME 2-22(b) FiR. B8 1=3 m, &0 B o) 7l i J 4 F.

(1) $H4 F Fiffeiioh A,

A, =Fleos10°=2.07x10° J
Hh G Frigesh 4,.
A, = Gloos(90°+30°) = -1, 47x10° J

IEREA Fy B2 A, :

pees [



JES

= = 7h 64 v B o4
L= & Bl s H 8 E

Ay =Fylcos90°=0
BEWRS F AT A A ABEREME S B LOZAME, i FAREEEETH
5 A R AR A e e
Fy+Fsin10°-Geos30° =0

BFF 1A Fy =Gcos30°~Fsin 10° =727 N
£t AT SR A8 EE B

F,=uFy=145N
B4 A, =F lcos180° =-435]

B E R X B ARG 369 N, BT LB 9 Ak B s Sh R (.
(2) RES S BN E T 55 0 B oh e A0, 3L & 1 B A o

A=A +A,+A,+4,=165] ;
(3) K AEEVIIBAER ERE  WNFHAND FELEZETEN G EXNHRA

(F'=980N)MYER T, A FHah AR EIEE R lsin30°. B, h A Fr i oh

A'=Flsin30°=1.47x10° ]
EETEN G IHHY, MASHE(BXEEIH F'+G FshHE). 5(1) % F
AR R T REVEEE D). RINEEA, BR FHUF X HFHATH AR A, D,
X E R T B K AR FE 2 BT I B KN, B AL RN B AL RS h 2 A Rk fa A k.
HTHRABELRE, RINFBEEHNBENISETRBE DMK, HA/NHD 1.47x
10° 1, X3 FHRAMEREAARENEZHBIRERE 6. AL, HEEEH
AR E. ERXEGHR FRMDOMEHOEZEMET MR EEXGE (1) EPbHER F
B 2B oh

2.07x10* J-1. 47x10° J=0. 60x10° J

BEEMGAERR? BITR:B— AT RRERD HET 350, ERERALRAE;
B, RTHL165] M EARBSI M.

1) F 35 BE 52 28 B B A 1-13.
W OnE 1-32 fin AT ELR S, /5N (G-F,) X EMAIh A

1 I
1
= f (G-F,)dx= j (pl-p'x) gdx=pl’g~—p'l'g
0 0

BrFAshRERE 2, s B 0, K EE v ARG -

pgl* - %p ‘gl =%mvz = --;—--plv2

v [(2op")el
P



§2-4 I Bhik

e (TSN

e

ERER

o4l kAT ARV RS R — YT E LA R AR KM
wH.

2242 FRBAFNYEAAHENHE, B RN BEL? ARRASHDER
ARENHE, B HE0HEEX? .

2-4-3 — Wik BT TR, R R o R o R OE TH? RSt h i sh? M
Az

244 S h R A, R RE RS EES?

2-4-5 PR e kAL TR — AR, R — AN KT R 55— 9 T




80

R moiTERMTEER

W, A — YA B A7 B e P E RS

§2-5 RTFNH HIAWNI BeEe

—. RTFH

AR £ R0 7 BT A Th B AT H SR, R BLA — 26 ST MR Th BA &Y B R
&, MK/ EMENMKCBEEL MEMEHRMBETX, XEHMMET
77 (conservative force). AfIFTAEME f M H  AAESI HAEH I FREE
WERSF

. EhEI

BERER m Y EREEHERH TN o SIFE MK ach BEHFEX b N ,a &
b ANPGRS E T AU, WA 510 b, Fl b, 7EE 2-24 H b BB EHIH
bR ds L, E D G TR T 2

dA =Gcos fds =mgcos fds =mgdh

A dh( =dscos @) REW KT ds P TFREMEE. ERMRREMILE XS
BEHEN, WETZHENTUBRERE S, C=mg. FTAPERMN a SHTHZ ach
Blak b s, T X P A BT B 2h 2

b h
A:J dA =—j bmgdh=mgha—mgh,,
a hg

(2-35)

M EHALIE L, IR RN o S5

— M4 adb BEHE] b &1, BT 2O AT A 15K

T AT, TR — A B T A

HASEHWENMELR (h, T h) B %, |

mESEHMKFBEMBEREX. 00 T T O-—=1h

BT — B EED R E A G BKE

adbea 53— R B, T BT AHO 2. 0 2-24

B, A2 53 A adb M bea W B
MR adb |, HMGED)

Ay =mgh,—mgh,

M2-24 &HH

EMEZ bea |, EHH AT
Ay, =—-(mgh,—mgh,)
BT AR A & iR is sh— A, B B o &
A=A_,+A, =0
XRER EAMYNEACTRERN T . EENSROEEE—HAGHE | S
H—EArt  EHREAHAE.



§2-5 {RFH WA AHT %‘ﬁﬁl&t -

2. BW¥ENMTh

MEN—H, B NBRERTH. RA-HEREON k R, BZEAKF X
WA E, 4T —WREE, 7 —REE—Yik, A 2-25 fiR. 0 SNBERME
i 4y k) £ B, ] % 9 42 B (equilibrium position) . # a.b B SN B E M K G Y
EEPANOLE ,x, M2, B HNRRYIRTE o b BiEHEE 0 SABEES , 75 B 2 25 19 1
K& SY K o J2s1FE b6 3, 84 F XY EMIED (hS5aBRE M),

0O x x

M 2-25 HEHEIH

B (2-29) AT 5, B A AL R, BT LA cos 0=1, F 234 H1 %F ¥y 4k Bir
i 2h 2

Al Flas-] Blieei® -t (2-36)
7 Wk

E R AT, A BT B S B A S R AR R BT Th b R 52 3 Wtk
WIRIRALE (2, ,%,) B K. AR MRYEEE B hRERAESSEEOMK
P4 (FERYERRBERY ) , B [0 B S 4L, W7 - 28 o, A D B A T A .

3. THESI MY

B—FBN m 9K S —RER m' 8 EWEE H5H0, HRER
H o Z3) 3 b, A 2-26 FiR. Ll m' B0 N B, m ERXN BN RN r, B
SERITCALR dr B, 510 FrigoT Tk

dA=F - dr=-6 ™" cosg|dr|
r

#2-26 AAH3NHI

O —BEX AR EMALERATHEREES, B m'th m KRB, m ST N %R



S OB FoE EaMTERATEER

H A 2-26 AT L, [ dr |cos 0= | dr|cos(m=0) , % F4ir K K /N 8 & dr FF LA L 2UAT
AH R

dA=-C ™5dr
r

MR MR A a BB b 5| ) BT AR B R
1

A=I:dA=j:-G m;’:l:drs-Gmm'(ﬂl—-ﬁ) (2-37)

e rb

B, 51 5 i shs AR EA R, 5 A RRRE N, RTF DB 5T RE
MER, TTHE - BERXRT N

(2-38)

FTARY FERABEEAAHRE LED— AR , RFOHAVEMMNOIIAE.

FEWHE¥ED T X AZI, UG EHP e ) dRERT . RIOTBRA
R 4§ 89 7, 0 48 3E 6 58 77 (non-conservative force ) . A {734 &1 i) B8 # 7 BR & 4E
BTN EWMMIBRESHBA XM, YRAVICKERE LW EN—LH 85—
A, G SR o o ) B A% AN ), I8 48 ) O ) B R AN A R )

=

R D RMHEEERNER, RNDE AERERTHERIERT N, B2
Xt . BREE , 8 ok X XT A7 4 64 e, hn R 2R AT X 4R <F A7 i B AR FA R,

BARMES LM, HRAHN A m RMom, F hE 1 2B EN 2 W EH
RS Fy R 2 ZBIEM I TEMERD, ENRE-XER DS EERN.
MEMB=E®RTH,F,=-F,. MEE z o,
EBHERN BA1EdMBEAERT :
% dr,, [ A 2 761X BB () P9 58 04 (o2
B dr, RIEXBRESRAOEN, FEE
Hdr,=dr, +dr', b hb dr' R R A 2 A
XFRA 1 B CE, mE 2-27 fF
REBMNHHNAE A, 54, KRR F,5 4
F, Frigeyczh, M& B 2-27 WX

dA,=F,+dr,, dA,=F,dr,
X—XHER 5 RAERM N BT iotsh 2 f dA
dA =F,+dr +F, +dr,=F , dr +F, + (dr, +dr’)
= (=Fy +F,, ) +dr,+F, +dr'=F,, +dr’ (2-39)

ML, BXERANEREBNFHOSDASERA F, REAXEB dr'F
X, MESTRAEENEHTX. BRGNS LA AE R H1 58 2h #5




§2-5 WREH EMANY B (83

RASHRA XM (RERARA 1 HBHR N dr, =0,d4,=0) , {5 7 0 &9
XL dr' 1 F, MR ARES B RSN, BT LA L WA SRR R —XHER
HMRERNFRNENRAESSEREFAXMNTEER. A HX—RARN
AT 24 7 08 s b AR X80 88 3 417 R 6 b L% A 0 A Th. B A, TR R A AE — i B )
e, B T B AT LT R 2 (6 A 1 MR, BT LA AR A AR AR — R K S T
i3 Bl DT 2 38 A R S TR T DTS AR A AR R

it bR, TR B — T T B4 OR ST AT R SR L M A
AR SR P —NERRSREE TIHE T RT N BRREREAS R L
(7 89 3h h B IR 4 , 35 IR b T 30 A R AR AR R R S A BT AR B3, 3B B R AR
PO A B th R P A L A A A R M X B BT LA, GRS 0 Rl SR SRV R X B
g EEENSE RS AR THAMA T ABUR TREER RS M E K HE X
E mMEERAMEHBRELX.

=\ BE

i1 T P A A B B PR S 1 RO Th S BE AR R 3, OB F B A 0 0 R A R
BB LK PR ARG — A e o O B e S AR AR BB B XA AR R ok
SE IR, BR R B Gt Y % BE R 3, 16 FK % BE (potential energy, 1 E N P.E. ) H E,
TR BIASREMEE LLE , 4R SF 1 At 2h BT 1R A 0 B AR

| A.=E,,

~E,,=-AE, | (2-40

ERMNBER, REAGUE o REBME b B, RHRTFAMMNHETF
RgpaEnE ) (e kR figE).

RYEE, BERERRTREN YR Z AHEERANER, XBRTHERZ
E AR R, BTLL B R R T REN. GIANE S HERR T YEMBRX —RE.
WEEDENEHHE", RRNT SRR E.

BN AREER, R (2-40) R\ MEREEFR T ARMUENRBERST —
SR RE , BT AR R A S B TR R AMNISSHFRM
BEXEL FUXNAREZEFHANEXN. EFREMNBENRE . DREH
HEX MRBMNEEEXRME, RENERIF NEERBAENEEASH
kg RE, WESETANEL BB BB BT ARRTH B 8T
BEEEHTERLE MAENRMIBEOREE, LER—EHN, SHET RN
wHELX.

(1) EhBEE

B B A st R vt 49y £ R ) Bt — L 4 BT &b 75 BE B R AR T M T R
PihY , B7 LA B 51 B8k (eravitational potential encrgy ) BEFNH K 5 o Bk i8] /9 H EL{E AR
BX XME_ENEMUERX MLUERNSEVE(NBE) Y EETR,
k]

E,=mgh (2-41)



84 | X% ZamTEEMTEERS

Sl hBiE

N ."'
Cjeies

(2) @iEsaaE

Xt b F AT AR R Y, E BB A B . A7 30 Fh Ak & 0 o ek
(elastic potential energy) . FIT f1 ¥ GEAR B, 1 3 BE A4 14 & 35 4 2 0] M 1 4
AR, SUFNGX S 4 B A X0 B A O, A0 Ay 4 A O 4 4 B A S SRR o B
AEA, W PSR AT R h

E =—Fkx’ (2-42)
(3) sl hihge

Xt 51 I3 ih , BATFEE AT 5| ASI A BEEMHEE, 1L r—o &b A5 HHEMNE
=)

B == (2-43)

T
mREH AL E R RL B, RIS IELER T HER T ®is
ShREMHEN. ATERDIA =F AR RE 4 K 2-28 Frmxs.

Ey(h)

/ Eyx) Ey i

/ k0
f— \ e —
; | 4 Z B Ey

AL NE 7

I
|
|
|
o H H h (0] x

QM

(a) E 368 (b) LR (c) 51 h#aE
B 2-28 #Haedhsk

RN BRER E=E+E, RIFATNFMET  EHEEMKE L, TH— T4
THAGMNERERRE. REAS— BN A BEK KN (E, =E-E,) 30
TEMAERE EBR k. BASHREATRENTE, RARS E =0 MiEsh4 1 ke
AL FTLL, R R SRR B R A TR T LI e i B 5. 4 fn L ZE P 2-28(b) R, #E
AEBRBBRMNELSHMMBHEZT AB B A, XEWE A NGB AB B Wiz
B3, MBEAB WA, BRARNSENT FELIT EE2-28(a) P, YAEAME
BEh=HE , KRRENT; MY h=H'®, HhBEHE P FIRE E,.

U S BB oh 2R, 3 7T ) Wi 400 R £ 45 AN B B SR AR ST Oh B0 AN RN ). AT
B, PRSF A A 2h %5 F 3 Al B i (s, BD

A=-(E,-E,)=-AE,
ERMa e E
dA=-dE,



§2-5 RFh R 7 8y {J_J #HE | 8BS

MRGWNYIRIERT S FAEAT ,H Ox WA LG do B RSP BT T
dA=Fcospdx=F dx
AP e B F5oxfEMBKIA. LB ELEHNAT, R
dE,
T dx
ERFH GFHETLEHO>BE TFHENELRH SO RE. EEFH
U EAME S WS MTAS WA 2-28(c) |MEIERA.

(2-44)

i 2-14
1953 4F , B A B4 2237 )1 T MR 1 T A2 h 38 A 0B F 1] A AH BV T 3 BB 7T LL 55 A
Vir)= Voroexp(—r/ru)

r

AV, =500MeV, B4 FE A EAERRAE ,r,=1.5x10" m, R A M N2, (1) REHETF

G4 EAE R S A i 2k s (2) HORBTFAEERAMREX FHERBDRERSD.
W(1) dn A — v SRR R R R R B A R R RA S B, A

2-29 BTAR (EIM — HE TR AR T ) . i 2 3R U, A G K T 1) I A 0 R O
(2) MR (2-44) TRAGAZ T )40 EAE 9 FE

T 1;
Flr)= —3—‘:: Vo(—rg-i-T) exp( —r/r,)

[EVRE 4 78 4 T L T A LA A B F-r 2R, S0P 2-30 B/, B AR AT LI i, 75
rorg( ~ 107 m) B B FRMHAEAR A RESTE, BARAR-ER), UE VKRR

(107" m) 7t Bl py A .

6000

> 4000 ‘\
g 2000
0 T

0 02 04 06 08 1 12 14 16 18 2
rirg

P 2-29  #F I8 a AH L0 PR B B

x10°

b.—4l

0 02 04 06 08 1 12 14 16 1B 2
rro

B 2-30 #ZFEmATIERD

5l 2-14
itH R



%I%:% iz o) ) 5 8 i f S E 1

EREHE

2-5-1 FRFHBHIBRAM, Q7 EHHEHZ

2-5-2 RAHAEAHWAER, BIERE AL EME, W5 HHERA RME?

2-5-3 EETHEE: (1) EARERERANRN? XREN RN EHSMORE
REBIHG? (2) 5I0HMBERNRI? XRERTHM? 5157 B R R %3 A
) EARSINM—MEH. REASI DB BAXERHEABHENLRG? (4) WhaR
ZREt, HEE B R R IR R

2-5-4 PAERBAEEE /DR, 5 F AP B B A ) 0 R R A Ot 0 4 T A% DO o 9 1
HEES, e ENM s R BRE TR

§2-6 BRRARMIITIEERE HMEETEERE

—. RRRRZEEER

B, RIEFRANYE(FA) WS EEERET B a2 YR (Fa)4d
MERGE. A EH , BRAKHFAE A 1
M2 EHBR, ENMERESFH m, 1l m,,
2-31PF7R. ZEMISN NI F, A F, 4 BI4E
RERA I MEA2 B, AR AREEE
A M RGERRREAN S, B F,f F, #£R.
EARGHA S  HESEER N SREEA
1A% B AE R G 9. 7E X 6 i 4

TR AR 2 W& H MR s, 5, B30 XA 1 B s A EA

H2-31 REMSMHARLELH

jF, -dr1+fF,2 - dr, =AE,,
FIHEXT i 2 &
sz . dr2+jF2, - dr,=AE,,
LR, B
fF, : dr,+jF, . dr2+fF,,_, . drl+J’F,, - dr,=AE,, +AE,,

LRAAARRGHEMM R, I AE, Fom; ZH R 2R K R %40 1 57
AR ERIZ AN RGN AR, A, B, X8, ERTE R

A.+A =AE, (2-45)

LARRAR RN EEE, EHE RERNAMA MRS TR 5% 26
RIMR.



826 BARMNEIEE PRI EE

87

Z.RERERNDERE

X RGEHNA IR, ENERTHMIERT S 245 BrLd, 77880 2h ;4 B
PIERSY , BIR SF N S 9 Zh A FUAERST 9 R 2D 4,

Ai=Aie+Aid
H AR BT A, ST R G 4 B B B0 fR (SR &R, B
Ai: ='"AEP
XHE, R (2-45) R A
| A+A,=AE, +AE,=AE | (2-46)

Kb AERZGVHENMNE. EARA, UREMRS | TUHRS2H,EN
MR BB E TN BN SERFTANMINEN. XMERMM RS 7L
hhE R R

M EmERTHE S  RITERD . (1) HBRITBBEE DTN RE, 6 H L2
ANk Sh B sE B, Horh A O BT B 3, 48 0 B A FITE 4K b 8 BT A A0 BT A
082, B LA RS E N (R T R — S04 1 BT AR Th. ) 1k 3h B B
R E S BT SR IRER. (2) HRAMAGIENFRNRE, & T 5
TREREREXABEE , 5 T ORF P9 B8t 2 , B 40 2 3 850 4% 2 0 388 4k 0 4
BE,EXQ2-45)PAFERA,EHNREL BT, Bk, 78 &b 5 L FR (4
A, MR R TRFAS MR (2-45) ] A , RALBEEFBEEEN
B RZ, HBTHEOHEM[K(2-46) |, AL HRF M.

R (2-46)F,4 A, =0,0F

A,=AE

BB, X ERF N B BT R REHUMAERI AR (L. IR 4,50, REN
T A Ho I R B8 B AL R HLREBE. B, ZE BT B, KL E B AL AL T 3
FUHS 5 O LARAE. W3R A, <0, R A HUAR REE f A3 77 480 2h 6 46 AU A At 78 3K 8 3
PR<FPIBE. Bl 4n , 76 P9 50 MRS ET , ULOR BB A S5 AL UL BB, 1R 2-32 B AMTAF B A

() qs@ e = He BAHRGE)

T B ¢ ™ME D
P 2-32 BB R D A fiE RS L



88| M=% EamiimATEER

B AT Bk Bz gl 202 30 R TR AT S d AT S, b R A S RE (A 4b) . 0 Y FF AT
Ui A b, A ) (AT IS AT BR D BB Ah R AR AT P EAE T MR AE(B AL) . B
T 2 T A2 , S84 AT SO e SN , At B 3 BB IR AR X4k, (B 45 AT A B S5 E 40 A 7
/ANCC b)) . B TS AER AR K, M S AR W AR /. BT, 7E MR B AR AT i, 30 B
ARRN,EAHBGEEBEAR(DAL). th FESSII B S, PR 5 it B8 8 1 ey,
AN A R AR AR ST T3 05, BT LASSHF B & i HLIBE R <P AEL

i 2-15

—RENEE v, =36 km/h, B ZE—F 3% 0.010 #FHER, 6 A1 &5 B E K
BESRME H % TR G 9 0. 05 4%, 17 Y% i wh_L b £ 475 7

W R BUSERBRX R KFE LW, 2B =8 — RERHEO e
WEEHRD P, —RES G, ZRMEXNYERK RS F 0 2-33 Fin. R AR ER
(YRR A s, I B 952 A BE 0 . AR Bh B RE B, OF BB Fy R, W

1 Py
-F s-Gssin 0=0-——2—mv§ (1) \

LR K% Eyet, 3h 88— ¥ 4 A F O AR A
;A —WARATRBREA K. B F =
wFy=pG, BT LA

G, s+Gssin 0=—il-mu§ (2) BE2-33 XKEBSE

AR , tan 6=0.010 , TR S 5 K i #9 E MAAR /N, BT LA sinf~tan 9,6, =G, 3 C=mg,

LKA AL
pgs+gstan 9=%”: (3)
v
= s=2g(p,+mn 9)
RABHBIER s=85m

Rk B EMBRX - RENFRANR  MWEAKEARAREREF M F, S
HER, E ARG IR RE, A

~-F;s=(0+Gssin8) -( %mu; +0)

B uGs '—"%mﬂ: ~Gssin 6 (4)

EUE R EE LRSI RMBRBEAT)NEMXT EREHRCIF) MBEENHE
AR LR LR REWIA T, B Bl A o9 BB B 45 T 52 MR BE 38 ) B oh . A B i,
[ e 8 s =85 m.

M AT 2ATTE B, 76007 3h BB B AT, AU — U140 (REEE ) Friinsh,
BIREET REME A BTN RGN RREE, AR BEILENTRIEN S A
DR E AT



82-6 BARMVEAE AMETize (89

I 2-16

TEE 2-34 o, — A RE m=2kg (WK LTI 42— B AN A SRD B
A BRI %R R=4m, WAL B S EHE v=6m/s, 5R7E T b 7 oh B4 1 AR 0 0.

W M A GBI B AR TR ES ROAES G A, T LEH R F, A
EES Fy WERF, 5 Fy FERRES. Fy AAA IS 3107 1A B, BF IS B
i, (ELREE 1 B 4 30 49 R 2 R A A T A+ M e e

%, AReEER A=IF cdr . X, BT ER T -

BRER AR AT R R IR N R,
BRrAMENHERO, WAL A KHRENREE,
RAEGHIFE meR, M7 B mBT RE W AEER £, MR Ak

e BT 22 B A B 3, B 2-34 i BB T

A=E,-E, =%mvz—ng=—42. 4]

5 2R B X M VAt SR B , B A v R R R O Mo 42,40,

=, VBT EER
RIERZERINREF A (2-46) , RAESEH , & A +A,=0, 0 AE=0,01%
WA =0, A,=0Rf, AE=0 (2-47)

MRS A AT, RGO SN FRA LB MR AREAIERTF A, R :JELIW&‘%M
GRHARREURAE S KM TE X RE B 1k, R 43X B0 F B 2 B, R
GRS RN R SRR B HARIFTE IRER, WR -1 5
GRARBRF AN, Kb H I — 405 HEAM T, W ] 58 1 & 94 80 5h g Fn
BRER I B, EBUUMAE A B E AT 34551 0 5 P H B8 < 18 2 2 (law of
conservation of mechanical energy) .

REFAERE ST e, AT ERR IS BUT IR R, ST ERER T W EHL
MEETHEHER BARERGEHN ARSI HNER, BEMEN F—E0REM
HH.

W, ErEER

—PARZHFER ARG MBI R X FICLREGE, S BT S8R H
F WRRGEREEMAR,FERTFAIE, EMIRELRARFET.BX
BERAES, — M REE AT, %R G0 R SRR R,
HEBREMN—FMEABELIS —MEX, INBEEN—1TPEELS —1 &K
X ER R BE B TF{EE (law of conservation of energy). B R HE ¥ P EA B AR
HRERZ—.



90 | 5 % iE 3T IE B Rt E B -

B % i B 25 b iE 3h A9 — AR IR B, BT A A B <4 S O I O 4 3 LR
YRE S AT M E L. R, R AREHE SRR, DERAELE, LA
HWEE. EFELARPAAYRARSEHFERBOA REVRKENHE
KZBRERPZ— ME(ASIME)Y PR KIBE AhFE @ HUAS, AHA
B. 7K H R 09 B I8 R 09 A< ¥ LA R 3h Y , T ELAB A — FhZ 3 A5 —Fh
B3, X 20T #6952 sh <P E B AR M 95 3. R QU b E LA SR AR Y R, 51 %
TH%E HREFO MADEKERERARE, AAERRETREEWES ., Y
FHBEAEBEK. BT 19 4, 23 BH (1. R. Mayer) (#EE (J. P. Joule) fI X B &
% (H. von Helmholtiz) 3 A M55 /1, BESL T %8 A9 RE B T fH 242

i, FEESMNERHE

ERTFEER FRTFEERUERASBRTFEEREDRERTRESD &
FEMBR, REZMNRA AR RN ETHSKE. £/ S8 TX—TFHE®
BB WAL RAFER, BEERE NS BRPAEE LR BN RO
R FRAMNBEFEESRAEREZIRAEARAGTEY. Pk p BEQPAT,
R EA (W. Pauli) Bf5sh B AR L AFE, FRE PROFERIE. 20 2L
B RERATRB T HMF, X TRANBR BB T FHEEE. Hit, TR
SFEERAMNBL T BRTRE L, BLREATEIR. HL ERAFZAL
P A& B — b K shaL” , B 1 RE B R i BB ZE 2 K W o S SR B R R
AR B A9 . X P iR 48 15 I Ak I <P E B AR, X 26k Sh AL FLBE Lk Mo 5 2% i
H FAFEERNADERRE  TAERENSYERNHEEFERANARZZ, R
Ml BAEY e, AR T S REMNMARENELERFIETER, XHLEL
SFEEROESARE. Bit, WREXEFETRERITAAORR PHE
Bhio sy e e A, LLIRAS EAF MM T R SRR

Bl 2-17

EENARLERE—TRY m P&, P& IR », S E TR, A 2-35 Fiow.
YEENERMES, WiEERERE TR, ARLANRAHKEIZS? (RALEHN
HERB AL BHEREZRTIH. ) XRERMER MELRFZHRAB NESR
ES

W RMNEFLDE BRARLETAENRE REHMWALBPMEDIN, K
Ha B 5h S F0 R D EB D, BT R A ML BB <F 1. AT S M- B A HLARBE .

R LR & (LB AR, Wi shEE S

E,, =imv:

O FRZ (KTERE)“EHZA —FER TWNE, VM, HR AENEA, KEHAK, LERAL, HHBTA
RRAR"“RRKUC A, MRBTFH".
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iz FERMFEER

ML BT ZE BB R
Fi.=k(x,+h)= k( ng+ /—r;:—uo) =mg+/kmy,

B AT I, SR v B, M o, . BT LAX T — B 0 49 22 48 R UL, R ML SE 08 L BE o,
AR B —FRE.

B8 2-18

FA— B TR 510 m, Fom, B ETF PP ABES, B 2-36 Fin , TR 7E
mE. (1) MU ERERE LA FEREMENEHREMEELEOT A, KB R,
HELUB AR REMBHME. 2) WEBRMBRPOEATES F, A EERABEE, #
AR Bk AR R R

@ (®)

W (1) BFEE2-36(a) M EARMTFEMNE N Ox B TS, R WEHFELN LR
RhTE x, BB RS R BPESEE

E, =?k(x—x°) —Tkxo —-i“kx —kxyx

AREMENHEEN
E, =mgx
BrEL, B BER

1
E =E +E_ =Tkx2—kxux+m,gx

P ERERE L KT @R, ki, =m, g, RA LB

1,2
Ep =Tkx

AR, g0 b AR AR A R P AL BN R S AT, R G B SR AR S
#E—E X .
(2) ZEE 2-36(b) AT F 86 RF1E, WD F i m L8R HRA, N



W
(o8]

R EMIAERE bikBETHEHE®R | 93

M- E, =0, E, =—kx

KA E,=0, E, =7kx;

RFHLMBETHEER, NA

X EAE IR m, BF k(2 —x,) = myg, T kv, = F kxy =m, g ARARH
F=(m,+m,)g

R, F=(m,+m,) g Bf , FREEBIE.

FiE 2-19

e 55 AL AT % E A9 = Fh 529 U ( cosmic velocity) .

WML VR A, R ER R T BT R ALK AR, R EE R v, , 7 A A
A7 YRR ABEE o (B —FHEE) M, E2WERYESMR T XREAER
BRUE MEHEEKT o, of JUBERHE, &5 RRHEM . 2R 58 AH 0,(5F

T R B R R A B I B BR e Wil KT 28 5E B
BINTIRNKHEMALETE YEHEEXT », Fema sk Wil & 5
B, 8 58 0 B0 0 B 28 , T P 2-37 . {xa \| b - i [
ALK 55 LA BE o, FR 58 BRAZ B , BT % 160 00 7 et T ,’ll‘o\\ yoy s
Al HHY, IR NGV
mm, mv T e /
E rlE=_r-|- \\ \\\:_’ ///
H2-37 FHEE

AP omg HH R TR, 7R

Gmg

%=
r

W F R BOERY mg, RGO ERH R, M KT ZHERNT] 5 Cmm, /R =mg, i
WKE g=6m /R ABERA v, HRTF o, WE

CEVRTRAT, AL 2% 5 b 1 L , B 75 3R 0 o B /D ALK B TE M B R, @ B r=
RWA
v,= /gR=7.91x10° m/s
R 5 — o
Mo K88 % ST 7. 91x10° m/s 38 KR BB MR K K B R B K R E,
HEATAEASTRAMDE XM KFCRIPRARORGN —EAEE. BED
e B M 3R 448 (0 3 i ) 06 3% 1 B (escape veloeity) , F v, FR. M EMALEAE E=0 8,



IEE

E

2 Bl B 51 1 R R G

Kb Sk, R X RS

1 mmg
—mv} =G

2

G
IRED v=,/ :'"=~/25R=1|.2x10’ m/s

ERANREE XUE-_FERE.
EERERARABR/DEEYEE = TE WA mg BRKEER, A RS
3R 38 A R A BE G, U 4 990 K R 50 0 B B o) B AR

Lmv'i:G

2

mmg
r

H I8
2Gm

rl

=42.2%10" m/s

I =
Uy =

{61 v} 2 4 b A R o R 0 B B P32 F 3R b, T BR AR X AP B R 29, 8x10° m/s B4
S, G008 R A 4k ) 1) 0 TR 0B AT O 1) — B, T R A B AR T R

v =(42.2-29.8)x10’ m/s=12.4x10’ m/s

FELL B3 ch, B T HERE 1, v B B K PR 5| O Y (R Bt A0 B RS SR G| 7, B
LA 5 8 B 5 6 2

l 2 l 2 l 2
A mv, =——my, +——mv,

2 2 2
B AR =FHEE

vy, = /a4 =16.7x10° m/s

B8 2-20

UEFLUME v BXFREANETEN, RTEUEERS, RTFREARTERA
BIfERBIRTES, EETH RSN R — MK, A 2-38 iR, BORETRETRREER
B BEH r,.

W ORRBEETARBEHIRTEEERS, e
BURFRREL LR S 0. RIRTEFRHNE R
RN Ze, XREAERF LR ATTUAIARART

B ERIERA k2 kR BN 7
3T 0 &, BT LR T s R A O MMM s R, \

Bp

(1) /g 2-38 J ol oL IR T B AT B Bk

my b=mo,r,
K mBETHRER v, REFRAARTEF ARENOEE , WREELTREIEL Y
Mo, A BR T B R T BORGE h  EBE b R BBy 1 R 5 R T B R A ELRE .



$2-6 FAFMMEEE amieree [SEN

A iH(black hole) R X hp B FM I — £ X4, AHEXACHINAFF X, C“ 5AL" A
B ASR, & L&A Rkb® &, A RA. T4 1795 %, 5442 0 (P. S. M.
Laplace) i i T4 WAty A 2. MEMRETFRREE, — AR EA m G4k R BN — SRR
EhERR CHEBE v EVERRTIH XA

1 , Gmm,
e 1 C

R

Kb CANARE,me A LRAERHDLHEE, P RBRAAS 03 /E_c:c. ®R

2Gm, >
R

cHXR FAZXNERBUAD MR UE  EROFBEREFGLEA

26Gm,
=
2
c

Hlio R F o KR o) Z3k, F 2L DT Ikm( K FAFZIA 7x10° km) o F 6 & 4
BR,EHREFRAYAL0" keg/m’. R X F R4k b8 ZRMHMAIH, 0% K
AR

2
O XFRFAMEF LR RER, SR r, o, e k2

L




T 06| mow EmmTERATEES

F A A LA E, #ERALE - FTEAHFLER, ABXAXLFERARLS
(K. Schwarzschild) il it 3+ S & B Wi 5 B 54 LR M, P — A4z KR e B —
AEERXGFE, RZ—BAHRAROTETERREEIEZS.

2019444108, A% THLLEF—KEZRABA (B 2-39). 5 X5 A @ ehmal, L
FTIFETORA FABERTERAGALE HloREXAGESALERXAF O LR HFE
XAk, AP —BEAGREHRMA 654, 5 —MAKMAEY S 44, %5
HoE—A 1424 KA EFe ¥R ERR.

B 2-39

gEIREA

2-6-1 MEEFIE 5 REE B X B R4

2-6-2 RAE PR G AR F 9 0 3h A, >0, HLAR BB 3B K5 A, <O, BB RE B/ B9
&

2-6-3 ZEHAWMETEHR - HERFRE MO EMEERL LUHENAINEL, RE
B 3R A H R AR S B B B R A LR, R T M E R T R, RN
TAERSF AN, B, REAYUBRAEF1E. 0 R AT UM 3 0 LUK P E B v ES R EKIE 3
MNRENSE RERE, REMIMAEREFE, A7

2-6-4 W kERREMKTEE G0N FRERTHREOEERES, APEREIE
7 R L AE P 4E 7

2-6-5 i3 Lt e UL AE ST 1E N 3h It SF 5 A9 Z A, KT T 81 Bhik A9 IR RS ER R (1) A
3 4h 0 R g S R 2 Sh RS 4E AALARFAE ; (2) AN AT NP RARTAMER
G, HLARBE IR SFAR ; (3) VRSP H R 60 R G000 S (7 B 0 2 3 B Pt A HLAR B ST 8.

§2-7 @  iE

40 58 9 A B LA L 8 S R A A AR A SREET B B (] 1Y D
EEPRA R A B Ak, 3K A L 72 0 REH ( collision) , AT L, “REHE " 1) & L Lk
BEZ BT ERME S ST RS, TR TR T EFERMN TR IER
Ao % A R Rl R, X EDRL T VA AR LR R AR A Bl Sy 7 R T



TEGEN TR E RS A eI MR TRk E s
150 1T 53 FF , 13 b Bl 488388 5 R O 05T (scattering) . B2 A ZE FBK T . T #0047 A ik
BEAR E— &0 T OTEELMEDE. A S, h FHEERN
(RIS L, A8 T4 P B i o SRR K, il 4 400 K 52 B0 L b A P 0 4R %k Sl B AR/, AT
LAZ AT Rk, 78 4b B S8 1) SR, R A SR R E N — R Bk,
BT LA K R GE PIALAT 9 T B9 M A L BT DA X — R G X M B B ST 1 S
T TR AT LA R 4 ) AT S

T 58 P BRAE B 9 054 3 B AE BR 9 R B L TR 4, B S A 3 Bt B
X — L b X0l K A IERE( direct impact , HUER X O RENE ) . AR 0,0 F v, 5
I 7R P ERAE R H5 00 S, 0, TN 0, S DI RIS AEREIR S B, m, R m, 43 5%
PIER A T & (B 2-40). W Fsh <Pl E 25

My Vg +My Uy =M vy +m, v, (2-48)

TE LA fBUE BT /S 25 BRI B R — i) (768 2-40 shg R A7, 1
BUER).

(a) Rk Al (b) i} (c) WS
B 2-40  WHERAY X0 Rl

FHMLREREG — PR ER  RRE RN S EEE (0, -0,), TR
18 BT PUBR () TR B (0, —v,0 ) BRUIE MG, PR T BR 84 4B B Y 2, B

e=£% (2-49)
i H A0 e Y i % 5 R % ( coefficient of restitution) (7E2HRE AT T, 2 o 59 43 85 7k
JBE 15 T 3 A S 4 Ol A KD R £ 1 b AR K TR BE ). R e=0, 00 v, =1, ,
75 B P ER B4 5 LA 6] — e aE 3h , 3 R 2 FF, i  fif 58 € 4F 3 A Rl 3B (perfect ine-
lastic collision). MR e =1, W) 43 B 7 BF 25 T 4 3 v JEE , & W fi 52 4 38 14 Wl 48 ( per-
fect elastic collision) , 3t & —Fh AR E . o LILES , EE 2 MR P, BRI
P RESE £ WA BE, MAE—BIERL T , FERAE R B b, MM BEH A1, 4
A UURE R K, F b h AT R BE &, ) I #5 1b B VBB 5. T AT X A
VLMK BE A 17 2k A4 ik 1 0] g IE 348 1l 58 (inelastic collision).

Hix(2-48) f1k (2-49) AT 48
(1+e)m,(v,5-vy)
m,+m,

U =Y

(2-50)
(1+e)m1(”m‘”20)

m,+m,

Uy =0y +

db 5T IE L s F

%f 1 411



iZ 301 °F 16 A0 <L

FMA LR, RATT R 0T AR w1
1 SEL3MaiE

X, 4 e=1, X (2-50) 7%

(my—m;) v +2m,vy
v, =

m,+m, (2-31)
_(mz_m\)vzo+2m|")lc
= m, +m,
T, 43 B R A
(1) EHERFERAE, B m,=m, RAR(2-51),13
V) =Vyp, Uy=Uy

SR, R 28 30 B4R 46 20 30 0 Ut 0 B B, B 3t B R A4k T #8 (wransfer). f
0, f0 SR A /INER U R A Ak, U 24 55 — /R e A I 3 — /N BRSOk, R IR
EEGBEGE.

A0 P BR 00 R B AR, U m, 5 m, MO AS , BRI B RO IR TR
Rz Fh R B R KA S P T ) L R R b e R T (B
FRF RS E SR T )85 THEaFe.

(2) 8 m, #m,, RER m, B9 FERE A # LA S, B o, =0, A
(2-51) 748

(m| -m,) v, 2m vy,
v = —y =
m,+m, m,+m,
R m,>m, , PB4
m,—m, 2m,
— =1, =~()
m,+m, m,+m,
Fir LA
v, =-v,, v,=0

BP R AR I AL R AR, SRR, L0 R AR S, TR BRI E
R BT A0 U BE 7 AR, KN LR XA BE R T B (recoil ). KCER AL
T B ST L 0 R AW . B BR U 9 B T, AR B 1o B 1, T L
KB FA 08 B SRS F 5 2 BE 3 B AR 8 4 R X RR AR

2. T2t

fESE A Bk RE b, e=0, 10 (2-50) 7

m,v,,+m,v
1V 17505
v EY = (2-52)

m,+m,
B, RATAR (2-52) THE AL P45 2R B PLBRRE L 15

m,m,

AE:%(I_J) ("m'vzo)2 (2-53)

m,+m,



SRRy

EXBENMFHORXT A5EH SRR P, KPR
ALES, HIMT&R ITHXERE, 2EHBEH - MO EERBILEY, &
vy =0, B A48 2K B HL G BE Ay

mm, ,
Vio

AE:%(I—e’)

o,y HREHUAT 00 ILORAE, DL B, e, TR

m,

1

AE=(1-¢") Ey=(1-¢") E,

m, +mz 1+ n,,
m
2

T 0, ZE B LT, 3756 B R 2 JECT S BLOR A 0 — 385, T 295 B
A /52 2 TP T 4 A PR RO WS R BRI B e (/R AB K,

B, AE B0 ). 1256 BR TR, B0 AR R I A BSR4

Blan , FEFT BRI, (6 Pk AN R A (G R KRG ) i, ZRAERELIR P REZE,
3R Rl A PR AR T AR AR T, X SR RS A PR L Bk R Y R K
B2, B0 m,>>m,. FTHE SO0 8R4 4 A8 . B A BERE SO, ERIE AL BB AL B 8 1,
R AT B LA A Y 3 BB T PRt 7 BEL A RO, R Utk B R AL R R R AR R
BB, 330 1 SR P B 0K B A o R R B/ N AR, B my <<m.




100 | =

B vl_é gvifl i) I_Tki # {111?1& i+

AR 58 BB BB <F L 15 2

%m,vz =m,gl(1-cos @)

1% v=./2gl(1-cos @) (1)
(2) YhREBRYMRE, MO EEZTLSIERERNE, TV RAETIH SR AEE

R R R AT AR R E, RO T LA S EN R R R RBEE , #— RS
BhAY. i T/ BR5 BAR Yy 18] 6 w2 oA 7, BF LA RT AR A sh it <4 5 L BO

myv=(m,+m,)v’ (2)
Ao o' BRR/DNRE BOR Y IF 1 — 5 5 09 E .

(3) MREBMRYWIFGESNG EBROAKT , WHIE, Bjs LI 8IKMAN o 4.
MR P, BB MR A sh, B it s AT R A BLBR AR < 1 4, B

-;—(’".'an)v':=(ml+mz)gl(]—cosqp)

B
v'=/2gl(1-cosg) (3)
MK (D) KQ)PRG)PHE oMo, B o H5OZMAERR

2
cosgp:l-( el )(l—cosa)

m, +m2

00 3 330 e B S 5, T LA B h B < £ 5 LR B S 1 s

Bl 2-22

—BER m R A, EE TR, R o SHERR m 93 B R BR B i — AR A
KRB A BER. RN RROECRSBEE (y HH) MR 6 f, A 2-42 iR B
REERBON o, RAMTER A BE B

& X% &l (oblique impact) [5] . R E &, B e
IR AFEMMENEEN v, 5B REEEAKFEN
FEsh , HEBER o' ERE T, BFERE « K 5 B4
HAE U, s sh B EERE

my,+m'v' =0 y 7

RAERM P AT F. BEMELRE Y, B
LAF fE% L& . AR ERE

mv,_ =—Fsin §At

mv,—(—mu) = Fcos fAt B 2-42 PIERAY &R

B BER 75

+
”:,—u=—col0 (2)



"§2-8  stmemrEes (10000

'§2-8 xEmMEFFEER

rafguhEFles g I TREAEAFAHETELAE AL LRINF Mz 24
“HREH RN ERAETEEAARFAEHEAALEL S ENEARE A RFHEPE
AFRBERAAHEALEY CNUBARBEA SHNELFELAFAELBERAGL
AL ARMEFLEHALERARETRF A RRGHis Bl — o T AR R E— A8, AR
2R, B R e Ak 2 A 69 IR AR R 00 K, RARAE— R W R A .

TR X R SR (H. Weyl) stob B4 ey £ L&, e R AN A —# £ & T A #4738
R E ARG B A AR — RN A IR B AR Hlde— A H, KA
CEB—F,EREA AN LT, FTRAEMBAGE K 52T 484 RAA T, K FH
AREN AW REDRENTTRAT, ARG B ELH YA, TUARAMNEALG LES
BYRARANEZRL ST HhEERIWEALHARIAIR AR MERFTEN
TEAARE LG, FPR - FRER AR AERLEL - IAFEHUBTEAHHH,
L ZEEAEBNRNE. 25 T2 AXH ARG EL Lot — LN PREIRGOER
HRPAERETATONROLL, AR ERARHE—AF 8, R Hh LBt it
B AAFEHUEEAEDNHTYE o SANEEORAY. s FTle AR L X THLG
AR Aol — AR LR R IR TR T BO M AR A, R F M, R
REFHM HERORRIRER T L —HG. AAF R HMHEH M o~ 08 EB
BRIt gty Gne R0 o FHE—ASHE BELE-ATREIA, AR
AERFMEFNEY ! A THEZRALA LA AN, KR 5 XR4 THEEHE #ld,
HERALENRFS ZNPHPHD THOREREL DR R AW B H RS, X ERA
URAGEEHTLAEANEETREAZ . FETRAEFAFET AL

— A e Bt B
el

PR EE

MAEWRFOER EABASOHREFF ANAAALYRFEMAEH KLY



102 l B

iz zf 1 < 18 i ST AR E i

HHEFHFALT ZEFHRATER. 5IHAENTEIAAVBEIERNINRE FERELH
FHEFT AT AR, ENERLTELEAETL EARA K S CE2ENNHEMNF
P LB EETE— GG FREAETFELE o LA, & THEIRALE L L Ho
EAHHE, RARATEEA A RANRA B R HBF P e — B FRAE LRGN
N AT EEAMFHEL PO REFERAREI L HEFAARERG. AR ENL
HRABAER ALEDEFER AP, TREACRAANRPRFAANAESE
ERRGE HTATEIFTREAATRLHREDSAMEINA W TEL L& LR LHRT
RO MY TS RS AR RGO ENER A RER, XRASARARTEHR
B LR E XELETHRGAATEREFTER WRFERNAFALTEANCTFRER
A AETEAZ DEFTEAAF A LLAREAATETF R BT H . FTHEAFTFHEFE
A REIAHALRL, HREFEHHAEI LATAHEAREFTTREN L FHA.

Bl

2-1 JRECH m 0 /NRAEAKF E PR R A o, BRSSP E 31, 866
FUNERBLT A (R,0) 4. SR NBRAE R (1) BR; (2) B 5 (3) W (4) B4

AeERF s RNRE. AR ERHSR.

2-2 MR 2-2 BETR PRI HEE AR A F B, RE S HE m, Fom,, B LA E
B EKFE L, —F 8KF 30 5 B ARSR , T S 5F 1 WA B BT A B B ED 430 S Aey D Ac, R
R FHAE N NED F R THEEHE, KR ABH#EE

2-3 —RENS50g MERER, IR o, =10m/s K E A, B iR )E LA R 0, =8 m/s
il B R AR AT S 8912 3007 1A 5 AR 8 32 A 4 528 30°H0 60°, 4n S B 2-3 B FRAR. (1) R
ERRRG A Ao (2) MRS E Y 0. 1s, RAM T £ = BREF B ob .

72

60°
vy

f—a 30°
M E2-2 @ @ 2-3 8
2-4 —FFHEMEOCHOEFTEREIOn/ s, FRENTFHRFZEHINIMA TGS :
F=a00- 10",

Hep FLAN 84T, e LA s R0 (1) B F-e 8;(2) HWHEFHATLREKEFRE RN
6], B2 F B O 6 BT 28 N ZEAF; (3) RZD BRI AN; (4) RTHNEER.

2-5 KRR FA R KA T B3R ) KAk wh it MR L A0 S) B 25 AT R Rk E R
D=30mm,/Ki#v=56 m/s, KA+ T H M EMERE L, b B2 5 0B T, KA 3K 1 F
B .
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3 2-5

2-6 FRE—FRCEEN LW, 6T RS 5 Ak, R JE T A A T RIE
B FHESED ARZANEASTOERME LS ERY 3 H

2-7 20134E6 A2 H,—FHMRMAELRAOBESE, 8 COBR 4L, AR
2B AT eS8 G R RE W 0.25 kg, BN S m/s, 51 % 19 3 B 300 km/h , B 5 A
BN 107 ~107 s. LR KL SHMAME, BME LS SBE (L4 20em’) , HRE
BEREGTRA RSN TFHERNEK?

2-8 SRERBH m, BEERTG, EEHSET o RN P AR LR LGEE « 8
FAERE S m, W& WIRBREFMR L EE e T EA o ER— AL L RSYE
J& 3 = A 1 3 B o0 ] A k2

2-9 WM 2-9 WHR, - FHHEE m=201, L REm, =2t NEYE BB 04
SIRE AR 6 B 60°% 8] 30°. 4T K [=0A=8m, KWH I EHEZB AT, RERB
FEK 07 16 B 50 A BE B, 3 45 W 1M s A6 3.

2-10 WE A BIRE N 2400 ke, ¥ B AT M0 B B4 80 km/h B EEE B, B — WA RN
1600 kg% % B Ll 60 km/h BB IR E, B X FW N EFARMRE, HAE LB EE
fndar e

3 & 2-9 & JE2-11 A

-1 —AFEIm GARE-TRESKRTHRRM LR, RO FRN m', 0T &
2-11 EFTR SRS HE# L. (1) WREABGER (X THE) M L8, TERE A7
AR X T ) a7 (2) s AR Lk 1 RS 8958 Bh AR A LN fr 7

2-12 —MWBEE ERH EEY o, ERHESHE FEE AR, BES R
FRAFN AB.C =8 Kk ARKHEEHT;B.CARNEREKR/NHER, B B REE T
M 5KFER ¢ f,K B.C FBESRMIHE (KR ).

213 —ABRIEWF RN m X TFURH MEER o TN EEBIERFR, — RO R
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- ok - X

iE i) f) < 18 Bt 0 < 1 E

BERS—RE3F HRANPRETUEESET TR AMRZHSERUE, BELRSE
WinT £ 5687

2-14 FWANEREN m 6/ BB my BERE LT e FARE# L TRE8
B b TR T A u ) B PR . (1) 35 AR Bt Bk RS, 0P 4R % #Y 3 B
REP? (2) HERA—T—THBE W R EQEREREL A7 (3) LU L # 8 b B —Fh
B R gk

2-15 W 2-15 BFR, —TAKPESD FiE—B%5, b FRERBE—/AHE, &

ﬂﬁﬁ?ﬁﬁﬂﬁﬂ%&,ﬁﬁﬁﬁﬁ%%’;w. BRERRE L, TRHA m,. B =0 FHAHESE, K

FeF 220 5 2 B E

2-16 I 2-16 EFiA BRI m, W=RB AR BEHK LAY, BEFHEN
ACFHE E. AW — TR m, MYEREME BT, LT B BB T R YD AR D@,
=M ARB £ G R T ERR).

v .o
e T
E PRSI T AL

Fr——-—
my

AN XN2T 0
7. 77 5 5 T

J@m2-15 A JM2-16 A

2-17 —BRKGEREDREERORBETHT — BB d=(15i-12)) m, KX kR
B F128 F=(210i-150f) N. X B8 o h 3 i ok Rt sh R 02

2-18 BN 2kg WK TEW « R AENERT 7 =0 b B L F RS 5. REH
5 x WX RN E 2-18 BRI Kl sh B RYAKTE 2=5m,10 m, 15 m kb py it .

2-19 —AAfERZERR R 3. 0 kg B9 A b, R & &0 B B AT ) 5 K8 x=3. 00-4. 04 +
108 2546, 3k« A m R B8, e DL s L. SRZE 1=0 B 1=4. 0s B 6] B P, % 41 %4 450
e zh.

2-20 —EE&, EKN L BEREORE L, Kb —3%TE, KEN o, 038 2-20 B
. 18R FF 46 B A P ak. SR B 4% IR B F S50 i A B

FIN
10—
| |
| |
| I
| |
0 5 10 15 x/m

S 2-18 A 5188 2-20 @

2-21 — W HERYON b, — B AR, B —WE TR m P& RIELEH
b RmEEkRE L, EERK N AB(IN M 2-21 BFTR). AN FAERT, Wik
@ REMME BBE C,5RN F T,

2-22 —[RBEN m KRG B TR b AL, iy B L T 0 V& 0 b . BHEREE N R, B A
R CHRAR S m, , BWESEA. R (1) RATHELBRF, FHIAMMD;(2) BE
¥ Hh i FE
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2-23 BB m=6x10" kg B/NER, R TR, BE N —RMELE 0K BEKN 1m(W
FRE2-23 EFR). SRR EARFME A RBBF, RYPREIEKE B.C.D s
R(1) BB (2) M fE; (3) |epuyikh. BEESHE A A, 6=30°

I8 2-21 IR 2-23 [

2-24 —RFERK L, HE, Y T RSHERED m WEY, WK 1=20,. BTN
BRHEREMREMBEI Lin A 8, RIFMER R=1,, EHMES — NI EE YL BIFN B
LI 2-24 EFT/R. O AB K2 1. 6R. M EY7E B £ J04) 1 4 15 R 3R 98 3h 8, ok < (1)
BEYIE B SWMEEM HFRIEES; (2) TP SIS C o902 B s B 57 0 IE
E7.

2-25 NERMBEED m WELCEMT M AER T, SUEM B RIS E 2-25 B R
(1) B/ REEEHEE—ATMABRSHE, AARELHNERHABFTET? (2) /b
PRE B A Rw A ZEMILA HEER? (3) MR/ABRE H=2R LB T,/ "BR#E s
¥ iy 2

JE2-24 3

2-26 —WEEKR L, HERKK E, EWEE, THRE—TRA m 9K, ST
f EMBEAEK. (1) WEYEREERRECT A8 L (PR o, B M RO
hRZELT (2) MEREERANT WEEERECER, RENHRNBENZRESS Y
L3 ZSoR o LA ONih Y SF 2

2-27 —[RmE Ox §hizsh S ERN E,(x) , BEBEOY £ fHE A2, FFif 8 F A, ik
A 2 B R B IR Ak AR« AL BT 42 B RO B 1R R

# dx
i= ——— s
j" ‘/—2 [E-E, (%))
m

2-28 —MRBERIAFAHAHARER SEHAK « B, FENAHKA F=52.82+
38. 42" b FABAN N, x BN m, r il SHEME. (1) REBEM x=0.500 m fir f#
Blx=1.00m FAA; (2) Kol e, YR ERN KD +=1.00m B, E 5 — W& E



106 | ®ow EseTERATEER

e

— AR N 2. 17 kg B9 A, 36 o W b R Z R AR, Mo S A B x=0. 500 m M {7 JE RS,
ERERREL D (3) RETAMDERBRTHERERTH? BEZ.
2-29 —WEFHFHEEREN

N EANEAN
B(=6[(2) () ]
Kb r HFEFRMES , RIEW . (1) r, I FEREER/DEQREFEE;(2) 2 FHEAHR/D

EH-E,;(3) Y E,(r)=08, FTFRBERN r,/y2;(4) M H %Ak i 25 .
2-30 —AMMRFH F()EAER «SEHHE E0

BHRH2.0kg AR L, 5 F(x) MBRRMHEARR £,(x) dh 0 5 10 15 ¥m
KT 2-30 WHTR, Y E A +=2.5m B, ERE | [ /
EH-20w/s (1) FGoEHEABKAMym@m

(2) RAR « ESWBEMME? (3) T x=7.0m g

\ /
N
/

GRS SN 1
231 BABEH — B BT B A, A BLR BT

W ST AR B AN RIERE L ERERS s

— e, BTt AR 1 om, Rt 85 R B

NSRS BB YT o 6T R 00 AR . 20

L T O B D B B

2-32 fE—NWEKTE L REESSE m i /
m BN A B CE B R |, BRI, IR 8 2-30 B
5 {6 O, FE SRS O K BE A L(U<ly ) B RN T SR AR m R A B R X S BE (B
HEHDERYEIE).

2-33 HE2-BVEBRRT-MUEFHREENTE, FHKFHHA-REEERE L
B, R AR CR I TMAEE. B TR 0.02kg, K Fi R 8. 98 kg.
WEME RIS 100N/ m, FHH ARG, RBEHIEL 10 cm. BA IS 1 8 # 3 B 8 7
R 0.2, 5K T3 8 B ’

2-34 —JRE m RS EAE R R R my (BFR b B R AR 5 UL FE K L . B
RERMMIMN o, B HTAEMAZIEEE. Y TRl £ mE A Le, XRR-BRR
GBI iRiEs). MeRE DR LA BFRMEERE K

2-35 N3 2-35 EAR, NMERRES B HE KSR A FE A m, =0.4kg , ER B &
BHm,=0 5k LB ER,A f B RIFHEL B A fId o, =40° 5B, YT M B HES
BRI R (1) ¥ BEKS A MG ABEANERAE 6,;(2) MBAKE R

SR 2-33 H S 2-35 F

2-36 M) EE2-36 AR, BRWMEN SRS HERN m, HYIEEE B S —HETZ
BEERNEE, EMBEEARNATL BENIERE N L SF AR m, , EER v, 8



0 e ) 39355 3 3 5 P A A L TR SR 380 99 0 A ) SR KR

2-37  R/NARTR], R SRR m R 2m ) O BR (4050 R 2-37 B BTR ) R AL R OKE E
b @EHAE-ARES 2m KRVEE o 558 A RETOHELWIERE, KRS — B
B, Lshmh X 2Bk E ).

2] 1 2-36 B 3)M2-37 M

2-38 M 2-38 FMEREBATHI A EE. hIER 0m, EHYTEN 100 HHEKE
38.5m MMAREELHIT ARE EHHMHERY 24, HBERTWRETE N 0.25m’ WIEHFE,
MmN ERAZAREE AN k=2.65%
10° N/m’. (1) HERIEA EAE FUTE B (2) B
EEEEEE 1 m, K518 A BTGB B
EESHER LT R, — AT T £ 8
(3) BB TFTHIS mit, — 5 XAEH FTEE? BE
HWEESHMRE R RS S, RS
EHEHEERLKS cm.

2-39  FHER T.2x107 kg BE N 6.0x
10" m/sHIRLTF A, 55— F & K H — L T # L&
BT B ARRE , B R R 5T 4 0 R RS
BT ABBEER Sx10" m/s, 3R (1) B F B gy
BAm¥Ef;(2) BF A R¥E A,

2-40 BWAFREH I m ERHH R KR
BT — bR WK E B RO B AR
R (0,R) , MEFR. B —HFAEKFEE L « 5
LASRE v, B 2. WHH TR RS2 Mk,
SR 1 S P LT Y R

2-41 —A R m=4 kg R G L, B
AR B AR b M EEEIE, K¥ER R=0.2m, 03 & 2-41 BFR. KA
WHEBRWS.C 0 SER—-FEHLE,BHS 0 AMEXSEHFMEIMNIEM 6=60°. 58 K&
m'=1kgfg /N B A 35 AW AL T 05 35 M T 0 R SR/NEE SRAE B U 3 A, [MTHY AR X3 b T A
HEE.

JE2-38 K

Q
5

77
g 2-40 @ JE2-41

2-42 -2 EEFIR,ERAKERELE -FERm =Sk WEBHHANEUSEE
vo=2m/sEATATH , NEH R MKMBER S H—F R m, =25 kg W FME. BFHREA
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=y

iz F f) <P e B A<rfEEf

— R m, =20 kg MWK, Wik SHE B B BESR R B 0= 0.2. F I BT, BARR E, EE® L. iR
Ri(1) B/ HEMPELUE RS EESN, WHEHETEERLBE; (2) MRTFREF=¥
I B Ak [ 5 B T 9 6 ).

(2-43 HESHIR m, Fom, BFAWE A FIB, BT MAPTEKRTFHEESFL,
PIAT TR B BE 8 L, P LA — 3 BE R B kR N L A0 45 TR 30 08 I 40 0 M e, 0 0 6 243 JE
BRI RA T 2, =04 R B AL F 2, =140, BHEF I NE. R BHE R
B R B4 Bl R £ 7

..
=Ty L
B
My X, =
U my 5 x
JE2-42 9 2 2-43 B

2-44 —HERBAFNBEHNE, - REHBECERATL, B — M5 —HEF n, WER
MHE(NIE2-44 BFR). RA—HBY m, WYEEETFR L LB IETFEAHTE &
FRIPHEER (1) YYESFREE T LM (2) YYik5FiR 0 m
RAESELIFMIER AT, F R ERFEROREL RS S h

2-45 — B R B AR IR BRI AR b R ER S Hb AR 4 Y PR

Lie
1-e

my

R e WIE: (1) HERA I BT 42 18 6O [ % ¢ = Zg’l;m e
k

ERES RN BRE T B RERR s =

=
2-46  kHTAR TCE, DR ER I H B0 S ik i 2 BE Sk 3000 m/s, £ BT
B LA B B S 600 kg, 5 Kk i 40 BB S0 ¢, 3R o #7485 10 m kB

2-47 BFRBNA X107 ke, EERH 5.3x107" m WIEJE S ARIESEES, Ca®
FHRMAHEN 2w, REWAEE.

2-48  f) F=(-8.0i+6.0j) NfEFAFERI KK r=(3. 0i+4.0)) m B9 & L. (1) XMELMH
HREL? 2) rHIF FuEMmELs Ll

2-49 HREREREFL NGB, B ZERNALEE L " X— 8, NEHS
B B IR] P B X A7 0 B4 7 4 E 25 K 31 ok AR 4 i TET AR

2-50 2y ERAD T H A, BIKFAABEES K 1. 52x10" m, B 38 3 B 3 2. 93x10° m/s. ¥
F)a, HBRAE T B AL BIRFEMBER A 1.47x10" m. 5R: (1) HuBR7EE B &8 i 3018 B
(2) PIFpIEOL T HEBR A MR AL

2-51 MEhBAHLABI m WAEMWRIE EX2H r WENE LEF. RRE®F
BB FREF R EEE.

T2-52 M RR[E A5 TR 7E K 5T 00 A U W% B B GE AT, 05 Hb T 64 3 MO S BT M A4 B N
190 km#1 36500 km. Z J5 , FEMET M A4k, RANER G EEZHWRASTE, R
B.osk.(1) DERMBEDESTHRE; (2) TR RIE 8IS 1T 5050 4 2 7 R (M FR
% 6371 km).

2-53 B—AWHNHMKE,JFER m,, AR FLEE v, FEE— BBk, 0376 2-53
BFR. MU h REMABBERP LN EEES. R L RAB ISR, IRETULER

34 2-44 8
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REFR? ZERKGEEN m, RN R
2-54 R 2-54 EFUR  ERM K RE LA — AR A Do

Jom WY YRS —BREEE BEO S —REEERT )
EOR HAMERB N b —FRHym, OTHEEE 0, HEY |

He, SERCA B B . 0 T S A KR L, T HATA 7/ \v
JE N A SGEFE B A M K B L R IRTE B & 58 2-53 B
B BE (KR TT ).

'2-55 IR 2-55 EPR, —REEBEKN LERNERI n FENBEXKSEER
00'H 0 ft  BRRWPEEEE TREFM AN EERN. WREREZH IR FELKKMA 0 &
KA 90° BRERAFEBEN R L7 ABRB|K 0=90° B FEE R L 7

/0 Ao
J"_zg
v, A

3 2-54 E > i 2-55 |
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F=F RIERMIKKIES

AR W¥EREMN ¥ ERM BLRTLENES EEE T HESTHE
AHEZIE, WS AT RAR R R LR A7 0 U R 8 0 R A
. EERPERA AR KD, TEBARET UEL, EABTRNE -, —ET
— A EHEMYEAR. RIAMEARGEEY ANRAREE. BEEEHTH
T 4044 A S o % s et T SRR ) B, O 5 R B0 32 3 AR EAT 2K Lh. X BELAR O 4
AR ROV, AR AR BAE N E. AR ANELE, BEIR
FERERTEZ—.

§3-1 NIEZRBIR HIEF

TS ﬂl”*

A F BB YR, A —E KB RA AN B EELESERT , R
KANRE XAl B, h R, R TREFREENY
&, B % Rl B (rigid body ) X A BB AR, MR (THF 5T E W N F R AT, 8
IR EH BRI FrE TR ARG XS ERBT AR HR dn, 77 BB T,
i B R IT(mass element ) , BT LA S2 (A T AR B B8 X AEM BT — M E— 1
WESARNEKR G RETUERRBZH I RTARN—HBRNER, E
HE—ERSNNHERT . REACERRTAMNERBEREFE. BIEK XA
R GERME 22— MR R R A 2R, RO T 4E.

Z. FohinEm

PO Ak i 5 18] B8 35 B X R 3 R 3. 4RI Az 3 B, SR Rk A A AT —
HKBEMESR, 53 B 87 [ AR R AR, X Rz 3 M A F 3 ( transla-
tion) , A MMEMEk PR AKGMES (B 3-1(a)]. BR,MEFsn, EEE—B
B 1) P, R B A B B S % AT R A [ B9 . T EL A AR AT B 28, &1 R T Y R BE
o 556 B A R A [RD A BT LA R P R T — A T 33 Bl , BB AT AR R AN BB
3, — M LA 0z B AR ,

WAz st , a0 SRR & o 3h T #RGE Rl — H & fE R Al iz 3, X Fhiz
B8 1 4t ¥ BN ( rotation) , B INEE KA AE 3N (B 3-1(b) ], X —HLkm i %o ¥
(rotation axis) , fEi FREERY. N EE B2 E 2 A 1, B0y 4% B B ¥ B0( fixed-axis rota-
tion) , KN T TH4aY,BEH %I ¥3h 8 THmFEsN[ B 3-1(c) ].

W 4 ) — AR 2 3 AT LA A3 O S sh Ak 3

=, HHE

B, RINT5IAE B EMES. Frig¥ik R4 69 8 B E (degree of freedom) , 3t
EME—TYEEZTOANCERBEN M ILFENYE B FEAATE=42

E B HhEs, A, EMAETEM3 ML AR 2y 2 RH0E, ZRAMA 3



§3-1 HWIRBBRERzz | 113

B . X TR AR R, — B 6 AR, (%, .2 ) (%,,7,,2,). 20
SRR A (] A R [ E Y, B EE K r, T

r= (2,2, +(y,-y,) 4 (2,-2,)
BTREANYRFEER, PN EENRERES M4 A S M HBE. XHF=
TMEHEENREEWENRE, BEI MR BE3 MEFER HAAE 6108
MBE. W F=TUEMEERSE, MR ENZEMER AL, LRA 6 3 k.

—
— i

(c) FIINFBf TS
A 3-1 Fahfsksh

X R B, B T 52 1 OB A (R, B R R L 6 A B i B,
SO B, — B A 7 25 8D 06 o B T A F : p
P

(1) BHHRME 35 (BT AR, >
T 3 ST AR A 32 589 Cx,,0). TGN

(2) FIFGAH 37 A6 A e R P 5, C Y

|
|

MR EL CAMFAL Ak, TTH o BARKHEHLE
o FEHNKNBRES O« ik, S HELS S
O: MBS MANE; B 0 RFKALS 0: 81 '
HIkMA, ERULEREEHT Oz MM CA FrAm B 3-2 RikEY &
FEA B ES N AOLE.

(3) EANIRETTLAZE HER CA ¥ sh , ERIENARN X — 3, £ TR —A
By (B 3-2).

Frid, B GEEHARIGEFoANARE 3N FIAmEMI AESNAH
BE . B2 R0 4 i % 3 A2 B S AP PR B ok, R d o T L AT 1 ARl A s BE L AN 1] M i
o, 8 E RA 2 AN a 8 B, I sk e KUR B 3h.




RIS

14| B RIGRRANED

#IRER

3-1-1 RIERTEHET -ERHEKEHT BEEWRHHRABERRMGLE, 4502
ttaEsh?
3-1-2 wRATEMAAE, CHASAEERREEMA A E? KRN

§3-2 HE HHRE THEIER

A, RAIVEIRRESEE R ME MR 2ERA, T EN
Rk, B> 53h, AT HERER. B, RNEXEE#—LNRANER

&

— A B B LN, A IER T A B R AR B, AR AR AR
R, NENEHESE , ALS H 8778 KA X, T BB S H8FERRA X
B, S RAT I E e, R FOAEREE, N THE ), EEE RIS, A
R EEIHE A A . HEFR2EZEE NN =ZBERXHN—TEERZ.

RO — BN BT S35 A0 N4, TiZEE M s P, RITEABIH A2
HT EHEMMNHE X EA T ARFER? £E 3-3 b, EEEKMIN T FER
FERIE LB P & T P AT AR BRIES O MRk r, MR b —FEHEIE L, 1 F Xf O
ABAE M, TRMEr 55 F IRBFER:

M, =rxF (3-1)

HERANERR. W T LIS 0 SRR BRI, X A K B R E B
R AR AL (B7EE B B b, EPAT TR B X R S shEA 1
Ve, B L AR ANSh N F 5y RIBAS S, — D RS MM a I F L 5 —
PREHMEENS N F,, 30 RAS N F, AR WA 3-3 R, X4
5 F, K h5EA

M_=F,rsin ¢=F,d

Cnf S F 3t oz hiE Rh o B F, 5 r ZE I d=rsin ¢ B 0z 3
HF, BEARQEEIERE E¥ N E. 7T LSER M, EBR EE R EE—
HOBNE M, 7 Oz Ei— 4B ERME E R s &, OB B L REXA
NBTARM, NZEBMELR D F, MM HERE THEMOTFEAN DS,

FEEHEE hp , IR A LA A R o P R AE R B R (B 3-4) BT AE A
W5 A8 24 F — A 7 58 B0 4 B, AN 1 S I AR LA 1 BB D SE. SER R, BT R

O BETHEIMMOEET)FE.TEZA BTHZR, ETZR AFNZN ERAMZENER? FEES. "HH
TEAR(GE)WEEH.



$3-2 pm mame ewssee (1800

HEMNRESE T XL NMHEHRY . K 3-4 R, F,.F, M F, F=1
pal:oRsWak chivh--gl-Rip

F3-3 HiE F3-4 JLAHmEhE

M,=F!d,+F,d,~F,d,
A A IE RS AR I A T 98 5E 2 W LA 190 , 6 3 J6 o I e o O 2 1) 5 A T MR BE Y
6 1) — BUAT , BB E U 4 A4 O o) A0 SR MR R b Oz, B RE R N DRI IE T | X R, M,
IE{ERT, B A5 W 5 m) Ve Oz Oy 1), Dk B RS U AR 2

AT ISR RSSO, R R BREF S AESE, f i E % B2 XH
MEN EFMH B A mRE, K EE—E AR AEESN KD, R
11 5 P4 2 0y 7 T 2 [ ) O 2R o o T MR e S T A i E K R O A T SR A 3 9
77 1) 0 R ke 3 £ 1 R — B, T MR TGe T 2 4 Oy 1 R A BE R BE B IE U7 18, 4
3-5 B,

TR EHE TAERKBRZ )G MRAEEE—FRR P(REHNESR OP
Ror HBEALR R r) MR v FIAEE o ZEEXR N

| v (3-2)

K(3-2)RAMKBERHRRERX, TR RE A EEMLEEZET7 6 EE
ELEHXER.

fEE RS R D AR T SR ERMKN, N RENET o 8
EfR BT LUE o MERR R

w

Bl 3-6 R — GBI ER Oz B s RIK  FERHA P ER— AT P KRR
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BoE R E 3

Am, BESRHEIBE B r (AERERIBI R A r,). BRI R L2
SE R B B0 0 2 B R DAY B0 o F o, MR R
JCP FZMS AR F AN F! X H P Fom Rk
B EAB BT BT X R IT P FTER B4 . kT kit
RN, RAMERS A F, MA S F, #6 F@ o KT
PIHEETHMNTEN (ETSHE r, K5
o, F6,).
BB —E/R, BT P S RN Bi3-6 HSRHEHME
F.+F!=Am,a, (3-3)
R a, BIFIT P WINEE. KT P LS8 S1E I A E 50, RAT S M & 69 3% R
WEESHFBROTF

F.cos ¢, +F cos 0,=-Am,a, =-Am;rw’ (3-4)
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©=20. 9 rad/s
B3t A R n=200 r/min

fEug A B R, R ) SE D, BT LADUBR BB R ST AR, BB A HLAR ARG B 4L b MR, 31 2Kk B Bl
e

AE=_%_JA"’1+_;_JB"’:“%(JA+JB)wz =1.32x10"J

511 3-9

EERME - EHAT THRSRLEHERR SHERPARBYRUMARIKRE
B, B Y P A ] P R RO BRI R TR P FRR-MREHENEE, B
BATFERRRAILCEFRE! REEELARME 45 d(R)E—A, EHHEERR,
2% 2x10" m, $H48 KB R ALK 6x10° m g9 h FE. R R b FEMMAEE. PHERE K
PIZ ST A 51 IR (B 2R

B EEREET EEFRSZBEEFMNN S EER, HILER K AN T E, W
ERABERERE AR Lo, M Jo MHE%. B

L= —%—mR; ; = -;—-mRz

5
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ﬁ}\ ang =Jw :F ,ﬁﬁ)ﬁ‘@

w=wo(%°—) ~31/s

HTFRTFENSREEMRROEFALE EEFRABESERBROEY FEERBN Y
7 & AR SR 0 R 2R i B DB ER X AR X MRS R s ke, Bt sRR MBI K E S,
i, RO ko 2. B RS S R 6k vk 2 8 300 4~

B g 3-10

3-21 A G P ORI S J=2x10° kg - m®, B L) 0=0.2rad/s
o 300 1 00 0 B . TR R B PR A0 1 A O A L B B B S
WRIERAR r=1.5m. FIOEE AWM BIEE , 36 o=2 ke/s. BT HOWE ST R CRIRE F &
W JEl i1 ) w=50 m/s , 3 LA S . (50 05 6 096 59 5 1< 1A B 6 A 428 A G

dm

3-21
BRI EREE ARG ESRE N m W LUA N ESRBIEN T AR
B BT LAFOR R G0 T R b O R A S BT U S T RAR A S MR, B
Ly=Jw
FEML B, A dm R de B ] PYBE R A SO0, X8 S AR e DB A 3 K dm

r(u+e) 77 @5 RN MBI RAF. B u=50 m/s AT CAE DA E o =or) , BT A
BRIEUEET dm - ru EEABEEE P HESH SO AR L, AR

Lﬁf dm * ru=mru
0

HFEE CME L Deet, KAz R AT RO MR ASE L, SR MHHNESH B
fashi, o

L =L =mru

ERABA R, REHFZEMN F AP OB NERNT, LRGN TN AT
BFE B Ly=L,. ke

Jo=mru

B m=

2E

T 28 4 6] =L T

o aru



EREE

3-4-1 FEITEEAINRT AROHFR. - M TFHERYISSE, 5 - TR FHORR
EERPERE. F:(1) WRERECN @S HEHER, B8R T 53000 F s &L
(2) WREFIMMAMEELHES ERERIRT LOHERK? (3) MREMNKASDRMES,
R FHEEBR?

3-4-2 HEFENCR UARLTHER BRAKRS TR KA ERBBEX
HE.

3-4-3 MRS RN — DG B S R RS, T R R A, R R
#? Aftar

3-4-4 FTHR GCEHRKNE, MBS ERRBFHOEE, - AN E LR,
A—AE, FE A2k e aby R NBE BN, R U T (BRMAT
BT 2R, )

"3-4-5 HAMEREA—TRE R ERAAER?

"§3-5 i# B

AFAB-HAAEHRAEAHL. X Rl HARE (op) R¥$ESH , EEHEAA
THEAMS. 2% RE Lk REBECHEHRRAT, PRLMH. Ko, A0 AH P
BEGASHHRMER DO N, XA RMES ST EH 0: B, » B 3-22(a) 7. XHD
4 £ ™| 4 3 Bh ( precession) .

EHRABORFLEMMRES HEAHWARFRZX THIOARE ANTRER
HOEMAH T LA EAAS A KM AHE T EAIROEF2— N8 AF0&h
FHAPEHFAAG TR BBEADFLE, EREHTA & A, REH A FH%m AL, 1
FO G T OMF AN ENFTAEETL ARG FTOLE LEL SRR LY
KAOREBH AL LA, 408 3-22(b) b A 7. Bk, KIRey & #HIFK L 6945 K # 5] L+dL
HATE NRENAFEOTA, LB R TR 46 I8 RERXLH T, H
B-HEED, R RE L4 O it 3.

Af, ZNAREH O ARE EdumA, AR L(L=Jo) W Ed RRIt, 48
T

dL = Lsin 6dg = Jwsin §de (3-19)
AP w ARFOHOAEE do hAMBE LN TAR:HEDO AR, 0 AKES Oz
WEAMEA SASHEFLER
dL=Md:
RAK (3-19) 4%
Mdt=Jwsin 0dgp

BESL, BANALE o, =i—f,ﬁ)‘r "

(3-20)
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B=

B RIMA SRR RE S

(@ (b)
M3-22  FE8R &Y B

T HNREEF o SHNERTH, SRBERNADRE K. B, HREZEaHM
RAERKY #HARAR AEREARARERIN AP AEEHEL
(814 4 5 ( gyroscopic effect) & % M, A £ 8 B M. Hldo, A PR FHABEL L H %

REAGER, A5G RE AN, R I *m\\

B—BARERALEF RSB KoL & LA e

Y B Y T ) L9

TRIER LW ® RE4E, ¥4 A RREIL

LRES EE I ES EXN YA

iRk dE hTEORBEL, FAMRAYH

AR TFHRI ARG G ENE 5 &S

B, AM,TRIERY MRS HE

FIEERFERRKGEE, B 3-23 55,

BAEBEGSTH. P
R ETEHARE— 550, B H i

BAEMALEZLELE. ¢4, LR HT 5,

BT RS R bR S B M Ao A ek PR LA R
#HOMELEMAER T LR A oo, RT T OFANAL REEHS G FALH

Bk AMREAHE LD, 0 FH A BE H bbb B AR 3. X R AY S T8 &

CES LY oA P

SR EM

=51 HMAREREH WML BEAARESANELORALD, BAMER D
IR AMBZ. MREEA R LD TR, LR 28R

A 3-23



§3-6 BEMAMA @R (s e (188

"§3-6 HBRERE EERD BBAAE

R A A ARAR LA A, A TR (fluid). A RH AT HATLA RS HHR DX 448
#HiEs BRAABEOHR ABRMESOBRAF. RAETBRES, R —LHAR,
EHAAGRE ;LR ASR, EABEGAR, RALOGAE, THEFRAEEANE
W EAKASHS HAMTEDNK SRS AME R ABR Y. A B RFFAEP, 5 TER
RAPBRREBHEDOREAAS, TRAKAHRTESR, AR R AR N B RS,
SBMAKADN, G T LB THRA, HAAKSHIZALRELEXR WG A, R D AK
V50 R A B AR A 09 R R 604 B TP R ) SR & AN 6. AR AR 3 B A 9 60 R 2R 4R
e o B I 38

. ERKD

ABARDE AFPE-—RAAALIRFREYARZRARAAE , MALABE —i, LAk
SHEEARE. 2EXEFTRLEKAT AFAKASLORERE, 5489 A k4 KM et
18] f AL, & # R 3h #F A E F K B0 (steady flow).

ATHRAKGED TEAGTH - RAFIGAR BOLZ EE-SWE T a5 EEL
RAR R T8 ik B 6 — . X AP o B4R b LR (stream line) [ LB 3-24(a) ). Atk P 44T — :
A AT 75 KT Cstream wbe) (A 3-20(b) ). MBS Mkl it~ KORRH B s
BFORAREFHRAFRLFHAF AAFTHIRAALREANAE  ATRBAAK i VA O o
R—RABHARAET AXFADT AHRRELGARAMMN AR E IH AR ARTH e
BREBELRE - FAALORA LB EALAD FLHHF —FRAAL AT
R A AL HEZATARS, RO BRE.

=, BEHFRE

%A (D.Bernoulli) ¥ BAAAKSHFHAALAZA R, EHAATERARAEARAFT T
HhRZEARDE ARTEENERp AR v PRIARZAFIAN LA AMXIERFE
d#gs A AR, At EHER PO EY ALEREYREAN D RRER S
F 1.

B 3-25 7 AMERRFTR—AFT MAAAET T —RAKRDEZ. HEX—#
2, XEARE ga, BE, Bl BEN T At 5, LB AKRI KX bb, L E.

AANHAAHTES SFAHEBRARHUG D BRELAAZZRAR LALSH AT
AR ZEARMEAZATENADIF O, BRRMS. A, EASHERY BRTES
U AHECHEMAGS MR ECERMAKBCWHR IMMASMES; EENE
# R AR LA e T X AR AR .

B et At 4R, FT il ab, foah, RBEBEGLS EERREGEB P, EE p K
BRSPARvRTAEARE. #p, S0, Fp, S0, 702 ab, 5ab, RARYER RE
Rékik , WERAKGERARDS, BB R v At, T H E 3 R p S v, At, T 3 & A &KAE A
HEE R HRA-p,S,v,At, B ShAHEHR




136 | =% RlEMAAYZs

A=(p,S,v,-p,5,v,) At

BN

(a) MLk

h
(o) HH 4

F3-24 WEMKE P 3-25  HLE Rl iE 8 B

B AR A R TR, Tk a b, # a,b, B DBIAKEG KRR S v At o Syv, At LK ARF, A
AV Fw M) EX T 5 &
A=(p,-p,) AV
AR, AR ARADIHSREE L S TEFADRL, L bo, MY AKS SR H
RARAEY. B, A FOTLRE, TARERZRLE ab, L9k, EoTiE At AF ]
T ab, &, W@l RGEETEER

E,-E, =(—;—-mv§+mghz) —( %mufd-mgh])

1 1
=pA V[ ( ?g +gh2) —( TV? +gh,) ]
M it R A%
1 1
(pl-pz)AV=pAV[ (7v§+ghz) —(7vf+gh.) ]
-3 D=5
1 1
Pi+ =50 +pghy =Py + —-pv) +pgh, (3-21)

i # & 1 5 71 7 72 (Bemoulli’ s cquation) . EABEE R R R M B Kb, &R — K& b
G- RGO ERODEABEURSAER AR, HR ATAL, EX
%5 A

2
L2 h-%¥ (3-22)
g 28

2
ﬁ;—g\" ZRAARG FRAE, A REAL EEL KL, A AFRHAAER —RE
ROFE—dSah, EHk L AL R — SR, A HTE AN EABAK, AEAFE R
RARAFRE Ao AE ARG TREL, AKH S8 MTFIEBRXNASZHEA.



Bl 3-11

7K e 5 R P K e B S AR K L 6 3 BB R R ol et K I A9 B2 S A S B Kk B K T
BE b ARHORE RN BB B S. 3R 7k 4k K 9 49 0 3 0 975 B

BOEKEERER . 7K HAKERRD, Pa
K WAESE B WL 3h. 0P 3-26 TR , 76 K o B — % l“‘_ /
WL ob. FE K HAVE O P SAL OIS 91 o, Mv,  STSoTroo-oo= ]
XA AMERN IR T K BAWE o, BIEH O —-_oss— )
e,
AN ETELB R H B o, =0. B AR HEN O, WA  ——————essoo
LA st s e B g 0 T L S a2 Bl IR e \.‘ L S
=1

B b ab PN ERBRASE p, =p, =p,. 118
BRTRE, 8

Lo e, 2 ghin, B 3-26 WAERENITN
2

KR p Bk BB, B 0 oR

v, = +/2gh

B A S A A P b &b R RO A4
VIR AR 300 ) P A IO O e A TR R, W Q R RAE XN E X, T8

Q=58v,=5/2gh

B 3-12

0 Bk 49 OC B B ( Veenturi ) 9 T I0 B 3-27 fi R #F B MR S, # S, #9K/N L K bk
BB p, PSR E BRI AR KM R R A, BDTTSR AR 0.
WO POy E R R R s, SRR

L., 1
"i"P"l Pl‘zp"z P2

E pl 'Pz '-'Pghv Rmﬁﬁgﬁﬁﬂ r%‘

5,0, =8,v,
MR o =oie,=s, [2Eb
!‘Sl 2 2 S:—S:
TFRIRR
2gh
Q=5,v,=§,8, S:-S:
71 i

-1 —KRAERH0.30m, TEN5.00kg, WK GHHF, A - ENRBTF 80— 5,

-1 | 137



R {4 0 o 1 09 32 B

o #r kA N EE L4 0.50 s F ik 10 /s, BE KR AT BEELO BAEK K. (1) KRAA
T3 B % o 3 B ot (B] P S RO RE B (2) B RBLN BT Th; (3) HIEh/E 10s A KA EI AR
BER S h % b — SR A

©3-2 KEMFEEN 60kg, EAN 0.50m, 2 1000 1/ min, BRERTE 5 Py H A 50, 5K
HEhhF BERLS X2 MOEERE =04, KEWABEIBASHELWIE L, R+
an > [ 3-2 E R

3-3 WIMI-3EMFR,FREIM2ARRSN I m, 5 m, WROEHEE RN J, ¥

BHr (1) k2 55 TEOEEEBY u, RAFEWMERE « ZRPWNKDCRETFSH
IR AR ) 5 (2) Wk 2 5 mECY R i, SR RGN E « RS,

F
1 _05m 0.75m
I i
A A
§)w "
i 3-2 A )R 3-3 B

3-4 RN, Moy BEE, R EE R, AT LASE o &0 BB E&E KT
BEEMES RN ENREN I RS EHEERE BT THRANEGTRRE Y m, B
my BIYR A FOYK B, I & 3-4 B R EY R A LUINEEE o, EFHUEST 94K B R B
_]a,‘+m,\ri(g+a,\)

TATp&Tpay

3-5 MB35 BRARAZFENFRE FROERI m,ER2H R EWMEER r, R
BEE LRI SRR T RS 89 n s B R SR n 5k .

My

2R

ri Il T |

/

R 3-4 X 3-5 &

3-6 FmER m CEEN O REK, HPORAFEEMN, ZMEREERY 2 TRHE
ErBERA P OELA, RN D SRGEUET, 058 3-6

!
Efn. BEEEN T ZE B ERRA oF y,a B—HE,F, ~ _\_
KM AR R AR ERLLh F MR A AR l - ]
S84 52 0 S5 0 4 9 A A
%(F{rmg)(l—%) , %(Fmg)(n—‘}) F

M 3-6 @
IR IR B R FLOERNERET & L.



3-T —R@GE—ERE WRHEE RN REN ma I HERIEE BT
B — %A — R m A ASE TR, MERKS —MET —HRBI m/2 HEY B, A
B R . B A AL IF S5 A0 T 48 LAY e b BT, 48 54 (E] TAR X Mg 8, R B — I E4 B
FEmEE. (BEamedde b0 EEETRENMOESHREI=nR"/4.)

3-8 —BIE R, TR m, RN R YEUER N MESIN EERENE A7

3-9 MEFRHESREYRAEGERE m, AKSHH b M e, TR BT HFHE
HETF KN HE.

3-10 3 3-10 EFw, Pt — R ST RS R B AR, B&NEEN r, B R
9 Am MAF g 6r, RN m ORGSR T i A O B Y sh iRt i

3-11 I 3-11 PR, EFRR R m 2ERH RS FERAE L ZEERN r AR
LALEXZRAP R REKFEM ML HAPLESETMELNBENEHRE. (BRx. B
EHRE AR it REEE LN LA FIE SRR R AR, R R N IE R A
R I3 5 7 67 AR /S [ 2 R B IR, X AR O B AR R AR R ERR R R . LR A R R
BE TN 3 I S5 T A k. )

3-12 FrhK R A HME A 4.00x10° kg - m”, Y E A HE 5B 30 o/min B, B HY
HEhE iR R E 7 Bk, EME R 10 v/min, 3R 8 h— R CI XS BT LB .

-3 —KFLERI m YOF EXRATLEBEVE ARET, Sk M8 o af,
SR (1) A REEE; (2) PR A .

3-14 —Bkrh B R 1.5x10% kg, %42 K 20km, B HERE R 2. 1/s, 3 B L. 0x107"° /s
BIZE AR . [0 & A S B AR LA 2 K ML S/ 7 NS X — A5 (b SR FF A 3 A Bk ok 2
23 24 B B GRS 45 0k B B 8 Bk vk B T VRS R ER .

N\
~

JE3-9 M J@&3-10 A H@E3-11F

3-15 W @3-15 @R, BENEHBRE J=
0.5kg - m?, % r=30cm, NEMWHNEEH k=
20N/m, EHFER m=2.0kg. kBB -EUFELMN
B FE B, Fhe AR, WEETZ
B MY KEBEAEE FEZE? YYKERERT
1.00m B, EMHEEH L K7

3-16 HEHMNSMEMHRAENEET R, R
B ot T 6 3 R 159 A A DK R 52 AL, M B O T BT IR O BN 40 30 m. A K BUE R BRE X
B i K BE B9 AR 4k

3-17 fAmEENKEEMDE E—REAm AN BEMERN R FEHRERJ,

SE3-1514




0] »=# Wi
AEEN o MR ABEDGESNRC, RAFENTEHLIIL R SEBAEL.
318 fERBAR EERI m B IEKFRA L, W —BFEH m A & EE R
Hb 585 o [ A% b0 A9 B E A EE B, X0 AT IR W L A A i Sk 5T B Hb E she , B AR X T
BENEEN o, MEAKSHFUS KO AEERE? SMhET—FH EDEAMEN, &%
BEEoMmAE?
3-19 WIFEI-19BHREEHRPLOBEEMUARE o, FOEED. HEX XM T
BB J=5x10"kg-m’ . BADRL 1 g/s WHEFEINFEE L FHESEHER—FE

r=0. 1 mig[H. ﬁ*@ﬁﬁ@l%ét.ﬁ%é%ﬁﬁ&i%%wu B AE 9 i [a] .

320 40 >3JE3-20 WK, — MR A f B, KRR H R, M, KX ELEA
XER RO SRR J, L, TFIRE A RLUAEE o, 3 RES BREXWS, RWEE)F
P 3 69 A B

3-21 — K 1=0.40m B H AR, B m'=1.00 kg, AT 587K 5 O 7% HF WA, IF
e AR EERE HAER m=8g M FHLle=200m/s M RN A G5 AP, BE A

,QEO,QEGEEH)‘J%L!IEEES—MEﬂfiﬁ-ﬁi:(l) #IT Wiz sh i B f B RE; (2) HEIR K

¥ A

3-22 mgE3-22 BT, AR A, FRARAERE, TRELEARMOBLE
M. SHER m(me<m) BN RE A SHMET HPEELEHBL, CHABW
REIRBER R b, OB 5K F 1L 6 fy. 5K - (1) /hERif o B AL TR, B A RO 26 ¥ 3h Bef ) A B
(2) 24/)NBR B 1B A — 2 % ) 5 fIE At B B9 3 JE.

ME3-19 H Mg 3-20 @ AE3-21 ® M 3-22H

A2 g RKN LR m AR EK Y z( l<%L) ) — B EE AL, 5 — R T

FRAE, EF A FARPRES, MM 3-23 BHR. ABRBRFIEN—%. KR SHELZXHE
Bf AT IT R B S0 7 AT S A B R B EE RN p.

I B RK30em WRT VRE—MRIK 1=40cm BRI D ER, AT B S 3h, RRAB A
B3t Ske, REMEFHEEEH 25em, B — 5 A F—MEERER, WRERBEKFLE,HF
R F LU 0y =12rad/s WA HBENESE, FM T E3-24 BfFR,R:(1) ZRAKNADHR;
(2) fERTH LM II5E;(3) RGMIHESI M, 3 1 i 2 50 0 1.

I3 —MBAAFERER A RER Y m, BEFK, LSRR 00 M AZH RN L=Li,B
AT, M E3-2SEPT R A AFMATSUBAEESM A MBESRNWERY N L
HREMUHSAEE OEKTFEAERE, B 2=0/, XK (1) REMBECHESHETE;



(2) 8B R my.

i g
> oo e

@39

T

ey SIS s v ! l I
A 3-23 3% 3-24 P9 JE3-25 H

3-26 —KKABEMHEBN . 9em, BEEE5REEH
MIMBE 2NN ABEERR, B AMAEARE
0.13 cm, 40 5B 9% P9 7K B9 W3 R 0. 91 m/s, BR 4 7K M B 7L
W A A O R 7

3-27 KHUGHEAKER 15m, HE K 4.0 cm #KF
BT T 6.0m 4h % 3 S, 0B BT R, — 4~ 8 F 1
ERFO. () REFRERZEMNBER MK (2) KR -
HEF3.0h WEHEZ KRS EH? 1 3-27 A

3-28 _EHBRDMAREMAM, KEYLEALFE—EHRN MR (1) FK
TRAAE , 3R 7K AN JBG 8 /N FL UL £ B0 R0 5 (2) 35 7K VA S T8 /1N L O B4 A0 98t 7 08k 20, SR 1 R e 20
7K MR T /NFL U 4 £ R

3-29  WN3IRE 3-29 [ R K8 W B KR, 7605 2 LM A F BT, Kok e ¥ # K AT
DL BB S . KR BBk R, BRI AR d, RGN F o, K Y

3-30 5 P BT R B9 M R AF (syphon) S B b B A, F0 Ay KA (1) AR 5 IR
BTN A BRI CHMERE LA (2) MOBE BT TRIFRE,ABMCAMER
YOS TUIR AP S AL I 44 0b8 2P F N

15m

hy

FATANE SN

SR 3-29 [ JE3-30 @




SICS

SOE BUcEL

BRI =REG TS+ EH )R IZH S kYt
Tk A—ANAEHHANIEHET, FiEw1F,3%4
KR

§4-1
§4-2
§4-3
§4-4
§4-5
‘§4-6

——A. 2 B ¥

nFIBEAE X ESRIE 0 F) B % R
RXENRBERRE EOL TR
SRR E A

Be SRR RO B =30

P AR XS B ) FE A

[~ XA R E T
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FE M

DA A2 3 58 A N R R0 2 30 ) o R R I R TE I 2R (B /N T 6 o) J
Bl Esh AR A B 5. 0¥ UN TR BRTESH R F i (8] Fl 2 (8] 0 %
RAXME, ENAEETRENSE ZEL XFHAFEMANZEIT SR 19
R, AMTAZ I, 2%k i3z 3 B 0T e R, bR a2s 48 3 i B 89 B e s A
FERRLSL. BT LA 22 8 g 2 R A0 A 53 3 6] P9 A 0134 IE 8 , %o T 80 5 b () 6 200 2
SEFTE A1 KRR B BT (A. Einstein) BT B ARG 7 2. MRS ) 2% BE 3
F R, 29 A AF KT 3 i, A I8 ) R R I R L Ao

MBS T w YA ) 2 A, I MARA b b 28 T A G B A] L 2 (6]
MESWHEERS, BLTHONZW, EBETHEMRROAERR FHTH
XAESINEARNER REEN - LRSS SERAMAMNPENERAMBE,
HEEBAKBXKIERZEHRKEE. B7E, HXHEC 2y AW HEZE A a8
DRI EB .

§4-1 FIEEAEXIMEEIE 07 BT

— . R B4R X 14 R IR

HTHARVEOIRESD, RINBEXAHRTYNEE R RERNE SR
AR EXAMRER N E— TR A A S TR, HX TR AR
ERBILW. AE, RA—SEE, CHY TR RS ERED, T
LA~ 8% RNNMEEE R, LT 2 A0 NS TZ, R st F e
EAEMESEERED. KRB AR, B NSESH S RERS. FHit,
MM FREEEIREREDNE LR BE—PRER. TR, BRINOERE.
Wb R AR A5 B R — A, T RA TR, — X T b A0 o L RE
BB EROBEMIER X R A FA HE AR BN A TE TR

FLFE 1632 4F (S 8 75 56 00 AL A B 40 R T 1 TR, & MAE LA
BRI YR E SRR E FA SRR BN, X E(RERNE
SR )  HRAE— )T P B 22 3 O 4 th A B A AR AT 1 T ke
WA 5 5 5 2 0 5 R W L 0. 24 AR E MR BB 9 B R, 4% 97 8 o 0 B S A
FRE — 2R 11 G0 A B IBK A7 3 2 0 5 7 52 4 A I, th R R B0 4 0 A B 3
R A 160 Sk B et —— o7 T A 80 L 52 B —— B 78 T O | B R 2 AR B 7E 2 o
BN, E R T B0 Mo AR R 7 1 04 Bk B AR K B 16 2 0 2 . 4 4 B — 14 A 7 4 4
B A A I, ) S5 A4 A U 2 A S T AR 2 A BRI, 4 9 60 3 36 R B AR AT 9 4 2 AR
JR B BB BT B0 . M 7 TR TV 002 3 K 0 VR L A A o
ELH S AEHAR L, A AT — K AR 150 B 7 1) R, R 4R 24 K G 04 7 %5 SR
SRTEFIRISE. K B, ARG BT R B Fh ARG IE R4S T — R EE
BRI R, TFASHMEHONERBEREL T2 BN 3652 AT
— A HHARERE R RRORER. S2an, E- T EERNABFENE



B §4-1 MAIm MR Rw s 148

AHAZFNXRBIEBREX—BERFSRLTFHIERS , EREHEIEEL
SE T A IR O 47 % 6 A% 1 5B, o () W 4R X 4 JRL 7 ( Galilean principle
of relativity) . FATAT LA &2 2o oh 6 4F — MR 4 R B 90 11 09, WA XY F 53X 8 1k
B R R E MM RNEE. ETERDAEX IR RAGRT %
X" WAL N KR AT BRI E. i, A% BN 20 DL
HAGSE IR Ml B IX B R BT LUK S R R R % O BT B SUHI X S i T

. g

W — ik a9 Esh 4 R RRES % R bR, © 0915 she il Kok % 8 A 7T 1L
RARMN. Witk ALEETXTF— A FHEFHMES R POHHAN S LT
ZEMELXE.

mE4-1 pim AWM AMRESE R K FK K RLHEE u A0 K RAES#E
Riesh. EWANBHER oo H g S Y'El
WHEK(0,x,y,2) MK (0",x",y',2') , 3t

x 21

o =XF A bR 4 B AT, IR Ox B 5 0" oy, v,2,#)
MES He=t'=08,FHOMOES, -
WFS% R Z M8 5 4 % R AR / o0 o
x =x-ut x=x"+ut’ Z 7
s -~ & 4-1
¥ =¥ ﬁ Y=y (4_1)

’
Z'=z F=37

t'=t t=t’'
A B A BR A 0 W A6 BR A5 e, 18 K £ ) B 4% #% ( Galilean transformation ) . =,
B =1(e=1") BRI FE 2 90 72 P it (] A B R 448 %o G

E.BANFHHEN

ELMIED A HEHERSLR N FNBSMELE—E. RITE §1-4
HERA T B AR B0 FARMHE S BB S AR R R K 5 KRR/ 43t
B RAAEKZPHMEER o ZKRZPTHMEER o' FF4 ,RITE

a=a’
ELR|ANED YEKTE m XBEIADRAEN B, 4 WEshEREXFHS
BUERZPHEACRAAHRNT. RIVEFE FARNERRAEK R5K' R
FREE . KRAEW  EF B E R L TN, hth RS HEREXE,
Bl F'=F A ma"=ma,JifLA F'=ma’. JXHE, {07 6& 40 %5 44 JR 30 gk o] R B R &
iy
F=ma, F'=ma'

CRE SR UL, 400 ) W X D ) ) — RUAR B R, AR WA S 1R O O R AR S T A
i A B0 R T AR Y.
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g =

b ik =R

B SO XIS
EAT®

FATYG Lot , (] wE A bR R R A %0 AR 8 B ) 5 op R 44 X B . A
36, 4 X B9 L BLIE A R A IR) B G L IR T E A S 54T
—H R R T KR E. TRt R AN, SR EMEY LK, W
sk B[R] B RN R B ). 7 5 40 M T AL B 52 4 ML B 4 A o ] R o X 25 fl)
B4 S, e A2 U810 32 0 T 9 L8 L O (0 65 00 4 X AL O B R S TR AT T A TR
iZ By, 33X A & B A0 A N P A A 90 S R 20 A

§4-2 BMHEAMBREXRE BLELTHR

19 tHER, Eulih e THRMRENAMEIFET r Za i amEg, m
BT MNAFE. MOAALRIES BEZm S RIS BEEERLS
PR REE S T AT PO R o Wbt B R et L ELT
YRR R, B TR MEER TN YRR, FHPREW R
Y fi“ LAA” (ether) B . O JESE LA KR AE4& ARG, ifT BB DAK” 2 — A4 X # 1k
% R B TXAN2% R Kz sh M e xd iz sh. an A % d BE 7 A LLK
LA H R R EE BE N o, 32 4R 48 00 ) B i 26 B AR e 20 5K, 76 L B w A
UKENEELREHNSERZ T, FITTSHRNEN N b, BRI & KR
FERL A c+u Fl c—u. X EE UL, WA B A5 (4 Wit 2= 0) X B, 5 PR KM %&
& 8 BE X AN R A 1B R RN TR B, B S 5 37 s ol B B O O AE X B AT R R A A

A 7] i 72 H6 R b, T B 5 ) O I S AT R SR S R AR (1) i) g AR
RIEWHA, RIS AT S AR ; (2) BRI & R B i F
B AR NV % AE TE. 24 B AT {0 ) g AR e R A O BE, TR T &AL & F 4K
UKSER AP RELNEETTHI (A A Michelson) FIZE (E. W. Morley) 5£
5 B b FIEZE T 4 X A9 R s W&, 3 4 B 7E 4 fr 400 ) B A8 5 09 A6 H Rk bR
FIE G REB T — BT F R M. ok 20 e % PSRk Sz 2 —.
FEJLF B A o 382 SR BA A LAK” 2K 55 9 B 4%, 5% R 307 38 % 3 o) B 42 5 O 10 4
FIBRANTE , TA Sy v 3 B0 AL AE o e Do B g K S s S S PR 55, N AR, TR
WFET LR B Mgt S % Ra9M8e, 7 1905 £ X £ T FRLX—CGEshiEm
Hgh %) R TFTRBERMBE, /N BB (special relativity ) i) BT 4 2 A R
B, R L R B AR e # R

(1) AB3tH B I® (relativity principle) MRERE—VIMHESERIRAF
HEMNBFREIE w2 FAREEN THAYBRASRREENN. 1@
B, e SOME XTI A0 AR oF 1 3RS R] T 000 ) B AR X D R R 0 ) AR o R
IR HES . (0 R wE AR X R B R 7 — DB R X ) R A S, Tk A
X i B4 AR X 1 TR R A S X R S A M HE T RIS e BRI R E A N —
VERARLEL TR UK"BRERBALENT.



s4-2 povkxtienAmm wewrs [N

(2) #i# & % & @ (principle of constancy of light velocity) ZEf@ ik #xES
FEHREHMNF—RUSERP FUBHAXERSHOHEHEFREZEASY.
EMEREHAESFHEERM R, EMBRESERNEHREBERR. W
BREEEANEFHE T MEVHTE, CAETE T MARE 2R, 8 ERNR
BRT-REFERLZUR, EHAEHE, 173 FEEARAWEBERE 22X
REANBHFER L OBE. YN(RSBE)A " ABAEXRFEL S L, ot 23
K7 HBUR . MR AR & B 5T 4 00 S R AN, Mo BRI X B B A AR B AR RN
BE ARG R M REEAR AR Ml 25a(4F) , Bl EAZIFER H
I IR ST B BT B 23 RARSF &

TEXR SRS 6 o, 2 D9 30 10 A 4 e SR X 345 0 7 4 26 AR R B BB 3T 1 BT Y Ak
FRAR A5, B AT i 3% 16 3 T # ( Lorentz transformation ) , F A X 8 i 1) g% A5 8. K
2 SR Y 28 AR 56 R A AE 26 2 R Rk, BBV —R MR B ARE L
H3E 0 BT 5 58 A B B T B ST R R Y. AR RK R — AR N B A0 B Y 3 2 Ty
K, RSuE TR A Y5, b3 R B A A XS A B, X a5 B B % 3 A R ER
o, & EHEN RS FERBENS — A

FEMF RS A B — W R IHE M A AME A B RE W RES E R RT
THHORSAERER RN (FAHEFER 4H)

(4-2)

TERM A M AL ' vt BORR B, T H o' v MR I HAEES
AN 2 22 i A 6 X B E w6 PR S AR M AR T M R T MR R
Fut i) 25 (] A T OE B = F R R I H A, TR 2, B (] |2 fE) A
FES=E R BERTXE.

% u<<e B, BDHO(E

B=—

TR/INBT , ¥ 40 2 Bk 5 AL S (0 W 5 B, X TE VR A MR R B R X B i 3 5
{65 35 Bh B B SL M0 2E 0 , AL HE T A W AR B PR, M XS IR A SRR M A ¥
“HBT T RRETR T ERRRE AR (4-2) KATEH, Y u>c it HREEHR



8] wmw matiesns

BUR Z B, B LUB R 3048 H 40 P (50 3 B R RE it B0 25 P R Sk . SRR A 3
%o b B B AR UL B0, B BB T B RE S LA ¢ AR PR AY.

g8 %8A
4-2-1 e RTE A HIR SRR 5 0 M ) % AR X TEURAT T A 2

4-2-2 BMRBERSMAMERGARREZINRMA A7 00T EMRKEEERGHEE L2
4-2-3 BIEFETEEIERTIE S AR 4 B0 % W T 9 o % e 5 B it e 7

§4-3 MEXILEETHR
IUAE BTV HEARER S 10 2 A R A0 0 5 o AR 0 40 e 0 2.
BHTE K & o i B ik

K R P B Rk N



§4-3 MWL EEEHR

M (4-2) 017

: (dx—udt), dt'= !

J1-g° J1-g

(m~%@)
& gt

v =— (4-3a)

FREE S

(4-3b)

v =— (4-3¢)

Hli2r ey

(4-4)

MAEST 16 B B e 5, AT AR AN F 458

(1) 2BEFE w.v /N FAEH c R, A0 X 36 3 B AR 60 35030 1L S 0 1) et 32 J3E 28 #
o' =v—u. XRALE — RARE R, A e B BN RS . RA S w0k
FE I, 74 4 0 98 S B AR R

(2) BEMN K ROBIRER 0 ' TR RS —KIES 7 K RPREEWE
Wi v’ =c. #E K b BB E A X0 BE AR e 0 3, AR O (R 5 B s

v'+u ctu

Tlevu/c s
v'u/c” l+cu/c

ANKEEGKEMKEANEFEHRE c. T v BEEEN, FIMAEE—BRER P
FeHEERR o, B u=c MMSRATOL, JEAT A c. 1 BR 10 B A XF 0 3 BE AF #R8 MA
BEORAR T, 2% e 3 o R AR R R AR XTI A — D AR XHE R SR AR
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EERZH , ARERF.

B 8 4-2

FEMTET b 00 275 B A TCAR A B 4150 LL+0. 9 F1-0. 9¢ Al BEHS R F 4 K47, i 42
Pim. REMAMENT R BHEES S K.

OBKRBEEATCMB L NCAL B AR P IE, MM E%E R 0=0.9c
WEBES. UHMENEHR KM AT K ROEEREE N o/ =0 9c. #ix 8%
{EHARAR (4-4)  BVATSRAS KM A 3T K R A9 AE, R EDAXE F WAR B BORAE .

B 4-2 KM Y8 XHE B
401 R AR B AT RN

v, =v +u=1.8c>c
PO KA RE . — R 8, S AR 3 B AR e, 75 w 0 o' BB /NTF c BT 0 A
ATEERTF c

§4-4 PRMAAXT LR RN

e SO 46 247 A AT 6t — o 7 [ F 2 4 7 2 60 357 A ok 25 . 8 B 420 L 7 2%
HXF — R R R, EARFE S R &R T BN TS5 2
X 3 A B R o UL, R T R A 9. (BRI R 3095 o, ZESEAN R A 2 19 B9 R )
WRFENEENFNEG, BT MRER D RR—E RARYT. Rt
LT MR B, A R X A 28 S A K I 25 ) R BB R O SRR T A, th
YL, B 2 00 B BE R 4 X . AL A B 2 60 B BE L R AR KT B0, R R 4 N B,
RS B AR e R ) b8 T 0 7 S 0. A5 — 41468 2 e SCARR X 343 B 25 0 6 Lk I
B B R IX SN A BN EIT.

—. “EB" A

BRIy  FLR 50 (61 K 9 — Y0 20 0, R A B X AN 2 A B B
B IMRATBEHIUKE T S AR A BN R RN BN G 5%



§4-4  BeSCHX g RE SR (181

77 KRB A R A A S R MK X0 B A i i &, AT LUIE B 7R A
MERT RN EENHEF ES MY ECEHHRERS  HF— RN %
AL X— S5 0 i e i R e 1 ( relativity of simultaneity) .

B AERATEFRE 4-3 g — MBEBLR. A HATHNIE (K R)
L EXMERSHEATMRC A B, S EM4HNHMBE(K ) FHRA 6
CAMBESN,&HRE —MAN. 76 ABIITH S C 5 AB I A CARI%SE
BERAFSHUSE BRYASARB S PEAMEHNE M LSS BELER
T [ R A C RS Rl it " BB T, X R AR, XA R R R M S 3
. E K REMBEE (C K BRRRN AR, fife K'RWMEE (CH) BRHA
R ZERR? B THRESAE LA HEE ¢ SRBEER, 76X B
WL BRI BTZ 3 , AT LA A A" % 89615 S RSBk C' 8, BRI C &M
B.B'RHKDEES M LRA CH BRR CE EKEXUNEEE R, E
AR CTRIL AR S B M BIR F AT AR IR, AR5 TR ISR B 7 B IO, X
PR AR R BB R R R B & A 0. 24 4R 5 7 13 W28 35 1 8 0 4 2 i
B, HERZFHURR, REFEEFAMNS% R RRE. kT8, & £ 7R R i
AR BT B O TR e R 4 0 A, LR A X 0 B8R . 5 A 1) R 940 25 7 B
TR S5 UEH.

BEASE R K i H V0B E W 153X B9 5 1 [ 8 & 45 60 b 40 A B 20 43 B 2
(%,50,2,) F (2,7, ,2,,t) , R EE B AR (4-2) A RESER K'Y
MEENBXFNFHHRERZMT .

ux, Uux,
t——z t——-—.‘,—

c c
t; = ’ t;_ 5
V1-B 1-8

c A
B 4-3  [a] B AR 3 P 00 (AR S IR

%o

u
_z(zi_xz)
c

HEXTR, ZER— T BUHESERP EFRERARMEENBIEG , AHBR
BESERXB AT - ETREAMELN, IRE'FAN"MHENYE. RHELHI S
HELEGER—BAH AR A BENENL. E—RERT. x, -2, #0, I ES %
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SEUEE TS A

u
—(%,-x,)

R K oh f WL EE 2 W78 3 WA 3R 56 5 B Ak 1, FL e 1) ) Fﬁﬂac—ﬁ__w}—,ﬁi,
TEBIRE 4-1 o B2 9 K R I (9 AT X bk (R, RUR B 5 I T .

—. B ELE

B R 26 R R 28 o, R0 R — A A TR, TR 38 42t ) I
— A R A ] 5B R A L.

BESFRKPHREE x=s bt FKFEPELET - IR HSERKEKREE

B, XA RIFETF t=¢, ,RIETF =1, , TR DT RIBTE] B R 2 Ar=1,-1t,. BATE X,

FEMXT Fad 2 & 4 1 #b 5 & 1k B9 28 & b W 48 69 i5F 8] 8] B & B % B ( proper

time) , H ¢, #&. XHE, Ar=t,—t, SEEFE A ¢,

HWSHFR K P70l et , AKX — 3 B2 G R ]2 A’ =t)—1]. At' R
‘B AT RARE. BB TR, Eahat  vRBINT .
-t -

t,—t, :

c
) { g =a
t=t)—t,

B F SF R

0

IRER

‘=ﬁi-7f"“ (4-5)
HWEREREZIH XK TREAR  REREZHNSHERPUN, FYHEL
AR E B REERT. WRAMEMREREN, HE K ZPHMESIE
MM FHEsi MR KRZPHNsMACH —RIRLZHHTH, ZHAB R K
FHE S8 T . X AN Y A8 B jE] EE 48 (time dilation) , SUFR B jE] % B EX 3h $
8.

B Ja FIR VY, B 8] HE 2% 2 AH X 13 3 MR, JF AN 2 3 9 E AL S 19
NI E A, B A &0 6 & BB A A % W5 .

B EE RS YB3 AT -9 F4EFHE". 4 F £ (twin paradox) 2 & £ &
AABEGFE FRLA-SFFLRA, PHARKE ZREMAZAFHAT. 32D
W EFHAL NBAPAEBRE SR RENAELHE, ATHFR, R B LY
LB, MALAR QALK LA THRER A RS AEBAREZARA
LR ERMR, CBEMTREF IR AN LAMB A AR L HTFid
BIPA Tt B FARAMBAE, MALES MM EREREAFTRRA,EA S L
AN TAREE L . CHEER. 197 £, CABALARTHRITER,EET 042
L ERS

PRAR Yy B 5 50 D AH X 0 B B R FE R $R L T A 4 O HE. ATV T L 0. 91c
FHE CITH o' A TFEINERKEE, LR RS Y CTEELE 17. 135 m.
- F B A A (E A ) AL RE R (2.603+0.002) x10™° s. i W45 €475 gy AT




§4-4 e HxiEmat T (158

UHBEHETRESERZP o' A FHEEHFEGH
t=6.281x10" s

1 R (4-5) SR n* A0 F B A F o BRI X IS BB E Y

t,=t/1-F =~2.604x107" s
AR, ERE ST RERE 0.001x10™" s, X2 7E 0. 4% LA . 31X 15 B i (6] £E
ZRT S RERM.

=, KEW 4

AR A 2, AMURR LI BT (8] () B BERI 28 R A %, R BE LB K BER BB A
SHRMA K.

BEA—TEEESER K FHWEK, CH « BORKESH KRR RN
l=2,~%, BEHBEHEFR KERE MR ' HTEREWBZYENKER
U'=x)-xi. —EIAN 15 VRHASK, QA XHHBE HEAR, YRR EM
Xt FEEE o # R B S T MEEH NS s iR BB L A AR, H U, B E
B4 BB R BB AR S5, AU LA X 5. 7 Y iR AR X T REEE AL (BIZE K R
WREE) B, WREE i 1k 0 P A S A A B B R (R B R AT R R [ B
A7, 882 5 e B 6 45 SR BT 4 X A K BE 0 RO 9 4K B89 B 5 A€ B (proper
length) . FET$2 B0 | 5L VR EH K BE. R RA X TS E 12 30 (BI7E K
R ) B, 5% X A T o A A 6 900 R A R B AT, A B R
EEP R, B, R WS R R R bR 2 2 R AR RE WK
BERD. TR B 10k R A s 3 ) 0k i 4 BE , B LA A 230 5 1R 7 S 2 7 e — B )
' 6] B 0 R .

BAE,RATH x, 2, M 2] ) SRR TR T « B 07 1) 1< B2 A 7 1 i s 7E 2
PR K # K R &b, %83 «) 5 «; FRIE o 0 2/ AR, BT LIRE KX (4-2) ,
5

%) +ut’ %, +ut'
xl = ’ xz =
1-p° 1-p°
s A o =2
J1-B
l’
ARED b
J1-g°
MEAHEEL I, #on,MEZHSHERZPWEOKER
V=l /15 (4-6)

B, BATH G i R, W T 4 1A AR X3 BE u 9528 R U 45 ) i 2 BE O ()
(AR BE 1, B LS R X 0 A AR AR R P RIA I B R L, N XN



Y 4504 B 1 48 (length contraction ).

BT A u 7 FHE E K EEAREN, EH BT R R E
&Hy=y',z2=z".

FEERMNTERINN » A FLEEP BT AIEILREIHESGTF o« AT U
0.91cHE Eiz gl Fitk , &b F w M FEXERPHMWEENFN LB ERKERMK
BEVLGERRL. X B N F AN REEEN

L=0.91e¢xt;=7.10l m

4 PR BEWT AR B0 , S T 2 B S A T A K B R

f =217 [

J1-6°

X5 LR EERTE.

B AR RO SR S — PR R B AR RE , 24 44 B3 B S B T LA AR Y6 8 b 41
A, XA BRI R . AR MR T v<e, I~ 53X A48 ROV BT B, B B R
Rz T.

WHIER i, FER I8 A 28 AN — A BN, S RATE B MR A R — R .
FEAAR 1B HEAE J5 TR — B 18] BL 7R 252 SR 7 B 0 S Bh 40 1 K B WL 19
W E AR MBER (G. Camow ) 15 1th ) 35 4 LI 524 (4 3 it R 27 Bic) o,
R ENABUWE—E L c MEZ I, BRI EEN R T (H4-4).
XU BB 1959 4, A B f¢ 51 IR (. Terrel ) 13 % 7 (Penrose ) 4] IE.

Bl4-4 4l 69 #7 H EAG EOR B T

BEAh AR XTI/ H W A AT O T R . 350 b R k. BN T
EFMALHC BN, TEMNEEL 3.9x10" km/s, RIFAEME, DE FHY
Bpp e SHTB 0 1, FIRFR N

t-t, = i — —1,=8.5x107"¢,
1_(3.9><1§) )
3x10




_ §4-5 BB Eh H gk | 18

—XJG, BE LB B4 Ar=8.5x107" x86 400 s~7.5 ps (iR, ik
ZMPHARE. HRE TR S U o 548, 75X N s i AL=7. 5x
107°x3x10° m~2.2 km #iR 2. X482 S/ B, S0 R %A FHK R
EHITHBIE.

EIRxA

4-4-1 KENBEMREEAHAXR? HHAKENRENSERH X

4-4-2 THEMFCHRFEM? (1) EEARYER SR H R A W T
MR R P —E R A FBREN;(2) EXIMRERPARITE, AN EAEERRAS
R MOFEX 2R AR SE o B H AR R oh X 5B 5 — R R

A-4-3 TR E S MFRAERT 67 A T B, A BR7ERIE R OB, B e B HR7 M B BT
FEt A R WREE , S e 0B 7

d-4-4 gt ES W KERE SRR RS R TR — R

4-4-5 5 —HORR T A BR LU T 6 B AT B T A A, MR b B VLSRR A
B A4 K40 S 0, A5 AR 00 T b X 5 ML BR b A W H K
)26 R S A, T ) — i 2 ) B R 4848 3% 45 4 3G

4-4-6  LLBeg SR IR RO 25 T 5 2 0 ) 0 2 A TR IR 7 A TR R 7

§4-5 BXEXiLF HFEERM

AT E A IHE  RITREERF R RN, WS BFTREE TR LR,
FUBRRYBEARF SRR, OREERENEBCETR T RERT.
FHGES TR MAI AR R AR, SRR ERARAER. AR, 550
B, BE AR B A e R R R 2 A A R w50 o M LE MR /N B O L4 R
W2, a7 R H BRI R B IR, R — R R, B X i1

mw%mm,#ﬂa-j—ao B S F VT K A TS B TR
AU AR T 2 R

_d(mv)
T de

A FRm BSEEELOUR XD HEALE LSS NEA TR RAY
mﬂ%EﬁWFW$@%ﬂ%ﬁ%ﬁﬁF=m%$ﬂﬁ%%ﬁﬁ&%%@ﬁ,

U T A 6 2 e SCA X i B XS HE SR B, 55— T R R m B — B, TR
REFZBIESN N F 8075 HEBEAIR, B F Rk, OB R84, B S 1
BB S IRBI R o, X 5 SR XS B 45 e R AT

FEBE AR R o, AR AR E SO R B & p = mo, B 3 B 5748 3 B AE B4
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FUE A SRR

AR FARREAZ. NS AR AR R REME ERmMA AN, WEWN
FERUTF .

e
v (4-7)
JH3)
2R e my, B LR R I OB 2R b 9 R, ) 4R R B ( static mass).

T m ) 2 A 6 R 35 A7 M 6F SR B o I 9 AR, o Al HE 3 i 1 B B ( relativistic
mass) , R AR IEHER, FHRD AR XX THESHERSERZNXEZBRTY

EEE%%KW%%E&M&%%~N$LmEﬁ?mm?Eiﬁﬂﬁ@h@é
{1 72 3% 2, R

p=—— v (4-8)

(3~

RAKEMEREARX(4-7)  BREAMNMHAE FHEHRHBPEEAT. &
K& (W. Kaufmann) % YA 7] B2 09 o 7 7E BE 7 1R R R RO 5%, A i 3 52 v 1
R ERIEW A THRBMEERARMNA ARG BEHFALESRS
RA-T) (B 4-5). 10,2 v=0.98cH , B FHRFEEELE+HBE
#, M

m,

m = =5m,

J1-(0.98)7
{52, ik — M R B, o B 9 AF L RO 2 8 B0, R O R X O 2. ), ok
PA%E —FREE v=11. 2 km/s i= 3, {0304 5 BE A1 6 3AH bt iR AR /NGY , BT L
KGR R R AR AR A RN, B E

m,

m=—-—-—-——-;-:1.0000000009m0
5o
MR ELDEE B o=, WEYEREARE T TR TR (B m,#0) 8, X
(4-T)E/H moo  XEBHERELH. IR ENBERESETE B2
m AT LA RA —E M B E, b F A& XA L, Ot F o & m,=%.



§4-5 WU H e (18T

o Kaufmann

® Bucherer
x GuyeffiLavanchy

0 01 02 03 04 05 06 07 08 09 1.0
p

Fa-5 oy T 6 Bt B o BE R fl

TEREANFE-—MFHLEAG T RFEREFHEF TN X F.

YoM A6 T, RAEKAPHA—BFT RABLELAFRL O, EX—wa B FHELHA
REMAHANMT AFB, ENFAARE u & 0B E AFGiEs &5 —4A£ 4K
Ak B u B O'x'h R A @ES ARAFET ARZHLE,®m BRAESHG. ©MNHE S A
Am, Feom, REEETHRNXA

o 2 vytu _utu 2u
I+u”2B 1 *u—; l+iz-
¢ ¢ c
yIK
—u
I ' =
d OP—
my mg
o x
M4-6 FMEXRMES
2
i vB(|+—l)—2u=0
c
SHFAXTAENO®R 7
'S vy
u=-y—~(1- 1-—2) (1)
B ¢
BAHRGEMMAEF R EFHEATEHHIEHTE ALK EA
2mgyu
(m,+my)u=0+myv,=— (2)

u
]+—2
c
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FWEE AR

HX(1) Py u RAX(2), F2E

m,

(3)

my=

1_U_B
2
c

WTEFARSTKARBLSG Hkm, AHRE Am A7, BFBRAEEviESH,m, £
AR AE,Am AT MXOG)TEH

T REMBEENXER

FE§2-8 o EE ARG TFIE R (BB AhE BER) WEEY,
BXAEA X8 3 ) 5 vh B A SE e . — M e IR (A S SR, T SR IE R

FRENL. YFER SO Ty | X HAE S S F At fE s A v=3—;7E§$ﬁB§IﬁJ‘ﬂ

4T F FIR T Ll F Euﬁv—@ HI S BB B, T AN 7 5 B o/ B e B A

N, EF T RASNEEH R, B Fds=dE, ;T h 3h & & 3, Fde W2 50 i vh
B . EFTHRASBEAMNE, I Fd=dp. IXLXARA LR NBHBRSHE

S B B BE

dE
p=—o=t (4-10)
dp

piN:l dE, =vd(mv) = v*dm+modo
WR(-T)FF 8 m’ (=" )= mee” , T EMARH
mydv= (" =v* ) dm
RALRE
dE, =c*dm (4-11)
ERXUH, GRARER o KR, KRR m Mshik E, #EM . 58w

B dm MIZhEERE R dE, ZHHARFRG-1) IR EREEWERER Ko
=0 B, L8 m=m,, 3088 E, =0, §itt , W R (4-11) B4, B1 48

LEkdEk =L:czdm

E =mc*-m,c* (4-12)

ERRBIIEROERER. ZREITIBEX R AT 28 A% 0 KA 1F 405
SN IR J'nc,':':L Y £ 4 4k g R BE (rest energy) , 8 mc® Y f43E Bh B 09 S HE & (BD
MEEFIZREZM) RIS HIH E, I E RRZ.

| E=mc, Ey=m,’ | (4-13)
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£ F oY 508 4k ) S BE 3¢ B (mass-energy relation) .

FRAEENEYENEERYE. BRTUEIYANRERTES H RS
i @ 7 i 34 , 8 U5l 1 R R G0 R A AR MLt it AMEh e R B SR T B R
. FRAESE RAIE A 7R ARG B R A T4 H 8, X A 3R % B R R R BT
FHMERNEE ERRAS -ERBNYREE00EH M FRESNE
KRE IR 8 W BT UL W 1K A B BB AR me” R moc® 92 B, B

E, =me’ -myc’ =myc* 4—1
v (4-14)
(%)
c
v’ + 14 34
ik R TR B L
B % (15) =regmegi
4
- R
c

IR v<e, BY X459 P S /N T e v, T

2
E =—my

2

RESRNEPHEREIRTLE—H. E—BRER T, HBEHR(4-14)HH.
RFBLERNOFM, AR RRETFRAAPSRLH. FX L, RELREER
YHEBRFPENEE ERTRYBEURFTEAA T, EARESOE L, 2]
EEMEIE .

341 C 2
gECE L HIZE R

ELRN¥EP, M BOXE

2

Ek=Lmvz=P—

2 2m

BRARRAMBREERARAEN, FURERTREEH. BT RE—44
MTFREEERAAENERXRR, BRITTM E=mc® AF. FF5E

P myc*
=mc =m
Bp m*c*-m*v’c’ =mlc!
BH p=mv & E=mc" (RAFHEB
| | B =cp +By=plamict | (4-15)

X i3 48 x4 i G 38 - 3h B 3% F (relativistic energy-momentum relation ) , & X %% 48

EEBRFEAE.
KEARXU-5)AREBENEL. H# SN HEW, ERAUBR TR S

BEMNXER, MAXRFLEERBTHERSSHBOART 0K SE 4, RE
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H5ZEEATFEESE R LEABIXFLE BAFHRLER

my =0, AT AT MO THTF AR « sRop=2 =P gy

o
HFEIE, A FEM B h HEVEEE.
Bl 4-3

B BB F M o 1 BT 8 4
m,=1.00728u, m, =1.00866u

B R TR FHR— S He, KRWBEKREN m, =4. 00150 u, X+ HE R~

SR B 0 BB (u BT R 40,1 u=1.660x10"" kg).
OBART AR T HR AT, MR R

m=2m, +2m, =4.03188 u
TIALERE, DEER m, NTERTFARFHEER m, XEH An=m-m, FHFEFEH
FRSH. X FiHe B,
Am=m-m,=0.03038 u=0.03038x1.660x10™" kg

ﬁﬁﬁﬁgi}ﬁﬁ@ﬁm%iﬁ:@JﬁﬂgﬁiﬁﬁgQZﬁJﬁ—°Eﬁg§§ ERGERERAE Am
B, — & 4 A5 AL Y BE B s
AE =Amc’

T, 2 5 TR F AR RT  H K RRRE R AR R R R T 0 5 4 BB
P LA R — A~ L B T L o 6 G B A

AE=0.03038x1.660x107* x(3x10*)* J=0.4539x107" J
455 B 1 mol A (BI 4.002 g S4) A B0 B RE B 4
AE=6.022x107x0. 4539x10" J=2.733x10" ]
XA TR SR 100 ¢ SEFT R A g

4-4

|

Ha
=N

5
) =

BRAFNRRBRER m, BB T, IK/ER 7 A0 R EBERE, AR — a8
BT R X AN AR T 8% B s
¥OREAETOERER . P ETECRAERTEEEE

m, My

v— =m'y’
v1-8 1-g’
i 2m,c’
m'c’ =——
V1-8

AP m' MoV RFEEARFHREMERE. B8 o' =0, XNF

m'=mg
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L SR ]

4-5-1 (o wR. EA¥RND RENMERSTRUGHEAR". U245
16 g MR B AR K 0 B, 763X A RREAR AP KB T 2. 5%10 ) # i, 5 g AR RS R 20R, WU |
R R B E KGR

4-5-2 FZMAMST A BREX p=mo AR F=dp/dt B, SEFWHEFHHM
AE? EHEXMEH,F=ma —BREFRL? HHA7

4-5-3 framERSH? ERNRFROBRAMLR?

4-5-4 HMRHRESHBOXRARM 47 HARNERSHBOXRARMG A
B0k SRR S L AR R A R R AT A

"§4-6 T XAHEXRE T

THAMNBTHRLAF G -2 ALA AL AAEFARBLERTOHEFE
H(FRRAAFER)BEAAAOAFRN. RANFAME, »RRATHERER , HER
LT i, RANEGFEREAAF HFRAEARTHFHAR HAXITHE
AR FAer T @by [ XA E (general relativity) . AF H R FA B/ LAtk b
HEXREA S LA R AAT R RE BAXAANARER ) LAastbey hm.

SABA-8, —BAEEEXFAZIRADEHRFER. £H 4-8(a) P, XK HLARk i
BEE REAHRLBANAHARES TE,AB4-8(D)FT XKL TREINAGEHZENR
A,EABIKHF, AEABLEN EERXFA—Z Mok FoikiEshot (FMER),HF2
FENEHRFE4-8(a) P RLMANH AR EKRED. R o RE Rl Ao, £
ABHEEA LEINMER AL EHKATRELLAGTAAA TR EAMRESR
EREBLEEZN BT FEE GFRERAEENARAETFN AMAEZRBERFAERR
Eoam—AREHE Th@eg KA AWM HM—AXEEGZTEF ik ¢h KiTAAMKY. B
B, ANAN ELTHONEEINGERTHRERD FREN—UHERAR, FTUIH—
AARRS hiakm, BLUEEMEREZHNERERANWERNRETSHE. X 4 2 8% ik
# % MM (equivalence principle). T3 A fomik A B ¥, AL KFREIN A B P A
HTEHE XKFREZANEEHRLTRAERSZIP XN ABGHER, EXABPRRE P, FH
ik EH AR, RBRMNEEEAATERERS BEREA A DREREFRERF
LR HMERPRLHEE CERBRERZFERI NBEHE,. S 24 MEEREERER



"$4-6 XM EAN |1

HINGHENRERY FRADEAKBRSNN. L 4/ AR NAERE. £ A
NN BERRALNAYY EABTLEENBRE(PREAZLEGTHROMER g) A
FRAH AR, EN B EZME-SERIGOAGTEORTRIRE RRAAN— & Loyt
ALOXAMERHHFRER.

(a) #F 1L T 31 1350 A K (b) BA Ik FE et DR L K B
[ 4-8

BB BALEAFKH S SHAHFMER XL HHM ML RZ @A 4R
B BERR, AMEE-—BHFRRAPRELARLANRGE R,

AR AEREZ L@t AEAL AT At d TIAT HGM
A BRAES Ut F ARAB R ERFHRZE FEFNERDYEEHE ARG
BAEAATHEAADARRORS BEFRRGN AR, ER LBV AN ESRRE. T L
FHRIER EE L LS A AR WA TN ABRAG S AFAR. ZENEHRA
MTABRERN LS (FERLRENFHOALT ABRBHEE LA BRSO X - &
SR TRELAELMN) b, bl aditE ol LA 2L REFRRGHK
Mifw, &R AR BRAEH YT OB (LE4-9). sk KAMiL, LH
BROBEAeH LTV ABERMANLLE S AMWERSEFRMI MK LALAL
G RAftABRAHATAARMNE. 1919 5 XEACALFRELRAAS A 2984
AHEAL, RO ELBHRAL 161" 198" . ABMIEXT S LA HAET. A
FlA N EXFLIRELZ— ANAL—TARIHL B L5 XLABARTE
WL AL, ENGRERREEPEASY. FMAFHH B REGFSH MRS
T43.11". AT/ L, FEIN T T HIROBE KRF U KZER SHRFHE
Az 43.03" 89 R A A

A
— =¥

Ma-9 7] hEALSE
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Rl

FE 2T 08

MAARRRTERA NARHAGARYEAR ANV B S L AF R ¥ S
BA  WTE—7OBETENFAHAZANSBIRE, S —FOHEBETHTMEAHiE
HHRBERZEAGHERR , AERMFOEEBRAT R, EATEAODH A, CAS
WHEHREPSLABOEHAGO AR —.

7]

(FRIABARREBIL c=3.0x10° m/s HH BRI =0'=0 0, B % R HEA. )
4ol —HTHEKRDH O MAESIRERIE, A ¢ =2 x10" s 03, B F QL F x, -

1.0 mib 2 t,=%x10'“ B BT RLT %, =3. 0 mAb. 25— 2% R KMX T K R U &5

B u=%c W T iE g 3R (1) 1E K R Pl B R FRIB S 45 (2) RFEXFA 2%

EL RSPy
a2 CEMRAER KoL b — B, SR
eyt =a’, =0
R AR KR LU w B 8 MR YE R K AP i W05 2 48 /8 R 0 [ 4R 7
4-3 —BARBILE KRS, 5 0'x' R 30°MH. WRE K R hRUBKR Y 0« 4l 5 45°
f R K'RAHR v LR K BB KR KR

d-4 PORHI GAT R0 CHRR AR L, 0 L 8 G0 KA 0,

M EOEEEZKR? Kb — BRI AES RO EERE D

4-5 A —RLLO. 8c B HE BT AT, B 0B T B B L ok 80 N Ve K S B RO M
e KREEAEME b # 8% RS 69 086 R .

4-6 —ANZERATEMMIRE &, L1 0. 99¢ MR E 26 Ly, (HF)mHA LR KE, Y
e BAR L B ot F 20t T R RITH (1) MdT# B A0 4 Bo(2) ERIK
HEWBRTEI LA L RN TR E BN (3) BERNEE T EMNRTET S LB,
W IRATH (A CMBERI)ETE 7

4-7 EKRTREIMARGRECT AR S E B REES—BHLUE 2s.
TR —HMKRENHN K ROUER B - FUREE B3 25 R4, R K E bl
B 6] o B

4-8 TEME LA —1K 100 m (9 MI5E . 15 5h B AR BB 5, IR 10 s BLA LA 0. 8¢ %
HEREER TR MRS E RPN (1) MEHZK? (2) RS 3H 5 #0988 2 57 69
Bffa]. (3) 3530 R AP mEE £ Kk

4-9 IR E—EE B KM A LR 2.5x10° m/s At 538 kit , B — kAL B LU
B 2.0x10° m/s BB A KAT. R (1) A ER9RAHS B A9 BB, (2) B FEOREE 5|
A BAR X

4-10 IR EAWIEZI—WLIEK 0=0.6c AAEMTHFE CABES s ER—4
DU u=0. 8c 070 A7 BB 2AIRE. (1) R B0 AT 182 B 8 1L & o 3 o) 1 38 46
(2) $RRCAE E BB, 7T 25 20 ot 18] BT 4154177 5 FF 06 A 28 388 46, i 43 7

4-11 —HWE K REBER ORI —R. HEEFEE 'y FEAHS 0 6'f.



BoRAE K R o 18 o o 5 15 58 07 1], JFIEA7E K R P HOE R BRI N e

4-12 BALKBAOM Ry 100 Y ERIEE v=11.2 km/s CITH , EMRBEHE MW T
E2k|

4-13 —JRIEHEEN 100 CHIFFK, TR 2.5 kg, WHE 20 T, HH WK R.

i=14 x)\mﬁ—mmﬁﬁmmwm,sf&mw&ﬁmp%ﬁmwmm

KM EE, AN ENRFEENNE P ERERERET W LEZ, ENLEE
XRELT

4-15 —#FHE m, =10 kg B, 2480 F=100 N {EH. 4 51 20 h 2 mAax e h
¥R o~ XF IFEERE. (BRUURBER).

4-16 HHE:(1) —12.53 MeVHLFHERER;(2) ZRTHHE.

4-17 EfEE FHEEM 1.2x10° m/s HMB) 2.4x10° m/s. LA E D Ih?

4-18 WAFEHE—TEZ AHEARRHENSEEE(H T flev XxR). ERMENH
B F RSN A m, =2.01355 u, E4% m,, =4.0015 u, H P 1 u=1.66x10"" kg.

4-19 K PH T R 2SR ST AE B AR AT D R 3.6x10° W, a) K FHE B4k # k B D
RE?

4-20 NI 4-20 EFTR, A BEEE my, BEEN Sm,” R T, 55T B HEEH
Hom, BN FRAESTSEMERE. HEEEARTFHRERY m), I LIEE v =355 (1)
HEMRGENEHREZ S (2) BENREMCER | 5 } i
RES? (3) AARTHREREZD? () Stim5 @ —— @ | OO -
m, ZE AR :

4-21 FEAm, H—TRZHEF BLEESFEAK il BEfE
O EES - TR R, BT NRBE T AE, T > 8 4-20 4
FRIGER N hv. BRIE

E
hV=AE( 1-2A ,)

myc

4-22 fEdUEUIE SRR T XHREPL AR, B P AT AR B 2.8 GeV(1 GeV=10"eV), (1) XF
BFAERAEHEAM L AL (2) IEH— TR THEREKR? 3) XFBFERKN
240 m WBETEIR M LATET BB L DAL AT BELRKMOME#MSE (R ABLEAL F=
quB i+ H)?

) 168



. HEE SMIEE

Fo BER AR e Bl A — W AR K 69 @ i 56 B WK

CTAT BE—Ry e N A2E RS, AR A B
BAXREEANE B, 4 RIEET 0 EH, LEA
WHEME.

— B # T

SENYEHE

BESANERIBEEAR

REHSEE BRSENRNEE
EniBREESH

ERTFH-BRELENT BEhHPHTFREE
:oba il

ATHNRABHFEHE HE

SENBEAR
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foE SEHER

oz sh R o —Fh A BT R, 2 H AR W R B KR RO R (G
FEF BT AR B M TN GE . #0504 B Y A i R A kL T #GE
BB R IE R, A BRI R Y A SRR Aoz s AL AT 2 B B TR AR
FR BB 7 kA 8], B3 U R 1 = MG I H 2 B 53 2. #4 ) % (thermody-
namics ) i i WAL FOSC I T A CRBLR IO RLERE , BB B L A5 ik 2, - A BF 52
FEY R S B P A XA R LI X R MR M. %7t ¥ 32 3 (statistical phys-
ics ) & DA ¥y S Fr) D 00 45 4 R, R I L T 3 B BT BEAR 16 1 sE LR 12 R T
% RBEYRERAZR AT, SRR EYE, T EE R FRE A
TESE. P b 2 s R 2 A R R A .

S k2 2 i (kinetic theory of gases) 2GETHHI I # AR WA . AT RN
PR GSH B BAB R R m RGBT sk B R TE P8 A8 T 09 78 S IR
AR, A KK MR 55T RO R B F T 2 2 6] 1 5 &, DT 48 7 X 48 P i
TR A . A B 5 S 41 T AR F @S A1 0.

§5-1 |EMMEHE

—., TH5 fgERSERE

EARATHIRAEMOEM4T, REMNEMME RN B THHORE FKIFE
#(equilibrium state) , 75 W 5 & 3F F # #5( nonequilibrium state) . — & Jif & B S &
TE—AR/A MR ESHARATHRER, BANAHER, A ERAEMEXH
feRHiL, 2 —BithE, AARSHr &K AP HRAMER RE . ER%, A
F6) 2 YO O A L ) T AR Ak, X R S R A

TELBR RO, HATEAETE & A2 50 555 vl i) HL 2 W0 P o 446 X R 36 A 2R 1 &
gt B LV 2 R B — 1R .

IVESE R TP =2 E 3 b VN e 35N LD TR R AN SV o i -3
FRBESFEEAAEFRNBES, AW TR, FHEshRENZEE,
{EUH: SR R A 2 R I AN BEET (B A4k, BT LA S SE PR | R F R A
( thermodynamical equilibrium state) .

W TGI8, R — R R B 8 P o S CE B K N oKOK IR S b, & —
Bt , BAAAE &AL IR BE AN B B 4L, EX MRS AREES, R E
H & (steady state) , [N A RE S/ A ARERLH.

USEMIFFGRERZER, EMRERSEET/A. SEMN—-TRER
Wit AL E) 5 — RS, T & I B B — RSB 8y 1 8. 2 72 7 R 59 3K B TT LR
oW AT LIRS, PR RE R EE RN MR RSRE SRR, L
9 — & 5 v ] AR 75 0 0 BR 8 0 A5 75, X o A8 kY £ A BB 25 it #2 ( quasi-static
process ) 2 - i #2( equilibrium process). AR MRS L B LR LR EA 25
B, EEFZEOL T, TR bRt B Y e S R A58 Fr e S d R



§5-1 SEpMEHIR Ilﬂ!

BT RA MRS,

Z.RESE

ATHRRGEHFES ROEFRA—-LCYHEEBEREZR YR A LR
XEF BRSO LR, U255 B (state parameter) . XM F—E MK (R EH
m, BEIRIEROA M), EORE—MTH T = BERIE: (1) KT SRER
Vi(2) FEsp;(3) ETH . X=TEREEREVEUBSENRESER
AT VER R A R R A A T H A 2

ESEY ER=PRESE P, IR ERESE S FOraE s B 695 H, I
FESESFABEBHEM. SEEBRMRAE ' SENEERESEERESR
{7 R LA IE R . RSB A) 840 Pa@ B N/m’.

TR BE A I 5 900 i 313 3 3 B0 AE 6, 18 BE 14 AS ) e i i P 8 4 F 2 3 B 311
AR, AR, FRATHIE R R PR s R 3 e B ik A 8
FOIRLEE . IR S ME M A 7 R iR b , B R A R, — B2 AR T, 0 R K
(HER:ARK). 1960 7, W Fr FHE , M A EREREAYHE. LMK =HA
(7K KFKZE R =AM AL IR ) #UE 8 273. 16 K. B — 4~ BB IEAR ¢, 5.4
RBC. HBA¥EETHBEREE (BXRELE . T/K=t/C+273.15.

= BRSEHMERE

RRV¥EEEN - ASRpVTZHRFAEE—EHXER. RIMNERBSIE
p VT Z 8 5% & M2 S {5 4 49 4 25 77 #( equation of state of gas) . LI &
B, —BEAREFEAKRE ERARK(SRAERBE) MBEAKK(Y
FRIB)M LR LEN, HFHEH (R Boyle) # .3 & F % (J. L. Gay-
Lussac) EH A B (]. A. C. Charles) . W i%&$E H , M ARSI KHE, X =
AERMEREEEARMN, AHBAKSE, PR .S 8 A%5EHNYT
EHER EREATMERETHRALR -"RLIBRERVWIAKRRAFE
M. RMNAT RS AR, i BRSE(ideal gas) &, AW BESIE

O FE/RHEE R A ] P AR B — . 82 197 AR PRI BRI BRFR - REMYRME ARG TS
EARTHG0.012kg *C MR TR EME. AR, WA RTE FHRYE, TLUREF 4F BF @ FRILMRF, &2
AR THREAS.

. (T
0.012kg *C B FFHA W 1 mol - Ny N, FRUFTR NS A8 N, =6.022x 10™ mol™ 1 A€ BF 0 B 95 Ly

| 0.012 kg 1
SRR A T u lu=— =
BB AL, 24 v, L 12 Tmol + N, Imol - N,

BCRE X T 55 L0080 R R S IR | mol U A N, A5 0098 98 0 0 5 R0 B ) R IR
B2 ML kg/mol 8060 DL mg KA | 4 TR B A M =N my my =

A

x107 kg=1.660x10"" kg.

@ o L% atm CBR AR KUK MRS A 007 1 atm=101325 Pa BLEL A HERE L HI.
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BEEAMHBRAX="FLB R BRASAKRSAN —THARE. RI1#E
B AR e I R b 4 e . 4R ATT A X AL B AT S B O 4 S A R A AL A
B, B EES RS TR TFESNE - L EARIE, &7 SN
MER BESAKH =12 Ep.V.TZHMNXR WBEESKNDETE
( equation of state of ideal gas) , A N X =K LK ERFH. HHEEHN m . JBE IR i
BAMPYGBESAKLTFESH, ERNDETEN

pV=%RT (5-1)

ztnfa—;";mm%mm(mmb@ﬂ:m R v B R O S E S 2 & (univer-

sal gas constant) , H: 2018 4E () E R HEFEHE N
R=8.314 462 618 J/(mol - K)
rEREY, —FRESANE—AFH Pyl
SEATH—H(p,V,T)WEBEXRER . BT p.
V.T ZRIFEHER(5S-1) iR R, i LUEH
ApVELH—EERSERNERS. W&

e

H— PRSI R,Ep-V B ENMBE—&MEN -7 i]I(.DZ'VZvTZ)
(R F R, A S-1 PR, N T B DMl o 7 7
RRAARE (p1, V1, 1) FARRE (o, Vo, BS-1 AR

T,) B AL B — A R A i R -

Bl 5-1

ARAER 0.10kg T, HER N 10x10° Pa, MREEN 47 C. WHERWS, 204 E T 6
[, EREERFRA 5/8 REMR 27C. 7 (1) FRHUERALZKR? 2) RETZLHK
K|? (RBEESTRERBSIE.)

B (1) REBESENHENR V= RT RBERHERV N

V="‘7;g=s. 31x10”° m’
P

(2) BRSEToEZE, EREANE p'  BEED T MEH n'RAEFFZTHROE
[WER, NBEEHDETBRKE

w:%,—,":s. 67x107 kg

oS Pkl o)
Am=m-m'=3.33x107 kg
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M, BESEHRMER

ISR T 05 30 80 AR K, AR 4 0 BOMASL I T A 0 T B

(1) SESTFHRAN SRS T2 B BRI LT NBE B 5T 0%
LM A3

(2) W F4TFH 0 RERRE, TN ST 2 W5 T R B A
5b, 5 A B 46 ILAR FA 0 T B o

(3) 4 F B HOREAT LA B T 15 0 B8 8 6 R T LU 152 42 904 R, 50 65
W4T B BB R & B R T %

ER RCSEIC LTy TS

7 AR TRV ERT , 45 F 4 F o2 30 00 S 7 5B AU th— Bt o HE (R

(1) SRR TFRAR, AT 4225 [ 099045 T4 PR 295 0. oh S 0B
B, B ST (0O E n 4525 AL AD AR .

(2) SRR TFRARE, SRS T W25 [ 457 1132 3 B AR A . e it
BT, RS TN 32 3 M T HOR A0, 50 F RN 4510 115
RS HFHMUME. A, A FHRES ROFHEBSTE, 0
S So, S,

N N N =0 (5-2)
RPN BB TE LW, 5 FHEES B FHEMCHES

o (5-3)

v, = 0, »= 0, »=

A
v=d=ii=rd (5-4)
B4 T AT T 1/3.

B, AXSEHBSTE

1873 4%, {MFCE i (J. D. van der Waals) ¥ BA SR MM E T RIE T S — 4
BIE. X F 1 mol KIS, HMEHBAE W

(p+l% (V.-b) =RT (5-5)

TRBEANERER B, H PV, BREKBE/RER, o 10 ZFABER, K
HEEREHEIER, h LR E.
WERLEHMEESENDEFBHBESETHIEER:
(1) BFEXSESFRA - ENEKR, BESKNY ST ETEIERN

p(V.-b)=RT



172

o

Sk sh S

#ERX A, A poo UMKV, b, HILEEE b o] IR 1 mol LEZFAT
BB BRAR AR WIS E AT LAHES H b ME, A% T 1 mol UKW T 44 F
AT S A0 A DO

(2) &S FZAEEBE KA AER, B 5 RS EMER, o
FRIANREBRAEMYS FRBE], A FAEMREMNERB/NT p, XA R AN E
3% (inrernal pressure) . 7E HAESRMI Y S F R P A ER L A4 BN ER, X W
ERAMNEFHRASTTREERA L WEMAERBELENMEN > FREEA X,

fip cn ,ﬁﬁmx* fir LA p, OCI/I—

ﬁ@%ﬁ%ﬁﬁ%ﬁ—% R A R LSRN ST R, ERMOAER
A B FHAR AR PR SR A T R O A R, T EL B N RS AT UM AH R AR T U B
M T T A, JE 78 L B 2R 4K 1910 Fi UK Bl %
HEREMMETR, EA —LERELSHERA X, 6l HEBERRH
R A -5 9 5 8 ( Kamerlingh—Onnes’ equation )
pV, =A+Bp+Cp*+Dp’ +---
B C" D'

pV. =A" +V—+V—m V—?”+---

KPP ABC.D, KA B .C'.D NG — 5 = e i HE
$( (virial coefficient) , T {1 #5 2 5 B 32 AR TE A OC 19 I FE 09 ek 88, W1 S 38 ok
i 5E -

ERER

S-1-1 B LHAEEESR,H LR TR it E 4.
5-1-2 SR PHEGATRE? XRSEPH S FRENG? BA¥PEFES ¥ D
-8 A T AR [R] 7

—. S5 FRIEHHFAE

LA IRRAN,AAREYE KRS F AN Esh A E AR, Bk AA]
K E 4 B TR 2 s o #Raz 3. B (R. Brown ) 7€ 1827 4 B 1B 1 8%
822 3 97 B 7 K AL A UKL (INAE KDY 5 ) AR AR C R B (WL 5-2)
iX A& I 1 75 B9 32 3h ( Brownian motion) . 4 B iz 31 2 th JC #0033 30 /) i 7R 4 1 Rl
WAYEAS EN, ERANENES TASORZS, TR T RiEasF
oz Bl B L IR B TR RE R, X e A B 1 s B R B B

FEFRHERZS T, 1 mol A 6.022x10° M4 F, H A KB 22. 4L, £ 54
SrF T B R R 4x 107 m’ T 43 F 9422 24 107" m. AER S T 2 1]
BB BS K2R 5T A SR BE Y 20 %, B LL SR o 40 (1 43 i 2 4B Y B B A9



§5-2 MARSKHEBAMREAR

NTEAMHEAER N, YFA 2 FHRBER 7.5%107°m
ER (410" m) S FRER S HER N
Fr 71, 3 BRI 0bts T A T 288, 5 S 5 T 0. 1) 4
Fla) KA R . 245 14 5% B B 5 7 B o
WD, & SR A S| . S B— Bk
B (25107 m), 3| B2 BN EZBR T, Sk
FHZFEE R 10° ~10° m/s, 7 1s H— 44
FRED 10" AL 5B E 40T HE
g, AR+ 43 FE AE R

M T 4 F iz 3 89 FRAE B 4 F 7EAE K R 13
B 0432 3h 140 % b 1 0, R AT) S BE R 2R b T A
FOTHRAL 4y F oz B R . RSB 4F
MEs R LN, B KRS FHOEER B 5-2 Bz E
B AXFEE-ENRITAE XRSFREDK T HNEN.

BB BN FRIFEFEHA AN RR HE RS, XEARETAD
5T HE D A 22 4 ) £ R0 B (microscopic quantity). — 76 52 0 o 78 ) B R 4F
K FHRAAFHE R &, 0 57 LB (macroscopic quantity ). &4 11 18 FF . 35 25 ik
RENE. SESHHIL R HEH ik, R KB4 F w8 a5 E 1
{6, 3 P LA 7 S0+ 274 L300 21 A 00 42 1) 22 TR 44 O

T BESKEBRARNIES

AHRTE, RIOVE—DHKDHR L L L MEFTEASR(ES-3), FiRE
WA N ADRESEN ST, ERBN A PGES , B4 F R BE R m,.

EFHRET , BEE LM ERT M. MAERT B A, 2 HE
W E—TF a REE, EREER o, 7 vy 2 SN LAEE S BHHH o0,
v, v, B> T a T RREE A, [N, EK D] A, T - J7 1 BT GPEF . R R
REHER, BTLAR « H 10 B3k E 40T a IR o, i A, I, 85 LR o,
WEL X, B A, EAHE—K, T3 B SR (~m, -mgv,) = —2mg,. 3R
EH, X - BORESET A Wi« FEERESTFa LR R4S =%
8, XMF a it A, E0SE AU+ 75 0 8RR/ R AE R . 4 F a M
A, PRI, A, R A, TG, HIEE) A, L 7ES A, R LR YR > ]
B F5F a 16 x J B WM BE S o, BIK/NRAES, TAE « 18] b A2 RO B R 21,

BB 2 BT 4 T o SRS A, A OB B
HIGRE Y, A a 11 FIE A, LR M 2o, BFAA, 26 SRR 0 F o
MR A, LS80 RARLRAESIE A, T L8010 2y, 7

WA ST 0, 55— 5 X4 BB 0 R B % 1 438 B8 0y 2 K




i}}- it

AEEHN. B, BLEARARA LT yT
A, EERFEREE , (6 2% BE 32 B — N RFE T

SHER, SEROWAITEWE L, ER

|
|
B — 1459 O HE SR AR . A, BT 2 o == ||
M PR FRGAEAR | oL[.[Z};-____ _
BHTFS A ERMEFEARROE | 0SS A2
b o h
F=3 (2,,,0%%’_2:_) =3 ”‘;”u =? Sl M5-3 G ERARAE

K o BE i NFALE « J ) BB S i R E S

N
2 _ Mo
ix

F My 2,2 2
(v, +vy, +4vy,)
3

PR T & T,
~ Nmolvf,+uix+---+ui,,)

TR N
AFFEIANBERERAND S TFH 2 FEESBOE TN EHE, TE#

o LESKREBY L L1, 50 R 45 TR n=%,}%utiﬁﬁl§ﬂ5

p=nm,v, (5-6)
ARG THRE, A

v (5-7)

HEISTHTEFARE s = m, o, RAT

p=—32-n(%m,,a =-§-n§k (5-8)

A (5-8) RSB E32 L RIOAXARXF B Y, A FH7E B
ERER ERMAMERANS TR AR XN TR A
XK. B T4 F 038 B M) RE R MTWTSESE00, 2 TR T REBER W R R A RRE, BT LA
EBENGI AR AED P TFRER o BARK, LU 0 LRGP
B AG-8)RR=ZAKITFHBEp Mz ZEHRXER,BIEITHAR, TIARSD
FHR

=, BERNERMETEX

BENM T FRERE m, WSEMWERERM S m ZHNEXE M=
Nymg , SETERA m BHOFTFEHRIN, M m 5 m, ZEHEXERE m=Nm, EiX

BARRRABBSEN NS IR pV="TRT b, % m, o778



§5-2 FPASAARY R MG

SSE N

—

X [ 4TS

P=yN,T

Kb R 5N, 8RR, TE N L E% T k ﬁﬁ:,hNiummﬁf&E(Bohmann)

HE,H 2018 £ EFRHEEME N
k=1.380649%x107> J/K

3= n W RS RO AR B B TS A

(5-9)
R AR R (5-8) i, BEEA R

§.=~21,—mo?=%kr (5-10)

ERAREWE T S5HOLE &, HXRK, W4 TV Fahsh e S R ERE
. BAER, AARBR TRRBRENEHEX, MSENRERSES FF1
FHHEORE. mi T, BREREABSES FREDOEERRI, AL H
BGXHAMHLF R ERREREAE XK.

PR A () A IR BE R, R RO X P A SR IR BN F T 2 P 3
BhABAR . A0SR I 0 A A e o, M) R B R B RE R R, B TR AL T #OF
. Bt RERRIEDELE THRFEREN S AREAYEER. & —FEW
BT R L, X R X — R T sh s AE K. R (5-10) IR RE UL EA
ST T=0K KPRE, HAERBEREE 0K LAY, A AR T W uk B i,
ARG-10)HMAERT .

fil == (J. B. Perrin) X fi Bl iz sh AP L L e, it — P EL FRERBE Y S
B LA T B O (RN RORE , A 38 L RCIR B R/h anfar, B AT & B 89 F 39 F 3h 3h A AR
. S5 7 0932 30 16 000 7 B 78 W4 P A A B BRORC AR fBL, BT LA AL 2% B9 3C
BER WUENER-RETEHIIE> FHROFHFHBEREBMAFH
E B

W, S&aFHHHRER
MEESFRBEAR(5-10) B &, AT A BEEEMTERE T &5 F
i 75 38 i# ¥ ( root-mean-square speed )ﬁ,'ggm v, ERSESFREEN—

P-4
/=2 [3kT _ [3RT B
v, =AUV = - N7 (5-11)

#S5-1 5T LFASETE 0 CRE 4 F 8 7 IR 3.




176 | ®h% Sikshmie

xS5-1 LMSEEOTCHS FTRATHRER

. : v f(mee™y ly/(m“’ kg mol™')
0, 4.61x10’ 1 32.0
N, l 4.93x10° { 28.0
H, . 1.84x10° | 2.02
co, } 3.93x10° i 44.0
H,0 | 6.15x10’ \ 18.0
FEEMHRREN, BRI FOFHEs e B EMH TR E
RHAHE.
BiIgE 5-2

— AR AESE BER27C. MW (1) EBH1.013x10° Pa bt £ I m’ HHE L4
4F (2) E®RF 1.33x107° Pa U B A 7 I m® A BLNHT7
W A p=nkT AR,

5
(0 P __ 1.013x10

n=—=———— ;™ =2.45x10" m™>
kT 1.38x107°x300

-5

(2) n=%=i.—;§—x§?§_¥%m"=3.21x10” m™
WE B, FEEE 1074

Bl & 5-3

RREUT=FMER T, AN FHES LSS HRER, (1) ERE=100C
Af;(2) FERME:=0CHY;(3) TERME ¢=-150 CTHY.
B (1) 7 1=100CHf,

5, =%k2‘=%xl. 38x107x(100+273) J=7.71x107" ]

/v,= /3_;'."=’\/3x8.31x(100+273) Pt

28x107*

(2) R, 7 t=0CHY,

B = kT= x1.38x102x273 [=5. 6510 ]

Afv = ,‘%: Mm/s=4,93xmz m/s

28x107°
(3) 7F t=-150 C i,

Ek:-;—kT:%xl. 38x107x(273-150) J=2.55%107 ]

3 _ [3RT _ [3x8.31x(273-150) i 2
LN _'\/ e m/s=3.31%10" m/s




EREH

S-2-1 3 —7E B89 SR UL, R BE AR A, S0 i R 58 BE 1A B A0 /N T4 K5 2 (R BUR
A A, 3 B9 S ) T K. SEMORR R L BN RF AR

5-2-2 AR LA RN A UL, RS R A SR IR A

5-2-3 MWRERBITAEZEBFTBENER. MAERXSEX ITARKAMNE SR
BRSHR? Bfa?

§5-3 BEEMSOTIE BESEH MR

—HFHERE

RAOVEDT T KB D F 8 XA W2 Zh e, % 8T 84471 F3h. Lhe
LSBT RAERSH R R, ABEERS. B, 4 FREsh R {UH T3,
WA e 3 LA B oy 7 AR [ B fe 3. 43 F #4403 3h (4 it 1 R X 2053 3 1 B R4
BEN. X, ERIEHOBERSEHRER P REZ B TRHERMKAD. A
TRBISF AN 32 3 ) BE B AN B9 98 v LA O AR X N R BT AR <K
RIARE, RITVHMEBI T2 B ERES.

B THEH SELSFITURRRF REF.ZRFRERFLTF
(B S5-4). g FRFBRAD, RFRFHFUAUBE-TR, HECESBMALETE
F3 A a e ts, B BIRF 2 FA 3 A E. EXUREF 4 F 5, RE T
R X (07 B AR A2 BB 4, b5 7 R TR AR AR B — B BE B A T R LA #R
FTROMAEREA 3 AN AGRRE , EL AT ALHT R 2 ML AR R E , T
W A LA R il B 3 LRI ARG BT L SUR F RS FIA S AN d B, P
A3NFSHHMES 2AEFHEHE E3NMEI MU LRFREETF S 7,
MPFEFRFZEAACEAE, WEN G FRESBHREK, B 64 H
HE KP3INRTVFHIEREI MR THIadE RTREBAENST—
AR R 4 F B E L, URFRERFHSESF—BRARZLRER,
FF R ERAERTRMAEAERT, 2R AT, 0 F A HI RS B, b
Fah A h MBS B b A AR RSB HERRT , KEH TR A
B AT AR F % .

ow@omﬂx

He 02 H20 C02 CH OH
K S5-4 RFZFHLEH

§5-3 MERMS N HMESKOAE
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78| mnE SkEEi

MBS E 0787 5 Fsh sh a9 24 X
1 =_3
2 Me? =3 kT

5, % R ) B RS TR MU B B I, 4 7 16135 3 RO ML £ % 10 G R
B, RATH AL TS5 AR B — BN R . Y
B =0 ol ], MR 0 0} A B R TR SRS T vy 2 A L4
Hﬁm%@{ﬁ,ﬁm,Z:Z:E:%E,gﬁgm

Sty =gmy vl = gma ) =5 kT
AR, ST vy SAF BT H TR LME. TLUAN,

ﬁ%?&‘]sllﬁﬂzi‘sf@ﬁﬁ&%” RS EEE— T FhEHELN. HASTF

A 3 AW, UM FE— A ma@aag%%m

XANEEE T LU B o 1 A B sh RO 00 78RS R, B T 4 R AR B
To LR , S 3h F e sh 2 (A LA R & e sh Bt BEZ R AT LA e RE R, P e,
AR ATFE sh, AL T 8 — Bt B KT sh s A A A . A UEF3h A
LRGP BhRE I A 5, & ¥ 3h [ iR BE_E B9 OF 2 35 B8 R 45, T HL 44 F
HEHE LN FHHESEIEIEAE LN F YRR RS EREN T

W-‘Fﬁﬁ'F.ﬂﬁﬁ?ﬁ—ﬁmﬁm-ﬁﬂﬁm&ﬁ#‘?%”- AE B 45 MR A A TR

SHEE, W fif RE Bk 34 53 B 3B (equipartition theorem ) , X [ M/ 36 F 43 F AL NAZ 3
SHEEMFIT R, R REAFEHITF YA HNESR, G- FREDNGE TN
— Rl R

MRSEDFHE i MAHE WNENF TR EREIEER

(5-12)

BN R T4 F 5, = 5 M R SURT 40 F 5, = 2 kT; I 5 B F 4 F,

7, =3kT.
WMRESEGFARRNMER B2, & LR FESh 58 aELUS, EFEEER

ShE . XN FE— T RSH Ehiﬁ,ﬁ/l‘é}?%ﬁ%ﬂ B 24 36 3h BB 4h , i

Rﬁ—;—kT RS-SRS EE BT L, FE 5 — YR 3h B B B4 r RO B AE O kT B9 F



§5-4 Eumtaxss [ES

Hfe#t.

LR E T B s LR R A IR T . B T, R IR e, R
SR, R P sh R R AEA, A 7E RN, 4 0T B F 3 4 3h
MRsh R R, IO MES ¥, EZRMF30 KRS ERIEM.

=, BRESERNNEE

Br T LR+ Fah(3hAE) Fesh (3hAB) MiR3h (ShAE . $6E) LISh, L KR
W, S TFESFZRAFEE—SWHEERD, TUKEKM 2> F 54 F
ZEA — R HEE. ES THRRBURESY TS5 FZRMNAEHRIEA
HH S AR, FR S EH A BE(internal energy) . X FHEB SRR, At F 554
FZRMHEERD FUSFES FZRMEEHNEBORZ AT BE
SHEMABHESTEMZHEBROEH. TERINREERIELSF.

lﬁ%ﬁ:—ﬁ‘ﬁ%&#tﬁﬁﬁﬁﬁ;—'kﬂﬂﬁ 1 mol BABSIKA N, 4 F, L
1 mol FEAH S KA BE 2

Em=NA(%kT) =—-RT (5-13)

Jf R m(BE/RBEE N M) BB SIEE N RER

(5-14)

hETa, —ERMBESENARTEERETF S FEINBOE  MSENR
NEBRET HSSENERMEBT X XKL, XS5 “FAHE&SF
ZRMAHEERS" HBRERE-BQ, AAANGE  BRSENNRAREE
MBEEN X —tRENEESENELARTZ — —ERBHELTHKRER
BAREEMER S, FEREMEARES, BAEHANEZELRRMAR, T
SHBEX. UG, BIERES FUAX SR ITHEATEORE.

§5-4 ERWMHFEESH

EFHRET AL FRERSAENE - EHRT AR AXURRE
1859 4E i & 77 %5 (1. C. Maxwell) B G iH RS 1 56 2 . RZH AR RAFHR
B, Sk T RS MR, HE) 20 42 20 FRA B (0. Stern) F LIS
. REYHEERE EARE 20 tE 30 FRALRBER THESS THERS
i, ERGERMERTH A RKBANF. ARERBEFTREITR.

BEFE S R4y T B 4310 , 40 T i 3 3 7 J I b W] LA FE 62 A, T 40 F 3R
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Sk sh i

* 5&;43’! o
o ol 0k v

AEEH. MR ER - ERE, WATRREA — N FIRIFEA X ER, FTLL
5 B R R A H KNG B T AR B X IR, DABE H . 5 B B AL 7E v ~ v+ Av 2

[B] 94> T %8 AN, EE%?&NEPEE@%$*}J— 5 Av BU/NEE, —'f%'ﬁ Av 1,

IEH, T H S Av x4~ K E R EELL B v % €. i?ﬁ ﬁl‘? A KK Av BBk

/DN, BT UG B A 0 2 A RO, B, 8 X

AN _dN
f(v) llm@—m (5—15)

LB f(0) FRH 4 F % F 4 %5 & £ (speed distribution fuction) , T i 1R i & 75 &
EFOMENRUEEX BN FHRSESTHENLER B, EWBETHTHE
ERGFHER. MBS FRIR, TR FEELE MIERERR BN
BEE BT LA fCo) U 805 F SR 3R Fi A B 3

AHEB B, Nf(v) dv RREIRIE v ~v+do K E A E5 T H ERLAFE 0, ~v, K
5] A B9 2 F- 07T B R 5B A3 3

AN:J'%Nf(v)dv (5-16)
HEBAFE[0, 00 ) KA RIS T BV 4% T 50 F 8, B U
N:fo(n)dv

ARE] Jmf(v)dv=1 (5-17)

X FR A V3 — 4k & ¥4 (normalization condition) , & B4+ 15 BRIEL f(v) LT B 25 1.
AR fo) TS o B SR Y 28 8 0 F 20 , il

TN |
T B E=L = =j0 of (v) dv (5-18)
o fmvsz .
RSN S Al p? =22 = =L vf(v) dv (5-19)

—NERHEEEN S

ZFEHH MWL B SR T A T R4 T 470 o S Bk
i

~ofw

) v exp (— movz) (5-20)

fo)= 4“(2 kT 2kT

Kt mg WS FHER, T NS ERE FIBELEER PRI ERS
FERSAHP )M BERHFTELED>HIY ( Maxwell speed distribution



§5-4 ERMHERSAH [

function) . RN E S kBB MM E s s E xS HmHe, WA 5-5 fim.

f()
f@)

By
N

0 v DtAD 2 O
(a) BT EBESMME (b)) H—RET 5 FEROIANHHE

v

J@)

73K

273K

1273 K

) 500 1000 1500 /m-s™")
() O FEA [l R BE T o 3 3 50 i £%
M 5-5 2wl o 0 i 48

METEHFREE AL T LLF S .

(1) HEMNFE S b & MEERRMM AT LA, 28— M KEE, XHHE#E
3 KRR B, DR TR AR AR . X RS TR R LR T B8 —
B A] RE 4 %4 1A

(2) BS5-5(a)% , BENIKTENERER

AN, AN
NAv~ ~ N

BT FHEREXE v~v+Av ARIER WRREZER A FH LS9
FHREESF EARKXEA, A RERANMTE, WA R X R A 6
Ao RAME. K, FRon s F BA XX 8 AR K

(3) MATHWEmMB, RBRF FAEBNTEREEO, +o0 ) MR B, &
H— b &4 NFTF 1.

(4) ME RSl 2R BAT 18 7T LARE , A R R R /N R R &5 F h
D HENREE, MARTEERN S FARBE, B RBH, EHRMNEEN
REE A — 8K E, 5 XA B KA AR B A3 R v, , 0 {5 B 24 5% 3 (most
probable speed) . BB E LR, #—ERET , EFX¥5 0, BANSESFHES
EhmA MR, AR RERERERR, S5 FRELAE , MIEHBESR X

(5) RENRE TR FEEN MK, WA 5-5(c) Fin. XREA®N, K
4y F 0 2 R 1K, T R4 R L A R KA th ) S S K T i A, OF
BB MR R AT HEMETHEEA, NS FROESEEEMERER,

f(v) Av=
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B o -

VRl b 43 A i £ 7 5% BE 3 KB R i, 785 E R G, 1 B 2005 A 75 < P i g

it B 5-5(c) PILARS A TR AT L 8E, 7T LAE thor F R R AT F
P B IR AR T AR L. 76 38 BE SR, B AR R B/, i TR R, X R
REBIYF B R BRI, 53 F 057 B b, J0 R YR/, 24 18 i 5
i, BeEAR HERAE K, S A M AR T, 4T RS LB A, R Pk B 2 s .
ABE AR i 2R A R/ BB T R A0 A 0 PR 1 /N TR AR R R R I ik
gipsibE Sigih:of AU

BJE iR — R BRRAE RN 4 F h ik >, BATEOEARK. flns .
FIALK FEOE R AR R, K P KT, KEHER MK T, R A
BmEs TRt (MRE) EHWANTE KAFHETFHES BWRED
BB E BT A BB B X — A, IE R R 45 4 44 K P & YEHR 4L T RE &

S A TFERHSRITFEHE

MAZRHFERRDA[X(5-20) ], TUHES TR RO ST EHME. HE
AR LEGIE S-4h 4 i

(1) FHHER
. i 8kT  [SRT RT
U=L of (v) dv = /w—mo= /Tr—le.eo /ﬁ (5-21)
(2) Ir¥ymER
2 _( .2 _3kT
v —fo v f(v)de= -
:_ (3kT _ [3RT _ [RT ¥
vm_zx/v:— N B (5-22)
(3) MR BER
df(v)

dv

it J

2kT _ [2RT RT
= |—= [—=1]. _— =2
“ e A T L)

UESXPEABHEESHR RIS EAHR,M S ERER, m, K
BASRGFHE R, B 5-5(b) 4 T Fl—8E T = Fb o 3 5 A 1 0.

33 28 258 7 ) IS (R £ 00 T S e T AL AU 4 R A O 53 40 A
EHFARMTE. EHSEES AN, REARRERER, HE S TN Y
BE B I BT B 2 3 A T T S sl BhRE R, BRI By B R

T, ST IEENLRNE

BS-6MTR-—FAARFEGTHENANRE TS TFRESFHERET A LR
HEBAEZNEEL. AP AR-NMERH TEAALBAL(TRA LY R L AR 7)),



FATTAALDPISd ZRESHA - REAHMEHE BRCAR ML AT A &L
Bk BT R — DA p(#2°). PREA—ARESTHRAR.

H5-6 W1 AN 940K E A R B

SHEARER o 30 HAFH A, 5T HEATBHBRR—K G FHFHRAE
KOARF, T ABE CAEHMEALRR, HTAFEMABRLBERBYSTF AHikidit C
HEREHBIP L wRUIATBR CIAMES o A~ B CHRENKGHE,ESH
FREAKD A, 2 TFABECHEAMMA M REBR vt=lfow=p tEHHF Al
HCHREHMINAP L BH

ol ®
v w

B v v=-2]

@
BRARMEBACRAFZXAAFEOMA, L E 0(KNIA o), TREEXIRAG & Til
. HFBRCHBERA—FOERE A ERESARE o — XN, M3 P Loy 5 F8
RERVHRPRAER GRS HFE—AEM v~vedv A

G ARALE LSRRG AERA 0 ,0,, 3, BEEFOFEMNFH A LR
ALEFRAREG R EEBE NG TARE S & ERF T B (4o, ~v, +Av, 0, ~v,+Av, ) A
5F S8y At AR

FREREN . — AL S FEFRRAABANS TFRERHRG LEEREHS (dF
HEBRE BEF)RLAOHRA T, 2HFASAANBAS FROAATHMAHRILL ALY RF
AR SFed AR DABRKY R EH>FEARL LEEX IO O FHETFTE— T 4N
AR AP B M 5 LA

B 5-4

IAZE 3 3 R S A o (o) B 4 F R = A HE.
(1) Pk RMAK(S-18), TREHARNT

ﬁ:f: vf(v) dv:f: 41:(%,) 3lzexp ( =

m,
bR, S b= TGO

- [ [~ i e 3/
@ L vlexp(—buz)dl:% b_.r;'J.u Ulexp(—buz)dv=ﬁi,jo v‘exp(—lmz)dtmT —:5—

m

o’
2kT

) v'dy

§5-4 A W bR
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184 | EHh& < IKsh@Eig

. b - gt E _L
v-—41r(1r) fu vexp (—bv" )dv=2 "b-rr
__ [8kT _ [BRT _ [RT
o wmy, N oM Bt M

(2) ﬁﬁﬂﬁ*ﬁ‘—’a;#‘l‘ﬂﬂ&#ﬂfﬂ.ﬁ{ﬂﬁ
u_’=41r(L) nj'v‘exp (—bvz)dv=23—b
0

K 5 BT o R 2 S 18 0 4 A — B
(3) BAEAER v,

# b HICATG

b ERA L E

{E. IRENE v=v, B, 5370 R f(0) LA BRK M, BT LL o, Tmﬁkﬁ%#*» =0 KE. R

df in
v,

3 |=

=4.,,(

)

L) et exp (=bv?) (1-be?)=0
T P P

:s,,(

B LA
NN N

B 5-5
R ESES FREEEN T M oee

L i .
B OBEE,v=0- 10 =100 A= ("P+1oo) (""_100)

=UL.*E§}‘E§?EE§$5}TE&§&§D'FM-¥-%S£ :

«—-— W)AW=—"2Ww2e" AW
=f(W) =

£ A AT A
v 99 AW:£=—L

“w. 100° v, 50

EXERERAR(),BHE

BMAERBREEERE T, R T BT R A 89 # E

[2v exp (=bv’) -v"2bv exp (~bv") ],
q

=—— FEW,FIA v,

“ﬂ%q%ZHMﬁ¥ﬁaa%¥ﬂmﬁﬁ$

5 A

(1)



AN_, 66%

"l 5-6

22 TU 3 5 A SRS F R B KX (R b A A TR R K
ERRERHFTEEDI AN, FESFERXEEAELO ~ +o ). FlI0, 5 RHBHH—
fedktth

L;ﬂu)du=1
ERTESTRTHERAH

ﬁ:L:qﬂv)dv
TER A4 F 10 07 AR R

F:]'Jﬂu)@

0

RIVEBMRER, ERNSFE MR TRR SRR S PR o MEXE I
AEERFSMN ERBETR AR EAERTESPEE cHLTE? XHURFHET
AT !
B Enih LA
My i mn"’ 2

f(”)=41"(m) exp(-m)u
HRMREEFRE TSRS FREEE » HERNEARXKEAANS FHRESTERNE 2
BELE ERER AR -EHENEKEAANS TR EERILEAET. HERN
HE—MTHEEFE(TE#EMNL - SBAEREF) , B0 AR R R AE
v HBERE. E—ERETFTAESTRAN 52T B8 N Ry

P=AWIV=I':47(%) exp ( - ’;;‘;') v*dv
BE v, M v, )5, RATA LU A — B R X R A 4 T B2,
UESSFHOLBTHERFHHELERIIET R D A0 FEZRT (300K) By
BBEREE o, K 1578 m/s, AP ATE v<o, WEN S FHABER N 42.78% ;7 v<3. 30, WEA
S FHEHED X 99.99% LA L TifE 3x10° ~3x10° m/s (L) MEEBEANKRERE
E 4.36x107™° . HE R T 3x10° m/s BBER WML Z /D, X WIRE LR REH ST 8 EF

KB 3x10° m/s. BT B HR— R, BIOEIH— D HE, 1 mol BESEERA R FNE
BB AR A I (RAF ) HHRER

P= 1,,=2.87x10'“

zﬁnlu
EXAMHEEERETA S TRNSZHBTRLERTNAREATREZEN(IMRY R

§5-4 EuEhEENh | 188



o 186 | HEE SkmhAi - - o ) e

RE £ X FORZS BB AN AR TR T 3x10° m/s (9 HXEE N 10"
5 X BE AR AR T . % 5-2 REZR T EAFER RN HE N 094780557 B

.
£5-2 ZEERTESTFEFRARELHEANS FHISTFEHMNASTE
R E
v, /(m=-s") v, /(m:* s') s
0 1578 (FIRTF A TFRBHMR#EE v,) 0.4276
0 - 5207( K42 3.3y,) 0.9999
3x10* 3x10°( 3 ¢) 4.36x107""

o o i A R — N L, W R R 7E R 2 I b e R — R
RUBERM TR R T B AR LE 00 A, SRS B R 4 A9 BEARAR /D, £ R | R
BARS KA. A tH— 1R T ) e 0 R T AR R it A R T ¢, o TiE Eh
M R R L TR A B LT A I B 18 BA 40 T 35 B 9 3 AR T /N T OE R — PR
MEAMEEE XA N T, B LRI A Bk R v, 84 TR H AR W

R TFER AL R b HIH T A A9 7 8.

IR ER

5-4-1 EETFHEB: (1) KER—A0FREEE v ~vrAv ARANBERES D7
(2) =M FRARBAERNERREEZ L7 3) UEPHAS FAEX R ERNFHE
£ o, W —A SR 4 F e B B (6] P 9 35 5 R A oy 5 A7

S-d-2 S 4KAyF RO BME AR R O R DL RO B AR R KRB LT ENTRIR/D
hEPL R E? BAETARL?

5-4-3 #R—BET . AASKESFHFATHHEET NES FHRREASTH
K,MESFHERRE -ERTRSTHR?

S-4-4 mMBAHSENERENTRESEZANRIEFRES, FRNKNS T EEHTX
M RO, MR EESASE TR R?

S5-4-5 FRASHARBHPEBEXRAMA 2 LRATFIAEREOEL: (1)f(0)dy;

(2) Nf(v)dv; (3)[:2]'(1;)&1;; (4)f.2Nf(v)dv; (S)I:va(u)du; (6)J'2Nvf(u)dv.
"§5-5 ERWE-HEUAESH ENBHPRTFERSENSH

— ERWFE-RELESH

EAMFERSAMNERRBRBAGEFTHEANRASABER T THEESAGN
HAGSFEEASFRAYAN AT H R XAMFRESFR S NUARS T EEXSS
PEHGHH EELMFLSF T BHARCES THHR
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BAZEG TR BYAAKY. SHTFTERTABTEDT A FHRAL B A LT
e=g+e, KX (5-20) Feh g, 0tsb e, RO FAEA B PR & Fhk— MM ERE,
PTEZNASAFRREFAGH HTABHENEEFEXHGSF, RUCNHEERLEE
—ERBEEAHA R EENHERLREE— TN LFARA. AT L AHGHELA A
KT IO A A KRRT , ERESERAM® (0, ~0,+40,,0, ~v,+40,,0, ~v,+Av,) Fo £ 4%
[ R (x~x+Ax,y ~y+Ay,z ~z+Az) R e 5 F 3 A

in
LA ) ) &
AN n.,( o M,) exp (~&/kT) Av, Av A, AxAyAs

(5-24)

e 372
="°(§,‘ﬁ-) exp [ ~(&,+5,)/kT] Av, Av, Av, AxAyAz

AFn AThe=0 04 BhRALAEHEARUAGE ) FH EARNXMNMESE-BE
% 8 4 % ( Maxwell-Boltzmann distribution) , B # sk F# ® 5 # .

RGS-2)4% , ALxMMmAGELST ERFAKMA ¢ XEH AN ERT 7, 4
EXNTF Av,Av Av AxAyAz BF e B REAT ARESF S FHAN' SV h T L4 F.
BHERSHEFEAN AFHRET, ¥ Av,Av Ao, AxAyAz ¥ R ABR B AN'89 8 Y e & F
HIRF RN, S TFTRE e=g e, B, S TFHANKAY AW REFELR T, A
G THEREFTREORSE ST -0, R42THIFHFREL -6, B, XL &%
FoTHAAL S BHREKGRE.

PREEXNBEIARS R TR EAN PR ESA XSGEEHZT BARTHE S
HAGEAMFPERG AR F . R EXANEERS HERINSHF IE LT HRRE
— L&

() V) o do do,= [ (") P vty
—_— ex = = _— - =
J_U (Z'nkT) p( 2kT) o L (2-rrkT) "p( 2kT) e

A BEERSFLTERWTHAHKX

AN,su,etp(—%) AxAyAz (5-25)

CRAAUSTFHARTBEESHFH. 5 AN KR, 48 AN, & 5 H £ L 4500 (2 ~x+Ax,
y~y+Ay,z~z+Az) AR A BAP i R e F 8. BR AN, W AN X5 %

AEHESARANATLEAE, BT HME (PR STF RESTF BRSF Aok
FHRI)ERRAAB PEHOHEBAAERLH.

ZVENBTHTREENS®

AEEN e AhS FTLERPFLAS LGN RANGRAEZD B RIS TFHATH
FEMABAGZn nEHAN SR A AS>FREA NS L, SXHAHF ML D FHa, 4
oaFATEEESOGIH , 5 F MK AR D

HREXFEEGH TURRAAS FTAEN I TEHAES A OAME. o R A4 Oz
BHEAL, FRE=OLBRAR LLEARAGS THAn Mo HFEHEA z LA RT
AV=AxAyAz At 5 FH A [ e, =mogz RN X (5-25) W 4% ]
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kT
A AV=AxAyAz h L X RS HAERHEAH L LA ST

AN, =n exp ( » '""g’) AxAyAz (5-26)

n:noexp(— m]:ﬁz) (5-27)

XGS2NARLEEABTAAS TAFEAnMBEA : W R BRBERD. 5 THRE M,
AR, EAGEARRE n gl RALE A BERAR, 5T HLRANAEHABA,n
H AR B 5-7 RARIE K (5-27) & B 8y A i .

n(z)ing
1.0

0.8
. H;
0.6}
0.4F \

0.2} 0,

L 1 1
20 40 60 80 z/km
(a) (®

B S-7 BT %0k & B gt 2R

BRAXG2NREIREAKREZMHA TN LR E—THBAT ELLAGE
BpEHFHEE RIEL, R

p=nkT
W 7T 1%
= nkT= mog2\ _ _MogZ) _ ... F
p-nkT-nnkTexp(— T )—poexp( T ) -poexp( RT) (5-28)

K po=nhT T/ 2=0 W ER M ALKRGERFE. XN(G5-)HFAHARELN, A X A
FEBEHOORKY T RAERMSAHRBEE D, pES-THF. LAXAHRELES
BEAY HARFLEHAMERXGOEAA A ALRAEEREBHS AR LEFAPRE
By THERAX(5-28) k4 H LA HA 2, L Xt , TH
=Elnp—°

eM p
BRANEZRELERMGBEREDAFM P THE EASHE. X (5-29) F2E 0 T XA, &
ERTHEAERAKTHRABERGESSH.

EIREH
5-5-1 HASENGFREDFERANFTARLPANTREED?

(5-29)

z



§5-6 SDFHMEMFEHERE

EERT ,AESTFREUBEXEGDH LY ERSHEN. XHEFX, &
H—YL 8 RN E—BRRS . BERFRAER NN, SENRES (T
B 8 ) AT 8. fl SR & IR RAT, T MR LR, m R E L4 LB
PhagedE] A REfE i JLKABE RS

JFXR, A0 FHAA(NMES-8 FMALBES LB SR b,
EAWH S HAb S TR, X R S FIRE M AT RS, SN 8 g S
SRR IAT R PR BB T 2 FAH B R A R X R E, A
NEZEHS FREHNER, LEHE S TR -FEEZHRE. TENMBHARS
F 18 ) O B

SEpFEBEHPEESHMS FHE, AT BRRELNRNE > B, 1
SFedEmBRAKEEARR, 2K et Ed AR 8. B4R 0T 6t
BHLE— MK XMt mE, BRRITUKEELs H—49F
A 43 B 48 1K) 208, LA R B PI OE SERE I 1R — N4 F B BB sh E Y B
BRI E MM Ty R E S #E ) SR RFR R Bl 57 2 (collision frequency) ,

KA Z R, J5H M4 78 F 9 8 B 72 (mean free path) , 1A A FER.ZAA KA
B BT 43 (] Bl 48 ) 4 KRR B

Z. ¥ el

RE, BRNAHELFHFHRESEZ AT, SHTFHABHLRX.
AEFTERAEL, RNBEGT> FREER N 4 /MR B X 5l 18k 3,
EEMRS TR 230, B L, 8 8ER— 2 F4h s 788 LEA
g, RAR -1 FUFSHEMER B3 YX M0 FE5HAMY FE - KH#
YRR, A TP OMBOE R d BESFHF L, L 4R
W AR A S TR X, EREARARA A KR XS T/
.

I B 4y F 945 P BRAE AL B N R — KB e, BB R wd” A A
FUR AR T AR R B A4 7, B FE 3h 4 FRESE. th T REME, B30 9 F 10
B BE J7 1) B OAE, B LA B A AROF NR ELAR 0 7 R 2 A0 B B AT, I 59
YL ABCD BRFE. BT B TE AR MR v H AR B (. M P A R
ERF5rFHBER, 0T AR S ERHFTEIE.

B AR BN S FHOl o, LS F R PO E R A NBE A nd'on,
oAk wd's REAEEK ER. B OoERERANFTABLS 7. BR5E23854F
M UL, BRAOVFCRME G FE1s A5 S FRERFHHE Z iR

§5-6 SFHRMAY bR
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19(].4{1[.1

)R A R
5 AF 2k
W LRHES

R Eh IR iR

M 5-8 AP T4 RESE BS-9 ZRAWitE
Zz'rrdzi},n
FEHMHERGEARE Y EENKE R 0, =29, KA LR BB 5T 77 2 flk i

RN
l Z=J2nud'on (5-30)
BT, RATHES TEHABBRA BT 1s WED4TFF8ET 3R

H o HIEEBE, AN ARH0,7) T 1s &5 F A T RE 8 A F
PR MK Z, BT LA G F 3 A RN

1
\/_'Trdn

FREBTEHAMELN MSFERRSFREE n R, RIE p=nkT, %11
ARl A RIREE T BB p X2 NK
I: kT
Zud'p

AT UL, MR — AT A 5 p R M, TR RN, TR AR

RO R, A F 96 R B BUIE BRI, 244> T HIBE AR B , B 0722 ) 0 A B4 LA
B . A FIRGAREF 5 IF MG B 516 FIRT, B4 F 50 el i /I BE 355 0 - $9 18
WEE 4Ll d WA FHERER. SRIEY, SESE 8,2 FHAE&ER
5 B E B TR, LAY T 5 p B HOAE — 5, A 5 T B 0 P 8 T s o 3 .

3=

(5-31)

NII =

(5-32)

Bl 5-7

R EASERERSTEYAMBUR 1s o FAEHREERE cRar TR
BN 2x107"" m.

B RS FRRTHEERAR o=, [S A 0=1.70x10" m/s, 5 p=nkT 1B 8

mwm¢ﬁ%ﬁn_%= 2.69x10% m™, B ik

=J_ =2.10x107 m (Z4R 4 FHA 0 1000 £%)
2ndn



z=§=s. 10x10° s~
A

BIEGHERET 76 1s A, — AT 8 P REMK B LA 80 {ZK.

ERER

5-6-1 FBAA - ERBHTUE REFBOEFRAE. YRS MET, 5 Fiz s Fk
R, B 7 S 2 4R A0 R A K, T 2 o R R o R N R

5-6-2 FHAMBESIBHREURS FEASOURAMER? EHRATHAHGR,
fras BT 4Eit 7

'§5-7 SEMWEZERR

WaAHRGMALREFHS FHMA. Eir L EAEENMSAELHE TH Tt
BUERASHS DAL Rk BESFARY N, LARL FERHE ERELIR
FHE  AAEEREFHS AL RG FHSER, EA LR 498 IE TR (ransport
phenomenon) . L AWM MEALL T EH A BHARL AHFAZFTHAL.

AAPHELE, wRELENAR A AE RABRGBHANALEZNGRERE L, B A —
STERHLLAMFEHGFEMBE GRS, Lk AS BRI EEE G EEH A Lm0,
BEE 71 (viscous force) . 4,4k 84 ik A M, 4 B 1 (viscosity) . # 4o A B i B ik A6, AL
FRPWAN RELFRORAKLTHATER ARAL HE-BHAhS FAHA AR,
ERERR EFEFCHFSOAECREARKX. B ERAGTRERH POLEAhZ A H
B R & A

BUHAMBAGFRLE, THES-10 RLH. A - ALK BREALFALBKS FH4F
BABZE,FHB(Ey=04)2 ML), M FRAEy=h &)Xk B u, & x 3 EF G iE
B BMERX-—AABEAFSFHTIRGEE AT REMELEZH PR A L AEMA
EBLFRBL G TRENAREGCHEFA)RTER, MEHSEHNT—EHA AT«
BMEFEOED HRAST—EEAEIM - EZRAN, FT—EHRRAS E— B4R
— AT xRAFTEGMRS. TEA AR ERABE. 2XAMFF AREARANTHLLH

y#é‘liﬁﬁl.ﬁ.mmmi&&‘gE4tﬂké‘17’fﬁi&#ﬁl‘ﬂﬂﬁlﬁﬁi:—:"ﬂﬁfﬁﬁﬁfi. %5

Y ABFT CD Fos Bl AH FHiEAhAEHEAER ALl CD# @R AS K E
W, Bp

Py -::—:AS (5-33)

L XARAF BT @ (Newton’ s law of viscosity) , L P el 28 p o B FE X b oy &
ARTAREBREARBRTHAN ROy LA ER X P FHOANEATLESTENHERS
5FTELEGRAERN.

"§5-7 ”—'LHiﬂ’\J?ﬁSL’SFL"gilLl9I P



192 | FHE Si&kzhdEq
y
h
(0]
B 5-10 BRI 7E M JCRR AR A7 M 2 Rl B9 M SR
Z. g%

FREAANEFLMOBERR ABERGLOBARKL, WARTHHEE X-AR
»] flic . % 5 (heat conduction) 30 £ .
B S-1l T s EFORALABEEALRAAT O, AEXANAFTHLAKRENH ZR

t‘rb*g.v‘iﬂu‘sﬁﬁﬁ.ii AS HEE T x bt

Ty>T,
AR FOOER. TREN, LALLM E A, KR AS o
REEHO—W, AL —F 8, 0BRGN - I,
AT X FEA e BEREAE O] B :
Vo, R Ml @ AR AS A E I B
%?:—.:%As (5-34) Ax
Es-11 #MfEGHSL

FXARABENER(Fourier’s law) , X ¥l # &
# «k »] # 5 ¥ (thermal conductivity) , fi F A FR FA SN F H AN FRLAHIKEBL, H 2
B E A F &R ARR .

=, FE#A%

wREBYTEFLOUAHERR AR —FHAUALEESPERSHEARR, 2L &
HEE, ZETEITARGBALS AR AANFTAREARY S — 8, XA R 8T B (dif-
fusion) Z &..

HE-HE AL, EREHGOHRAT  EEAFAH IR IFRERLY Y KA BARALR.
ATHFEARL, ENFREHAUR  ALFRH PR A ERLRT LS L. it
BEMEIFRKOBHAAN S FRERAMEL 4= N, F CO & CO, # N,0 A& 65 RS 4.

REFMNMAFEAALAEP—HACHAFRE REAFLHATES oI AAE
dp
dx
AELT i @ARAS. FREN ERERMA AFERXS — MA@tz @RE%EELD
WM RO RS R ERAELGFESEREL, FMELS @8 AS B EL,

AM_  dp L
Ay = DA (5-35)

* EAZIAFEEARRG T O, AAFENTALAE — B TEEE. E AR AR




AP et % 8 D » 3 % 4 (coefficient of diffusion) , fi A T ANV EM T AR X4 &
FREELRAT, 5 FEHEGF EBRFHEA.
PAEEAMERRAGER TR, LE R T ok hdn B4k

M, SEHIZ IR0 %R

AKRBEREN 4 FZRGTAKS FHOAEHIAAS FRGMIREN RLKAR
EXANERS S FMALRINAZRET . HEIREN SRS EERAR T, 5K
R FEASTHRAEOEHGHE, AEHRARAARFAARLEKAG D FZH RN L
RECZBHANE AERLRAAARBAGCEZ NGO ER. ARBSFAL P BEKLE S FH
FHREHARER D, BAGRSTFHIHABHR IR, AIMEISRREBHHS S FEH
REHRE,EEALHAAERINSLEE IR AT RARL PO TFRED LAAFRK
BRSO STFEHNBRARKRSOS FHERRMA S OEHH S EXA LG AAREH
ARESSWE.

HEHE BEAFE T REREBRA RS FREDIORAY R FZ A AT L5

n=api (5-36)
I C m e
x=—3——f-"-p vA (5-37)

l -
D= 3 vA (5-38)

AP C AABNBEREERE FETHENSG.

EIREE

S-T-1 HFRES 5HFRNMN, CRERL PSR AER BEHERART C
e

5-7-2 HHGHEARMGEMAME, A AN FERAN FHTES G HER L, M AS
FIfH ALB FIASH095 Tt AS WHIBUR — MR R 55 AS EE-X AL, B A B RE

Mt AS F 4 FF R 1 5l A RS, KR SR B MEE? WHMEh.

5-1 HEXBFAIRMBERN1.0IxI0° Papg“HE ", YEE N 293K i, ZEX M EZ
PR FEXE ZLANKESTF

5-2 F—/KBREH, YKEERN0.76 m &, BB /KBHEBRE R 0. 12 m, & K98 &
BH2.0x10" m” . YA P BEASBAKEEATR, KEEH FERX0.60m, it B EFE R
VC. RAEEZLHRBASEED? (AMEKFEER 0.004 kg/mol, 0. 76 m 7K 4k FE 38 K
1.013x10° Pa. ) ‘

5-3 AR 1.0x107 m® WESD,EH4.0x107° kg HESM4.0x10° kg AR, T
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KE R

fITA9IR B #30 C SR A R R IR & SIEM R,

5-4 —AHAMAR, ARBESAN FRSOTBDEERATRS. BO,EELT
7 e g, O VB R O B BE L, =L, MBMA T T, o, 5 T, p, ARSI, B 740515 %
WTEH ARIE (B 1,71, B&/)? B8 p,=1.013x10° Pa, T, =680 K,p, =2. 026x 10° Pa, T, =
280 K.

5-5 —EENEAARNNRLEAERY 1.3x10" Pa WA S, HMERAEIHEER
10° Pabf B ER S, URHAESABBATMLA®RK. S A —FREXTE 10° Pa WES
400 L. A —RESKEBHAILR? (RERFALE)

5-6 @SS THERN3.35x107 kg B ARG ARAMNES FH a=1.033x10" m™,
IXECE ST LA S T R R A5 B w=1.7x10° m/s f 3 SE X 3 16 1 5C 2 AL R HE.
RXEES S FEAERSE EAEMR. (B7 £ EBRET AS, BLAS HK, v ALK, vAr
HE R R R A TR R AcBT RN S AS REHERY 2> T8 )

5-7 BER2TCHER ESHES BR: (1) =M FORAMESTF) HFHF3H
AR 856 (2) 1g ARSI PIAE; (3) [ mol IR PEE.

5-8 ABRKMEE Lmol WEMSIE, SMIFAHEA 2.09x10° J AR MEBHEEAS
10K SRZS T8 E B E.

5-9 XESSBHFEBEMNESMES, B H,0-H,+—- Ol,fﬂﬁﬁﬁlmolé‘lﬂ(ﬁﬁ—lﬁ

L FDRLIE B9 1 mol LA mol 400, 2R 3R 50 B o BEBY , 3R Sk 72 R 0

5-10 — SR ERR 2V, AERBE LRRAASFHN RS, M 5-10 BFR. #& A
FAER 1 mol TR FSU,B AMA 2mol MR FS4K,A B HESMERSY N p,. (1) K
ABAMMSEMREE; (2) e, KRS :

{RIR A J5 A B 4 75 o 9 IR B R AR

5-11 fEFESNAERUER EHLREZED, U
HABEREL. (1) ABFHESKHEER LFAZ
A9 (2) K40 0255 3h 3h /6 A5 50 3 6B & 18 hn
TH57 (UBERER M RSTRINES %R N, 2R ) A8s-1E

5-12 204 RAERNT 2 NEEER 3 MEFHE2,5 MNEEEE I 4 EE
B Aoy 3 PN EEEFE 50,2 PRAHEE 6y, , 1 MPEFHEE Ty,

BitE . (1) FHyHER;(2) FHRHEE;(3) BEREEK.

5-13 [E3H 1.013x10° Pa il K 2 WESA FARR 1.54x107° m’ MARP KK
EEAHTHRMAER FHRER T HRER.

5-14 @ NADMRFREMERSHEHA

dN, =Kdv (v,>v>0 ,K BER)
dN,=0 (v>v,)

(1) EHAHEEE; (2) AN BHHER K;(3) A v, Fo8 PR RN HHREE.
5-15 @ERGEF N OEFRERITHKMIES-15 R AR (1) HR AUy,
RR);(2) HEIEO0 ~vy Z[M,1. 50, ~20 ZEBKRTH; (3) MTHFEHER; (4) HERE
0 ~ vy Z [ B T ) F 2 3.
5-16 Sk AHETREHRUTIESFHES B TFIPEFRBRAER v, W
PAERE BREPHAENITAEET B THERE v ~v+do ZRIBIBEN




fw)

[0} Vo 2v, v
)@ s-15 M

N (v;>v>0)

0 (v>vy)

[41: v’ Ady

AP ARNER (1) BE—KMHERA(2) EREFRFTETFH LMz =
${Fmet) = v st B, KR

5-17 REEKNE v, 51.010, ZEKSHSFRE B TFROTHE (7 L8E
SN H 5 RS () Bo=— e 0]

Jm vp

5-18 HHATHCHARAERSPHAREFES HHREEZ 11 H, He H,0.N,.0,. &
KERBEEH 290K, B A ER ¥ 42 R~6 400 km. BEH B BT BR A EERS

5-19 [ ERAEMFAREL, KRIERRBIBEM 75% 7 RESMWREN 0T, ZKHE
IR i & 30. 028 9 kg/mol. _

5-20 MME EASEN 1.013x10° Pa BE N OCHE, R FEAFABBELES (BE
BT RAAR % B T AR A B AR ) - (1) 500m;(2) 4000m;(3) 20km.

5-21 KBEMHSEN 1.33x107° Pa, 3R 27 CHBAEBPR S FHRES FEY
AEE B TFHAREEN3.0x10™"" m.

5-22 REAFHAMERN 10 m (1) REKERERET 80 F 15 5 15 %
(2) RBWAEARZE, SEREB 1.33x107° Pa, 0 -2 5 804 8 X £ 47

5-23 ZERBEROCHERNY1.0x10° Pa F, S HBHER 1.293kg/m’ ,5=4.6x10% m/s,

2=6.4x10" m, RESWRE.

5-24 BELRMEEFERS T, EXHT BRI 1.87x107° m’/s BB ZHIEHHH
AFHTEHEREBRMS FRARER. _

5-25 REMAFHEEHEE 4 MEEZFRASENEERI 27T, REASTH
AR ERYA]3.0x10" m, AR EHEBRNZ AN SN FRAREASHEERSETH
BE /D

5-26 RAMEBELENRFETAEATASARENY2.2kg /9 CO, #) L5 . BA T H30x
107 m’ YR HEEN 27 C. W CO, M AMMBSA, SR XMM? (ERCO, HEBWLEHTHE o=
0.36 Pa » m*/mol’ ,b=43%10"° m’/mol)




Physics

SRIE ANZER

HFHRREMRXBRERKY A4, A RR .
HERFEALIH TR LARY.

§6-1
§6-2
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§6-6
§6-7
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::fz/\ (=R

M oh 2 R

S FhEIL KR EAR R, 7 #%, HR% EY) R A GOR 4 A
Nt MR WS, AR ERGEREB P ANELO LRSS £
RN EMNERFEFNRER - MO EETEALF L ERAFHER, EXT
HEARES AN ¥ ER L RABRANREN MR FEEE, 15 T #
HFABP AN EAZ A BERR AN EE - ERIEH TR LB ST
TEMBME RN FEZERBHT LM TERABAR . FEFE TS~
EMME ZEE, RETIHMOBES. MR EEEENRS. A MG RHEE
ERLLVE, AT EURHE RN ERHE - K T 2R E A, Y
HILME R AN ERHE IR T o LR BN ES  HERES TS
T ARBHEM TR ARG, HEA T L5 AR %408

§6-1 AHFEEFERME—F@R

— RNFEEEER

LR LR, MRY A A F B FH 4 MBS R IF R B 5 94k C 2
W — BN EE,A 1 C LUK B #I C #5445 4 53k B 4. 3t , iR FEfHE A A1 B
B AR A, W 2 A F B PR AR &L, Wik A fdik B
b F R XS5 R A 4 % 8 F F 2 (zeroth law of thermodynamics) , ] L)
HRNMT - MEF I HEBEL TRERSHE=SYERL FRES, WiZEI YD
EEIATAEE L TFR-BFEHEREMTAYEBEA RO EMER: &
MBS ABRERE. XTERERRZBE. B, RITE. BERRE—194&
EESHE L TR HE NS FR . REAXRE X FIIRAT B % ST B i
MR REE)R—HM. BRRRMHE K, BERAR W, HEEMHE, #a
ARV R, RSB 5] IR — B, B R4

AN FHETERE 20 th42 30 454X fy % = Y B 2% AR 8 (R. H. Fowler) 42 1
B AN FE—ME ZCRNBHR TR BVEENRSEXHEAER
REGL, 20T, EEBOX R I H LK.

ZRAERRE

FER S , 18 B BF 55 4 4 4k R 49 1k 4 0 i 7 1 % B %5 thermodynamic sys-
tem) , {IFF 7 Gi(system) . REFTLLEABHN KRS TESRBR TS FE
AOEERTURBBRESH TS FRAMHENERES. HE2GHE - FEETF
PR AT RSB BB REBIRF RN LES, FEL o — B A4 (255
eSS REN—NTFESSERNS - P FESHE W LFRRE
PAOFESR. RIS Bl TrhEPRS R F B A A 5 A m R
A B9 4512 #2( quasi-static process ) & JC PR 22 18 HORAS A (bt 8. 76 o B AT IO 48—
LR RFEREY TN FES. RSB P RS FIEEHE, x4



§6-1 #h- r"BM»uMﬂP

BT R. B AR B RO ER SR, R ERAR? fln, £
RGBSR T, 73 T, El‘hiﬁ;%—"?&ﬁ&itﬂ,at%?ﬁ%ﬁﬁﬁ}ﬁ&%ﬁﬁ
¥ 7R 2 4 (51 An AR 2 e A7 K R K 1R K A8 ) AR S v ] SR . 530 4 I (5 B A K
) BB HIR T, T, +dT, T, +2dT, -+ T,~dT, T,(E 6-1) , Hrp dT R A
/NEIRBERE. RATIEREER T\ WARKSREN T, +dT KPR BAE M, R 5000 1R
WHEAD T +dTTISHREBRIATE. R, FLAEBBRER T, +2dT &
BB L EREMBE EAB T,+2dT, 15X — HUEE P KIS H#H, B2
RGMBRBEFB T, Jik. i1 T A B8 9152 202 78 R 20 A R 89 I8 BE A 22 4%
RN T #ATH, B X MREA SRS ETREL THERSIR m
H, ZfdRREEREEN, EFRE FERESNABELSE. R F KU E L
7S R AT S O Rk .

, Tl+dT T,-2dT  T,-dT
b i)
E r MammWAL
THdT  T;+2dT -
de-1 —RIFR/DREZNERAR

= RE RNk

FEMAED, —BAEEBREREWIMZ ). TRELIEN, RO ZREN
&AL, SR o RGO, a1 R ok R, ol 3 e 5 A T 52 AR
M. FEFRBRAFE,BESBHER FCRAZEL. Bl 0, 82h 5 i s 25
Bey. a3k, I EhAE T RN, REF cal(K)EHANL,1 cal=4.186 J; BL7E , £
= B B A7 i, S S AR AR T AR

TR KA MR B, B ARE R A R il TR AL BT
o B AL PR ERY p, WEMERS S(E 6-2) ,1FE SR T
FE ¢, S T 4 R A o i Ak 7 E A A, S SRS R
EENEDLAE. HEERER—H/NER dl
i, 263X — /N A bt B op, AN R R R p b4k ES
B KRNRE, E TR, KRB R

| dA=pSdl=pdV | (6-1)

A dV EEREROM/IMNER. ESEEKS ,dVEIEN, A BRERN, RRF
Gt A Sh  E S BESRT,dV B, dA R AR, RN R G M T, RIS
Xt RGN

B, B ERESHAREEERAN —F R, AREWENER RN
R, XHERTHRMAFABATERNFANED (MNMIEE . BRF)
KRR

mEBNM AR, XHTHERNARXRE TS F L RNIEZ KK

62 R B Y

oh R




200 | Hoxin

I Hy 2 T

A E T —
AT

B MAFE YR (R 5 REMERN, AREBTIRA X, EEERE K
G F AN EZZ B BETRER A, XM E AL R IMRBE A ELSREE
AR B EMNMRMESEBRAR, Hit, EMNHMESEE.

LRAEH, REREREEMR, REMARESE, WA T LIS RE
IR, Sh 3 R G Fr i Th AN R G A e v A9 B AN, BB E AR K
AT 5038 , % — & Ge B Th He 8 28 G 6 BB B 39 o, SUAR 4 R Zh B9 S B 1, T St R A%
BRBOEERENREN N AER RAOFERGE—ERET , NEA —&E
MR, MEANFREN"NRE". FRTRELRP.NEMNLERBRARET
MARE MEMBEHNEREX. RAFR,AELRFRENEESH NS
R Bh B TSR B, INAE B TN EH, W RENNEREREPIA N
Gr RGBSR R A AT 5 4 F B A I AE A A ERE ) B

M, RAFE—ER

£ 19 42 40 SFLRT G, AELNRBI BAF NS M AR B REMAELRRM
FALK), BT AERF R IS AT, B R H R B <P AE e A USRS RS T A ¥ 5R
—ER.

E—BELT , Y RERSEME, B SR BEERFMNAFEN. RA
—RG MR EEENRER Q. FENNIERN E, NHSHEBNENE, B
KA, FR RGEIMET A AQ B4 Rigd B, 84

o
FREEER N FE—E R (first law of thermodynamics) . 3 {7 5E : & 4 M 4 B IR
BB, Q NIEMH, RZ A ; REX PR MShet A BIEE, KZ WA REN
SRR E,—E, % 0, 2 0. 3B, 1SR A B SR - 40 X1 7 4% f it ) 7
B, EREANEEN, BB TERX MY AR, W HES
—ERHLEAEAALZEANNERETEER MM AMREEALLE,
K (6-2) TH K

30 =dE+54 (6-3)

BT AR S H BB, A 2500, 8O dE o, MO A A E A Z RS H) &
B, RS B AR R A A R B, 8 2o, Br LA 8Q 1 84 & eI G
e B LR X

ERAEE—EFRBILLIAN, BA AL G E—FLEE (KHPL) , EATE
R 1o 3l h AR, A 0 T 0 P9 BB B At A SO , 200 BB A U 3t X S D Xk Bh
P S — Rk sh L. R X R A I, 2 BB 220, A BRI T A 58
—ERRIE N, M R R AL TIOR, R B RS — R ASPLER MBI —E

@ bhbR AR TSI BAE A R REXSMID , 5 LUATAE 2 5 B SEAH 73 3 58 4000 B AR
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B BT LLE R T RE .
HIELH— T REBAER SIS E, AR (6-1) X (6-2) ik

VZ
0=E2—El+j pdV (6-4)
41

P

Aot [ pdV 4 p-V I LR IR LY

TR VHPTE SN AR mRERRK (K 6-3).
MRAGHEEPREF RN IRHBTREEA, »
MLEFRBBIHETRERTHATER, XKLL
RN BT £, Bk, 4R 48 E R T L 2
B, REgi— T REEAIS —REH, TN
AR TFEGHVRRES, MBS RGEREHM
BREX ER(6-4)F,E,-E, SEBRIRK, 5 & G0 K D Br 5 58 B #4
B X Rt Bl AR B A R T A ]

BIZTE H, A R E RS R P , 2 5 R 6 F AT RER B, T
Rl RAERTIRE. MARGA BB AR ARG, Fd REH N R
AT X ST s OE SN R R G RGN BB AN, N EER WD, RS
] b 15 R T BRAT UL AR AL O D S B A e B X AR R T 7 R T A
38 14 I iF .

EIREH

6-1-1 ERXHARSHE? TEHHEERERK? (1) DEGORERR, U HAE
B (2) YikniE BRI A RERK.

6-1-2 PHATI SRS MR ISHMELNIER (1) HLKEITR;(2) KHEE
BK#ES.

N v, V
F6-3 “ARMIKMhER

§6-2 HAAFE-—ERNTEESEEHRSIEANNA

BOEE—ERBRET RAAERSEMIBRPHEERORE A GEZ(E
MMEEXR, ARESE BEREEHER. 20 F, BRIV T ER I 2E—Z
BEHBSKK LR ERSIRPRNA.

—. ERTE SUNEREFRE

FEABRNFIEEEMAERREAZ, BV AEE,AV=0.

BAE—SE, EERFEEAS, BRI ELL S —RIVE DR EZHE
EAFAREM, ESANBREZS T, R HRESEMERRFEAE. X
B EBRASLTREE 1 FBF T (isochoric process) [ B 6-4(a) ].

TESALEP,dV=0,FL sA=0. RIEMAEE T, B
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2 T B

50, =dE (6-5a)
X FHREBEML, WA
Q,=E,-E, (6-5b)
THr VERRERREREARZE.
BELX, RMNBIACETIBRPEAFZEEN MY, IREEESEHR
BEMAEBMSESHNEE[E6-4(b)].
pr———= I

Pilrsm e ¢l
|
I
o v v
(a) SRR A LR (b) AR TR THE

E 6-4

RTHERSEEROME RMNEADERAETOEES. B—HIEER
RSB P, AAFANHAE BEANRSASBRS SRR PHOME. S ER
E 7 74 % (molar heat capacity at constant volume) , &35 1 mol S IKEER AL &
BT BESE TK(H1C) ks f#ig, B C,  Rm, HETHELEN
E.XHE,RERNm HSAEESELSES , BERE ITHAFENRERLE

8Q,=37Cy T (6-6)

TER C, . 8% X, T EXHE /L
EdT

K (6-6) AR (6-5a) ,BI 78

dE:%Cv_de (6-7)

MZER, R (-7 BITESBEPEESEANEECNEAARX, FAUGER T

FRLE MECSEH BESENNBR SERERX, FFU—ERRHEAES

BERRBREZMLE S, REE LR AT MR, B2 TR &

B h BRI B AR TR, HRESEARKIEBAMER, SHF25H K #

EXAENFERFIBFRMNAEEBIEREA® AT, HREN K EH

R (6-7)GH B4, EEMIRPEHTHXNSXFRITHRBSEM A EYE.
ERMEESEENEER




E:%%«T
g w:%%mr
EE5R(6-7)MLE, 715
i =;;R- (6-8)

R BESANEREARTE-THESTHAHERXNE, E5°K
MR X W THE 7475 4Hk,i=3,C,,=12.5 I/(mol - K) ;3 FIURF 4+ F
Kk, K& @A FHITRS,i=5,C,,=20.8 J/(mol + K) ;M FERF4HFIUUE, A%
B4 FH¥Rsh,i=6,C, ,=24.9 J/(mol - K).
Z SRR SENBEREERE
SRR RE AL ERRRAZ WM p ANE,dp=0.
WSS S — R 5 A M/NEE 2 O ERAE A M, R rHE 2 LA
S HREEARAE. Bl R A MM RBEASE SRR RIS, K
ot % 9 1 PR 38 1 B = %% b 55 BT S A PR SR 38— /N B, TR HESH IS EXTSMETh.
FARBA BB , FE3R REAE , AT S A A S0 R 38 04 B (R 5 AR 28 Y 1 B0 F AT
BBk, FR LA — MR A i B — N2 [£ 13 #2 (lisobaric process) [ B 6-5(a) ].
AERAT A THE TR B R BN dV B TR T 8A. RIBEE KRN Y ST

EPV=%RTJIH%EQWB‘J4$EQM Vi IB] V+dV, R EEM T 38N B T+dT, 364 4k
A A 3h
m
34 =pdV=—]FI—RdT (6-9)
MBS 2P — 8, RERKNRE S

m
8Q, =dE+-RdT

KF TR p FRERAE. BEARSE T (p,V,, ) FEHEARST (p, V2,
T,) B, SAEXAMEh (B 6-5(b) 124

(a) KK F LR (b) FEALR PRI
g 6-5
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vl
A:L pdV=p(V,-V,) (6-10a)

W5/
"im m
A=Ll SRAT=2R(T,-T)) (6-10b)
Frid , iR G Eningh
QF=E,—E1+—;}R(T2—T,) (6-11)

SEEEERKSES FREMRB-MoSBARBMAEE, S—8BoEF
SEMIMETh, SEESEER TR, RN SEMY, B AR, B H
Mg

AL 1 mol SEFEERAEH KT, BERA 1 K i EaiinHms
& B FE /R 7E £ #4. % (molar heat capacity at constant pressure ) , F C, . 7%=m Bl

30,

REEX A TE LT 75

m
SQP=-HCF.de
R E,-E, =3Cy (T,-T,) JERFARFRAR(6-11) 185

(6-12)

LM HOEER(). R. Mayer) 2. EHE LR, mol BBSIKBREA® | K i, 7%
EdBFHAESFIRPEZRI . 31T A, B MR F1L N S 1 B B it Xt 41 B
e Zh. AT I, EE AR R R 55T 1 mol BRSBASESRTRER 1K

B SMITRI0TY. B C,,, =2 R, I (6-12) 8

i i+2
Cp.m —?R-FR—TR (6—13)

BEREEMREC, SEREEREC, ZW,H vy T, W[ BER A L (ratio
of [ molar ] heat capacities ) 5 48 435 ¥, F &

ey (6-14)

I ERAHI M A TR TR, y=3 =1 67 SURTRIES F UKy =



5622 BB FEmSAEnSaRnnm [208

1.40; Z R TR TS, y=1.33. XBHEPHEHFRSIESFRAEEAR X,
5 SRR T K.

THREEME AREFRE, CMNOERFIRERT EYWIREREKE
AL ME S B, A KA WK R AR T 1 K TR R AR R 25X Ud BT I8 BE A
5754k, B LA 4 i Bz R R R e A R BE . T R IR A RBE T, O T RE AN I A
ARk B RO, [0 s g/ o ke 0 0 Ak D AT R e, B A AR L ZBAR DS.

#6-1 PR T — S REE/RAE N LR EBHE R y BB E. NRTITLLE
(1) MBS, BRERMEZEC, -C, #EIET R;(2) MRF
FEMEFHFSAEER,C,..C, My WERESES AL X028
WAAESELME T FNEL. ARRIGANZED, 40 FERBEE R
SE—S=FF LA FHEE ERESTRESART, RAXLEEANS
EEHRA X, AU, CREE L XLERSBEECAXR, AN EAEBE
MEMHELE, RAHEFELA BB ARSI E.

£6-1 SHEERRBMIRYER yWELHE

AT | Skt €,/ B (CuCrnd’ | €| vt
ly== )
FFE | % (Jomol™ oK) [(Jemol™ - KY) [(Jomol” - K [ Cr B
N = = = I
n 20.9 12.5 8.4 | 1.67 | 1.67
BT
ﬁ 21.2 12.5 8.7 1.65 | 1.67
. S SRS | St
= 28.8 20. 4 8.4 1.41 | 1.40
% 28. 6 20. 4 8.2 1.41 | 1.40
MR F
— A 29.3 21.2 8.1 1.40 | 1.40
% 28.9 21.0 7.9 1.40 | 1.40
KES 36.2 27.8 8. 4 131 | 1.33
3N g 35.6 27.2 8.4 1.30 | 1.33
EwEF &t | 120 63.7 8.3 113 | 1.33
. 87.5 79.2 8.2 L1l | 1.33
Bl 6-1

—SG PR RS, RO 1. 25 ke, TERRME KRR T ZE M 0 24, SR TH S 1 K. R
SRR AR BT S A SRR REA S B AE LR SIRETRRA AR Q,. (HEMNARLE
EESABMERYTRE. )

B EMBRSEN,dHX(6-10b) 7%

m 1.25 B
=P RAT= =8, 31x1 =371

BRSHFRWRATFHF,i=5,H 1 cy_,u=-g-n=zo.ay(mot - K). 12t (6-7) A48

m 1520 5
AE= o Cv..AT"O. 028><20. 8x1]=929]



206 | B MNERE

BT LA, SR AE 3 — 3 28 FR T R M A A R
Q,=AE+A=1300]

E.ERER

FRABAFFIERREMBERRFAZ, I dT=0. § TEBSAMNKEE LR
RTRE,FFUESFREE S HASAEMAEBREAZ, IR dE=0.

B —RELBE R A AR F A, TR 243 S M [ B 6-6(a)]. 4
UL ) JEE B 0 — fE IR 208 A 4 Ak 240 € | 60 S R 98 G PR 28 18 # R AR B5F , BT A
St B 2 2 R B, 3ot A A P B R B 2 0% 18 O 2L, R B th ¥ B TR
FEA. AT, iy TS0k 5 10V A R A 32 i, 244 1R B H A R VR W I B, A
BRABESSAE, FAAEEEFRERSE. X—ERESIRBE—MS R LR
(isothermal process).

FEHFRAR Y, p, Vo =p,V,, REFMA K

_ Y ap, V, _ Vz_ P
A—J'ylpdV-J’V' dV=p,V,In Vl—p]Vllnpz
RERESENYEHETR
m V. m P
A—ERTIHW_ERTIDP;, (6—‘15)

SRIER S 50— B, R S IR 7R o O e v 4 B R B BT A T AR 55 B

V.
Qr=A=T0RT In -2 =TLRT 1n;—' (6-16)
1 2

FRAFRLE p-V B LR —K%IELE (isotherm) (ML) , {NE6-6(b) o ffR
MBI -IR—SEWkKkIR. EXERMTED BEESARHNMARELSEH
WAL AT R2 , EERERH IR IBEESEFHNI, BB
hhfEhEERBENAR.

() SRS (b) LB S H



§6-2 BAAEE A TR A R )

M, #a#HRdE

TR 54 S AT PRI SR E T, R G0 0K 2528 b it 72 1 446 743 72 ( adia-

batic process). ¥ A4 AE 2 8Q =0. B 50 514 Mt 1 , R 4015 40 B0 AW IR 3
Bo(B 6-7). {B7E [ AR F R, 54 4 B i 28 BE R 4R R —
B g, BT AR 0 4 43 FE I R A7 AE. 4R — 86 R
HEFT IS BT R R % 5 4 R 30 e 1 it £ 3 7B 40 3 )
M A 4 ST R I PR BT P B SRR
B RAEEREMOSHRER XERega gy 07 hmeme
31 2 1) 25 400 FE 45 B K A T 3 00006 4 R s PG R 4R, X R o L R R 3
BALE.

i A 2 4 T R R I P B AL RO R T

AR 4 H I TR A , B 8 — E T B IR,

dE+pdV=0

=

3A=pdV=-dE
EREG, ER R, REES T AR R ER LM RE
B s Th 52 2ok B N RERY AR 4L, ik, B m B SRR E R T, MAITRE
MR ARFNR BN T, MACRE M 8 S BT 2

A=—(E,—E,)=—%C,__(T,—T,) (6-17)

FXREH ERSAEARERIBRP I RABODLBEISEREN
g EREHFE EEARKIED, CHREEXSA A RERITSMITY, 5 ERE(K.

EHPGEP BHESEN=TRESRp.V.T RRANZEHE. R AR
Pl ERSENYE T RURLEHRRME, T LER, N TSRS E R
B,EpVI=ZASEF BREZBRNHELXRERXN

PV =W
yriT=%1 (6-18)
p'r-lT-vz#i

C
Xy e Ad RS, 7=C"mibﬂﬁ ,¥SHTHERE=/XT

V,m

FEARME, 5 R R GRRER XK. RATTHRELFRER, A — BT
& 9 72k B A

THRMEEFERIBETE.

MRYER S 2250 — E 8 R P B R RFE (30=0) , 7148

pdV:—%Cvrde

207



208'%}‘\‘% pR AP 1 ) E

MR SRR LB RN pV =T R, ER R BT, H p V. T A RIMLEE
fh, BT LA ERA8 5 o 1 0 25 O BB Y, 48

pdV+ Vdp:—Zl—l—RdT

mEEEXPHE AT, E
C,..(pdV+Vdp)= -RpdV

BT R=C, -C,
Bt A C, (pdV+Vdp)=(C, .-C, )pdV
(R K C,. Vdp+C, , pdV=0

d
3 —p+'yg£=0

P 4

C
AH 7=C"' e AT

V,m

pV =&
RREANTR P p 5 VHXER, LA pv%m’ fERWEp RHE V, A4S

/B VETURp S TZHEMKR[KX(6-18) ].

WAk AR AT p-VE LEL p 5 VIR R#I &R, XM BR
£ (adiabat) . 7E/H 6-8 PR KRR R LML, B LK
W FRRF SN FRE, WE AL A SR
MEMMER FRE(pV=H&) MBREK

(V7= R A LR () 50 S

mampw (L) - Thmnmnmn (L) -

Pa )
—7V—A-m?wl,ﬁﬁuﬁﬁﬁﬁﬂtﬁﬂ,%ﬁ%% H6-8 SRS SMN

FROETEEFRLOMRGEEN K X £ B LE R
KPR — SRR — RS R SR BES R, EoR r R R R F
EERSBRPER RIGTUAYERS ERETX 4R BEALL A
B, SEHEBRESET VB2 RIBEFRNRE RN, KUNERBE
B, ER,EFESES BERTE, FLUEROHEMAZh TEHEROB,E
SRS, ERMHMA N H FARRKOED, MEEH TRENA&. Hit,
EEFGED, ERER(dp), NEFBIBEPHEREE (dp), HE. L
HRRE A RHBRNOENERFRENA I



§6-2 My —E i FRM R m s A0 2000

&F'F-h&‘i.ﬂl'Pﬂiﬂ:ﬁ'ﬁ:‘:tﬂ,#*inafiiiﬁ,t*:t!.i&i‘tﬂ,iﬁ:l*ﬁ"l‘ﬁ:i‘t
) 41t 2. € eG4 F A A

PV =%E (6-19)
R n R—AEE H A 3 F 3% #(polytropic exponent). (l<n<y) LZ# 2 L X thit 42 4% %

75 14 # ( polytropic process). % % , $ 7 4% # & T & BT 1foy 20, 37it#iIe TR S48,
Blde BRn=0 R AFREHE o REFEEAE n=1 WAF R n=y LB RTH

RO-2FIBETHESBE LREL RPN - BEEAR, TS %,
®6-2 BESUANFTROTEALR

HE R
: HHIE HRF# B Q XF Azl A AREH B AE s C
¥ V= P _ m £ -
s ex | TR (FC(TT) 0 wCra(-T) | G
(V,-v,)
Q P= V _ m p ! ! m | cp.- =
E #i —T'—#i YC’.-( T,—T, ) ﬁ%ﬂ( Tz —Tl) MCV.-( Tz'rl ) C.,__+R
m V: m Vz
5| 72 TI—RTIDTI I!—RT ln?,-
R | HE el P P 0 :
m 1 m 1
ﬁ-ﬁRTln;’- ﬂiRTlnI
V=i - =€, (T,-T,
" P ' 27 Cval ) .
8Q=0 | V"'T=%# 0 —-C.,__( T,-T,) 0
## nVi-p,V, M
TR ol
g PV'=#' & C._-=
y-! T=%1# A+AE ELVI;PI'-i lCv,..(Tz =Ti) R
¥ n-1 M vt —
P.-IT-.=#' " l-n

e /7 R B M = 0. 032 kg/mol, B3 I8 B T

R (6-17) 7741
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§6-3 iR kisms [BIL

;.

(T-T,)=0

,

ERERA

6-2-1 HHAKERENBETUAXFEN? HAMRAT KENERBRERS? 4
LAWET SUMERRBEREFK? HAHWATREM? P
AR TRAME?

6-2-2 —HEASKEZBEE6-2-2 AR E&LIR, R
W HERABNER: (1) XBI—1;2) d81'—1
(BERLR);(3) 2T '—1.

6-2-3 XtHEMATMEBERERE, FAEG? AR
2 4 T AR G B9 R & A A8 4k, A T RERG 7 0

BEE6-2-2 14

§6-3 {RIAIE FiHFER

—PMRANERGARE —REHR . 24 - RINZEAIR, &REXEHNM
AR, XA B AR (B IR AR, AR 6 R (cycle) . MR- BT EFE
-t odRSRER SR RABALIRRATEp-VELEH A4
iRk R . R G A il RS §F 7 6 98 PR AR 8 IE R B, R 2Z PR O i
i@ .

TREFEERFIBOBDFRERN TFEWE, R TR FIERFFE
B FR R AL, M0 478 3R A B & Ak R 7% HL

BAIBRHBTERREET —"TRAEAERE RERIEE—F



212 | BATW MR -

HA

AE=0, (Q=A
BEBR, 25 R (S H) MR BET Z50 40 BT a2 (350 53t & 5 BF
WHIRIh) -

B 6-9 RAM—DIEBAF ML RME, 7L B abe 1, TR B ik 3 40 5 14
WAL HEEF T abe A TR EB, AN M RBRRNUE Q,. 738 cda
S0 FEGR LR X TR A, KBE S TF cda B2 T 89 E A, [ B4 AL
M Q. BT A4, HEEMEF LR P LRI AMBE A, KRS T
WAL RMETUEOEBR, 0 A=4,-4,. i FEANIEFF AE=0, T Q, -
@, =4.

ALK TAES R BLR TR MR B R AE Q,, i — A 5HE 0, 64
(R ARIR , RIAE TR x4 SMEZh A K TR BB A 6-10 fF .

AAILIE PR B — BB AR AR RE 2 74 41 2 3 (efficiency of heat engine) , 1A 7
B BRR—WRER 76 TR R R AR B Q, AT 2R b il 56 4k
Ja X5 A RS, TR AR

P

0 v R ey D .
B 6-9 it E M 6-10  HHLEY T {7 B
T S (6-20)
¢ 0 Q,

IF) SR AT R, X 0RBR ik 7 Y 50 A 4 7 ) A7 A (P 6-11) 3 8 ade o B Bk i
B, TR SN, 8 cba HER, SR TR, 2t BAER, 0 R
M TR T H I A B AR, TR AR IR T B R Q,, WS A TR A
HIZl A, B2 1) W I B R A i B Q, =440,

A HLE TAES B AR ST X TR A T A 15 DAEE I8 30050 R B A0 0 Rt 4 3
UM A B AR ERE X TAREENE 6-12 7. #HE TAH0 2R %
BRI 708 v B R R B # B Q, S5 40 SRt TR BT A Th A B9 L R A5 1, 3x —
B (B4 MU A4 60 4 = 4, B

Q, 02
w=—=

A 01_02

(6-21)



§6-3 ERTR

e-11 WifdE B 6-12 HI¥HLT {2 HHE

6-13 J2 FE 45 50 24 B (kA ) 7 R PR &R PR 0L A X 4007 0 DD,
PR . B FEAR A8 U TERETE O B s AT,
S 5 SR S AR T e ) TR SR AT
), B 60 2 8 ) o AR, TS
Ve RIE A 6 T WA Y 40, R Sk WA AR
5 MR AHE A TR C. XA RGEHOAE R
VOB , % T2 A B A B AU X 5 , 2 AR
WAl A WS HRE TR IEAT D P B
FER (% ) AR, ST RS 725 8 , 1
SR kb, B 11 B, R 45 HLF 48 09 T J2 K
MG XI5 3BV B K (R B JE D B, 3
th B A T I T LR B v 2 R, T
St B 3, o TR BT A, 308 HE S S R
E3- 1.1

25 Y 2% JELER ALK AR O Y8 TR 5 2 AR ), 28 48 5 0 (VK8 7)1 0 S 0
$0, IS (KSR ) KM BRI, SR T LB 1y (kA ) MRl SR 2
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MEMALEETENRESELENRFEE c AHBEERIIELFRBEIERET. &
r=7,y=1.4,1

n=1-37=55%

Fhr LMWL R R 25 % £4.

=, FiEfER

T B LB ST LA RO 1824 4F 35 B 4E T IT K35 (S. Carnot) 42 H
—FEARMTER FIEHEN R ERR, A RN EBE - ERNBILE TEENHN
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9. 0
TI_TZ
B R AL RN
o
nc—l—a-l—Tl (6-22)
MELE@HE R LIE W .

(1) BEM—IKFEREHLIE &R AER AR

(2) FERHIPHERERERAIMMENRES X, BREAFEMNEERSD, KR
IR AR BB, R RIF AR, il B S W AR AR B K, A& R
PR T R ) B QA9 F) A M AR K

(3) FEBIPBELRDTLM. ey N\

HHLE 3R BB R BE B IL 100 % B f0 R R 3
A BB E] 35 100 % , 5 K AT REZK K L2 £ /0 g7
ARXERBHARTERTHRAESE —Ea
5. ‘

WAE , BATF 8 AR SR B o 13 8 2R
HE(E 6-16). B4R, AR HZH R3S 4k
FREITh A, AAERBBERBAR 0,18 oV
BARERRE O RERNER—ERA  we 16 wummmsnmmni

Q,=A+0Q,. p-V B
G PR A v R B
0, Q, T,
WC=I=Q|"Q2=T1_T2 (6“23)
ERXEVFRAT T, 8/, we dL/, 7R B SR BE TR A9 15 IR 2 R P iR BB, 7
HFEMS B RRZH.
B 6-5

H— Rt Ryl AR B4 -10 C #¥ 30 = R B B, T [ 36 B Sk 20 °C i 8 4t 38
B S H HLETRETE h 15kW, [0 S8 AR I E R BB A £
B 4 T,=293K,T,=263K, 1

& oreizh R ‘
A=15%10"%60 J=9x10° ]
T A4 - A8 2 R R B BB O
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RE—FE8, B RX Ak HLE R R TSR, FUAATERLH. EE, HE—
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BBERBAR I EZ WA, EATEL R, A B L AR, X fh 3L
ARSI ER 2R, Hm ANFRKAFERS. A—TRER R, R LT
AL R I UEFR sh A ORI, MU SR — 25k shtl. A A HEE, n SR BB A3 — 267k
SIHL, 8 I K IR 1T 56 4 P 3 A, 2 it R KAE 107 gk, RER A
LK, SR 10" kI AR XM T 10" o g M T R MR T
HIER 8 R KBLRER —FE A LRI
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#4715 9 — £ 42 (second law of thermodynamics). #t h ¥ ¥ — F R F R X MAE L
XRER  RATEE S A —MERDEHRN, AN ARBERAR E22HETH
RO, A EE RN EX—RP  RNEFINERFF-EHMBY
" LA T A A A S IR K, BB A S A — A B IR T BRI, 2l R AL O X
S tsh . (B 7EBCh B R A, SR B AR BRI AK T, B SR BRI LR fiE B 3 (8 E1 ROk Y
R, XBEMAAE TEW. ANXF LR AN EE _ERNFRXSMARBRT
P AL —FR R R AL AR

1850 4, 5 %5 1% 7 ( R. Clausius ) #E K B 35 S0 A0 2L Al B3R A #2508 Z @ ey
B fR A BATEEE BN KRB EEEEREYE. AL REHNEH
g srpr Rl LUE B AR N RED KGR R Y&, K E Z T RA T
f TR SE D R . T S A BUR TE 2 RBE T B 1458 i X Fh AR PR AL AR
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5L BT 5 — 7 1] Bt AR R B B — R A AR AT A A AR R R B LTS
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SRR W AR S A R L. F T B SRR P 19 4

PR SCRA RS, A8 BD f2 6 — (RS E 7 BLFUA R 44 T, TRAB 74
B 0, FEE MR ACE 6-17). XHE
BT FER I — 0 BB D B2 E T B Iy
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R 0, +0, BB EME. AL, WEFA
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R S B9 | ST IE B4 B T AR SO B35 40 0 P A S AR M A T LK
FMEAB SN RE 2 — R NTARE & BB R A e
BN, T ME sk A M TheE, R T X &R,

B8 6-6 %

SRAEAE p-V b A 4 AR REAR3E.

B BEAREKA]SIEp-VELAET KA, &
AP 6-18 B, SUAE , M L R E— SRR I 5
s PR 48 TR — B E. 5 R U — AR, IR R
B3t B A B AL 2, ) 7 = 100 % , 3 A A A4k B 1
BOREEB RS RS R, Hm A RARE © v
HAE. H 6-18

SR ER

6-4-1 HHITEHUEREER: (1) HTULEEAIH, ERFBE|MEL N,
(2) AREAFERY EERERED K, BREMERDEEBIHEDIE.

6-4-2 —RFRAGT - RAKRKETHLAR, A7

6-4-3 WRBME S - RS RREEHR— 0T, B 47

§6-5 AHEHBSATHEIE FEERE

—, AEEBRSATELR

AERR|EAREIRN KRB T LR T mERE BT H—FHITRN
ERBFMEN RS, A LENETESRSA TSRS

BE—ATE, FHEIRE A ZBRRE B S ERYE, MRFES — T
B, EAUEYE TR AL, ADRE B RIEFPRE A, H LW EEEIRE
A, BE—IHEEERERR WMIRE A#TBRS BRHEBRANTE
7 (reversible process). X2 , M3 F 3 —if 8 , R i 8 1 15 £ 5 2% i 47 19 Jy 35 4
AR B i A A0 R B B RRR A T R 5| R A AR A, U] st it A R R S O AR
(irreversible process ).
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BAE MBAFER

B— AR, H AR R 2 g AR R A R AR B Y ke
1] 78 3L 4 £

BA_E BN TR AT LA B PR A 5 — e A e T O R AT e R R R AT
FERETTAN TR AT 80 R ) FF AV ) e P A 2 4 S R R

BE—RBANABRHE AZPHAEBSE,BEFREAS (H6-19).
BRI, A Fh SR E B %
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BE 5 5K B A R SR KR, R AT
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LA FEEEMBERR, DS AT R, DTS H TR B
FHE TR B AR R R, SR B, R 246 52 BR B R T 5 4L
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XA AKX W] 3 R RALERE S TRXE. Bt L XM E R
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ﬁ FI+—T:=0

2 0 2 T ,g%a@mn%ﬂ. (EEE Q, 7 Q, MEFRHESE

B R A S )

WAL LR A% 18— T BAEIR abedefehija, WP 6-21 FF , & SISl
BRI R, R AR bh ) cg B U , TR X IR A T 3
AT EEIR abija beghb defed. mt,xm/.\@afwﬁ,g%mﬂﬁfwm%

F3 /rf%@s%m%am,ﬁm:ﬁ

M 6-21 —AnlH{ER, E6-22 {E—WmIHHER,

: 5 2o wx #1d o0 wasp
AH T =0 Wtk ﬂﬁcﬁ =0 mH

EBs b, % TR R B8R, — AR R U AE i 2 RE RS AR, T H
BB B TR PR A H R 2 R T 3 PRag & 3R A2 , N 6-22 iR, TEAR PR AW Bl

T8 % Eﬁ?%?’?k,ﬁﬁ'ﬁﬁ%lﬁ KA RS TR, E—THEFH
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RATIER (6-24) AIFE 6-23 il 1a2b1 FEFF, BLTT 48 W7 £ O S8
iX Fif
5Q

9§ (¥)Wﬂzjlﬂ(7)ﬁlﬂ+jzbl(?)ﬂi=0 g 2(5y)
RE R 10
(51 b

faP) e () ) e 0 ;

M6-23 —NHHBRESE
FRFW, REMRE 1 2 HRRA 2, 7 TR EF i
AT EFAX LT ES, REBH AR '

gk mrpAtt, [ (O0) AR 0 SRR, |

HRIX, KB TURRE. Bk, REFE—DRE R, RAOTIEXHRE X
B0 44 4 (entropy ) , FI S 7R LA S, F1 S, ArHIRACRA 1 AR 2 wF B4, 3R
ARG R MRS 1 BRI 2 B4 6938 i

$“5'=ff(%?)aﬁ (6-25)

b

WF—BRILR/PA SR, R ER#SER,
_(% X
%T)m (6-26)

FRED 2 W i AR o .mm?mmmmmg. MR (6-24) T : E—A Tk

AP RENPESTE XLLLMEBRERN.
=. BHBEHAR S

B, RATN ARSI IR A AT R A i B A R A T 3 AR A S R
B F , 38 3 % 06 7S T30 A ) GO0 AT, A G R AT X S A AR E A R .

WA SRR KT v, ERBA p, RER T, 48 S, , AKE hH
TR V,(V,>V,) ESREERN p,(p,<p,) , TTREAZE. BSERENREARTH
RS, BRI REZEAL, S, FRAXE R BRI EX — I B PHHE A

%R Bl B Ak 50=0, R (6-26) %7 d5=0 =0 s RERM. B

RAEXMAYEE, iﬁﬁ*ﬂ—qﬂiﬁﬁhﬁ&ﬁﬁﬂz AT HHERG AR 3 R A

T EAAMRREREHEE. XRRR, MO ECRRETNESRE, S
Frapi g BEX. Bk, BATTESRE - 8, #UEMRE 1 28R
A2, AT EX— B PR, Br8 & RN Z R — B AY. 72 B o Bk 19 18 5L
T RIMNMBEE T HEFRRAKLE, iIEENY, p, TS, AV, p, TS,
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ERFELES , REQMEZM S, 23 S, BFREHHRE d0>0. F7E%E T
B, SRR AT, REXTAMEN , HAL 5 Sk DA A1 558 i 00 9 A 25, O LA AR
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s,-s,:jl— ———RL —=—Rl

1

ROBLR YL, SR TE B e B2 i o AN A 0 3303 8 o, 2 A 2 188 o .
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SEBERBAS RNERKEPE-I4TF . 1
WMAF a FERART PR, & REEE A B3 BRR
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LBEE A EHEER MBRINEE4 4T, TEEORITEL

EREMEE, EMNEEE I ABNESD, WEL A K B ZR42,05x 4
T FEBRFRIHE 16 Fhol 8. 5 — #0407 R 74 HY BT 00 4085 38 41 2 |, i3 4
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%6-3 SEAMBKESFERIBREUMOME

5> F 0 53 A
% % A |0 abed|a b ¢ d bed acd abd abe | ab ac ad be bd cd | &
¥4 B |abed O |bed acd abd abe a b ¢ d | cd bd be ad ac ab H

REH 1 1 4 4 6 16

MR 4 4 F FINE FIB) A S0 e ALAE 200, LM - =

24,L&—A%?JEIE9JA§B§&$/J\$T HRE B 7B AT LUGE B - SR 3t N

AT EUSTFALE A R B 2RAA NILH 2" FTEM T, TN 4
S FEGEEE A gammi,;. B, %4 1 mol M5 U, N~6x10% , i I 245

EBEKE, A X LSFLBREE A SHEERRE— o X MERR M
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/N, B RS,

HEA BT LLER RIS T A X B ZHHMHERESE,
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AAT Y B G MO MOIR A, (0 2 AR AR 1 7E A S BORE 0 B VLIRS 24X
BET-TARBOMRRE, A RSP HFHERREHLET 2" 40
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BE A BOILR A P 9 48 K BB — A F WA (macroscopic state) , B T 5 & A R
RAEMBEBE 5 Ti5 5 IR AL B AR, SEIX A 2 TR 2 89 77 X B i
Z R ERRELAWBERGBK. REFIEBETED A ZIHMOE
MREXR, CREET A TEHEAMARE, H FTEsBARARTF, REMA
W, 75 B VR AL AR B AR , S X R B RS 1 7 R RA — 4, B XA & AR A&
W MRG R/ NEZETE. AT, Aa kO AR TS, SR ERRT X
EGRBEENTELAREMBENNERARSOBEAWEZRRSH T, FHH
EEHUMRAMBIPHERRSHESRARESHEENERNRESHTH . 52
HERNSE BEARNEWEATERShLRR.

B EEAH, BRI W RRRSE(ER) REMEE MRS, RiE
WS (EW) RSB OEE MR NFEE FHELSRHUIMTRR:

(6-27)

HbrEEE%S %R, A H % 8 X % (Boltzmann relation). XA E
VEHATERSFREDTFENBIASENORE. I 2 XA RERR? USERH,
AFHEBE, ST SANERBRA, S TFHITRBEANCES HERE SR
. xB, REM AR MM MRR AR B L, RNESFEINWBRABRERBER.
MRS 4 FRAE AL TR —EETAMR SR —Z B TEBZA,WSEN
SFESHERREANG, BILBENZET. BR, B TXHERREALET—
A SR 75, 75 B 2 G5 00 8 WOR 75 HLAB A — b o S AR R, BT LR B B BN
EHERLARAR(6-27)MEAMETENER. AR, MRRENERNRER
EVF MRS, B4, ERMELFE F R A%, W K RERHN. BTN
FE AR 9 8 B T R AR X e B X R A W A Sk U, R EREIX A
RYA H & AT R oL TR SR 3 4 00 66 D 1) 1EAT #9

BE , BATTR T B it B P 4 13 BV 0 18 0 ke 138 A 49 A 38 e 4 40,
FEEERKSES , b TERAA, BB KR R R B d A B R a0
K, 3% BSR4 T4 A 4923 (R FE R AR K T T IR BE A T G, U RE ORI U TR
ELHBBEY AT XWAMHHENER ESEkFFaahmRELERE N, H
TR AR XINESREKTET, ERERERHT , BAEEKBRKHEK,
SFAREENSEMENE T, TREBANHBRREMHE (BREER) @
BTN, BELEE S R K. AEFRRELE S, b FREMREMNK, ZRH
% R MR AT B R R K, S AR KF A 4 T B A AT M B A, H A
Fiz shw iR AL EE A Froc i , R - /N B . B R SCRY R 4 ok 72, %o 4 00 B Bk
Fik, HRGERBAMA, A TEIHRBEBERY AN, HRGEEENEK, A
1 40F3i2 sh IR SLAR BE W20 VHBL R A, 7E VT30 A 4 P 2 o, X PSR A R Y
VEFR M ERENY. Fit, TN ARTI BRI SHITLE.




§6-7 mmmEm newgensit ey B3NN

L vV ih e S AN :
E VRN 01 By 8 R B 22 30 AR

= (W)= (cV)™

EREHA

6-6-1 MIRER b i B R 7E B AR A& 2 B AT AR AT R AT S R A 7

6-6-2 FEHMWAED SWBD—LAFEMTR, W (1) LEAREKN;(2) BXH
HWEAET®;(3) ALRHMRBNRE. CNRAETRSRAER - ERAX? X
BREMERBHAE? WRTLE, WRHNKERBN?

§6-7 JMEIEMEE RAFFE_EENRITEX

BIMNELSESEL, TENERTIBRENTSHIRE, RENBEREN. £
Wit EASEEhHEKkEBLEN SRR, BERMATHH L RTRE,
BA AR v X B, RERE AR AR I T .

A pdBe s —REANFREMMES, BRI EAW B AT M
BAXMTUED , FENBXREEFEHOR? RAREARMFYIK 1 F12, gt
NS RBRARRES. YHEMTEM, MR T >T,, B4, —11R 48 0 &)
WH A AR 3Q Wik | (531K 2. BIR, X E PR, HAT A E R 2 4 #

S8, HENARMARESIHFARABRTH RINESHAREERTHMY
Ji A% 6k 4 % 46 M A8 71 52 % 4 (isolated system ) . X BE W14k 1 5WEK 2 AR T —4




228 | BAE MAFEEM

HHESXT
mAES 2
fe4: 0k GUR 4 =

PSLRGE. M — T RGER UL, ARRE NS YN K4 THASR (LENRE
%) MERNBETREM S BRI, T, RATH B LR XL R 5% 48
AEEDL. MYk 1 ik 2 R RUNAR 50 B, A MBRERAS B ERE, R

VAT A8 — T 336 i 45 R AR A AR XA, 4k 1 E‘Jhﬁi&i%-ao,%w 2 B4

[
30
TR TR RGBS

8Q 3dQ

T, T,
BT I>T,, ERBRFE. XEHENIREFHRESTRATIETRNR
Gt % 64 1 .

GERTR,RWR A b BN R R HAE S X T ks R AR RIS R 4o b i B
BEOATHELE, REXHEEEMMY. ELHFELED, TR EAHEK, R R
BEERRES BEAT AN, LRIBOATEHE WAL EMNREHD
WA AR H O BA XK. B, RITNE LR, EMI RGP RED
EAFRTELE, BEHTE M RENENMEN, RENERREETE IR
RARAEMN. X8 S50 {5058 18 in R 2 (principle of entropy increase) . 4
BRE R TIL R Gl Hot B M AR RIS RS A R4t
U Bh 2 Gt 5 50 RV T, 8 25 6 A 0 s/ 2 T B ). ) Q0 , 7 T 30 45 9L B ik
R0, M ZE AT A SR R4 P R > B R, IR RGN R WAL R
GHIE, ARG S RA T REWR A . 7B M R AR T, SRR AR AR,
T e AR A3 AR AR O R, B — e s, B O, B ATD AT LA AR 4 4 6 A 1k 0 bk
PR BT B 1a) FIBR Bt IE R T X A BB, 340 32 40 1 n BB OB 4K
RA¥BE _FHROS —RRER.

ZVRAEFEZERNEITREN

ELR AR THES RINABTHHEEEXRE AEHEL L THT
F BB O R AT 300 B R 5 A LA SR B R T 395 5 R MR 2 A A i 3.

XPFRAET RATAE, 518 Y1k 5 F 19F 5 5h Bk H IR B 1K 5> F 0 2 39 30
REE K, Py kA 2 it B B8 A 85 0L 0 1 10K O o 0 R R AR L e b
BIRERRIRE . b T TG, 20 554k B R AE 40 1 48 L F 2 4 1 1 40 0] 52
)38 B ¥ 4 F RANE 3 3 8, X AL O E R K. B, A 1L 2 T 2
53 F TCH I 325 3l A Ay o A B R U 2 163 Bh AR 0 £l 0
B ARR 225 "B AR R LR — G R M.

—BORUL, — N FESMREWMMA RE, HABEEMNTRE, 82 HEEN
MREEAMEXNRTHT AEAMMRSHALHEMREASERARS
HESOEWREHET XA R0 FE LT, RS EE - RO
B ZFEE.
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Bl 6-8

4% 1kg 0 CBUHEALAR 0 C 97K , SRICAZE (B B BHL RN 3. 34x10° J/kg) .
B OEXNEBRP,BERFAS, Y I=273 K. {6 KM 0C M EERE TR,
WA, W

2d0_Q 1x3.34x10° . _ 3
Se-Su=| =p=" o I7K=1.22x10° J/K

FESER LR T, KBRS T 0 °C B30 55 b MR 3% v 398 oy 490 8 o 3 5 45 2% % 0 ,
KL AR RS — D RORR , N B PR R .

b AR AR R BT, SRS AROK , AR B R T O °C BYERBERCH. N FREMRLE, R
R EURE M.

138 6-9

A—WREN CGREENT, WEKSHREN CBEXRT, NBEERNEET - BRE
FH. (1) BRPERYE, RERGHERE; (2) HRERSE B 2.

(1) BEfeRTE,ER—-Y RN RRSET S — P I8 R R 8
X T RE

A01="AQ2
C(T'-T,)=-C,(T"-T;)
iy
, G +C,T,
- cl"'cl
(2) XFEFRAREEADR,50=CdAT. § [ Ay FH i 1 B R AT, 0 AS, = f ag‘-ﬂ

50:

A8 A B R R R R VTS, B AS, = - FR L RITRE B MR

STESE S S -

R A UEM AS>O, BB A 4.

=, iS5 RERiE

BEREMARSE LY BELAEN AELELRA. “RE"E—HMALNEGF A
EHORARS RFAK EHRLARARK. BPEREG, FED AL —0F
BEHHLORD AKX AROE TR ARRAS OIS RETHRA M. FABAT A&
AR B3 BE y 40 NERRFTARENRE s neodaekErAY
XL AR  MAEA RO EN MR CHERZ TUARLFRARGA ST, HAELNZ
AHLBENG LA T AARTOTRAAGRIENARE ARG BRERT AT LR
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230 | HNTE ¥ IEE

T_
é‘;_l:.r&;{—‘T—T’. AT, EAREER —F OB RE T £, koA AMD, &

1
—AEBBYEE —NMEEHEAER AR AR FOAS SR ARG SR TLA T4 12
AR T ARG AFHBEBHEE AR S0 M. B4 BB HIES QKDL
MR BRA R —ABERE LG KBRE LR REHERAICERBENE LSS BNk
PRl —RBRARGBEN D AAARBLA DG TR, Bislbsk, b FTRAINOAERHBIKT.
WA B ok RGP DR TR BRI ] A g B

RBERAREFREFFRORR,AARALPBHFLR G Y F A

REFARG YR ERADFIRTOHICFE M, X BB TR AR & K.

(1) BAFTEEE HRTAA-—HBXAHELAS —HBX RERRE 4, L1k
HR.

(2) REFEEZH HBORITERFRREABRAS H— A RIE% LERFR
“AFEAFPHNRRTELA ARSI FFPHMEHFTE RSP TORANEE -4 . &
FrTOAREXE AR FFHATHRAMEL LR T BS HEARFTELELERA
R AE P LR AA

(3) B mBEE WHAMBERIGHRRR, CHE—WEN G 42402 % F M ALK
R BHmE AAFHARFGF QT AXNBREE R AW FH AR ERLN S HiTR
HORTARL, —NERALXEBOBRE B DR FRDREROH U9 HF )P0 FRF
HHMA. KRR R DR MRS PBA S ROAFER ERRAEFREDE T
RERTRATFTEFT ORI L HoARBaABBREY B ARTAMR £+ A%
BYOHRRRGAKY , B9 HDHFERET ORTRERY M, WG FH IR

W, R

SR BMAFEGEYES T BLOCANARMFHR ARG B E A —AKA KA
FRE GEBFG NE AR ERARNS BLEARABLBE A HAAR L. —
BRE, GRREAERER (NARRAXHSE) SUHHEAEESNBROZHIES 4
REMHBENO SV EA A EZEFAMNEF ik ARAASREEN FHER LR BA
# R (C.E.Shannon) MM E B E MK JIARRZ AWM. EAKLEP 22—
EMMFH XLFHALEHRFARREL T RN, 2R —AF4 (K3 —AEE)H n A
TREMFNER NEHAAEANOTRTE /AP ALG. BAn X, FHOFRATR
LR FAZEBREREn S B LA IK. RS n=1 0, FHRF—-ABR AFAATERE
TR, FRAARREE H B Ao n b3 3% E W B

H=clnn (cA¥¥E) (6-28)
FREEHGIMEXXARTHRA R+ 5. EH Rk X E R AT 6 AT,
BHRFERAFTRES BEX AR ALREA 2. BB BF LA AAFTRE
B A RAZE A In6.

¥4 1928 5, 6kt F Fob A (R. V. L. Hartley) 3 X, (6-28) #k b (= B . W B % 2 — A 4E &
FRAAMMEBIGAFOER AP HEI LB HREEO K | ZMAH N TROAER DS S

a=2"
TEEZEFE
H=cIn N=ncln 2



S H=n, XP¥FEclkmLA
c:ﬁ:logze
IHAHGEL T M A (bit), CSABEFS HEA.
BRLERE , TARE LARABESAGRNM Y HEHHEHBAL BHBEFRLE
HAPMBERLE R ELLHEANZAGHEBRE P, RAB LR HEHF (Hl o 3
ERE)VLHREHE(F B dE LF)XBRTEN. G TLHEEAN LS ATEE L)

ERER

6-7-1 —HBRKEESKP, CLRRAB SR EFHARRE, B YL T HEBER
2 85 ARG B R SR AR B/, T 5 A R RO B ) O 40 0 R AR ABE SRR A ELR A AR K B0 49 A R 0 /1
B, X 5 4 34 o DR PR A F & 7

6-7-2 —EBRMSE MBEERNp, KBHV, SEECEED V2, —FFERSRE
9,5 — P Or i R ARG (R) By vk B A R SR T 33K T o 3 o A A A G

- Bl

6-1 — RG> E6-1 EFRMRE a ¥ ach BIiARE b o, Bl T 350 ], B at
XtAMTh 126 0. (1) i adb #ATH, REMTY 42), M BRK T 220 #E? (2) YKL H
RE bW LR ba BEDRE o F ,SMAXM RLEHBT 84), AT REZERBRERK M AR
e

6-2 JE3R 1.0x10° Pa, & B4 0.0082m* 9 R4, A HA IR BE 300 K hn#43] 400 K, 1 m
#af (1) KBEARE;(2) ERAZE ,AEMIEL? EBHRBEL? B ABHBRE K
Rt 4

6-3 K S00J By AR B ARERAE T 2mol WAKR, (1) HEBFRE, )38 it k2
AAMBERERENZL? (2) HERERT, AR NMEL? €SNEREKBRED
HEL? (3) BEBRAZ, GG ARBNIHL? ESHEERERET S

6-4 ﬁ—ElB‘JE?ﬁEﬁW,KEE&F%Wﬂﬁ&k.c RER RSEMEE V, 50

BV, Brf s sh. SRR UK IR BE R T 8 i R R M 7

6-5 1mol %, ZE RN 1.0x10° Pa, R B K 20 CoY , HAKB N V,. S EL LU T Mf T2
BEE—RE: (1) EHRFERFE MAELREABD 0C, RELEHESREK, KR
TRFRERG 2 M5;(2) EEEHESEREKERARN2 4, RERFERRE, M 80T,
B B T LA b R R e B AR, SR S S P A O 1 B R p-V L

6-6 HBSEFEEBEHEK, WRE(p,, Vo) BEXRE(p,V). (1) RIEHERSBPE
HETi8h R

A=P0V0"PV
y-1
(2) ﬂp‘,=l.OX106 Pa,V,=0.001 m’ P= 2.0x10° Pa,¥=0.003 16 m* , Sk y=1.4,i{iHH5

1k B A e 3.
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6-7 FERRMERET,14 g BA5 5 E 0 F R 8 M4 o 520 BUE 0 ROk —
. OEHXRALERN p-VE FHAEXFAALBS , EFMA T R RBULRA
B B2

6-8 N3 WM6-8 MR, —ERHE, SFMTHENLRE ab.dc BBRITR , cea B
SRR EHRGELE cea TR FHM 100],eab HEFN 30, ede BB 70). [ 7E bed i
BPRERPEREHT RBEEZ D7

P P

b

@614 5 6-8 A

6-9 0.1mol WRARFHESK SH—ERSHL IR ob, @ 6-9 MHR. (1) K
SRR R TR RO RBRAARHEL. (S ERIRTFHNRBERERS
S fEp-VERKH— &£ Q)W RSEELERPLHE - MM SERTER
4 7

6-10 —SEBREHSHI, HABIMREBHRN, BH—WESRHESHFES AMB,
033 6-10 AR, P& BA 1 mol EAS. MARBERE 0T, FEEBEE 1.0x10° Pa. 54
335] ARG 1B M 48 A BB, SR TURBIE 2B b 19 FGR IR KR F57E 1.0x10° Pa. SR F 3
FhETE T AB FIREAH R B B R R, (1) ERRARE T3 (2) FET A h R
3 H 4 #.

6-11 —an g o [E) ph— G HE HE A0 48 B4 9 9T 35 3 B9 1% BRI, tn I B 6-11 B BT R
ABREAEMA0.05n’ WIURFAFEBSE, RWHERA R 1.0x10° Pa, RE#HE
0C. %t A REBINM, HE B HHSIKESRE 2.5x10° Pa. K[ : (1) WHHITHKRE ANE
EREL? 2)APKEAEEIIBRFTREMNARES S

f N__f

p/(10° Pa)
1.5 a

1.0}

0.5f—————d X b

2] 8 6-9 A & 6-10 E

6-12 —EEABPIARDTE, TTHE N, 5 Ar. 76 298 K B B R, WA 5%107° m” 4834
BB 6x107 m’ i EBE B 277 K. K MT A 88 b RAH 4 Sk ?
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6-13 (1) FH 107 m’ #9373 K f4lisk , 7€ 1.013x10° Pa B FER T N# , AR 1.671x107° m’
B 71 36 BE A9 7K 3. K A9 MBI 2.26x10° J/kg. [ (1) KBRS ,REERES L7 (2) Eh
BRET 107 kg 49 273 K (kAL N RIBRBEM A, REAAERELL? EABERSTAS
KEHABE R 107 m*/kg 5 1. 1x107° m’/kg, KB ALK 3. 34x10° J/kg.

6-14 1 mol BB R TS IKZH > E 6-14 B FF R B1E % p=2p,,V=2V,,p, =1.01x
10° Pa, ¥,=0.0225m’, i+ %:(1) FE—AYEF B PSS FREMBTI; (2) 7 abe i 1 4
FURBEAMAMWEER; (3) ZEFRNRE; (4) STERBER PR MBERE > 68
R AL RE.

4
b cp,V)
g a(po, Vo) @
%
o v
& e6-11 @ S8 6-14 (&

6-15 A —LAEAASER THRKMHLIESR, in>) 8 6-15 B TR, KE s HBE N

n=1-y
P
()

6-16 F 25mol WM R FEMIAK EIM6-16 BFARMBEHRTE, X e HER
38 p, =4.15x10° Pa,V, =2.0x107 m* , ¥, =3.0x107" m’. 3R : (1) {ABHHHRE AEEE
VAR B e 2 5 (2) PEFR B8,

6-17 1mol MESHERS o BHRAEE T,=300K, &M V,=20L, 23 FRWKBARE L,
EREAIOLAGLEEERIERE o BELERIBREERE o, 13T F 6-17 B FR.
(1) RZEMEHF T BRAMBOR; (2) WH—FBER TAET, AT, ZH, HHRE K

p

14
P r____ b a(PI’VhT‘) b(plvVIvTZ)

1)

e
P2 __;a—; ic C(p2pV2’Tl)

I |
() v, K v o v
> 6-15 P JE6-16 B

6-18 — SR AMREEHANTIETRER 27T CHBTRABEMBEN 27T CHRZ
BB ASLE /N AR A T AR 1.8x10" T KA BR EH AR AR
E 2



T B4 mAE BmALER

6-19 RHEEHWRITT—ITMIBE6-19 BFRFHNBEFR IR, K+ ab.cd.of RHFRT
BOBESHNAT T, T, bcdefo REMTE. MERERLE od TERBREHABRATE o
HBRPHEARBHES BRAR—ERMOBESE. IEHRBEFRG RN

i T,T,
8 T,T,+(T,-T,) T,

6-20 —EHKE, BREDREREIBERE 3. 0x10° ]V ERFKEAMBEE R 4T,
REEHEXEHELT? BRERI2SCT. ZRKEMNFHL ZB R AR &G T RHH A HLH
BREEH S50%.

P

. SRS . a

Py b

T3
o 20 40 L o v
JE6-17 M JE6-19 H

6-21 —#MHL7E 1000K #1 300K BT Z 8 T RF LU THEAMER: (1) RBEAR
REP 1100K;(2) KBAFRED 200K, R HiE WAV BRSHMEL? AT RBHRHN
MR —FH RELF?

6-22 THEEWMBIBES K 27 CTH 127 CZ A A KR, A 5B 2408 40 % B4 &
50001, Z AL R IE AW B H B0 RE? MIMIESIE DT EXR—FEHEH, AERR
BB B 5000, A m WIRAFH L E S RE? SRMSIE S

6-23 —HREANNER ARBRSBRHESHARS HPEABTBEA—EROERS
& ERK p, AUV RNEZ. SHRERME, SEBERK HIAREDMFHa, HERND
£/

6-24 AANRIT—EINTE6-24 BF/RMHAAH, HITIERIEMT 31400 AR E AR
B Qo) KR AR Q,  IFAMETh A. A SV A S BFE S — T AR s %
PLZ B8Pl 4zh A, , 5 —FB5r3h A, B, HIRHE A, WERT , AEIRA TS RKR Q,,
KR Q,(=4,+Q,) RBIWBME P £, M XHEMHASHETRELH? A4

6-25 1mol MESLERE | BFHEBEN T, =300K, 4 V, =20 L, 2 1 KR 8 B R &
2,8 V,=40L, tn 5 6-25 EIFT/R. Kb 152 AEBIE; 14 HEMT R 13 Ma-2 8
HESE;3-2 AHEAR. A48 = REEIRS 1 BPRE 2 M T BB R

6-26 1kg20 CHIK,5 100 CHy PR B, /K MK B 100 C. 3R : (1) KEHA;
(2) AIREBAE; (3) LAMBBEIED T RGN, RENMHE. CHKMN HLEERE c=4. 18x
10° 1/ (kg + K).

6-27 JR# 1.0kg RAEHN-10 CHIVK, ZEERN 1.013x10° Pa FA{LE 10 C B9k, &Kit
B(1) B A ; (2) 0CHIVKIBILAR 0 °C AY/KET , 7K A BT R 75 850 5 oK i SR S 8 >
H. BAKMHEERE N 4.18x10° J/ (kg - K) , KB EE /AN 2.09x10° J/(kg + K), ki
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EAE® K 3.34%10° )/kg.

P
3
BERKRT,
AN | P !
‘Ql IQa :
oS =
|
|
N4 I 4 12
() (o3 : :
/] | AN ]
[ERART, 0 7 T

2 6-24 M e-25 |




Physics

MCE MICEBEHBNE

BRBREIXBRERY, ARACKFHPA AR
BiFET ; AR CANAER, MARB KR, RE
BBk NHE AR ER.

§7-1
§7-2
§7-3
§7-4
§7-5
§7-6
§7-7
§7-8
§7-9

—C.F. &%

B ELE®

ey wHRE

BEHNBIEE

BEPNRREE BF
BHBESEHNMAXR
BEHTNSE

BREBENER

BEHPNETR
FENERNNBHEEMAREE SuB

§7-10 BEZAER



238 | M EH miwANER

BEBR )5
BB
EIES - 3

X FREEE BB TMAR Y, RABEY AEREEHRES
T G R B AR N S 3 A ) VR L e T A e 3 R B S B e 3
REHIXPATE, GIAMRE N A EEYEE—RGREME Y I
IR EMKBINFEE FEZERIEXAUS BN R R AN E
GEAMFHEFEENBE AR R, AERATREEARMNELY
H— RN S (B ) RS P B R U R A R

§7-1 BT ELER

ET %ﬁ

MFEAAR, BYREEBEAMARANERAR. REATI H#HE, §
HKEN(BYE)PRICRE . “SARL BEKN, FHERMBEEE, NG
BER. TIXRAKME B EREHEARN EHE R ANEY kS EER RS M
BB SRR, H YR A B (electric charge) , %R
Wik i e T 25 B i ) B AR O FE 45 B (electric quantity) . 7E B PR AL H R, L A
BRBARECEL),ICETRRATHEERRAET IAN,Z 1s Bl RE
TR A L

WA By i T R IR, 43 B BR A IE B AT A 9R R AR A R S AT R W R B A
HEF RS B MY R ARG, X R I AR RR b ¥ 5 71 (electrostatic force) .

. BEaTEER

EEKEL T, ETHANEFEAMEFENNRFHASE BN RTERT
. A THRYEREFRE SR, Bk, BEOERY ELTFaFHERE, Y
WA B BFE . SFAR RS Y A B R B, A — %k Fe
M= EHEN S — kL SR EFY R L TH RRA. TRER, L
FRESEMER, BZVWEABFARN I EMEFTBEARS. B, FEiEE
(55 90 0 A s T R BE L (R — B RO B TR RIS EE N — DK T B
AR NTERBEZRFHYETRE, KEFLH THYEEFIER.

LRIER,E— NS RBEEHRRNREN, TS EHNYHETE,
RENIE AEARRBAERRREART, X R h T E SRR EFEE
# (law of conservation of charge) , R E ¥ ELAEHT — XM EBRFUEEW
R T R R R R R B AR L S R PR B TR, T B R
HREPERER THHREIE.

AEHHWE BHEENEATR WEFR5ETh T X,

= HEEFNETH
FHAIN IR A SREN A FHEARREARF GdRE THRERTEY



B/ ME , AF 174 e P S At SOV T BT B L A AR R R AR R AR A X
ANEESTO A, Mk BT i oA B S T B i S b AT AR AR, T R AR — A A
TC R BB, — A Tt — A IR T BT 47 o 76 R A0 4 3o 8 R R X A B A 35T, R
HICH AT, e F#n. e 1 2018 AE EFRHEZ(E He=1.602176634x107" C. BER
XA RERN S SRy A E SR E AR, #R Y BB 15 B F . ( charge quantization).

20 i 48 50 4EAR LUK AR E AN KA E S W8 TEE RS RE T —%
XFYFREHERERWER. AR F(RF P F A FE)RIELE
METF(RABRTFRER)WAN. EHBERIAN, SHWHH S REH, SNFH
oA B R TT R +1/3 +2/3. PR B R R U F AR AT,
HBESHES P FALE— Y 2e/3 BIFRN F S EMBEANEE -e/3 B
BUTER, AAFENE BFHE R4, CER FELAXTEREMN, REL
SRk, MRELZRFRBAMRENEE. HERSERBELHAMTHANE
e BRSBTSt

BFRMM R — P EARS, ERORE R RITEED, BR. AR
SR BT,

M, EtER

PiEEEENEERERTREAZAGFEMEERND. AT EBB#HARAX S
71, AT KT A = B (point charge ) A, B =7 B 1K B9 £ & 5 BT & 53 (2] B2
R R SR 2N, X E AT EEREAEN. X EyEE b —8
L T

1785 4£ , FE£ (C. A. de Coulomb) NI FF LWL R B A H T KB ZRMEE

fe R B ol BT BRAA A e AR S, Bk S P £ E TR ( Coulomb's law) . K 5E AT 3
WF:AIBLAEHZAREERN(ARBEN)HANSXH S AEHNY

BiERg Mg, WRRAEL MEXRT SR ZERERr,(r, ) WZRA
BRERL,EANNAOEEXIRITABEAHNER ASETHAR, ZSRTHAR.
H¥g AT HRmRH

9,9, Fp

F,=k—e,, (7-1) Y +q,
Ty ""-_’_21_ -

AP ERUHIRY,F,RmR q, ¥ q B " . ~&n
YER 1, e, Bt SR AT g, 48 19) 10 HL A =
g MBI RE(ET-1).

R(T-1) P EYEE K EAERA 0 3
ST MBEELRMUBLEESHHRLA .
EX ] M7-1 FASAEGZEEE-D

k=8.9876x10° N - m*/C’
BHEFIAFHER e RAE £, IHE E B

§7-1 @A mosa [239

T
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dare,
TR, EZTECERRTEHE
9.9
Flz:’Fm:Z:_s:%‘ﬂz (7-2)

KNP HE R e, FROYE % B A % (permittivity of vacuum ) 5% F 28 11 8 & i ( dielectric
constant of vacuum ) , & LB P — N EACH &, H 2018 SEEFRHEFEE N

1
47k

MEBH ,EECERRRXPIATEHT 4n, XM MER LD EE
WBRBFBLEFECERMBEEXEBERT A BAELKEFHMO—EHKAA
AFARTRE I 4n BT FMTHE R T , X 1558 E N H.

FECERRERMTRBGHRNNE, CRBPHHEBOEM FCtER
TR ARG UL ERNOEAEE - AR HE 2 F 0/ -, A
BENLRWEHAHEERFHFRE L FHRE ZKKIRZE R8T 107, 1
HRFEIAN o BFXRFEMBH LR, A ELEEE r 5 107° ~107" m g7
BN ECERDEERM.

., BN EmEE

LK IR UE R, XA A P LS s R AR R AR — M B R SR
195 T oM A A P77 R 7 A 2 L AT T R R L ) 4R B, X — 98 ) ik
¥ e85 7 &9 48 fin 7 12 ( superposition principle of electrostatic force) , Bf

£,=-——=8.8541878128(13)x10™ C*/(N - m*) (7-3)

q

n ~ 1 n (I.‘
F=ZF_._4MO‘_=Z?% (7-4)

e GERT AR, JoR TR A B MM EER, TEFREBERE
VP20 H 757 T 2 A , b 76 O 2 6] £ e e Fg ) T L RS SRR, BUE AR B
3 8 B 0 R HSR R AR B B R D RS E A A A A,
AT LASK 6 8 HL 2 o 0 22 B [m] R

B 7-1

E7-2(a) IR R T L M2 EEE B L BT | BEENY |q | =8.00e(e
TCELF). BT AT B g, =8.00e MUBLF 3 BAGLF » B b MR F 2. R, B F 3 BW
BB ET MBS, BT L IS EMAENT 2 EMBET F, B X/NEZHEL. B 7-2
(DEHTEBRNERFIMMUEHXR EM s> if,F,=1.5x10" N, R [@H T 2
MR g, RED (UL e WAFEHER)?

M BB T-2(b) TR, R T 3 7 2, =0.4m LB, B RR T 2 BT BER A NE, B



§7-1  Wf ﬁéﬁﬁ

3
q1

3

.5x107%x(-0.4)
0%10° 8. 00x1. 6x10°°

18

2. 1%10 C

3. 00e

BXE ERTHEGRS T RT R T HRB AR mﬂtﬁ#ﬁﬁéﬁ A R4
FREMENIRI NG SN, EAR L WHE T B . G0, 7 DNA G5+




) nies mretines

9 2% W8 e A B 2 8 IF AP A RO R HLZE — 2 49 (18 7-3) . DNA (deoxyribonu-
cleic acid, R BB MM EX RS ) R—FHEYREY, #E
5B M4 TF DNA K4 Frh. —4 DNA - FHIFEHIEEH
BB /N T GELAR. T DU 26002 - AR 04 (A) | B e
(C) 5 (G) LA Je g B M e (T) . DNA A4 P9~ B 2 22 (8] )
MAOBES KW TFHTEEHRSS &KW F LM AR,C
5CEM,MASTZE,CS5GC ZEHMEHENEREENTEE
R AE AT R B S E—E.

BA EESERRIET LGHEH , FF &8 ™A R
FhFAREIERE, EMNZAGFAEES KNBBEF L. BTZ
Bl & —RARREFE, RAKART HERNIMNEF

M 7-3 DNA &2+F
goRERA
T-1-1 —A@RBH EERAE, RN R R K N E R

7-1-2 EAHRE—ERBAOHEEK? 2R R ET LUE R QEH?

7-1-3 FEFRMLEACIREAN 507 LB E WS AR AR

T-1-4 eS| TR BOK B, A E £ Mk B UG, £ AR TR 20 3t Bk 7t e, LA R
R

§7-2 FrEElp MIHRE

AT E A7 2 ik 2 18] AR P R B M A B R RR B e, O LR
DA ZF R L ) 4 0 A R A A . A W R AR AR A R R BT BB 2
REFLEM. SRR MERIF A SRR LR A AR, X3, f 6 E
BT 7E — PR BR A9 9 I3 , Bk BB 3B electric field). (I, W 67 Z (Al O AR ELAE A, B
BRHP—-TEFTAEENBRGXH 18
o7 B9 A ke A5 5 10, A0 B 7 -4 TR

B 3%t Ak 76 o A% b H for 19 4 A
B BB h, mA B Z A EER AR E
BRI EAER A b B4 RERGORLER
.

AR ELMTROCIES BEGEYRFEN —MES, EANE—
EHEMNSEE M—XYRF 84, CAERE BHRSFEME, FEIXRY
BFRELHAMEMEMNMES BRBHNOEN TR T FHika e Z RIS
& 3 B b 2 R R SR AL BB R BE , RIOB .

A B FETE A W H( electrostatic field) ,BJ 3t F R W E A IERI BT




s7-2 may nnEe (S8

75 ¥ P8 B B M A B R 3 . W R R LR 3 B — PR R TR DL

— AW BT XS G 0 A B A | R RESE a2 A S A M B A AR R R
3. B 3A A ) RO (R B, R T 2 R 35 P 48 3 B R 37 ) T R 1 T - R R
#HRINBSIALREX—WHER, WEE, RIEETTIIABIOES. &
1555 HE A L SR 3 W e S HE TR R ML AR B S AR

FATH— K 20 B AT g BOBI R AR W ' %
TR AR S (B T7-5), 0l ¢, ZEIKH G ) o—1
F7. K B BT R R B (1) BRHT B HR T B

WRFS N, S EEI AR, A Bk O

B3 23 A, 75 U L e Ao R B A e A A T B 0 A g
JE IR 5 (2) 2R B L AU/NEL AT LA FE LA, LA B\
EREH E R E T T — ST, AR, REERB Fo Fy

AT 2SR BB . SR L AR IR g 12 ET7-5 KK E

H 3% A AL B AL, B 3% 3 B K/ A ) — O AN AR 3% 2 S R
F(SEE 7-5,EF g, HIERH), BRI SHR A 67 BT 75 S R A K,
i B 5K i A A & I M A B KNG . B ol F/q, B SR B H A4
BT, T A 5 4 I Fi 7o BT 2 b 14 W S P T 5. BT LA, JRATT T G 6 o e
i 7 15 K I o 77 AT R A R 2 L, M A R e 4 R 4 E R R R IR A —
AW TR TR N B 5 98 B (electric field intensity) . F1 7R EER KB, AT S E &R

7~ , B
=

MERTH, Esh AR RENA N ETRABFTELZAAENINX
NEEEHEREEZSNEARE. ERGHLENE S P(x,y,2) A—H
EWEIFHRE E,fER P AR SN E — AR, Bk, E N2 E AR (x,y,2)
RS, TTIEHE E(x,y,2) , A X S d 3R B E(x,y,2) MR — K& H47  E

16 B B B A ) b, ARG AL R N, R R AR C RIER(7-5) , R
BB N/C. Bl R —FhE AL BURE MW R, 30 X e ab A7, HOR A B i
Jo 2 . R 5 T I 0 3 2 S 100 N/C, IR B P B L 373 BE 24 0 10° N/C,

TR R R B A 10" N/C. R B RS 107 N/C i,
H AT P EB 3738 B 29 % 10 N/C. At T HuBR 3 1 , 7 75 SR 48 5T A7 FE RO 29 107° N/
C T 3758 Ep BARRHES T .

B FRE o SR g, 0,0, SEEBE K. RE YRR,



L 24| BmET mimsine s
BT g, TERLET R I AL T R P ALFT 320 J1 % T 41 5 oy 167 0 0 47 75 B 3

g0 TEFHE I B S B0, B
F=F +F,++F,= > F
BhBRLL q, 13
F F, F, F
—=— Tt —
90 90 9o 9o

1 L5558 B 2 S, F S A AT B R A SR P ISR B 55 1 358
B, MZEh P A B i 3@ , B

E=E,+E;++E, = ) E, (7-6)
=1

F B, R A R AE 2 A — BT 3 B0 L 57 TR R 25 T A A A o S
FFLE RS TE 2 A0 % B BT B0 & W 30 A0 PR 35 58 J3F 0 4% R 0. 330 R R R 37 08 B A n R
(superposition principle of electric field intensity) , i FRi73% S EH. # X — &
B, 0] DU AT B e VR BT 98 K R 3 04 el 30 8, TR O AT {45 el AR R VT LA 1R I
ERHTHNES.

M. BiFRENITE

SN B, BB A AT AT Y B 4 R AN R K, AR 1 v 3 3R E A
JRER , BUATSR A B A A 40 A5 BT R o 35 0 458 . F T VAR S L 35 9B B B

| REERRGEE

RERAZPH BSOS BE o (BRI HEBRT) , B ¢ 5 r 9 P & (—
FOFR G 00) B9 ML 3708 B, VT i 3R (7-2) MR (7-5) SR 78. HAb TR R R ATE P AU
— KT g, IR (7-1) AT, EFFE ¢, LRI N R

1 99
F=4w€0—rz—t’,
Afe BB ¢80 P SR KER, FNAR(7-5) RS P SHHE R
&N
oo o "
e (7-7)

B (7-7) AT, S EL AT g FE 23 1] 4F — 5 BT M 5 350 1) W 3 3 B K/ 5 A L A B9
R g RIEL, 5B H ¢ BZ SR r F MK L. g ¢ HIERH,E
e e, BT —30, HEE g iR g WAL E R HF IS e, B4 MMK, 5
fam g, WA 7-6 fR.

2 R RNBIEE

MBREFHRE 0 DB g, g, 00, HFABER,MFHE P 55 SdBwm
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BE B 4 5 A Ty Tyt s T,
WE QB P B RBEIIN N e, e, . e, BX(T-7), F L8

FT7E P s BT 30% 835 0 W S 3R BE 4 30
A -l e, gp- 19
1_4“80 r-;neri' 2_411'80 r:er:l’ 'E”—4‘ﬂ'80 r: m

WA 7-7 FraR, WAE 5 R R R, XA A R A P RTEUR I B 5R
B EXN

(7-8)

W B
G €, r - ) £¢rz
-q £ p & 4,

B 7-6 gl 7 9 55 50 B 7-7 AR R
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E,=——"ti= =2 (7-9)

E, nyt8 1 5 s B SE p BR WAENE , InEE 7-8(a) BR.
HE RO BRTFHOPER LR A B(0,y) WRIFHRE E, , A 7-9(b) FimR, +9
f-q S HI7E B RETSE R F M RGRE E R E_f) K%, R RR450 0

E, =- d 7 cosa i+ - ——sina j
4-rre-,.(yz+7) 4'rrso(yz+'z')
E =- . ——cosq i— & —sina j
ol og) ()
Ei B &R R HREN
1
E,=E +E_=-2 1 cosa i=- &
411'30( y1+ T) 47150( y2+ -4—)
l‘l 3n
ﬂmy»taegz#,mu(ﬂ?) ~y , i AT
... (7-10)
BT 4me, y T 4me, ¥y

E, K481 5 EHRAE p 848 @ AHR , A 7-8(b) Bk,

y
e (0] &g E_.- EA E,
E l ? A(x,0) =
(a) FERNZE ERY 58 (b) FEhIELL FiEIR

H7-8 HERT
B ERGRATR, BE AR TANGRSERN =0 R, 5HER TN EaER
SEE RN gl BUIE Hh. & oL B o 38 K — A% R A 2 /b — %, 0 s (B AR F 7E S AL BT R B 5
R GEE AR Bt RS RTAERFEEENS R BALRANE o WFREER
LT E B B AR AR p=ql.

HERTE - EENYEER, 760158 B A R AR 1L | o RE I A & 5 AR
C A B 20 22 18] B AR AR 45 (AL A, 5 FE ) e 8 AR T AR .

3EZESHEENEHEE

MG HI R E AT B BT A K RS RA 8 F (SR T) Br
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SR, B T S B R (A b i e B 2 A R R ARG (HON R IR B &, W LUSE A
1778 A3 G A0 A0 LA e R L. B i 5 A A v A B S, P R 3 5 E R A R
B 8EAT AT AT B R AT R e S el SR . R, RO AR T
ZW/ANH LGS K R ATIC dg FEE B D ATIT dg #244E R AR AL,
MG dg £ P ST MR RS HBGRE S Qa MR GREARXTE N

__1 4
dE_4'rr.s‘0 7 i
Krhe, BM dg FRESIEM P S BEAI R E. WHRAENSWEMNE P AilAR
i S aR I, R BT A B0 B T G BT R L B B 5 R K dE KB, B O L T
RESMM, BRI (7-8) R BN SHAB LS KRB P AHBGEREN

1 pdg
41780 rl

E:IdE: (7-11)

B AT, R SR A AT A s BT R MCE X H LR (1) &
LK b 4 H LA R A AR B — M AT JT dg; (2) B HZ AT oT dg EFT
KB amwmGHREAR E, M ARBF LA R SN mE2THEE, R
AR 2R EL dE #T40%, 5 dE £ B KRR RSBy m L s
BRI TS 3) BESRERHITRES R, BB R ANHERE
EXrEE T, RN L BRBHHAE NBTEEESABETAMEBEHN
HipaE RNk,

FIET7-3 BETEERNER

BA—HSWHEE KENLBEHEN ¢ B — R PETERNELEEN o, P
SRMEEPIRGOERS AHEZRKEMSHA 0, M 6,(H7-9). K P A HGHRE.

B 7-9 Hs i R SME— RAL B 53R
W OMER P AR EROER O RS, i E O L EME Oy il PR REE
FERfREREARARN A\ RRRTREE), B A=¢/L T LEFHORELSR,
Bt R « AR — KN de AT, AT RN do=Adx 7 P QTR R
i 8 538 HE dE

"
23]

98 1% | 247



1 Ade

dme, r* "

dE

Afe BN de 510 P SR RE. % dE 5 « BZ R F AN 0,1 dE ¥ Ox BiF0 Oy B
BB A& 453514 dE, =dEcos §,dE, =dEsin 8. M\ & A 41

x=atan( 6— %) =-—acot 8, dx=acsc’ 8d@, r* =x +a* =a’csc’ @

cos Ad6, dE_ =Lsin 0de

4me,a ’ dmgya

B L dE, =

# EFI PR, B

8
E.=|dE. = e 6do= 2 (sin @,-sin @, )
o, 4800 4dmeya

E—dE—""‘ade-"( 8,~cos 6,)
’HJ "—j.l““-‘a‘oaam R cos 8, —cos 6,

HL 5 3 BE /D Ry

E= /EE = Aa./2—2cos(6,—02)

dare,

HAFMWUBES Ox Bt o ER

E, sin @, —sin @,
a =arctan —==arctan ————
E, cos @, —cos 6,

MRX—-HE W EERTRKMN,INE 6,=0,0,=7,3F4

A

21meqa

(7-12)

H(7-12) XN, EREYFRERHERSMBZREE 5SZ BT R EEMER o R
R ERTEEETEE & A NIEEH Oy BIBEF ;3 A R0 ,E i Oy Bl 107 1.
LA 25 5% A BRA B0 48 TR S0 U, 7 8 3T B0 oD BB 9 (8 (e <<L) 0 3 fRUAR SE .

Gl 7-4 wEERNEE

TEOyz A —F2R RYER, HOWABHR ¢ RHEEAHR (0 8) HFE
—m PR IR,
WNE 7-10(a) BiiR , FE B EAEBR—K BN d BB AT de, T 5 i B i & 8

q
dg=——dl
g 27R

di Xt O ABI5KA K dB, Wl di=RdB. LB ICIE P 8 i 2 e 35 i B3 3558 dE AT 5 3%
dg 1 q

=4'n'€orz " 4ms, 2qRe
Hbhe BRI dlf0 P QWK R,IE dE TR AR dE, dE, F1 dE, K EEX K
dE =dEcos 8§

dE Rdpge,



dE = -dEsinf cosf
dE,=-dEsinfsin8

R B RVE S
coaﬂ:-x-= = sinB:—I—z—- &
r «/:5 +R T «/x! +R

#dERA, AT RS ER, A

E-= J cosa ] B= 9%
* 417&521TR I' 0 411-30 (xz-l-Rz),n

E = [ = = smﬂ J.z'coaﬂdﬂ=0

41180 27R P

1 q smB
E= =-—— 2 dB=0
: f Ao j singdp=

qx
E=, /E_! +Ef +Ef = =

dqe (%' +R*)*?
ERMEAEREER EB BN A T b, RATTT LURSE A5 698X FR i, 6 dE
HBAFHT Ox ik i dE, AR H THENHE dE [E 7-10(b) ). BB FHHE, R
ERAZRWTHRGEEEEELT = BF M LM R dE, MEIHEW. LU P AMAH
HBRERVATT Ox WAL 4 & dE, 19 B 50, B

(a) (®)

1 _9 cosf
dE dE = dl
E= J’ 7" .[ cosf= e e §

9%

Bas =m

(7-13)

RS R L — TR RBE. % ¢ HIERN, U E 8@ 0x BEN ;3 ¢ B
AT, E W5 Ox R E. X x=0 BF, B F R0, E=0;% 2>>R, B) P FEHHE
BB, (27 +R?) " =2 R E RS £

q
4mg

S5 LS MEPER DL —A BT RGN R RERR. Y x> i,

E=




o
th

Eth AT M 2x=0,E=0 8 x>w E=0, WHAEPEXACEBHIBE EABRKME, EET
33 (7-13) #HAT 4,4 dE/dx=0 R XA BAMNIGR E,, KA E.

B AR ml

Y

RAHOH AWK LS80 0 HEN  ME—-SEA PANRFEE. BAKN
FRNR AP EEE(NRGEREMNBTE) N 0.
AR A8 A B0 B o B 407 B B R B RR A, B0 P 711 BT AR, AT LU T A — R B
I o B9 490 1B 5, 51 40 [ B T 3 4 o 97 70 , O 2 i b 4% 4 0 o 5 58 BE R R X S R R IR 9
48 B 5F 7= A B4 8 35 3R BE RO R A0 AR 1, SERE R dr B4 B ER BT RO R AT RN

dg=o02mrdr

Py 2t it 1o B RRER AT - - 0 4R A% oy 3558 BE
A PRI 7-4 Ao RIR(7-13) ), 0778 B A cl R R A P BT IR o 30 ) o 5 B O
zdg 1 x

dr
dE= = s e
4me, (£*+17)°? 4dmeg, (=2+)? 30 = A0S 28, (22 417)*"

H T &4 e R SR AE P BT o 45 60 o 357 3 3 ) 1) A D, TR o (B ) o, 4 5 R
3 S o, 40 0 3R T S8 L 4 ) L B SR R B BT LA

E=IdE L (1- = ) (7-14)

280 (zz+r2)m 2g, R +x
BMHBRFEEMT M SHAZHAES, HKEAUWR o WIEATE. 0>0,E i Ox BIEH W ;0<0,
E ¥5 Ox B M.

H EREER, BANHE PR 0L
(1) # R>>x BNE P A B RAT A 1508 i B A B PR A, U P s ) ol 35 388 BE 1T ol %
b B PR R AR

a
=Z =15
e (7-15)

REPSSEEHAPHEEANERTMTFERABTRTEALGZSAOER, Y IFE
S T PR AR, TR A R E R TR A, Hh R E AT UL K (7-15) ERIR
X EWMTRAB S HBEFEFRRNEG SER « X, £ FEmME S8 KDMEE,
7 [ 58 5 3 1] 40 2 B #9795 5 4 (uniform electric field) , HLFR 157 38 58 5.

(2) #F >R, FH TR E B RIFAE AR, B & R/x MBI AT LB (7-14) 15
S —TAE A



FE P SHRGERER

i

7i= 2
4g,x"  Ame,x

R g=onR® 20 A HTH AR AR, d 0, 24 P S T B 4 6 BE R b [ A A B B R
KABE T, P 4T A 64558 i S g SRR AP LM — D AR E R AT MR
HWAEAHIR. A b BRSO F 0T LA — 25 A R R TR A R

i, BEHXEENERN
SR B AR E, RER G — S B ¢ TGP ENBH DN

(2-16)
g WIER BT H F 8977165 538 E E #7718 E
H8IR g S SB, BT3E 1 F #7716 5 o 53R B E
Jr AR (B 7-12). R (7-16) B—MEBRA S .

SR EER. EOCERRR T £ A B 1A

J7, 38— 32 B F 5 L PR A P BK  R R AY B2 03T F=gE
BB R R B, (B R AT B

Zepr kR L S SR E (r) BB 4 d X (7-16) H1 7T

R E S T ¢ TP AT BINMER .

B 7-6

3R e A F 76 £ 4 4 ol 3 R BT 3B 10 4R LA, 3 AT b B AR T AE SR S b e B e
EF.
W mE 7-13(e) BiR, RIERH S5 5 AR T 0 R AR E p #9710 5358 E 7
mE R IEs % 0, B (7-16)  /EMERBR T ERQH LM F, M F, BRDEH

F=F, =F,=qE

T F, A F, /%, TalR, A hh% eERTEA FEs);Hb TEHD

FER—HEE L, FUAERTFESRBAENEM, X MHENKDN
M = Flsin 6 =qElsin §=pEsin 8

VS Ewl

(7-17)

EEAHENERT, B AR TR R EIRIE p W a3 E MR, 8 p F1E 697718
— BB} (0=0), HEA S TR TFH BR, Y p M E W MR (0=m), NELFTF,
(EL SR O R AR S 0, I R R TR R A B, R R AR R e R T

| 251



p B J7 1 ¥ B E 8977 10 — BRIk

EAHS G H(ET7-13(b) ], i BR F—FEHEZE N ENER, EhEp B S5
W5 —EHy )y, R, AR FERE A MR, B 7-7(b) % F,>F, REER
BB T W B EREKERMNER P, DM RS BB RIS SR X
O BMESEREAE ERARSET —FES8E, XN E 5 85 MK /NER B R

WS FHERBET(RFRUEMNEHSE §7-8) , ENZBORIINKFHES, F
AT AR TFEES S RGP HES.

(a) FEH 5hr s (b) FEAEI I Hhr G

WERITEDHLA SN 7-14 iR B CERL 107 m) NB A (BB HTHHY
10° B, B FRATWE RN, SHREH ERaH, AITALRANES BN
B B AR AR, S R R e T R BN IR R R e A L TR B

Tk
i i3

i ¥ B

B—A B EER 1.5x107" kg, B R EFHA-1.4x10™" C Wb H &, FE/S L
20 m/s 4 B BE AR AR, IRFEAR A BE N 1. 6 om. SN SLAR 18] A9 H3 355B B K 1. 6x10° N/C, 3R
I B T R B 7E B L IR O BE
LA BB i AR B AR AL AR AR IR S O BRI PE 714 FIR B A L4 . B 7E R B4R
RREY S F=qF, b T B 00, 5558wy W, BRI N e Ry M
M6, Fl3 4 W s A T 0, B E K

5]

a=

0 L)
mFm

BB ik 7E 7 T O % R e 7E B O 1 4R R OB



# =AM
S A
& m(”o)
EEMBEAAS
_ 1 (1.4x107"x1. 6x10°%) /1.6x107°\*
7‘2( 1.5x107° )( 20 )

~0.48x10 m=0.48 mm

NEEE BEEERER

KT R AT A G iR A S B R, RS — N R E A A
BOERGIARENEEERNKE FLHOEHE AHREXIF—HHE, ELHE

B SR T A 8 S AR I "
W E WA —B (LA 7-15). BT . _E
7 8150 B 0 /b, R, Z 8 S

FHE— R EHRNEESZ AN /5
58 BE B9 K/ IE B, B R 35 5 B K MY
Mo 5 HE A S B, A SR E B b
HHREM. X B, RN R SR S R T 635 b e 358 BE R /N o A
7-16 i LR L e A 1k 53 A B 3 ) B 3 AR

HET7-16 AJLIEH , BEHNBEHRAM TR (1) BHRESR TIER
i (2K B T FRZAL ) , 28 1k F 90 s 7o7 (S fd ) JE BRI AL ) , R4 76 A5 | 77 A9 3
P (BB ERIFNTF AR (2) BBEARERAGHL,; (3) MK
FHGRASHZ. I ARBHGHEBRE E X - RESHHERK R, E1
HERENMBAXEENFA TR, MEE -SMNE2EgPE —S44 KN BE TR
ERERESTMALRER. LAFEED BRERG B - S ERGHZHN
FE R B T AR R E— RGN T, BBHRIFARAR— N ERFE
B, 3% 12 3l 4 Bk

fE By Feasp 2k a0 R, FRATPTLAS| A ML 338 Bl B X —f R i S RO BB E 4
T EHBAHENEER SN GLRE - RIS ANFITEL (B
7-17(a) | EHTBEGHPR—-IMEEKMTFTEH, HARLSHEEN T MER.
FEWELT , RBAEIHE N E ST 5588 K/, W8 X — i B R
BHET

& =ES (7-18)

HMPREH o UHREESZARNEZEEZEE M E 58 RS AGHE
ESHANEFETFFEAEHAS KA MAFEHEEKN TR, B2 S FHEER
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P £ o Y

it 45 4%

(a) IEARLH (b) SR fiy (c) P/~ 5 (B IF AL 7

) =\ /o
Y )
AN

M &

(d) Wi/ S5l 5 5 L (e) BF+2g 5B g (0 AR
B7-16 JLFE LbHmdinaE

ByEfi kB e, 5 E B 0 ME (B 7-17(b) |, #if iX— K E EEN
@, =Ecos6S=E S=E + § (7-19)

FHEEIELE S SR E E 2 AT LURE M, W LLEHM, 0N
B, cos8>0, P, HIEMH ;0 eI AR, coso<0, P, RTA{E; NE 6=2/2,0] &_=0.

— R T B HEAYSE, M BT BRA JLEE S T LU E—1 B
THI , 75 T b 30RO/ R D e R F AR, Bt R E M me E &
B,EEEZMENSAXTREANS AT IS, E£5 — N XR/AMEHIT IS b
HIZRE EfLLAARY M. B dS WL Efi AR e, SZAMBYRE E
oA T-17(c) ] , BB THEFTH EEEH

d®_ =Ecos#dS=E dS=E - dS

(b)
Mm7-17 EH#BNITHE
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FriAXT A d Aoy iR ESmAY SHAERMEMN E SR
<I>,=LEcosBdS=LE . dS (7-20)

4 S ERAAMER, FREE R
¢,=§ EcostS:ﬁE . ds (7-21)

WAZUAR th , F A P Bl T T R A E 7 16 T LA B T AR A — 0, R G ol
e, 38 HRLAE B A 1 Sh 9 5 ) g T AR TE BR R 9 IE 7 ). T LA, T BB A% B A o T
MESHNFHM EREAE; RZ ERFXMMNIFANAE TN EBRAY R

CERTRME R BEN - NEENDERE,EROBIKEERE ¥ WEY v R KT
547 7 Pl 3 FTARTE AS BWLKHABUR veosdAS,0 R v 5 AS R 2R F, T MK
BN v- AS. 00, BB 5Pl ERT AS M IHIRE E MER N E - AS.

EREH

721 AW FIREREER, FUEAEE. (1) A PREAEGEEN T mREH A
AL FZRHHMITE;(2) BRESGPRIRINRGHRE, AN E H5R
BER/NE—ZRK;(3) FELARRERF O AERERE L, 858 EXNDE A%,

722 AR R IR (7-7) E = — e, 3 B 56 9 5 0 80
B o0 B, B8 A/ E—voo |, B0 A DT S0, (oL T4 4 B0 T 2
T-2-3 oA T o 7 1 2 1 B e R R R MR 7

7-2-4 A5 IF W 6 PO T L, B0CE 00 [ 6 A R B RS A LA, K A o I A
He L.

§7-3 BEHNTHEE

—. BEHNEITEER

75 37 € B ( Gauss theorem ) R RALF B HH RN — B4 EH, AL THEA
P il T ) R, B 50 B 3 R R Oy 3 R A4 L 67 22 ) B 6 R

By cHERN T . EREGH P BT —HAHhENBFEFARET
ZHEABETRAORMMBRL e, HBEERAT RN

E-dS=~1—Zq‘ (7-22)

B, 5 £ oS4 L AT AR © S R 3 5 A i JRUER B ), T AR T Y
H 35 Ay 9 A L) 7 4 1) 7RG 0 S L

BRRNITHAE B ¢(¢>0) FIMEREE D B aBERHL ERH
r (ERE LK) E B R MR R AR R 558 A Rk B — A IR A
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N 2
4me,r

W 5 9 B A O 1) o AR 2R AR, Ak Ak AR T A 2R SR B R B e, B9 5[] — B
(F7-18) Bl e, Fle, Z &AM 6=0. FFLL, K (7-21) AT RG8E % A &

BRE LY E#E Y

q q9 q
b= B 48 ds= as=1 (7-23)
£ ﬂ dme,rt Ame,rt s &,

X—EREWH ESAGRE LM EBABMREAEEMSEAERIER,
MrRIREAE BRI, k2, R LS B g AEROEJILAFORE S,,
8,385, JETEERmE E iR ERET q/Eo(E 7-19).

B 7-18 i ad LA & e ff M ER A B 7-19 @SB e RO
Bl -9 E i #i ) O BK T L6 E i i

M HENMAE, WERANEREAE T B2 AR RERN PO
(B 7-20), 0 2@ Wy 28 T A BRI A9 E B AR G AEHRCHRIREH E 8
BEWBA R, IH 90/80
Pt —2 768 o ARA RO T , RS i 3558 B8 0 1, & WA — Sl
53 BE R X n A FL A AL 5 ) K R
E=E +E,+-+E,

R n NEAEE—HSMEA(E7-21) , e ZAAthme EERE

B7-20 fAERES L E7-21 H&dimn
) E i # £ n AT E B R
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qbc:ib: . dS=3GsE, . d3+§§sE, . dS+---+£E, . ds (7-24)

EAGAR-TRAH q PR eSS 6 Esi, %X(7-23)
EHFT o/e HRZIAMAKNE L, Hit,

¢==3€E-ds=q—'+q—2+---+q—"=2& (7-25)
s £ & & e,

73— 5, A0SR P 5 ol T P A 4 L A, e 6 2 D ot AR IR A A
il T A R SR T R A R R AR BT AR E @B A F B

iz«: -dS=0 (qEH& s E) (7-26)

T T X 7R R R A L B

(1) BHERGHTHRSREMNAGEMERSHREHAXR FARE
iS5 EATHRR. ,

(2) RTERENECERMNGRBMABMER LN R, ECERD
AT LA T8 347 2 3 B PR HE A8 . X e ok U, BT R ROBR Al — AR B
PR AR, & AT A EEDIE. B2, ECE/R FER THds, m i e 8
AMBE R T 5 , B8 T3 3 e 1 A AR AL Y s 3.

(3) mmATE AT, mAE MmN & A ERST, W EBRIE, ARHRT
WAESE; MAGHEANEHREH, W ESRAIR, FEHRXFAMSE. X
B e 3 48 A IE W A T 46 L F 7 e A, A B o 3 A TR

(4) ERWEBGRER D, HE D R s

& o T R IR A0 A RN, BB B S T G E

3T L A o T 4 A R BRTA 36 ( PR 7-22 R g, .
g, Flq,) ;AR BIHBE E R SEFARY

(B 7-22 F ,9: 0309, Mg ) EAGHALE
—STMERZNEBHERE R AR, ASHE 44

AL TRr (B 7-22 R B g, F g, ) XFFA A T E A B 7-22 (A4 i
REEFRELA T, AN A Sdhm L E P35 Eg A7 o £
R AT

B EEARMECERFHM, MREERP A RE KRB 245,86 AR BwE, N
86 347 52 B8 AN FEARSL. 1773 4F R 3C# AT (H. Cavendish) 325 UF B9 6 At 0. 02. LUR A WA A
LR, EP 19714 KRERCTHE/NB(2.7£3.1)x107"°.

T ERBNER TR E R

— AL, X4 AL 40 A 4 I, A R S R T LA SR A 3 o B — P T
EfR BHAREEGIEAMEaGRERET R RASRGTHRARES
BRI IR, AT EREMESSHERE-—EMNMRER, A BATEEASH
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MIEE AR

FETESRAT SRR A5 58 . BT LAY R 7 S TR A e 37 9 BE BN, 6208 R A ) AL

L SFBEIHMRESHRTRAENRYE

LB R X AR VR Y BT A A (1) BREFRAE , 40 5 LA L3950 e BR T B BR
% (2) WX pRiE, MY NHEER HEESEES; (3) SFEMERYE, mERX
5y i R

2 AEME(IM|MERARE) AL

AEENASESEETHS TAmLAWETIIFREZ— (1) AR
BEHTEANAGE, B A/MEAMSE; (2) FEE LR35 88558 544
MERT M SEEER, S 85008 5EES ZE 17

In R BB 4R B35 X4 69 A 5 T, IR A TR AT BB E S P R 0 S A o G X e 35 5 B
EfZExNBS MAEHAFERNEANENE—XIEERLBEEZH.
FRBCRE B ¥k AR G R e 3550 BE. T 46 LA TR B 7] ke U6 A A £ L R 7
3 52 BHOR A oL 3 5 BE
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L 20| mEw MEmEnas

B A E] LU eI AT R E BRI (r=R) M iE 6014 4. ERRAW
H A, oA 6 6 e 55 00 O R R B r 4R A St A, ZE BR T b K i KA, T L E BR 0 4 40 O 6
375 R AL

BIRE 7-9 HXFREEE

SRS e B A6 PR B A T O A e 3 4 oL A 5 U

B BB RA R PR EFT O RATES A b TR R R, T
HEEHRZTRKN, b Ga B MR, 5 BHEMEE BRSNS, B 5RE E B
KM%, FmELETSER, ME 7-24 Fim. AT RE—E P LB BGHRE S5
PAE— 5t e B St Al A B AETE I 5 0T 18 S, AE B AL R E R RN r N 7E MR
WEEERAHGREEMANMEF . FEsL SHEEL, FLLESZHEN EBRY
2wrhE, @ BHMNEEN EBRLT. Bt Bd¥TASHSH EBRER

P =2qrhE

R PR FHEEEZSN(>R) , MASE
SHETEEMEHEY AL KRG ERE

21rrhE=A—h
&o
A8 P g (9 5 36 B
__A i
-Zwsor !
B A 7-29 i
4 e (7-29) !
O R ; -
AT L, 5 4 ol T BRI 7 A A M7-24 “RRK"H5HE
AEERE, S MEPELBR TR 6 8 55

B 2959 £ 53 1 ot A BT U 52 8 30 6 oL 5 3 E — E
MR P REWCEEZA (r<R) ,RFHASHER AN EEEP, WA E S A EE
HHATR N ¢ =Ah" /R R E

Ah
2arhE=
ur 7

&

2
rid

FTRARGEEERANE— R P LK HIFREN

___Ar
2me, R

B Pt | (7-30)

BRI LRGER B BB 8570 AR 2% 4 S 0 i R R A A R R A
LRI r MK, A 7-24 FIR.



§7-3 memuEYEE | 2600

GIEE7-10 FEARABEIE

B S HE— T TR FE L REFBR B ORGERE.

B RTHEEMAREEEEN o i T RAFETm a7 R 1500, B itk £e ¥ m w
g A FEMARYE, STHSERSNES HayRENK DS, TnES FEEE. &
R PRV Z M FRE P afE— T BER S S, Kiﬂiﬁ'—ﬂ‘ﬁ%ﬁ WKl 5 |
Y47, @K S, A 7-25 Fas. T EAW E A
4% 5 W SF-47 , B A o O T A E S R Ch R A ()
BWER ARG EEE XS FHER, B
GBEHEFL LA EHTRE BRESTWKEK E
EE AL EREEASEN EERAY

&, =ES+ES

2 6 B T T L o A B O oS, BT LA 42 g 0 S T
”

FRURSE P AW HEREN

M7-25 “ERK"HIHE
ol - B L3

2¢g,

Ef (7-31)

Rfe, RHBMFEHANGERTMNALLE. FXARA, TR HAFETHENE
1538 3¢ 5 - 1 49 B % , B OV T 4 PO R — 950 8 , 5 5 U 75 5B B4 SR
RER B AHAMESRS.

N FE A 0 i 4 S5 0 ok 3 9 A B, 2 T DA O, — R T O B SRR S Y
“ T B ¥ el 47 F 1 (6 FRL 9 BE B K/

(7-32)

Hor A IE ROF I A AR TERAS P FEARE RS NS HRENT. &
TR B, H R — RS AR R 2R (R EOA RO ) RS .
M _ETIUA T 0T LA H, B R 30 R A A R BE R (7 -11) 3t
B R EE e L. B R Y i B A B R AR, RSB R B m A, A
0T B 8 0T A R R R R . AE — R UL T A BB B R 3 R FEROR
B33 A, B A e o B A R [ X (7-11) ) B D I R R P S R
RKE(I §7-5) FKHk.

g RE®
7-3-1 WMBERFE LY E ML AE BEEEHEHEA—ERABEH LKk,
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MR EART SR ETEERBHFEERALE LN EHETE?

7-3-2 (1) —RBW ¢ UF - HEMFL, L H RIS L0k —E E
WERED? (2) MREXDABTHREB LT EMN— M L X @ s kS —mw E
BRERE DT

7-3-3 —RARKNHOFREL, KA 46 RAMENBIGE —EOXHE, ER
1 G 34 5 R L e 3 5 B R 2

7-3-4 MRAEMOECERFPERANEEBOXRE Fe1/r R Fel/r7 (6 RR%
FENE) IBAEEARFZREBARGG? K42

§7-4 FHEIZMNAEEE BH

AIEA B ER G Z BB X —FL L, SIATHSREE FRHR
HERFENYER. ATRICEN RS I MO SA T, BRBEEE— R
¥ 715 (field of conservative force) , M fii 3] A B #vBE B4 4 , 3 F Fl 30k 3 34 i 37
Y HEAE.

—. BBHNHD

BA— KB g BETE O &L qEMN
B, A KRB ¢ M ai(BEHr,)
G ERER oPb BB b H(BERHFT,).
G726 fi R, YA KA AT g, Mo HBH b
R, L BT T

A, =fF . dl:quoEcos odl

M 7-26 A1 dlcos 0= dr, ¥ 55 L f7 1 B 3% 08 W 7-26 W55 E M
BEXNERAGE WE5BREEX

(7-33)

Ay= Tur=s
dme,lr T 4me,
.

KA r, For, SRR A AT g FrE4b B B4R O S AR S B B, R (7-33)
R, EBIESRE ¢ MEGT, BENINREBEE ¢, AN EBRELX, A
SHEMEAMEIMERX WRAKREH ¢ £RBEME q,,9,,,9, BEFH
BE, EMZRMBGHETEN SRR IR,

490 ’,,ld ‘I‘Io(l l)

ru rb

F=F +F,++F = Z F,
i=1

W T 1 B A8 ) 3 46 F 4% 43 0 T A4 D 6 AR ORI, DR 30 B 1 g, TE S L BT R
BTN o REEEBE aPb B3k b SB, B35 ) F T89S F &4 S
MBI F  F,, - F, TIIMREA. LEHELIEH T ESARFTHRG S, 8
S 71 BTN 5 AR TR OB 5 1 B A o Z R B 5 B AR R ok, B
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" 9.9
I D~ (i-i) (7-34)
i=1 0 ia ib

KA r, 5r, B e g, Bl a SF0 b SAEER. B TR BB HE TR MER A
B RPESETMEGNEN AMESHER - REBFTERNBRBEPBY
B BHIABNASEREBFNETRANIEBRENEAME IR
AX MEBBEEX.

EREEW G J1 2% PR SF NN 8 87 58 2 —HE. ARS8 R4S AE A °T
B RkREL. EREER g EHFHPNIERHE, ETH A HE L X E
Fok AL, X (7-33) MK (7-34) "T85 /1 2 A % DR ED

qo§ Ecos 6dl=0
L

E AR KA g, #0, ATl B 7] HAE

fE-&n-o.. (7-35)
L

TROLHEBRGREEEHAEBANER S, LRI BIHEE E KRR, N
b BT EEE TR —R, N RANBHEEENRRETE.EL
R AR 09 X — N EE R, FR 0 8B 35 A0 2R 38 I 2 (circuital theo-
rem of electrostatic field ). {E4af 145 , R 2 B4 3758 [ 09 A T8 T 09 R o, ok nd 4
RFHFRUMES. ZEHEHHWRNTCHENTREE, THABEHEREN
RTFNB XA TEGERTASH DA ELER, FAUBRESHRE T LS.

= B

Rk, W 5 5 E AL, BRRARSF J1 3, X 28 ) S AR AT LA 5| g
WS, Bt Eihe i et et el LLAh TR S —E WAL B AL,
EA — £ ) B B (electric potential energy) , 3 Hy 3% J1 X Ku 16 B 6 g, FF A4 2D
ANER g 75 o b T 1) B S RE RO RO B E. R LA W, I W, 2 B RN K 1 W8 AT g,
FEAR S o TR b by s 3568, I

b
Wo-W,=Au=g, [ E - dl (7-36)

BHAMELSE ASEEMN R MEMMER. I THRERHERG T X~
BEREHAN BAEE - EEASEFHERET L A BBTANERDS
FE R AR MR — T LR . EE W ST 0 T A R
M, AT R L g, FERRREAL A A RE T L, IREPS W, =0, Rk A
o FEHR AP o JEIH B HAERN
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LW BLafRas

W,:An_m,,,f E - dl (7-37)

BPELAT g, FEFE G PR — sl o AR HEE W, EHHE LS T ¢ N o S BB ERZ
L35 T BT AR B A, .

Mz, SHESLEHEN B HRERET €258 X (7-37) KBRT
B ERER KR TT g, 53585 B fif B 8 & B9 H 35 2 8] B A T AE A RB A , el A
ERTRIBEA ¢ FEGXITREN. BB W, SHEHOERAX, B535A
B PRR R ¢ MBERARAX, EFAREERMERL -AES o LHBHFH
PERR. B HLE W, /q, T 5 g, BX, R T HHEE K o B HMHT, L&
fITH X — HERAE A RIEF B h 4 E S BB Y BB, 5k 8 B % (electric
potential) , B V, %/~ a A AV B

V———f E-dl (7-38)

AR (7-38) Y ERKG K B AT AL IE B BT AT, V, R W, SF{E, X RS BER G R
RANE B ENA LIS TR IBATREZRAARMNBEE b ETRAUEBRE
MEZREIFTEBREBDITRMzAMBFNAMNT). s R EiRE,BHENT
B, A B T A BE R F DA 1 =R 5 O BU(A

bR R G, A AAR J/C BN VRS InRAF 1C M E
B AR BAMERER 1), AR RE IV, Efegh RS
a F1 b )% % (electrical potential difference) , i & 1 {8 B JE ( voltage ) , F A =X
KA

V., W,
U,=V.- V=————-—-—fE dl (7-39)
D)

ERA, BEHT o b WAHBEZEET R ERFTN o SEERMAERIE b
R N B . IR, AT — AT g ER BTG o BRI b BT, BN
RGP R E R 2F =5 )

| Au=0(V,-V,) | (7-40)

TE SE PR L AR, B R A A (8] A 28, B (7-40) B HE 5 i h
MitEEBEEAEREOAL — TR FEIMEEEER 1V HXE, BHN
T eI A

A=eU=1.60x10"" Cx1V=1.60x10"]

B AT EES 1.60x107"° T A9 RE . 76 A4 38 ob | 6 8 330 4 Rl B (B 4 o — b i
BB M RR 2 R F 1K (electron volt) , 55 eV, Bl

1eV=1.60x10"]
A F R RAETEME, ¥ H MeV(IREBE FR) CeV(EBRFR) FEHA. He



1 MeV=10°eV,1 GeV=10" eV.

R 25 BB T A A9 3 B — R, R 9 0 30 R L R AR TR, AT LA e R AT Ak B )
BT EME. £3 8 L - ARA/DEHF BT ENE S P& SK R
Pond , FEERE IR TR AL — 0 B BT (BAEVF & SCBR ) BE o, B 8 8 SE s BR b
REE A, oA e R i e SRR AN MR T S . BRI EAME T EZAL
— 77 T AT DAL AL 7 A AR D7 fE s AU IR L T E & I R R S B — T
W, PR — R RR K, B — R LR — AT KR
AR /NG, F R A B R E. ET b MR R — R
CHHL” B AR R B AR — B A LR TR S BBk B R WA
S—HRREXR ATZ2HR, XBREFPAMT PREBIBENNUE (NS
B IR BARSE) B AP FETE G O AR B A R T B R M R A R T
B v I 5| A4 fid A S

M, BEEmERE

BHEGH n MEREHR, EMNEAMENE G R GEREN E, E,, - E,,

HEGEERINFEN G558 E=E +E,++E, REBHEXARK(7-38) ,EH
% P REIRER

V.o E-di=( E -di+[ E, - dls-+[ E. -dl
g jp L ' L g L "
=V, +V,+-4V =3V, (7-41)

ERFR— R R ALG P AE— R8BS T — 7 A B R T
A B o B B AR ORI 95 Ay e 35 n SRR

., BENITE

EREM O REHHTEARMN . —HEFCLNETHGHRE E K9
A R B, AR 2 B0 AT LA B 1 A el A 0 S UK (7-38 ) R v 35 (B R A 2 A B G BRI
B, A BRI A T R, A 7-14) ; 55 — M7 AR IE R S8 0 R E
RBEBRA M RS T EME —FEEL— £ L.

| RBERERaE%

VR ¢ B TR RE S, EREAE AR B TS UEE g r @ P
REgHRH, i K (7-37) MK (7-38) AT RI2

h = (7-33) A

B A RAV, BIE X, RAG
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V,m—1 (7-42)

4mre,r

H U AT R o e T R B 2 (A — R PR 30 5 R R AT ¢ RO BE RS r R B
RoRERT, EANRBREN ERAATME BEERK EXRILBBR
B(AE) MR EORE  FANBREREANMN B8R BRER &
BRIZAABERES(AHF).

2R RBHRAER

MREGHE n N REBH g, 0, 8K, F R P B B 3 n 7

CIF: 1)
V=S —i = (7-43)
4 i=1 i =t dme,r,

A or & P R BIT R AT g, B9 R BE .

3 EHSHETRATHRRE

MEABRRGRAEMEZ SO TRETYME, RES PHER, T
RER B FEETEED RF BRI dg, BB FITE P &8 B EH%
R(T-42) i H WA HHREE P SHBEHN

dg
AT e 7-44
P f4ﬂaor ( )

AR 8 L 76 (R O A T A0 A SRR A A SRR TR O R A B B R . (R L 4
B, X BB RAARRD, B LR 6T H e 558 BE 0 BN .

B 7-11 BERTFHEE

B AR A F L A — A
% ERERFmET-27 KR, MAK(7-43)5,
HERTFHREPE—K P RAEN

9  f

4mg,r, 4me,r.

Adr, 5 r 55K+ M-q B P KW IER. hiE AR

V.=

r,=r-— %cos 6

r_=r+ —?‘--cos /]

B m7-27 ¢

V.= L q _ q 1 glcos @
7 4qrs,t 1 “4wey , ¢ 1
iy

)

e

A% 1 B L 3

2

r——2-cos [} r+%coa ]



BT r>>L L P SREER
_glcos@ p-r

£= 2" 3
dme,r” 4we,r

Gl 7-12 HREFNEE

—¥8H ROER, HHH R ¢ B B SR AT B P AL RO B
W @ 7-28 B, SHUE 74— EEF LER—-KER d ®RHTT dg, EFFH

s dq=w=§"kd1,a BRI, SR P A RSN

d dl dl
gy=_ta _ 1 gl q

dme,r 4me, 2“R’_8-n-'s.,R R+t

M 7-28 B5HalFNE LE—[baR

B (7-44) BB IFRE P KEEHN

d

V= J’dv f
0 81TSR\/R +x 41'rso w/I_ii *
FUHGIE7-4 4R B MERMR LR HERE N Ez—— o AP

4me,(x SrRI e ’

LA (7-38) 3Rt P A9 3

V=J-E-dl=j. i e 9
- . dme,(£*+R*)*? 4rs, (2 R
R BERTEE—H.

GiE7-13 HERENBE

B S W R R H T RE .

W OB RREAERN R, BHRARY ¢ 5EFAXL AEPE—K PAMEE, @
AT LA A P R O B R AR

R — - ol B 7 -8 500 2 594 ol BT 7 25 (6] BT I A o 8 0 L 3 B BE T R O [, EK
hNA



1 g
= € >R
411'80 r" -

E=0 r<R
FAK(7-38) I EEEHT ARG, N P LA BN

V,=fE-dr=f Edr

% r>R B V,:j dr1= g
. Ameyrt dme,r

5 r<R B, i FRRA S 3558 B () R MR R AR, BT b A1 4 Bt 47, BD

R - R =
V,:fE-dnf E-dr:fo-dr+ : I L
, I . dme,le 1 4dme,R

ATk o BR T A0 B C B B3R, B — A F 0 5 0+do (A A B 35, R R H o, BT B B

B dq=ads=;"—R,szae. BPAMFEFRMSE L, SBRAOMGER Y r. FE FAREE,P
™

KAy

dy=_ﬂ_=La‘.m_
4me,l BweyRI

i 7-29 (a) ATAD
a=Rsin 0
P=R'+r"~2Rrcos 0
at EEE R IEESHE
ldl=Rrsin 6d@
BriA P R AT B N

R P RERES W P B R

r+R q ﬂa q

Vi= =—
P7 ) x8me, Rr dmeyr

R P RAERRTE A, P A B3N
voo"e d_ g
" )i 8me, Rr 4mg,R
HIEATR, U ERAH T ERBOSERETE BN SRR, - MBS FERTEER
HME— LAY AL B0 FE 2 A R AR P T RO — A U TR AR A AR R E BT Y
FE—-RBESERER STREOLAES. XUTTEARAAXABE-TSEABNER.
g VREEE R r BEARR MM 7-29(b) B,



(@) (b)
B 7-29 A BRI AR 3

RZER, £ (7-42) K (7-43) FA (7-44) KR X, AT AR 2
A BR D38 A ), - EL 2426 5 PR b 2 W 2R . (H X4 A R 3 B W R 40 A R
B OB et , AR BT A R AL, 7 K T B A — SR R SE
FRRK X i RAEAR 48 B M, 76 5 h o e sl Oy B o, T OB X P 0L

PiE7-14 ERKTEREZNOERE

T R 5 i R i BT

W AERMK"ERMET-30HE K EaWREE A HEEOH EEARY r 8
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HEH V=q/4ne, R, T L ERBEN

kX

C= =4me,R ' (7-54)

EERRISEHERINYER RYEBEYE . ESAA B ARNE
BHORER N —EHSE,EE C B—E 0. 76 FR R A S R e
B COBBMBE R V, BARRAHR(7-53) ME, BN FORRL) ,IF=1C/V.F
AR AL, B A0 IE 3R 24 4E R — 42 K 6400 km f) B ABRIE Sk, A
HHF C=4mx8.8x107"x6.4x10° F=7x107" F, fr LA 7E SC B b PR 42 pF (1%
%) \pF( B3 ) HE B0 .

1uF=10"F, 1pF=10""F

T RERNER

— AN EE A RN X R SR E S B 5T A A
B X, BB THE AR AR AR AT 0. X e, — A FEBRE Y
SEBSFWHRAR ¢ MNELXRAFRL. AT HEHAMFEGEm, TR
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FAEr e R R, — N E I BT B S Bk A BELER, A7 -47 BT,
MR AT LAt Sk A B R RR B AR — X RERKEHE V, -V, FEZE
FEAN SRR W TR . RATIE B FK5E B TN T A WARH —X |4
RN BB W (capacitor) . — B, AT A B B FE(FRBAR) B9 X R
R R SRS ERRERBEE U, =V, -V, B H A

b (7-55) ‘

Vv

EXHEERNEE, HERRRTFRHBERHK
/N JEAR FERE AL B Bk A E] B A B, FERE B F
FH TR Y 82 O A R R AR LT AR
A f . R (7-55) 91 ¢ HE—BR LB R
gl Lh b HMRENERFAER w147 SHAS554%8

PR 7-47 BRBEAE B H R B RIE W RE R P o R — oL 7 28
EWEHRAHEAYSEAMF(FNES BE. =

B RLHE WES)NERR (BB MR XFNEBEFERTRBERR
Bz, AZSIRHER ATERERAREHRE MELRIEN, TABRT
AR AR A C PR ARE A HEN B C e, 5,0

C

=Eo' (7-56)

&

e, W% 91 R 4948 3 8 2 F(relative permittivity ) B¢ 48 &1 1 68 & M ( relative dielec-
tric constant) ,EMEH N |, RRTEBARAFIFENYHEE.

Xt f] i 25 2%, HL A0 R R B A7) A JUART 45 4 LA B R AR AR [B) B BB A Bl K, 5B
MEBHETE. B EEER R AR B A, RRESBRERBN R, AEK
H T A e AR AR 0 L B AR BT, T R R 3R R S e B S ROR PR AR (B A L B 2
BEHBAMNEXR(7T-55) T REBEE. TEHHAELAY LNESHARNBEA.

BIET-22 FFEARHE
B0 8 00 A 2R R o M ARARIE M IV AT SRR KN A IR AR LAY (L 7-48).

W4T PR AR BB N S, P AR Py 22 T 6] A BE B 3 d. R )
FRAEENRE. g 0 o
W EEEFBAGE ARWESR BRFASL, WK o .
EHES Ko Mo, BREHRETEKTRREAR —H ®
T 1) A BE B, 7 LA BR T PR B0 3 S B 41, o 7 49 3 43 A o &
TR P T L, 7 AR AR o TS R 4947 v 35 , 3L v SR B Nd o)

KK
M 7-48 FATHRABER
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C=—H=22 200 (7-57)

B BT, FAT IR AR E C MR TEH S R IE t, FRRARE AR d RE
b 9GP, AT SO AR AR T R 1)/ k2 A AR IR S ) v e A8 T AR L, T
JTEMR AT TR A (B HLE SRR R B ) . B i A B A AR C K K
T 77 e R B B, 7E B ShR W B b, B ATTAT UM 4 2% 0 B B A 0 BN AE, RE AR
BOAFAE s ZE OO T AR, R AL 15 0 AL B0 1R B AR B8 T 1 T 3K78 T 1 ¥2 9 .

BIE 7-23 [EiT

B T b 2 2% 2 ey 4 1R) o e G DO R ) A L. i IED R D RO R B 1, 2R AR 4 B
AR, F Ry(BLE 7-49) , %4 1>>(Ry-R, ) B R EHH B A BB 2.

W RN BT g, SMERE -, XA B R R E R A=/ 2
PR (30 T P9 0 7 I T S ) 3R ) 0 %, 2 15> (R, R, ) B, AT HE 90 3 30 4k A o 3 R 3
3 B W 2 W, TE U B T L BE R 4R O r( R, <r<Ry) &b P A B o 457 3 B LA XK, 7
0 0T S, TSR A R S TR B
A

= e
2me,r "

B S B R T A e 3550 5 VA0V 0T SR 46 0 I T (6] A9 B 3425

A AIRB
o dtal

2me,r r=21u:° R,

Ry Ry
V.-V, =[ E- dr:f
Ry Ry

REBENEL RBEEFEAROREN

q Al _2ms,l
V=V A Ry R,

e P P

2me, 5 R R,

(7-58)

B BE M AN
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R L BR DL bR 6 JL R 1 e 7 AR 60 L A A, SEBR b AT AT Ak 18] AR
FEBLR. FRE KX, S5, o S & RAMEZ AR B A, X
W AT 7E L T e £ R ol M 4l 43 75 BB 8 (distributed capacitance ) . 4} A HL ¥
9 B (L300 W PE /N, S TR AR B o 7 A B A

IRAEPRAR Z WA B ERR &, HEMEN T, I TR AE . E
FETY v 2 % FIRIE v 20 38 66 /L 5 00 )

s
c =s':° (7-60)

2 l
Cc=2T8:5" (7-61)

R
In =2
R,

R,R,
RB—RA
B9 PR AR 8] B2 AR DL o, . A B P RN T ARG KR A EZ B
PA S R ZE § 7-9 P AR,

B RAERE S R T AR S, AR EERO R, s s
2 FARA 100 wF/25V 470 pF/60 V %, H & 100 wF 470 pF 7 B A48 88 (L 25,
25V .60 V 7 oL 27 4% 19 Tt B . et T 2 9 oia 2 4% T 4R B PO AR AR b BT BB R 2 M Rk
R, AR AN 0 6 e 5 A A AR BT L E B R, AR P L R K
K, PR AR IR Y o A A B R . B R A T S R R R T AL Sk

C=4me. g, (7-62)
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ARMBRE, XM BN BN AN GHF, EHRLAER. RT-15IH T &
HIRBA T &, BRI 5 b 58 B K.
®7-1 AR RS &R

B A X AEE g, HEBRHRE/(V-m")
= 1 ]
255 1.00059 3x10°
a7k 80 —
7o f 3.7~17.5 (80 ~200) x10°
i 5~10 (5 ~13)x10°
W TR 5.7~6.8 (6 ~20)x10°
1K 7.6 16x10°
B 3.4 14x10°
EkEr N 10° ~10* 3x10°
A% 3.78 8x10°

2400, AT AR B0 2R B RO Y T B A A BB A R L, e A AR T LAAE b S R
FREEE A BN AL R A TR A B B L R A IR AL HH R LR A R R
fioh 5% 4 R R — S5 0 L B4 BT

=, EAEFHRMAR

EXFRNAR, ¥R BNEFNEN EEREREERNE
ROXMHEETF A AABE L EEREME B FFH A FROEARERE
TR A BBRFIFRR AR, B AR F.

1. REXEE AR
B 7-51 %A n AHEROHRK, REMN U O LU
WRBHABN C,,C,, o, C ABNEHE [ ] g Y |

FER C. FEHG, B T # e BA, X A
MEAHRE LB EEERRESHRA+g M
- X, BXEARFAREERMOREE U,

Uy, U, 5510 | |
P 7-51 o 7 4% 60 B K
Ui:i’ Uz=£") = Un=—?_
Cl C2 Cn
HEHARNEBBREEN
1 1 1
U-U,+U,+---+U,_q(c—l+5:+---+c—n)
B U=¢/CTH

1 1 ol |
i A (768
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BB SEHAAREANERETE M EAH AN ERZM.

2. B AR

B 7-52 o8 n AR BOFER. FE T, 0 HL 2T 4 PUAR AR (8] #Y e 2 AT
FMET U, MEXHEEBRR EOam BN AESE REFHC,C,,,C &

WEWEHRAIN ¢, 0,0, M ——mm
¢,=CU, ¢,=CU, -, ¢,=CU o @ .,_j
HEMARK S A RN G G &
g=q,+q,++q,=(C+C+-+CHU | | | J_
B U T 84 A L 28 O 2 R A B 7-52 o 2RO 36K
C=%=C, +C,+--4C, = Zc (7-64)

BB EREEREEETH I HAHBREZM.

HEUETEEREN A FSHFRT RGN FE B8/ 058
AR AR T8 BT 7R 32 B H 2 0 B T B — R LA A SR R AN BB
A B2 AR ) 7 32 ) W 2/ T R R 42 A S N P AT AR AR L B O TR R
REUFEE BB EIRES.

Bl 7-25

=S REIERE 7-53 F &, LAESHIN C,.C, T C,. BIFX SHTHE ¥ C, TR Fh
BE U, REWFRR HFHAESTFLS. REGAR LB EE

W CHZESHAN,C BELFFEHRY = Uy
€Uy, C, B C, BB EORHBNE. SHAR,C e, ] fo—— 5
I3 C,.C, T, A EBAEAE C,.C, BEAS C, 3# ¢
B REER,C, BB EMWEERY g, ,C, A C, B
MY g, HTA
—_—
4, __qz q; 2 G
¢ G G H7-53 AEBMNEE
wFA
C,(C,+C,) GG, +C)

T

T T O R L T A e

_ = C, G, G,
e s G P

Bk, C,.C, M C, EHmBERFIH

4 C,(C,+Cy)

U maaids B8
TR T AT

Uy
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_42 _ CICJ U
U"c_z‘c:,r:,+r:,c,+c,cl .
pelie. Ut g
378, CCCCHGC, "
"B 7-26
ST 0 P 754 (a) BT 7 0 HE 25 4% 75 R AR A A 754 (b) B 75 (80 A AR o e 7 B B9 2B

HXR.

R

S S :r

. ¥
(a) RCTEHRHER (b) RC Jit L B

A 7-54

W BABRAHAIBRELEMETFRMEPE RAAR. 78 7-54(a) Finm BB+, @
248 CHPH R R EHH R 6 (Y F I o U5 A B — ] S0 ol B 2 Wl A AR 7E FC AR RUAR AR b A el oy
Bt H %, PR AR (8] G B 2 B FE PR A O Ok S Rl T B — A R R B () B, AR Y B
BT RBEER F A, B RREE, ARREIMBEHE U, XK RN
B B o A O 1 R E R LT R g, BRI E AR AR

il =
5
i
lll.-.j-
[
+
I-é.'

g:u,w;rm%

FlEXERR 1=%3~._!:'n“?'1 BIE i
_pde g
cak &
SRS FIBAI & 1=0,9=0 L RBS HBA

S d]

0 Cg'qHRC 0

g=C€(l—e'iz)= qo(l-e'*’f) (7-65)

A gy =CE, R t—oo Bf LA BRATB A TR L TR X (7-65) AT L, i B R 7E S el

AR, bR L IR (R 4 R s A, 2 i R 40 B 755 (a) FTUR.
XM 7-54(b) Brm , M s na ot B Uy =U,, ATARBCR AR 1 50 A2 RAR £ &Y

MR g TRR

R=Z
c
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R S AL 0 e R W, L 1=-%‘§.ft/u_sm

dg ¢
gt =)
&t RC

PR X LR T A WERERS W =0 8f,9=9, RAB

(7-66)

0 0 |
002 04 06 08 o 0z 04 06 08
thms t/ms
(a) FErRLEL R (b) Bt

B 7-55 BAEBRERKETES oM« BUKME(r>)
(HEE=100V,C=100 uF,HiLk 1 K R, =1000 Q, fi%% 2 &9 R, =2000 @, FH M 7, =0.15,7,=0.25)

MR (7-65) F1k (7-66) 51, B 25 88 M R B AR B TRM RC, ERA R E KR
4,0 f RC B i B (5] % 8 5§ 30 9 BT (9] (relaxation time) , % F 7 R, X t=7 B}, R B H
KABKBEMB 63% ;% =370 , EREHCABEMN 95% , % =570, RERHE
HREEM 9% . LT AR ES T 37 ~57 5, EH BB R AME, KR I EE B AL
B, R, B A AR o g B R R B r=RC Y , I 7-55(b) iR, B ABERB SR PR
RERHR ¢ ARKERBENARERDT , 681 3r~57 5, HENBHERELER.

SEORER

7-7-1 (1) —B4ERERHR, HEFRENE? (2) YFPTROAF[OHBR LS
4 FSE RSB, S ETRBASNHRE LS RS ASHEN B, XEFR
BEARR?

7-7-2 FWARHRANERR,HP—PRELLH, B-TREOH, EERTHE"?

T-7-3  H— AR A, R R R (TS U ) |, BT G AR AR ] A BE
BdMA RE . mRRANEEEEMAEL? RAREKGEGEESMEL? BEREKER
W7

T-T-4 S 25 A% AR R o F R 28 (48 b R MR ), 8 M AR ) BE R, 0B AR o R T AR
RE R HIRE R AR RAER Ak

7-7-5  —xtHIRE R AR, R R EERHRNEE L, RS- ERAFEE
MR AR AR M R UL RE.

§7-8 FREIHRAIEBIT R

A i (dielectric) R HHARMRA FHBHRENYHR, HERKIEETE
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MEFRS THRETSRFERNS S MR, B T4 FRERSE. YA ikt
FERG R TR AT, AR R T i i F R T R T R R AR
LR R T 7R L B A T B AR SR T /N B T B RS 3D, 24k B B O
B, 7 B A B3R T 2 O A & o AR AL B A7, X B R R AE 3 A R A 4R 4K ( polari-
zation) . T [ BE T 5T 8 3% 5 v A J5 8] %) 4 T4 R, DA TID 58 A s £ R ) — 44

. BARBBEN

CARFENGTHROE AECHAR, 2N LEANFLEAG. —fA#, E ABFA
FTYHMAREFE L CALRXLEH AR FRALH L LGN, AAELE—ANSH
FRAICFHER, TRIAASF PO LHELHN —FRELH RS, 2R CFA %
AETRRE FHE ALHFES T PALNEE, S AAH IS TFOE RBRF FL".

BRONASTFAFHELENTE , Tl M Ao A BXE. BES FRoARSTF.

1. {ESF

A=, 4K KA (H,0) HALK(HC) , —f A8 (CO) £ (NH,) %, 5 FAE.f
BB P RATE A K £ 5 F A A RS F (polar molecule) , 40 B 7-56 Bf . ik 4 45 F ¢4 E
O PR P CZAGEEA S TF PR ELHAACF LI EHTTH o, MBS
FHOFREBMIEp=ql. EREN A TAFBALLANA S BR T REK(LE 7-57), % &
B A TFOFHEBRERAL, 2 TFHrFOAMNRES B ST HRLIBMENF A
RRAALFN UL KA ESAOEERT  ERAA LA F I E— DI R(ETELLA X
FOLTFIAF AP EA S FLBUEALTLSp FHRAAEFE, OAFZ G P B,

%H
cl H
H P

(a) HCI (b) H,0 (c) NH;
A 7-56 WmtEsr R HEBEHRE

2. RBBF

FH—ELAR & (H,) A (He) & (N,)  FR(CH)#,EMNHE A LHFeFoE
bE—R EHFH ECBRBREFTFE LE Fix A+ £ & & 5 F » 4 T ] 2 F (nonpolar mole-
cules) (LE 7-58). § FHEAF FHFRELMMIE p=0, &/ F AR L 2 & b1,

H

& @@ (a) He (b) CH,

M 7-57 BtESFHBEMETE, B 7-58 XE&aF
BHEBREN KBNS TR
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AFRESFRAASTFHECAEMAR  ENES B PALIAGHERALTAF, T @H
2 # i i

‘T, BT RAERL

1L EBRSFRAENHUCBRL

SEMGFEARALESCH P ALB AR TS T THE R H PR LA
BB HBR-ALBRTF ENHFReMBEp T ORT Ao F (B 7-59(b)]. &£
BAK AN, R BT M e B T-59(c) T TSR LBRTHEALFHLE
B, RAANFAR G NECARBRER LR CLECH RO BEAFILERAE,
AMEINABEL(AEAS> TR BRESHK ) HoHN AT LHA A LA A 7-59
(¢)] ZBEEHAREFLAN R, CRRAEAECNH T B b8 3h, K40 4 4R 4L &8 & (polariza-
tion charge) # R M B 7 (bound charge) (e A S AR TR B —EAERH L H AR I BB
B 15 ( free chnrge)].i&ﬂﬁ-’l‘@%ﬂimT,&t‘ﬂ‘ﬁ*ﬂiﬂ‘ﬂ.‘mtﬁ‘ﬁﬁ#"‘lﬁt'ﬂ‘ﬂ'ﬁﬂ
. rFROMBEp B R NS5 HRERER SFEFIAR EMSTFHEREHFTOZE
HAAS AR, S FHESHELRR , EAAA LD LA RALCFLAS BRI
RERAS. SMepREE L ACFN T X ELAE-R[p=0,B7-59(a)], e HA @
LB HLEZ N A TFARS FORALREE AP oeimas, il F K
{ir # ® 4£ ( displacement polarization) .

_ il

@+ ggo_: E, .- - E,
N - - =

(a) (b) (c)

M 7-59 TS FRAREAE

LS TFRMREHNGERE

HTFREFFEA AR, FAFFARREFR A A BBET LI LHHHAT,
HEHHEHER RS TFHLBREpHAOLHGFE[E T7-60(b) ], XH ENLA £
NEEN LB ELSBEAR LS HABRAL LB T-60(c)]. L HMELE , B THTL
AREH P FAHAISNNLAR S FLBRELLH FTHHOROHER X2 HIT S
AFGORHHHF[B7-60(a)], @M L HELMZ K &, TR, RS T &M RA
BERRTFIHCHORBRENMGBE, ML HAR BRBEAK, 5 FLRIEELHRE
HFGMELAK MBS FHRLREFHEBBF RO LBOF 6, AL HEE R
(orientation polarization) . — & L, 2 F AR GHAYF M LS = 234840, 22, KRS

ARE

!

M7-60 HHYFHHRARER
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FoEARAV, ERECHERAT, REHILH
BRI LIRS ARt L EY
MACHLE Z B AL,

SRS AR MY E A Ky (B 7-61)3%
ANRHT (K9 F) & &% (2450 MHz)
PRIEBAH —ANEKFRER. KyFHEAH—A
HELST A BB TFAEALDHESOERAT,
hEHEEOES L —KHFE. wREGFTH B 7-61 Mgy
ZHEAL, K TFHEBBEpLAKREE G
WA QBRI EXANIRE RS FHEBHMBRD G & LR F. 5 Sk mE H 2450 MHz B K
TR ARG b EE ARk AREHOEY. HAEL A LASH, HRE
HEFETAAB DR FHR, B KR P oK b AT

A AEHLEARRAGE AREMAPAERTOLETAEA, T4 4R K
N T 6 K BT ABGR N A B A B W BT KB SR R A, AR B T sT ARG B AE A

=, BREE

EBEMGFRIBEEH R B T P2 A Bk ol B 8RR R B %
R F) 28R 2 2 A ] B, 3 2 7 W A S5 B0 AR XS 3R T B B T RS R R Ak LA
Fe L AT A B R O a) ) (R AR AR . R I R T A R b R e A R B 4 Ak B
R AT I R T

T AR R — TR ERTT AV(EH A KB SF), 48
Aot WAEBITH T 2 FH R EREN CRA Y p FFF. AR, 5 H
GRERT , hTRAEORMK, Zp BASETE. b1 MR, g1k o0 R s
K, Zp B E M EK. FHBRATBCA A AR A4 F i R E R R &M, B

“p ,
=AY (7-67)
YEN R ER N HRAREOEAYHER, RN IZA(AV FTaB M — &) RS
FE (electric polarization) &, P 4 fit. 75 [ BR 3007 i b , e 408 A 58 F (9 BT R C/m’.

M, BREEESHEBTHXR

1R L P T A AR AL 7 A 6, R O o A A
3R HE SR A o 2 0 B AP — R WX R 0 T4
A I, AR b e 57 R o 7 2 TR B 2 PR OR
T 2 . B A AR AR 7 A B — 70 2 RS B R
S 3 B AT 9. R AT e B 9 5 o A
AR A L T8 5 ol AR A9 2 D B R

WA—EN | RERY S (A REA (BT7-62)  ~
WBE—WASMIGE b EMA TR T 7702 BeHE
BB PV TR GREE My D e




S §7-8 s tnans (2950

£ L (AR S p R PR B ALSR BE 9 KN 5 KR B PSL, XA T A R
(B b L A6 g 5 W R T IE SR R A 0 T B BE RS 1 A TR, BD

| Zp|=PSi=¢'l
R, 9 4 2 i 0 A £l o 7 T E R A T AR SR B A K, B
o' =P
XMERBETHARES PEA. E—MWERT, 8 e, )7 3R89 ALK M
K4
[o'=P - ¢,=P, | (7-68)

MARBEFEENBRUEEOEES TRRUBERNRRAMEZNIR.
TEW R QU , th T P A9 16 5 00 T A 4R 2 L, BT LABW T B AR L PR T BN R

I, ftRPHBRE

WRT AT, 0 SR K S e 3 B TR AT LG R AR R H AT I E, R EAT
ARG IEEE, A ERARATBEERZ ERARMITRZATHN
BRI, B4, 2 EE— SR M A IR E R bR 2 i BT R B
) 56 BE 4 < A, B

E=E +E’ (7-69)
i T e A R, R A7 A0 B 35 5 Rk R 7T Y W 35 B T ) R M B, BT DA
AMFEPHERGERE E S5 alpimE E, MIILHEIS T .
X T4 1 R PE LR ¥ A, AR KSR BE P AU BRI & LB IRIE E BR RN

P=X.&,E (7-70) 0 &~ A% 0
2 B9 B 7R B0 R e A T A S A 5, I R A R
i) BB AR 4L 3 (electric susceptibility) , R BHAN 1 HE. Bl A
T R T A A A T N F I 5R B A 5 Y E,

5, RATITR I T 450 B 7-63 RRFEF R TR
ok AR AR [ 757 H 1 3 A X B 3 50 Bl A T, R B R
1% L 9 [ e EL T T R o, LA TR R bR
WE W Ko [ b A AR IR E K/ By =0,/8,, =
EEh AR BT AR R ERERNE =
oo EERTHEARR. E'MH MR E, WA !

- & 7-63 HAEF
K, B o AR AR ] R A R B R %fzﬂ%lﬁ E ) R/N A 8 15 38 1
fl, - Er=t L (7-71)
& &

ZBRBBALBRFHEREE o' =P LXK (7-70) , Beir B B4 T K& R 558 E E
P S A RE

E=ED_§=EO—LE
0
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(7-72)

BLEA LA T A B A 5R B E W55 M A B R B, 89 1/ (1+x.) . FERAITH
BE(1+X.) IERBA RN B EE &, FRARE KB EH
il
go(1+Xe)
WRARAERA S, MRAR BB ETRR g=0,5, 1 i 25 35 L2 89 X, AR E
FEWB SR E B AR

U=Ed=

ok W b e Sl i § P8R T L (7-73)

5K(7-56) b, g

( s,=1+X. (7-74)
XMFERETHERTABEN AR HBER N LREL. X4
e=e.e,=(14X:) g, (7-75)
RIEBRNMENEEELTEER, SEZTHHEER o A HEKAA. BHRALER
Xe FAN B ER o MBAER  MRRMEENFTEROYHE R, =F PR EEMA—
ASBNAL R HA B K (7-74) FIKX(7-75) BRARNFITREARDHTHE A
FLEfe 6 51 8, E ] 20248 S A .

Rz, R (7-72) R, EH BN ABETEHHBR T, BNAERN
B RE E ABGRE E, i 1/, X —55 030 R 238 L 4, HH 4
JB PR R £, 37 3R R O , X S B R AR BT

T A A A () [ M e A O, AR A R A AR N’ AR A
FE— Lol A, 75— %€ B9 IR BE T B P o 2% 3R I Wl 3 0 FE T AR AL, B T M AR fL AR
AEREZRNIESEXER. IR H1(BaTi0, ) & M G HB ENEREATLDY
WAL, X RE I AORFRIE SR 1K, 5 — 2K A RZEAM I E I T R A HUMASTE (RLfB sk
FE48) B, BB =4 i AR AL IR R, iR FE [ B R0, 0 3 Sl Ak S5 R LA FE L RO PR
A0 ) B2 R80T M A5 e B 48, B AACHE R 5 P 7 A I B R S R R R — 2
MRESN R G , S KR B HARRE , SRk B OR B 8 BEPE — . SRR
B EFRE A EE RBR, EARAXEAARERETRNMBESER LAE Z MR
R, Jn il pL A Fh e RE RS AAE AR 55 X BT A9BSR B BRL S (U B 2Rl 2 —.

i 7-27

— ¥R R AR RRUPIIRAE , CAMBRARES P(E7-64) 5K (1) &4
TRERR -0 e T AR BT 0 5 (2) AR AL T P A 7E L A BRBR 3R 0 rb BT 982 o 35 ) o 9 3R
(3) HEENRRREBAESTHNRYG E, b, 08 7-64(d) M (e) B, REMRRA KB

HEE.
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(a) AR AL B W B (b) BRL AL HI R (c) TRALH TR R M

*_____,*‘“

s E, % E

— ==
RN s R
—— e ——

@ (e)
B 7-64 iy HEER

W) REROONESRS PFAHERRIRMOME, & TR #RHE, RE LE
—HAMBRLARESE o RMOAAL(ORA KL P REMANER e, AIRIFEMA),F
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R, R AR E B s T B . B A A 35 A 0 O F (carrier) , & B
FURBHBMFRARTLUMEEBENEF  EFEDWRR FEB FMWFIE
HA“ 77 (hole) s BB P BM FRERPHERE F, XERT FERM B
i WY £ 4% 5 8 37t ( conduction current) .
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FEREEAMESFETHA TR EEFANFHPAEERAIELRE, AR
A(REE)  XTRENEN , BEARE §8-6.
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FAREHERESRE L& SNER. ELFERAES, 2B RREEAR
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HERK A KRR, XMRERN EE(ES8-3).
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BB BE TUASEMEHEMBRE. flom, FhFat el Anf 2
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J/C,Bp V.
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A
e:j E, -dl (8-5)
B

HTENE 8-3 iR MamEd , B E, =0, 8, EXNH S E P
FPE E, MEH A mRAE" M EAMNE" IR ATLE EXT RBIEAH A& H
B, BP e Sh AT RN N “ MR A 558 B, B A A S B B A R
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(1) —B AR & %A ] &0 35 ) B4 T4
AT FHBPRNCEF TS K84 (Ohm's law) , AL FAMN, BT —BRIEY
BRESEFHRHBEE V,-V, RIEL, TRALLH

V,-V,

laR

(8-7)

NPt AU RREEFROLE, 5 FRMAHAL SR d, S THEHHGFA, R
LHERTRELAKTRERS, BH

R=p% (8-8)

KX P e et & 3 p #R A B BE 2 (resistivity) , E 9B 8 y(y=1/p) = 4 B T # ( conductivity) , &
MALEFAMHABEARX. ERFREEH P, RO EEA O -m, & FRGEEAHS/m
(eFAemespi, L AHTF,H5%8).

AEReSd AMNAIGX SR LR RA G LI RELERANALS LY, 0 E 8-4
Hrt—Aegh P hEheBb— MM REXGRENERS .
CE RACRGAM, FHEAOLRTEE R LR E
% AN RO ER(HeP)BbETH(FRAAR)AEE |r
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F—RE 2R H LY ELERAE PLIEF Toist é .
B 8-4 78] B (¥ (] A L B

E=U,+U, (8-9)
HRBEA AANCER EOCHB(LE)PLRAGLMR Eed e E45 52 U=IR,
U=IR,, KA L &

..
R+R,
EXAHAAHRBNESER LXTH/ " JAdX T ALRPLEAKH LS NEBH L
A

I= (8-10a)

Tero ol (8-10b)

BRAANSCECREBEAY —RYX, X FPHIR PIRFSAACBEANCAPLRARL
Fo  BESALREHAT, AP EHPHEARATHE TARZ . AEERI B PHELAF
A, oReHPMEEPLRATOME, EELHPAHE AEMER RREIHGHZE B 8-5(a)
Bt e Bk A

8,-6,
R, +R,+R, +R,
HELEAAN AV CAAGORRERITS AL
EoBHAY ANELFBINEAXA LB PRHE-—REAS AL BRAEHSLARAF
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mEZHGLHED

Vi-Vs =1lRl+gl +I| R, _gl"Ian-IzRi"'g: -LR,
TE & —&H X
VA—V,=ZIR+):IR;—Z<§ (8-11)

EXAA—HRESFRBNRBER B AE—AXN, b2 EARRERFT ORI T EE
ERERBESG MREEPHERRDSQECBEFT EEE, WiZAEEEMHBEE
NY+"8 R -"S; MREAHANEEMREQEFFERE, ZRHB R +"5 R
ZMWER"-" 5.

&

I O_D_i I, — _1
A R c R, '_13
(&L.Ry) (& Ro) (63.R;3)
R ! & Ry
(a) 254 oL 35 Fi, L A P B (b) —B A ST

P 8-5

(2) BT #a My H X

XB-HBXOBBEARRT —BARK SR F oA RE8-1 TAAI, £
—BRFAASSHCAFEERN L, AT ENMRME S FROF KL, ANHAP
WEFHEMERGOMSH X, CF Lk FAR PR EGF A

EELEE FARTHLARD T F AR L LR L L6 AEFRTTLAF
B — e WA (B 8-6), A MERA DA IS, BhRKAEH A, HRLEaHNH VE
(V+dV) BAEZE MRS EA R RFERBETE, Bl BAEAS AL

_V=(V+dV) _ dV

dJ
R R

(8-12)

M 8-6 BXMERMMITEANES

Hob pait ey X (8-8) B A T Aritabad s B AR 4K, B/ B AR 6) (B4

HEXRAKX(8-12) W@ E b HEAGBATHE A

dI=-y %ds



§8-2 msaE (323

dI dv

*, ST dr] (8-13)

FREADAGAFRj AL OEMHANAMER L HBAE X RINEFKRPiEEHZGA
Bl,FATAEX(8-13) Bk EX

(8-14)

RE-1)HABBERORIERX, ERAATIFAFTE-—SALAERA S LHBRAZN
XA XN POy RET FATRELYFERA, EAH GO F MM T, SEHBAE
AAXREN AR jLEARMBERE. SHARARHHGABERH O, FHRFEELY
yHAF—H AU EEEENRIAFTORRALE, ELAyARR M TRAERX
M AETEEE T, X(B-14) LA RLt). b2 RBETAOBRIBXARNBORNERRET
ARFARFH LD (RN HBRREEMHR)PFATHECRASF (A LAFRjHE)Z Wi
EHmYHAA EACRARTRRN R EBUEAOARTAZ —.

ERB¥E

B-1-1 — @R (MEHEMe-1-1 BHR) L ABRRMEERERERE BRESN
TEABHZ LHFE? At 2a7 dUld]& MR b i 07 i KBl .

8-1-2 PHREAR G REFBEE—E (B X E8-1-2 BHR) ,FHMmARE U, [#
WRANERETMERE AAMRAEERSHR? AFANEHRERTMHER? MAFH
KEMS, WA L6 ERE SRR ?

BEBME-1-1 & EEHEs-1-2 4
8-1-3 WP FENBFHMNBEEAETAR?

&

|
‘-N

§8-2 WERRANEE

—. EXHHAR

KRBEA (2452 Fe, 0,) |51 gAML AR , 3 B 7 78 4% B i 3 (22 JTHT 300
E)BFAER (BT ¥R PE LARAE, TAHL. 11 L, RER %
FWHEQIH TG OHEBEE HERTHERA AEFMANEEEZEREAL
A, Bl e 4RSS & WA KRR thBR R — KRBk, it R KR
BEA SR AEREAAR, #A N (L) 1 S i (BEAR) BA-RER. [R5 REAR 2 R A B
HEF REMRZEMERS. SEARGTURIFEER—#, EARRTRF
FEWIMNRHMS B - ABEECLH[E/N, 8-/ REEKNRRAN i
S k. EARE IR TR BB AFFE , XFAEA N &K SRR T, M
B 8 48 F ( magnetic monopole ) ,{H % 4~ i & M2 B X F b F
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BAE EEBRAES

b &)

HARMERRBRFCHANER, BERKEHB A BEENBLESTH
Thor# & RE . HE 1819 4, FH & Pl KB4 (H. Oersted ) K UM BN T L&
JE) BBl B T o <2 3% B B 1 A T O 5 5 MG JR K 35 (AL Ampere ) (HE B (]. B. Biot) | ¥
A&/R (F. Savart) MAr E Hr {7 (P. S. Laplace) % A 56 )5 $2 i T 6 L 22 [8) R A 51
URBER™ERG N ERER. HB 19 LR, A8 TR 52 8 i Z 8 K
KA BRI SR IR TR A 4@ 3, i (R R ¥ 1k aliz 3h ) 76 1 A Bl 25 (|
WS H 5 , T A2 B e A 2 S BB 25 0] AR R W R R s TE R RS b, ek 69 B e 2 )
W5 KRR, T2 sh i AT BRZ Bl s 3 VR RIS R 2 BIRE H /R . AL R 2B 3
R ZRNEALERRESMAH R EN, MO WHR IS . 2Ry
i Z B @ R 2 R A 8-7 fram.

w51
(o Gampes) 1 { } ik (ERed) 2)
R85

B 8-7 L (32 BhHL AT ) 8] B9 A B AE

e Ja A48 PR 3X B U B0 32 B0 A 1k A R A X R A UL, R — B A
M5, EER—-SBRPRIAAIBYE MER - SHFRPHTREAN KA LB
M.

= BEERNE R

BN (EHEA) NEBFERYS, EMANERRE M5IASPHES SR
i B AR EUK RE (KA RE S 7 B9 16 A (R i W] R RE 3 A Bl eR T A9 4 F Ok 1 A
BE3% , 3 1 5| 33 8 8% AV 58 F ( magnetic induction) fE 4 B B R #H D & K
REAYER HFH B RR, KU S5EGPHEGEE EHY. (B XREAN
MBEGRE” BEETHEENER, XTEHRERHTHKE. 2% §8-8.)

LHEM: (1) HizshifrLh R —@ R o ¥R [ 7 w8 85 b 3 H P A,
BT ZUS O K/NERER BRI FRHER SHEEZES M (v) E
H;(2) EHESGP P RFEE - NEN TR, YEHEREEF R (RERF
W)zt , WH AT BR, XMEEF BRI, ERBE#GE S
M — R FREAE X P SR H I T ) 2 W 3 2 3h o A 8 O % S B R 28
HAMBE(ZETHESOERRERNTREARAOE—F BETESTHE).
LW, MREFE P JIEESRIG T W EEN T B3N, FZBNES
HBEK(SEE -8, hHERN, XERERIERN) XMRA#FHF, EH
FEH MR R ¢, BE TRTSHNER o HIE F, /o HEZSER
WEKNBRMETSEHHERE o HM KNI BHATI, WEF,/qv T B2 S R
58 55 B9 M, AT LA S8 SC A 2 A T JRR N 5 BE ) K/

== (8‘15)
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ARG S F, 70 v b7 EHE B (71, i 8-8 F .
RERBRITR BE (B % M) R 3k B 47 ¥ O 1o 2
Ay EE. 75 E R R RBRIRE B B
% TORESTRL) . G 8 b ROBRT R BEE S RS |
fesfr , I4FS Cs Bm,1Gs=10" T, EFR#E B o~
Vo4
ol ;
BRI A2 R 5x107° T, A Y BY o 1k Bk
MEAT 2T WECHS, BSHEBMBRE o BF vl /mes
25T (RS , 3 6 5 T 1 BT B RE 5 T 3% 10° T, (% IE B
T B o 2. 3 T R B R 3K 10° T, A B O 2
A vt T 5 S OB , B PO R OB 40 3107 T, 4t 8 o
BORE 555015 B RN B2 B R O RS BB R

=, MBRESTHER

RIE ARG R R HO B B0 217, FAE, G m] o0 SR i
WHE A RIMAE EL MG PR ARLCEET B K8 A0 57 1 B A0 B BT 2k %
BORE TR B RBHORME. FAilk, REHBOR M7, BN LB ; R, MBI
SBBH. Fat, BRI R B — R IR T W5 %R A R 7 1A — B X R
PR R 4 4 A R R S5 R 3R BE A K/ [ [ 8 -9 B R R L FH AR R AR
) P O BT 98 R O R 55 R R R

)
I 5!
AT
I‘I 1
(a) EHAEN (b) [ e (c) SRER PR3
8-9  JLARAS (6] AR o I i b A R R I £

IR AR 2 B o, T LB — A B R0 T TR R B R
HESRNASERNEEMNELTENARL MARBNEMNFEH @M

BRiREEREFREXR . ME 8-10 fFA.
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TERE S h | 38 1 — 4 5 o T A REURR L 4R &
¥, FR Ok % i 1 9 B 18 B ( magnetic flux) , F§
@ Fon. el EBE I dS( A 8-11),dS &y
AR TT 1] 5 3% s A 1 R N SR BE O Im) 2 (644 32 £
6, E i EmARTT dS A REGE B A

dd = Beos 9dS
CE KRR AR K P8-11 B
d®=B - dS (8-16)
B LA it A PR T S R E & R
di:LB-dS (8-17)

B AT O, A SR AE R P R AL B — 3 BT RGN R B AT ARG dS |l i
B TTHREE & dD IR A BN IR B (Y KN AT Rk ok
_do
T ds,

B Bl £ v 5L Ak TR B E B A /NI R AL Y R R BT L R 3R B . R
1k # 18 % & ( magnetic flux density).

BEE B R Wh(F1H) . e, 1 T YRR 38 B th 7T 1 Wh/m® k275,

EIRER

8-2-1 —FHM7ERSGPE, CAHEE oy Ox B, B EMG P HZ HA TS
JURRBL A8 & A B0 T RER AR B A9 (1) MATARE H1;(2) F MH s Oz MiiE
Jriey, BMCES RE S e B K (3) F 8907 (1 H5 0z B9 J 1), L MG BF T 35 7 4 R R K R0
—a

B=2-2 (1) —7 ol i I A A 2 S0 B o SRR 0 5 1A, L — o R R W i b 7
(2) G5 R B 84 R o il A 5 o 4 0 45 1D, L — Y R O 5 A o P 37

8-2-3 St 2 24008k 35 e WAL A0 B BE B £ i PR A 7

B

(8-18)

§8-3 HER-BERRER

—. HR-FEHRER

FERX—A BT IHETE % Pl W 5 B 72 % A AE — &UBT & B0 35 22 (]
Y2 B OG AR . IE ANTE SRR v A ) Hi 357 3R R 4 A 00 A 8/ ) B T O
dg EWARKNHHBEEREUMTHIMEE AN B REN KRB —. R T
SRR B AR B 28 8 0T R RO B3 , AT AT LA S el S 1 R 5 & /N B ol 9 A0
e B/NBHEMH Y RAT,FARE A RER, P AdRRERRIL L



§8-3 wm-gted (920

(5 e 77 1)) FTER B R 7T, 1 Sk B4R P A9 EiL 9 , 3 0 O B4 1) R SE Ay R O Y R O
Mwm T ER RO LB RFMENEGSETEERBR T M E#EHR
BRI R AEGRRA T — R S A BB AR R A SCIe , R B4 BT T A AT
O SCI VTR, R T L TT 1Al 78 23 (AT — R P AL BT R B 3% O B AR N 5E BE dB
ol )

L L (8-19)
r

R r RARBITTTELA TG A P ALK r A/, a2 1dl 5 r Z[EI/NF 180°
fyJe fr. dB (OF7 R BT 1Al 5 r ARG 1, 38 ) A e 1AL 2 o FRERTA r A BRBE
BUsEEg 7 ), N 8—12 PR, ZE W BR AL Pk =po/4m=107T - m/Ajp, =4ax
107 T - m/A, {0 B 28 5 % (permeability of vacuum). ok (8-19)FRERERA

RREEES (8-20)

8-12  #L ¥ T FT M A A4 Rl SRR N 58 S5

e, RHWLTCHE 10 5 &5 00 B & . 3R (8-20) FR by B B - 44 7R T 8 (Biot-Savart
law) , 2B ol 9 B 37 B0 R A 20 X AT R W 9 BT IR 0 R JBR O 3R B A

o  Idlxe,
B=| dB=—
L 4],

(8-21)

bR RS R B A b R O .

. R FA B B - 4% /R TR AR v S R 3R R AR B

T 17 F B B R G BT AR S A B0 RE SR N SR BE B R, B S UK R
S S S RFTR LA BT 1,35 (8-20) 5 H I 70 1d? 78 BT 3K i i 8% 1
WREE AB SRS R (8-21) MOREER AL TR BE B BB fi R 3R SR i BT A B MR OCAE KR
B R R R B A, B TR (8-21) B — R BB, & B W0 F R A 0 k2%
PGB EE dB B 7 1 T BEAR A, BT LR AT A 0 BT 5 B 04 AR AR K dB HEAT MR, B
WTEH AR R PR dB N

dB=dB,i+dB, j+dB k (822



KRG X & o BIHETRY
B,:jds,, B,=de,, B,=IdB,

B 518 3 B ok A3 #Y R R A 58 BE
B=B.i+B, j+Bk
L PR B R - B AR R SE AR R T — e F A 4R 5 1 Y R T 5

Bl 8-1 HAESEMEIT

BAEEN LHBRRESR, L hhR N L HREEE !
SRY o P K HRBRI R z
¥ EEHSLKLER—BWT A, mE 8-13 fix. #&
BB AR AR S, U P U T TE S A P A 0 BRI 3
dB K/ K
#o Idisin a
4 P
dB B i B Idbxr B0 2, B LT AP, EEF AR
RXHSTREEMNER(MRREEEE @, UFHO
HR HEYFREMORE). AFRESRL L5418
WTCAE P S B R R AR BE dB B AP R — B (I

wrw) ,ﬁu%lﬁﬁa\B:Iu T A 3 b L4

dB=

Pa J’ dB= ldlsma

APH Lra BRER, BEMNRAKRMN, BH%K— B F—ERA RS diE8-13 TR

sina=cos B, r=asecB, l=atanB, dl=asec’BdB
NIl
B = IdB ‘[Idluma F(’J. ——cosﬁdﬁ
I
RaEs B=4%;(sin,8,-sin B)) (8-23)

AFB M, AHNERFEHWMRRB P ANEAREPATHSRERZMMRA. f B
ML ) b3 A9 BUE(E , W40 1 T ¥ 19 B (.
MFERK"RMEFR, MR B, =-n/2,8,=n/2, Bty kR

w St -
sin 2 -sm( 2) b= (8-24)

ol
B4a[

SEBRSERTLENA.



BlfE 8-2 HAELE ML FRI#EH

A 8-14 B, RN RGEELE EUBR I T HEHRBETERE 0P EH
B 3 B

B BEE—SB¥iTidS5aiTRime
EPEMKE r ZE R IEAHN 90° M-
FPR/RE®R, EEMITE P A M 8RR R
dB K/ R

dB=——

47 7

F8-14 Bz | EHHiHE

FHRWITCHE P o MR BAREKDHE, R
EAHR,BE B SHER—HEH LA (E 8-14). RIE dB 4B I F7T THAEN K
RdB, SEETHRNSAR B, ATHHEXR E-HREFWRMERTE P A RNEE

RE3E RO B TR & dB, KNS, rE iR, Bk, R AR E LR RE P R
dB | BARHEWN , 1 dB, B ARANGR. FrLA P AR/ 58 BE O R 4R B b BT T dB, B4R
#ofn, B

B=J- dB,,:desin (]
L L

AP ok r SRR FEA. K dB RA LK, TRAS,

2wR

gt Jv Idlszin 0=F-015i7: 6 f dl:#olsir: ozqu
4m), r 4ar° |, 4mr
2_pi,,2 SR R R
EH r'=R*+x", sinfg= r (R
B bd

Mo IR? o IS

L (R+)” 2m (R+) " K8-23)

A S=ok’ HEKEHTH. HREHPR L& AORBURER BRI, 580 @
BHFREXR ERE BT, BHRSE. MA LIRS TR L RE R X EREIHR,A
TEE AP 8-9(b) v 4 th B Rk R LT 2% ) 4375 ) o BT LA B B MR RS A TR A — A S i

TH#.
THEREMEBR ALK ER.
(1) EELR 04 ,x=0,8 EXR
. .
B, =4 (8-26)
(2) TEmBRELL, B x>>R, NI B4R % S8 B TN
B:ff, (8-27)
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18 5 5 (1) #E 15

(5-)

m BN WL B B9 07 15 (magnetic moment) |, B K/NET IS, &
B9 77 16 5 R I T 3 R 160 (el 2 B o ol 0 OB 1) 2 T B
WghsE, 2BE8-15) HE, X rhay e, Fim MR Iy ] 4 247 &
BONREEA NGBS NE N, X REREEE XN

m=NiSe, P 8-15  $UF WM
BIARER , BMA B AR H (8-27) T RER R () B 28 5 1] F0 S 4R m
I ) 64 #4152
pele (8-29)
2mx

Piel 8-3 HREBLE NN

FMREE R4 32 M B 0 4 T R T b i SROBE TS AR P [ 1R 8- 16 (a) ). MR W HOE R
AR EHHR LR KERLE 0, E8-16(b) fiR. I HIRAEARE L P SO
TR 5 B

l

(a) WP E AR LR

0 000000000000000000C0O

LAV, Y

4, P aB 4A;
[ ﬂmmmg

1 <g__|
(b) T MRER B i _E 2% AR NE 7 58 B Y -390 PR
B 8-16 #KHMEKEABNKETR

B OERAE EER—/DB AL XNB E AR ndl . B RSB RE S, T A
S0 oL A, BB A X — /N B b 6 2R B X T e M Indl B — AN BB BB . R R
(8-25) , A — /B b AR TE R 2R | ax P BT 980 50 1 33 1) /8 3 i Sk

_Ho _ R'Indl

T2 (R4
A LR P RBIRRE b dl Ahix— /) Br 2k B 0 B 3G , R 2 38 3 A O 1) MY VR T . R O 48
LREWENBAE P BT 2 0 R B 50 00 7 16 B IR , I bt s R A 8 B 7= A ) M R RR
I3 3% FE

Mo Rlndl
B= J-dB f (R2+12 in
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ATETHS RINGIASZEB A LR ERRTORMES I P &8 dA/NERE
EE—AWEE r ZEMIEA. TRME8-16(b) AT LIF H

l=Rcot B
o bR
dl=-Resc’Bdp
X R+l =R'csc’B

WU EXRARRLZER BN ETRB, f18 RALAEH

ﬂi
3:-‘;11.1 (-sinp)dﬁ=-';1nl(cosp,-eosp,) (8-30)
B

WRBRE K TR K" RS E K ERHEEKBEN B, —m.8,-0,FLI

(31
X — 5 A G878 TR B AR IR AR B AR L B R R 5 BE A P ﬁﬂﬂ&li*- T
A AUERR , % FARLERNEE L8 A S R B MBS T pond, FIL TR " R4 P9 30 00 8

BRI,
XMCMAEA N COR UL, BT A, 1,8, —/2,8,0, FTEATE A, s< YRR B 58 JIE O

1
B—Tp.onl

BHFRABBBNEREN—F KERKETHMENBBIREN T MEERITME, ]
R TERAFREENHE, £ FUERTERAT R, BERRR-FH O R PR AL
B iy B fE 2 A1 08 KB P 8-17 PR

el i
/ \ 1] e, 34 481 A9

A4, 5] Ay ® %
F8-17 MEAEHR LOHE A

Gl 8-4 ZBE 4 8 ( Helmholtz coils)

FEERER, WA ZIBEERB LR O A KRNI S#E. CR_RE X LR
R R SR B L, e ZE R ERE T MM, it BRK E b O A MR
e A AR

M EWAIREMERA R,EE NE, BESARTEYN I, ER AR E8-18(a)].
HEEEMK L& AN H MY EME R L, £/ 0,0, &b, BB &M%, KD
i

2 NI
B, =k D Be NI co.67712
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€] 8-18

TEPILR M B b 2% b P s P AL, B JRR RV 3 BE A K/ B
SRR e s

g T ey
i ;
M5 2 P RPN R/A L8 Q,.Q, P AR MR R 38 BE 4R 46 T
o NIR? o NIR? 2 poNI
T T
EXBMAR ERMESR BRUREORMERN LB, 5B, ZH. ¥ B, 5 B,.B, %1k
TR P RMERMK LR HEA E RS S, 415410 B 8-18(b) ffR. EH R

KREA(8-25) GHM BN HRRMEMAEME L IMENREG 56, TRRARFRME
o W 2 45 ) A T by %

=, EBEH%ES

B RBEEE, SETHERME KRB T EEZ5, HiEshd
v<<c( G ). B I, BT e Y MR B 3 , S L R A 3B Bh 697 R F 7 LR B % ()
BRES, THHNER-FRREREZRBEEZHBHTHRMBRER.

REFEERAERNE 0 MTLMEARESN TR T, SR TFHA®R
Ml q( N THARK, XEWHEIERA) , LIHEE v i B Wit TT 1 87 e #iE
BT 7 ARk b ) L 3 (LR 8-19) . ISR M TR B TE A S, BB 4 B3 B (8] P
A S AT R gnoS, BDE

I=gnvS
WD 1A FH 5 F v HFE, EBWIT I WA dN=nSdl M HE B FLUREE viE

B ,dB B X L2 B AT BT MR B RE S, o 1 AR BE B - B AR R E A I IR
dN, FATBE AT LATR Bl — A LUE B v i3 3l i L 77 T R R 5 O BRIV R BE B, Ky

B h‘dﬁ_ﬂqvxe
" dN 4m P

(8-32)




IR ET

Rbe REFDEHHTERBAGROWBMURE, B WHEEET vfe FraAm
T 0 SR IE B e AT R E AT, AR A B, B8 1 R4 FIRBEE N ; Rz sh
fr AT R4 B, iR 5 2R (LA 8-20). WK (8-32) Al F HXHF—F
HEL HANERFESMEMEMR T ME N, KRHHERE. Hit, &R F &P R
SE 1 HL 732 30 B9 07 121/ S s O O 12 BT R IO R, S & R 3K br E R FHER
16 32 4 i 84 e B R 4 R AR ] ).

(a) B H T4 1115 (b) B H T4k A

Bl 8-5

EHANERTFEE P AFREESEBEEs, BHEEN r, BEHEN 0 R
(1) $ilrh LR RBNRE B K/D; (2) EFSRRETFHREHNERE L SHEAS R
LZE#ER.

(1) BTFRYE SN YT A B B, A B [=ne, BRI GURE 8-2 RIS R[ K
(8-26) ], ¥l 0 I RE MR AL 58 BE B, B /DA
W

2r

& 3h e 5 BB 20 2 (8-32) R W7 LA 78 93l L i RE R SR BE B, B9 K. B

S W TG00 M 4 3 B R 5 B A T BE v =2enr  HBE 0 B9 (A1 55 R 0 r 22 (B B9 I A5 O 90°, BT LA

B,

boStn i tn 7 o
PTG R
(2) BEWRMEB N S=mr, BT LUK 69 T BEE R
w=I8=nemr’
BT WM RN y

L=m_or=m,_ +» 2wnrr=2m nxr

Kfm HEFHERE LEUEWATH LA REEKR

E ) /

e
s—17
ﬂ' 2m,

HERABEN TR A REAFRESUHE. BAha “
FESHFMESHRTAHRE AU LM p GHFEBFRER, @020 & ronesm
A 8-21 fim. FEXRERKXERN i xR
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i ﬂ*“"i’;“l‘
x—&&ﬁﬁ%h?ﬁﬁ%&mﬁ&mﬁ

EREE

8-3-1 TE#RA MW 1 A9 B [ B b | (o] B 1 P9 45 ARG BN SR BE RS 1 R B MR 2 [ 8%
HESH B EFHA?

8-3-2 KWREFWMOBBNIRER unl, HEWBO L R
Mond/2 X RARPEBRE PRI LD ER I OB RE? &
VIR E AR A 1/2 BRI R AT T 7

8-3-3 MREMKBHIE T FRXX  MEHROBER LB EN
FEA i, 4n P BT ) U6 26 X sk, o 7 A R R 5 B R 7

8§-3-4 —AERKRMBHERT P OA—BIHBE. [ (1) FE3k A 8-3-3 M
i R AT RE A BBR 7 (2) TERRED LWL KRB A (3) Rk
R0k 306§ 2

§8-4 MEERPHNEHMERSRIERBEE

e e 4 4 A AL A e 0 S 3R e 37 5 B 4 B B S L 5 TR RE M, 4R L O
A B ik 7 0,7 Tk TR 30T S LD 22 A S - B A LA

—. EEMBNSHEE
£ § 8-2 WWRATIHE T F BN 4 Aol B W 42 R S O kLl A PR
S B R E Bt AT K R rp:fB - dS. X F 4 P B I T, — AR AE 1] S 6 O 1)

NIELEIE D7 18] SR, BN 2 A FA 6 1T 2F 4 Ak A S8 R R IE L SR AR B9 M FR
PR TR BRI AR PR TR UM A AT o T 190 DR BT 4 4R O SR %5 T 58 1 B i
E BN LA AU BIE— At mARERSE TE, IR

§£57d5=0 (8-33)

b FFR N 18 7 8 35 9 8 87 7E 32 ( Gauss theorem for magnetism ) |, 42 B3 B 3% 818 A9 1t
iﬁﬁz—,ﬁﬁﬁﬂiqlﬁﬁﬁﬂfﬁﬂilf - dS= Z R {H R 3 1) 7 7 8 2R

Eﬂ%ﬂﬁﬁiﬁﬁ&%ﬁt%ﬁﬂtﬁﬁﬁﬁ,Eﬁ%&ﬁ%ﬁ%%%%ﬁﬁ%&%ﬁ%
WG, NEBEFNGR(BE) RBRBEMNBELNEE, FALUBESERTE
BRES, TRERRS, MEBHEBRNETSI TR, RKZZ2AEH, FF LG
A FRIEL B4

BOHNETERSHHEANE T EBRANRORAFEELHRRREESR
TR (B T). 1913 FREWEFHKIKDFT(P. A. M. Dirac) & A |
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W T RE AP TERE B0 AR 7, 648 R PR AR F A BT (LA ¢ #m ) R B T 4LAY, T B
BB S FRFORAET he/dn(h BEEMRE R, c BOLE). BREART
RBEESHT ROt AT 8 < % — B0 DL R T SR R A )
KA, LA L4k P B R — A B R BIRE PR T SR, A 750 BB n 32 2% B ¥
#HER , ARG TR B A BRE A, ANTHR S 3 R BIE # B

. REFBEE
e ek | v 1 0R JE E E — S R A B (B B9FR) S T2, 1
ﬂEwhmz&&Tﬁ%%ﬁﬁq%ﬁ—ﬁﬁﬁﬁﬁumﬁﬁﬁm%¢Jma

mﬁEB%E—W%%%%%ﬁﬁiBdﬂﬁ¢ﬁﬁ%¢B%EMKmumw

lation of magnetic field ) | ¥ fz BR A8 5 B 3% A0 H 4 1 R IR 7
PRLAE i B 5 4k B R 3 4 ) ok BRI B AT — M A AR 4R
B TR EANER. CAKERRSEKAENMBNRE—-HU SR
Fha B RLGE [ E8-22(a) ). % B F 540 V1 W AR BAE— & B B i A
Sk L[ K 8-22(b) ], 4k bAE— & P ARG 98 BE
!
B_Zﬂr
d1 B AT, dlcos O=rde, BT AR B AT R B S8 1T T X A G MR B R
Bt H

§B di= §Bcosadt jﬁsrd,p j ——rd ——j dg =g, !

MRMEHE L A AEEETHSKNTEA, WK L Ld&— B4t d 4
BAEEATEHSATFHANS KR A, SEETHFEAIRE A, PTLL

§B - dl =?§B . (di, +dl,)= fﬁﬂcos 90°dl, +§Bcos odl,,
L L L L

2

" pol

=0+¢ Brdp=| ——rdp=pu,l
+£’ il Jo 21'rrr P =M

MRS EHEAFE.
R R — M R AR LA RS [ WA 8-22(c) ], 7R

2w
-f_ I L
ﬂB dl_i‘Bcos(n—B)dl—i Bcos 6dl= L 5 ordp= ol

BagRg il nREXTHASHAERMEOKRRE &, P& -ul=
o =1) BRET A 3 P14 b 2% 019 5847 7 16 e F , o il R IR A7 L
PEHESERES B RBORT S A A LN RIX, ERMMA G &
P9 i 4 P ) P BRLAT K
1 5B B A 2k R A B E R, S A 8-22(d) BT IR R AT 0 A
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HEM&HPIRTL OP 5 00,15 P Al Q A& R 4> %120 L, #1 L, WER4Y.
2 b 1 R R 247, T LAAE

§B di= B dl+J’B =~ (lego dego):

BPPA & i A 40 B s e B KRR IF T N E.
ks

T @
F8-22 LWIEHREH

UESRBRENKERA T LB S0 R0 T 00, EHEE R A WEE,
SHEBILAERER FRMOBFHBLEAN, MAYLHASMEQEZREAMFL
Bof 4 [R] A, B — T 5 A

ﬂn s dl=p, T 1 (8-34)

RE-3)REXTHRAESEFBRUZZHHERMNE, KT ERmER
( Ampere’s circuital theorem) , A TR T . T AR, fEMAESHE B xR ZE
RO (BEARORR) FTREHNHSE, BFUFT U ZASHEZADLRNT
B T R & 1B E A RO AR A

A (8-34) FEAF K IE RSB 7E ] & i £ b AT B £647 A %, iIn R
FBORR 4y B B8 4T 77 [6] 5 L 00 O 16 996 2 A MR S T, O R O I, A B0 #R R A
. B0, i & 8-23 FR M =F1F 0L, B W& H & MR MR 9500

B - dl=p,(1,-1,)

Ly

ﬁqn - dl=0

§ B - di=p,(I-1)=0
Ly



§8-4 hEEBOGNEE S ERARER | 397

/A :
]2 1 I I

JY o))

(a) (b) (©
P9 8-23  fif e o B it o BB ) 5 5 AL

IE N7 i S B @ T B — P R R 8 S A S HE R E SRS
P G iy TET PAY 6K R R A ST -5 P 6 ol A ) BT FE O, 1L PR B T % B 3 B
EHRZEMALMAOTR. EXEBNYEE, ZEAKREE PN I ARFS

Rk R, B B a@ﬂ:m@lp cdl AN RBNERELE, TMSAF TR

BHNBRLX  EEREIE-—SHRBEEEBHNEFBERER(TRRETFT
W) M ENIHEZ A B INE 005 RE B AR

EH%%%WW&M@M%%EEEMWﬁiEdh0ﬁ¢#ﬁﬂmﬁ%
e — AR 3 B B A B B R R A R 3. (AR R B &
E%EmﬁwMKH%%Tgﬂﬁﬁﬁm%ElrﬂK%mﬁﬁﬁ%m&ﬁ

KRR, XA HREFBRRAESMBEGEERR EARMSE. R, A
FTBAREBWINRAAESE TR EEHEIBHWUME RS (curl field) , i EXEH
HMAE %S T2, BT L0 79 68 35 0 18 7 #E 45

=, MR E i SRR R 3B B R

W HEIR e B AR R KA T 18 R R TR A T 3 1] R R 6 R T
R -pE R E R R AR S B A R M 'R R E R EE A
LA R R SRR g € 0 e 9 A B4 B 3 1) A, 1B 24 o 9 43 A LA R AR BR M B, L
5 T % 5 T AR AR M7 B b oK R N R BE . 7 N FE 22 B FR B S TR R B R N 98
B, 5 17 0 30 i TSR i e 7 9 BE D ot e 6 A BB 3 2 A M TR A — B, B X R
WA A — A, Bl R AR ERE— &S ENELE
B[] ) o 43 7 {02 (] o b 4% s T R T O BEE AR AR 5F , B K IE B R AL AR B
SRR S TR L A 4 A B R L R BF b T B R L SR E O 1k 5 R B O e
H, B - di=0, 0 5% ix L & (4R 0 R , A BB X #4 2 A BR 4 E B  FR R BE OR B E
F G oL TR ) BT 6 B A R R R L R 5 . T T2 LA R B

BiEE8-6 K EHEHKUR SN IS
BRI A6 804 R, (B0 M M 1, R P A 0 R 3 .
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B T RRERRTT WS, RIS, SRR P( Q)RR IR
b PR Q) 5 5 £ 4 35 A4 BE B8 /N8 B B6f , 1T LA B 48 3% /R E PR AC. 7 0k (X 480 Py , A 35 % D
BHARAAXMNRYE BN R REELTHEFENREN P08 F 0 HE[mE8-24(a)
Bim]. i PR (R Q &) M—E2N r MBI BIL KBS E B, h TR EE &8 BN
WS, A5 AR A Jrm—28 BT e, B R RE A

§B - dl=B2xr
L

R >R(EF PR ATER 155 0B, by 2055 5 B 2 2R 15
B2mr=p,l

p=tl (8-35)

“2mr

R O T LA B TR B T R A R 5 5 K EL S e R RS A TR

x-—-—-———

(@) (®)
P 8-24 [HI T WA RS AT R
WA <R, QEAERSKAR(ES Q Q) FRAMATBNARRSH: (1) YaHY
NNHERAERFEREEN FLRIEHOEMAT, A LREFHERSH B2nr=0,
B B=0, BEAE— RAWBBARERNT; (2) YAMY9oHAEREESKRE Lo, U5
RS BB AL I = (1/mR" ) e, BT LA R %2 55 57 B 52 BB 4%

§B « dl=B2mr=p, Iz'rrr1
i R

£ SR P Q T A R 58 B Dy

B=;::;; (8-36)

AT R B AT R Py R, RO SR R B T AR A BE RS - AUIELL B 8-24 (b) PR T REME
RESRBES MR AOBE R r MR R HI4R.

Bl 8-7 TMWARKEREE MBS
W RGRY ST R K MR A B 1R P R AR R
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BB TRAEH MK, TSR P RS NBESTURRELR KRR TN,
X, FERE WA AR, TREEANMENRE R SMAFITHESR, W E
FER — BRI & 4000 B AR £ B0 SN, B R 58, 7T LA B SR 3T

HTHEEN TS H P KB &N \:?....“.“-.?;/
WA, T P AR — SRR A K
abed, MM 8-25 FiiR. Bt od b, U RER
B be 1 da {1 TSRO, A A ERBES,
B=0;1 be fl da L FEAW M, BR B0,
Bdl5BEY, BB - dI=0;% B ab |4 SR M8-25 KEKXEARGHITRE
R B A /NS, O S B R AT — B, B o B b. BT LA B KR M 4 [ B abed
HRRSH

§B-dI=JB~dl+IB-dI+J’B-dl+fB-dl:[B-dl:B- | ab |
L ab be od da ab

T ARLR A B 1, AT IV LR R, WU B 4 BE B N/ = (R P, 3 4 R P
ML 1, B 1L 5 B abed 43 RO R A A1k | ab | nd, 4R 48 A T SRBE s T AT 01, 2 9 A BUIE
. F &, bR s e s, B

§B‘dl=B- | ab | =gy | ab | nt
L

s o [ 5t (557

B TS T B R R, K3 ab BREE W PRI, R (8-37) MR L. Witk, KR KR
SR PR — B B AR, 07 1 AT FRILR, B0 IR A SRR 9 o () I A O B R —
A . bt A e R 0 % R (R, B B Y K T ik
WERZ.

Bl 8-8 & IR 5 IR A RO R

I 8-26 Ffm , 3R LB A BN N, B A 1, REREEIF P R R .

¥ SETESRBAE b i — 4 I E L T R SESR , R b Y 4R M SR 18R K , W B 5 L
-2 W04 b 72 SRBEFR Y, IR AMREIH B T i1 T R BR vk 0 B i, B o0 35 R 4R A R
— L, OO B EE TR ES L. 7R — KRB R b & rU N 58 B
iy B R4, 1] Ab Ak ¥ T ) DR 07 ) , 3 AFF T F AT

HTHHEAR & P ORUBIRE, 7T 388 P A ARBALR L fER BT E R, &
FREE— S WBERE B MRS, S d R ,EEE B RBRAOF R

§ B - dl=B§ dl=B2xr
L L

R P r HEREER. h EIEF R EES
B2ar=p,NI
BB 4 P A3 BB A 3R E D



340 | EAE EERKMOES

ST

—

@y

D

(a) 45 (b) BT ARSI HE
fE8-26 RWMMLLEFHNHEHTH

LI REEQRERR, EHTLR r,-r, WIFTH5 r VB LA E 8-26(b) B
7R ] B PO T 3 59 S R AR R, R T T AT B P B S 0= 2o, U R P 5 BT R
Bz 38 BE B 1 16 %

% Bz"i*’lﬂ'=p,,n1 (8-38)

S n W RGEIR B A BE 00 M8, B O 155 o G 1) AR T V2 R, 5 0 87 B 4
R—B.

ESRE

8-4-1 FREBHBEHBERD —BABRKBNESLAE MRS
8-4-2 Nt APREA K/ AR 6 A SR A — iR R Ze R 5
8-4-3 WREFME-4-3EFHBPLRPRBM 1, .1, BHh 8 A, 45K EFRM=2%.

MAKRKL, L, L aqsmmﬂ; B - Al 3t (1) TEEML AR & & 608 R 8
L

BREME? (2) EHARB L LENNYBRERE? N4
8-d-4 EHFLLUMAAHR CHARMERMES, S, WREERHS.

BEG8-4-3H



§8-5 WK FERFHMESHTHES) | I

§8-5 FHHN FHERBHMBIAFHIED

— RN ¢ R T, LU B v FEREY B 3T, B3 X 5E B W AT AR LAY
B 3 1 W 4503% 46 2% 71 ( Lorentz force ) . TR FF v 5845 B TR M A 6, Wk
3 KN A
F =quvBsin 0
HAMEETF oM B ik EWFE, BB v B/0TF 180°# MR B ARKE
FREXRIE HEBATRRA

(8-39

%t F IE L7, F 975 16 G0 B 8-27 7R , %4 T S s 1, U Bir 32 A A7 89 75 [ IE4F A S

Y45 2 7 9 77 16 R 0 e L F 8 B B O AR X — S, IR AR 5
B {4 BT 8032 3 16 R A DR R, TR < ok 2 L BE G KU IR G O O X
BHWRR TR NES TR, XREREN NP EERFE. T EBRF BN
F7£ 38 59 Rk B 3R 195 8 35 b 0 38 sh AR B A A AE — 18

1N FEHSRIBHMNIER

BE SR BBRRE N B, — B Ry ¢ BN m §ORT, LAE
v, HABTS. REA MR o, SBHEYT EHTHERTFHERENET
T RN THARBRNEIEERES.

MR v, 5 B EEH (WL 8-28) XHHR T H 32 B 55 sh U7 M H A KD
F, K/ F=qu,B, )i B HTF v, & B. ff LORLF B 9 K /DR, RSO3 T .
5 B TR 5 3 B RS2 3, T 4R 2 TR A ) 0 ) B A, TR '

qvoB=m?
T
e 8-27 iz & o fif FE R IH b ] 8-28 HF e B TE 2] SR EE I
Fit 5% 8 55 1 9 75 ) hizEh (P& v, 5 BIER)

R PR RS s i BLE R



342 | BAW fATHMARE

R;?Bf (8-40)

LR 58 B T 0 T — R BT 9 A IR T )

_2mR_, m

. = ”ur—ZquB
X — JA ] 5 OB T 0938 3 8 B TG 56 (X — 4 AR /5 T K 1 248 A T B8 A 1 AL e
AR GBS R ) . b AT S E R 1 ) o [ R 52 B B R 0 R

w=Z-1p (8-42)
T m

F8 88 3R B /N 5 4 HLUBL T 1932 3 B 6
WHR v, 5 BHZROMA(LE8-29) , BRATTH v, S ERF 4 5 & . FFTF
FBHSFRE v, =v,cos HIEHTF B M KB v, =vysin 6. v, {FHERFL 0,
HEE TG FEAESEREES. o, B8R FRBS T ES EESE
B, HE BT R — R, BEL LR R
mv, my,sin

i i’
qB qB

(8-41)

SREE R

2 0
h=v,T= v//Z"H’R = ikl S (8-43)
v, qB

KA T AHERE— At fE). X (8-43) R8I, 8B h HAEAT T RESH 003 FE 401 0,
AR AR TR A v, Bk

F A — HOE R /NGE AR R L5 R0 3 BE B (4 3 £ R /DN B 4 B R T oA
Wl — R %, 78 0 AR/ T , R 0 f i IE X2 5] L AL ENB S, B
VAR 8B T T T 39 4 S 68 T O (R 24 422 1 8B R 4R T o, (B B 1T
HERFAT SRR, E RIS MR (8-43) ], Xk, B HHRT
ST — R ZJE LR TR — M. M — R 238 B S BB R KM, Bf
LAY il 38 75 (magnetic focusing ) . B B A1 ¥ R FI T 3 B0 25 3844 hovd ol oA 3
B 8-30 R BAE Dl FRERARENRER.

LA )

\\ \\
NIANAY
J\ %

—h—]
M 8-29 LR T AT IREE B A 8-30 REEM&

FaE s (i v, 5 B HAK)
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2.ERNTFEIEYSEBPRIERD

W LR T, ol Tk AL B A AN Ao N G RZ G A B ZAFX
wRiEDH BRENFEREMERBEB AR S heaF A S P ampiERE
8 @A R, A K KB AR SR A 6 e R 4 B 8-31 B R, Rl BT,
WFCETFAFHHES T EINEREAECA ~ R OBMIRBOFTANS A, 5 H ML
FTOETOQHSRBEG T OEZ. AR TRELE TSRS T OO RERKE NI E NRiE
RBETFREARGED. pRE-KIDEHBATZETHA - AARABR THKF S (B
8-32)  MAMm BB R MH N F o ETFHESREMEGHEN, RO EF ECETHMRAL—
EHREBAANEEED. S TF L BETARBLYIFEHFRALBIHEER L RAMH—4, 5
VA X A 3 F Ak 4 B ( magnetic mirror) .

HH TR

e

- T 1 9.9 N
25 18 2]

B 8-31  LMEEH R M8-32 MAREE
1 3 i) A IE LR T4 3k R )

TRBYRAARLALETFEEM. AARKR - A KBEK, BHERMLEH I H.
SRANEZMNHREFCET(FEHA)EABAY AR EE EFH R REE L EHER
RIEZ) ,AALERBAAEHRR R REDOET BRI D ARETFALHELEY
RE A RSERS,HRE LS (Van Allen) S 4 F (LB 8-33) s Flast kst #hoh AR
FREJAT—HS A KMEFEHRTFEFTHRE TN I EHRETFARBEAEL
5] FTABKAMMIERANKRLEN W RAUME  RERMEAL AR B R LY k.

P 8-33  aff e b F BB RS IR, CERE/R N R AR RIEE B LIS L S R AT

EEERBAREEY LARREDRLETFBEFRE AEENLFFEE LA
HHBE AXAFTNEE TEAHAREENHRE-AN"SE"L? ARMAFERBTEFD
R (tokamak) #9 A, & 4 HABPHRHBEE" RELABY R AR REFBFHRE AR
FHEBALHEXSE VRS PELETFLTHMBRLANERNED FEFARMRY R



344 | FAT fHERAKNES

EXAHRBOBERY AR EAERTAL, FRAMBEALM T HEREFM. B 8-34 24
FLALEHAETER RAMHMGPEAXRAZ ST MAR, LT 20204512 A48 EX#
BAER B LA, ZEEHL RN FTELLAREE TRy,

B i oty B A 1) 35 4 oL UL
k28310

(a) JR B35 (b) scmHE
Ml 8-34 FEFRTR

T, RN AE A A AR 35 R A0 B 3 AR AL

R ETAARNEEG P HAondEvEasd T LT o F &L eHh AP
FEFH A FEER,

F=qE+quxB (8-44)

XB- 4B IEHXEAR s T F o) Tk i  MBEFHAE 4, FLET
WHiEHFR(RES TEERT)HA

qE+quxB=m L.
dt

Xt mABRFHRE E—BOKAT, KRE—FRA LI 26y FE L AN T REA
e RENTCETEDGHT AN S ERRGHH AL A L4, kb L8
FRMEAS. TORNARFTLETACHARHNTEAG LA M ER EL O EH.

1. [B1RE fm i 2%

ElhE Mk (cycloron) R R FH M B HEHEF TR T HAFFH b T6 - ALEE.
H8-35 Amakmd BHS4HTEAD FD, AHAFZALTET POBALAHPE, ¥4k
ADHEM. BEADHBEREFZHRFZLE TRAEGHZ A ERARS A E—ERE
TFEGO LRSS RAADHOURKACBEYBAMBZN EH-BEAHLBB-DH S
ETFOMMTFE. wREBENER T R PAMEFRAM T BT SEBEFALHHR
Tk GRAAED, SBTFEAEAZIN AAEATRNAA L BT HEERRFR
T legTFiaeAsaneematERmnhrzh ROBAiEd , §X(8-41)TH T i
X —FENEDFE R

t=— (8-45)
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A-BEESATHARSBTHORFBRL P RASEOHR v ML 5 HTAR

D &3kt bkl BB PH LB FARECRE, BmETHF Ak, B Xk E#
AD, &£, FAED, EAUMENBRAXFRZHEREH (EFBREEFRENEL, LX
(8-40) ], A itAnm ey ot i t B, LR B S M A R mik A D, £. il , REMAED B
BENHEMAG BN EPETEDHETHAEMAAREAE BRFEF LET S LEM
BB b A e heid . 1A B ik KK B B AR L R K, R B BT R Sk
BOEHRIE. REETARGHRENKB ORI E A A EFHEE T RBFER T4,

BN

P 8-35  [B] fE n i 2% HME

SHEF R BB ik B BEd e, LAK RS RRE  BTHRERME RO AR
B BTFEXENEHAEARE K. B, A TREFHFRFT M54 R 0T
ok LA ETETRHENARE MR FHOMRTRTE S MK, 4 2 5 X (8-42) T4,
AR om=gB(XF g BRFEH) REZIAREZR AN T# 2R LTFLABR L H
W, ARG R EAE BT R Y ik, XA ek B o ik B 2 B K8 i 3 8 ( synchrocy-
clotron) . i EH A LR S DHRWEB-—REAThERAFRANEF ADLTHER
FrNNI R it FAR D REFETF R T ME S,

2. B

JR i ( mass spectrometer) 2 A Hf b F W S AU kLS e b HEFMFEFERA
HEFTSBEFRG LS RAFARAGEGETL T L L2REEF # KK (specific charge)
HALE.

1% 8 $) 2 ¥ (Bainbridge) F Rt #) AL S H B 8-36 i~ AEFRF AN ETF &
S B5S, XMk 0BG HAP 5P, BHRZEAMGKE LEP PP, HKZEA—
BAgepE RAMEHEAKEENGH A8 B . S EF(REQOBRABTHRZE, EMH

50 H F =qE s F,=quxB' &K R, & 5 85 0 E4FHA. iﬁ&,ﬁ?ﬁ'i&ﬁ.u%ﬁ
BT, AR quB = qE 4 &4, ol 4 b B A ) 60 BR ARG AN S, Mtk AT AR E
v#%ﬁ!%,#%iiﬁ%ﬁ%id P &P, M AR E M REREE(E8-37). Ank

S, MM ERMEA LS NARBRREAD BFOELTHREEOIGHABE. BTN
HE, LB HNEARESRE RESH, KL F2H R, B X (8-40) TH#
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BAE fEEBRRNES

_mE

“¢B'B

EXF g EBABHAXME B REBFREm AL PARES HERGFIEES
F L EESBYRAEn FARAAEELZRAAHEARIES. B REE TEE RAARN AL L
BEERBATIH B2 % F o485 K F. FF oL AL E =] fOUR AL B T vl 8] 2 Bl 43 K #9 A48 3T
BRFRE.

R

e ® wlo\e @
-
|

‘G.Do

B 8-36 B 4hr At e R G EE M 8-37 AR
FEETHLHFFESARFINAAT LETFAS AL, ERARETHEHN AT
HEF FEATAMNERE & ETOFAL

_E
"RB'B

(8-46)

9.
m

EEHAA EHAMATRA—FLETFHRUAREL EAAEAERZFEETHRFRA
BFEER m=ym, TR, AELHAX XRBETARAGALFATHETHEAA
FEM, AARFLETHEHF AL LR LHE.

B AR RS AR, Fl o RN ERA LR AEARKSE
a%.

=, BERBE

1879 4 /K (E. C. Hall) e WME 2], I — R SR 5 ER S S, IR
REXp R T E W A A A b T PS4 PR OSSR e
(B 8-38) , X — A FHRN TRV (Hall effect) ,iZHBHEHRNBE/RBHE. LK
WE EBREEENANSHEE I RBERNEE BRIEL, MS5EAE B
B dERE, Ef8XRATER

U=V,-V, =R, !_&12 (8-47)

RF R, B—H &, A ERRE(Hall coefficient) , B TS #1894 k.
BRBNAHAREFREPHRA FEMG T2 ERENNIEHRER
HEBHSEN. &R ISEIE, FEFHERE B b B TERGERTIEER



§8-5 WRRTERHNESTNED | 34T

a/f*il———? b/{++
* U_Q Ey Fnm
ol '%/ ﬁ' ®4 f/%'ﬁ‘
+ + /
@ (b)
B 8-38 &R

B EE HEshm SR A e EFAR, MREEETRARI A -8
SEEY B, X H BT RBRENER, KR

F_ =eiB
Ao BEFEMESHFHEE, e BB FHMFTROLENE, 10 TmELEIE
8-38(a) ], Fib ¥y L EB XEB/AELRMMA N EMNHZRE A BHR

R, MM HRAT , AEROIERFTHR, 45 R7EE AL RIT 1 @ LK
My E, RN ERES. RS A B TRERN

F =eE,
FiEET. YESHEREEDFER B F,=F, B FAFEAREEBE3, &
KESREF ETRNREER—EEMEHEE, SEAKERET N
E,=9B
D ViR
V,-V,=-E, b=-9Bb

B R A B 1 B FEO o, AR I=nevdb, LA L 18

U=V,-V2=-% (8-48a)

WRPEDKERTHERK ¢ WRENNRE L, FHERKHREF M@
LB E 8-38(b) |, XM E/REHEN
IB

U=V,-V,= (8-48b)
nqd
Hoi sk (8-47) Mzt (8-48a) LI K& (8-48b) AT LI B B B /R A
R,=-Lagt R, =1 (8-49)
ne nq

/R R IE SRR T R T BT A AR A IE SR KT Bk T LK T o S Ak
BEZCFH (p BERE) B R F T (0 BRI B 0T LIW & BRI F K%
Bn FEERFEFRM FEE n T/NTERF A BB FREE, THILK
i) AR B B3, I LK P2 T b ek T L 4 o B R L A R AR, R T 1 R



i MI WAE  fEE R WK e = e

WP, BB FE . 7 A s A R EOR S O R A AR T
BN

EFHRTAEP R EBRAR, XM E B EA R h 0 Bk LB
RYZEAS [T 488 Fh MR (I L S BB SRS ) i 8 T 7 A= ) 7 R I, ARG K o
8 o i o R A LR R, A RS AR T o M
L B, MSHMHHIE B FHTZRRENNEM E2FMELT oM B
R P AE R JT R, G5 SR TE 2 e PO U ) Al b P A e 4 (LR 8-39) . X A
R 7T N BA Fe sh VLA AR 2, B SR B BB G Ak vt B, BRI THT B3 46 2, W bl K st 42
HAHRBE  REFFEANFER. REPERUESEN &8 TR, HFH R T
B AR A& B L, 2k 10.3 kW,

O « x «RhilH

P 8-39 Bk AR ER

"W, BETFERMM

Bidfgth EREBH ERIRA —RORBY ERFTFTELSERUEAT ZENR
B R ERLY £B4
U=IR;
Ry "MERere, 5K (8-48a) bt ERE LA
B

" ngd

Pp A A b PSP 3 A 4 AL 1980 SRR B 2 69 4 2 F R LA 4 (K von Klitzing) £ BF A&
28 P AL 3 B % (MOSFET) M & L4 3 A 3% (18 T) \#AK:2 (1.5 K) T, MOSFET ¢ 2 & /&
PMAZAGOXAHEBRT -2+ & #—FVOHEAN EREMEA U BB HOHY &
Kk R (B8-40) ,m RA L B 37 6 &0 F 2 rz_=_2_
AEA REXEBHBEEAOBRALSHS L [

X, FEERANA h/e'(e RO FHOFHFe 107 -
B, h RERN AT E)RA—NEB4FE r
T KL

EFAARA A B F E /R A (quantum Hall 0 I 3 5
effect) St E g L LA H B FEREBME & BIT
FTEFEREMAMAMERE TARAY N A 8-40 & FEmI/RBUN



§8-6 MEMAX M FLKER |

FReAh,Eeh BREM R/ =25812.807 Q2 THHE 107 BER 50 L% &M 1990 5
ROAEFERKES b/ REL B

1982 -, £ M e A F R Ao % M 4L £ B A4 K564 % (H. L. Stormer) , & % # (R. B.
Laughlin) X X RA R BN H I EMABET  FTERMBFLERRT ZEREH T &
ZRBAT iFTIBL23F5#HARF. L3t S8R FERBM (fractional quantun Hall
effect) B EFERUEF B ETFERLAEA LA, AL 3% 5 5 %K 1985 5401998
FENRHEFRL AANMKERTAF S RORAZL LB MA B FRGER.

gR%EE

8-5-1 —hfif g EHSRGFES, MW FARERDER, FHUAEH. (1) AEAH
T BE (KN B A A 7 R B S TR RO W A0 3 1 B0 AR ; (2) ZE S RS RO BT T, i 7
B g BUEN-q, B RESRRE, T A KANRE; (3) SHR MR-, A EEER
MRS wE R, TANURLE; (4) v B F =4A%E,B8E x x x X
BHAKBEA/NFH 6 REREE = KBRS (5 & b1
Bl mEHHRR T ERSTERCENENGHEASRAE X X X X

8-5-2 — BT HAT MR, 1 BRX AT 0 EE T 5 R
(1) w7 (2) BiFH7 (3) HREEHRERBIHIEREM, W2 9
R0 — i 0 X ¥ X X

8-5-3 WMEFTR, —MIE. b TFRMER - SHA—-HO8S
L EREMRERS N 20 H o, BABSEE, HELETNORE
. BRBRES B TR E W&

X X X X

BEE8-5-3

§8-6 AR FLMIER

1820 4F , % 3% 15 F 5% L W15 oL A 2 ] 0 4 L T, ) PR o 7 22 R AR T4
R EECER LRI TR F BB M IT, 15 8) T ¥ s 3702 8] B9 4 B4R AL A, 3
BESH T RIS MR E#. IR, IR T 1d] 7E 8 b 3 ROPT 3 B G R
01 dF 89K/, 5 R RERR N 58 BE B A K/ B T 1dT @ K/ B R R R T [dl
SRERAGREE B @93 0 BIEXBIEL , \TRRH

dF =1dIlBsin 6

dF W mEET [dl 5 B FriksE oV, 16 [ B A FEWET N e ¥ EXE R
REAH

dF = IdIxB (8-50a)

B, — BB AR B 8T L8 32 B3 ) 46 T1E e E & B ot L R
R ERM, B

F=LdF=LIdle | (8-50b)
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AN XY 22 % 47 ( Ampere force) . &, (8-50a) # h % 2 5 12 ( Ampere law).

i %E 8-9

8-41 RA—B¥ B F&, EH RN 1A
BERR RN S#S B b, KB 5 FRTE
EH,RBEBIERELREFE LGS,

B BIMETRALRR Oxy, X6 % B i o6
ZENMEENBIE L BET

dF=BIdl

1B 75 1 & B B2 BT BLC i Ah. B, BT BOHs 5 W ST AT 2 4 ) dF ARk & 5 1
5y K50 dF, F dF,. g T o W70 M3 R, Y S8 L& Bl RLITE « H W4
NEBMNRTE,RE y FASHNENE TR B A

dF, =dFsin §=BIdlsin §

H8-41 HHMHPH—BEBEEIR

BrEAG 1 F 2 y F7 18, K/ R

F=| dF, = | Bldlsin ¢
IL j,,
i F dl=Rdé, fi LA

o o
F= f Bldlsin 6= j Blsin ORd6=IBR J' sin 6d6="2BIR
L 0 0

B ES F AR B I R, 07 0 8 b, FC /N AR 2 T o [ SR oK P AR B R BT
BIEER S ARSI RS RE T LAREN, — T ERFANRRSEHES HEE P FE
HOMSN SR TEHSRREANERYN - REASRARANKERRSKRERS A
Emh.

BENBETATZHONAH BRI ERERB AN ANENEREZ
—.2003 £ FERR THA LB - KB LB ENRBTI F[(F8-42(a)]. £
THRRRABREE, YK ERB AR W RIEN EREERT. INELER
BT —RVBERERBE, NAANEA AR RE, B E A TR, B
o BT 7 R P8 A REME X B AR T A — B0 (B ), JE T R B X B R R A
—HEH(HER ) X —hL— W& EWRMES ERERT [ 8-42(b) ]. A
MR AT S R 1 ~ 10 em, 5 %00 T8 50 9 485 Ak, T BR T 3 2 3 A7 I 5 3 ) BE
BEFH O R RRP F 3 A 400 km/h L) .

VAEk , ZEANEEHE L OB B Z MM, in B ek B 8-43(a) ] i
MBI A S % R TIERE & 8-43(b) FR. 76 B3R F 47 i F
KESHER,F -BR(DER) , BAHERN—-FFHRA, 248 HNE
— 2 PRV, R O R 4 3 AT R A 3 R AR AR R BN, 1A
RK R B BE S . B A B AT N B L KBUL , KB R K. RE G #i T
LR K00, A R LA 2580 m/s RO (0 7 £5 5 ) S7HH, P T 200 km



b8 B AR, T ACAT 2 A L s B A R B R

(a) LB BIFAELR (b) "R =) I 7
M 8-42 BRI FEIIAEA

#o(aI)

B 8-43 MM

=, BBERLEnER

NP 8-44 7R FERBRNIERE R B SRS, A RN KT EFE
BRWERE ,HKAH R L L, BRA 1 RRE KV E S50 RAEEA 6,
Xtill AB.CD 5R§%EH. ML ER, TR BC F AD T g# 35 715 514

F,=BIlsin §

F =Bl sin(mw-0)= Bll,sin @
XFA AR —ELE b, KN 7 AR, A .
F& AB 1 CD i ZMBH N8k F, M F,, B

F,=F,=BIl,
KB HKMHE, FEHER, BERKAER —HL L, ENERELXKE LKA
KA

M=F,l ,cos §=BIl,1,cos §=BIScos 6
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BAR fEEBAKES

(a) Sz (b) R
8-44 FVHBMEABMEHTEHTIZHNE(KBHEERSHEL ¢ A1)

KA S=0, WEBOEHR. NRHAXEFHNERE N W MBS EAERS @
KRB0, BT 6+o=n/2, L ERAE R

M =BISsin ¢
INRLEA N, 3R 2 L8 BT 328 5 R
M =NBISsin ¢ =mBsin @ (8-51a)

EXFH m=NIS REBMABE, T o WRBERE m SHBIRE B 13k
f, B AKX (8-51a) Al H il K B

M=mxB (8-51b)

K (8-51) AR 75 4k B 3z , 3 F 29 57 8 3 o 4E B R B9 - 1 2% ) o, )
JRE . B 2 2o 7 BT A I ) 0 s LA B R i A B, AR T B R A
A B AR b i 32 HORE 1 S

R (8-51) AT A, % @=n/2, 75 Bl £ 8 °F i 5 R 5 07 1) AR P AT A, 4% B
RPN FEHNBKR. X—HHEHME o W/NHBH. X =0, FNLE IS
kD7 1 B, B REAE m B89 77 17 S R O ) A R, £k P BT 2 B RO RE R R
F XREERBEFHOME. HKRBZEWs, CRSER K ER T # =2
=0 AL BFRE AL E b F R 8 R 4R B 72 R 5 v i 3 6 X — R T DA B R R
/AN P S A U B 57 , o 2 B T A8 V0 £ B I REAE m RO AR R B SE SN RESS B RS
], H o 2% Pl B 32 60 B KRl D R M, W SE SNRES ) B {EL, B B=M,,./m ( ) B3]
P 52 1 B KRN )

FHBRXMENIHGFEEMLELRZHNEGNHIT, WEHEHE
A e S RES B R M B R R A R B, R R AR R T B IR
TE 268, L 2% P b 7 E 2 ST RS , %1 H O T 32 B B9 4 R 0 B RN i) — i
ATTREMR. Hit, & MG HE—BBAXETE, UL B R SR A F3.

B 470 %ot 380 4 BB A P A ) AL AR R RIS b s B L L 3 B X el R A AL T4
LR e 28 TS Y A JE L




§8-6 WEHXMBM FLMEM ||

BABMEFITOBALFEABR CD, HEMELES S o, WASNH 1, #o 1,7 @A
FI(B8-45),35% a b $ 869 K AMILIRD BB FETAL LMK F8. £ CD LR
—w R Ll SRS & A AP, KA
dF,, =B, I,dl,sin 8
Kb 0k Ldl, 5 By ineh R f, % B, h A58 AB /& [dl, & 57 s K 5 % o) 5 % B3R R (2
ECD LAt e AE LA, R A RGO RE SRR A E) B ARKESH
RS ARG AKX (8-24)],7F
Y

ot

" 2ma

B, 45 f14e B AT, & A F R AL Ldl,, B A sin 6=
1,8

2

uoli 1,

dF, =B, /,dl, = a

dl,

dF, W F O EBFABALFEN ALY TEA, R
ISR AB. BA BAFECD EEAVL AL
A FEAE Lk F @ 4aE, BTl $4 CD £ KB
e h A

dF,, uol, 1, H8-45 FTHERHSFRZEH
4L, " 2ma =R WA
I.L
MRTREARAFH AR $ERAREH A0 KL LF T L Taiia §4 0D &

#HANBARAFT A FTHALFE, A3 OAN HERAI. FRE L, AL GH
FARAL SR, Badmpln FLMF A - FEAEEREHEHF AR IEL
ERE A ACEACE S R E RN

BFeAREFELESMNE ARRELEH PREZBIAXAALELE, EXL T : NS4
HEImPBERKTEARER M ETESEFIRAHSENAR, EESRKEIE LN
HEERAEFETF 210N, W SEPHEREL D 1A

EEFRELEH T ATZHSFE RFRF REXBAEL, AKX (8-52)F a=1m,], =
L=1A,dF, /di=2x10"N/m, A @ 7T /%

o =4mx 107 N/A* =4x107 Q) + s/m=47x10" H/m

EP O -sRABLGEGE, A H(FA)RFT(HA §9-4).

BRI FEURM RN ZBIRES N (ZHH) SR ERER, HI,
YBIFEREKBHOE S5 SN B I T I TR SRR ALt &,
B N eh e — B A
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AR fE d K

1. RRSEERFPEEIF HA T
WH -5, 8RN RE B B M % H T4 m 4, K 8-46 fims. B
B A —BWME S B EE abed IRAELKE L) , PR FL ob KEEH L, 7T LT
HdafMchbBah BEY ob BB, BT RE I RHEFAE  REXEER, |/

PR ab EUGHFHIZOEEAF TR mMEBRR. g * * a® o °
F B RK/NK . °
‘1

F=BIL

#E A F ORI ob WARIR GRS F o0drT | ot
Bah, SBaBME VRS F s
A=F|aa'| =BIL | aa’ |
HRREMRAE ob MAELKTALE o' b B, 8 15 B REE 8 13 i h
A®=BL | aa’ |
B AT 7 LB Bh P, B35 ) B sh
| 4zl | (8-53)

E—RRARH, ARMFRERFG DB 6T, R B RARREALE, B S Frifes
T2 T e 3R LA Ao [ 8% T 3 08 it T R o O 346 O
2. SR £k M 7 B 35 PO % 3h B R 4% 1 BT 48 60 Th
BRA-BAKBMERS AR, REELB PO RERAE, RERTHE
£ B ¥ 3h i R 35 1 BT 2

i ‘Fi
1
1

Pl 8-46  #3% H1 B &

SR 8-47, 2R W 530 /0 B9 fBE dp, 08 e, Fi)
5B ZEMIAN ¢ HH prdp. BAR(8-51) B P
S15E M =BISsin o , 57 LA 146 5 B 2 yza

dA=-Mde=-BISsin pdep=BISd(cos ¢ )= Id(BScos ¢)
ARPWRERTFE D EMEIT M o B/ B a®)
BScos @ 78 11 2% B i) Rl B, B d (BScos ) i {F,

AT dp FROERMME do. BT ERET o o wmmmuy
5

dA=1d® (8-54)
LERBALEN o, BB o, bf, 3% E B4 E B8 56 BT A 5 Th

’1
A=L AP =1(P,-d, )= IAD (8-55)

KFH &, M @, 3B FRREBE o, M o, BF i i 2R B A6 1% &

T LASE B , — 4~ A0 B 4 e L [ 8 2 R 4 P SO O S B R B, f SR AR
Ve B v e, S AR, O 0 ) SRy K B B SR T 4 A = TAD T, AR EDRE 35 A
SR S 6 A ) D 2 T ok O e L5 o A D A R X R 9 ) A
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) — R R.

BeJa AR, H RS A RRTF N, W5 TR ST 5 AR A
WA BRERBUR, BN R B8, 83 71 B 0 Th =2 1 FE B TR A B R
SERLEY XA R TE §9-2 Hitie.

B 8-10

i 8-48 FiR, KB M OPQR A48 y ¥k 3h , 4K I, =6cm, ], =8 em. RE I
Wh 10A,75 [ # OPQRO, LR M B e b OB S R 1 59 8, REMR AV ZR BE S 0. 02T, 7 | P47 F
Ox 1. (1) J SR8 4% B 00 3 1 5 R AT 38 B ) 0= 30° 3 , SR itk i 22 BB 49 3 BT 3% ) 22 3% 1 1A
REBFEOBEANE;(2) YEEH (1) PROUEEZEFHLEN, REE 6.

#(1) RER(3-50)F

OP Fi % MR 11 (W5 Oz $§iJr 1A ) - F, =Bll,sin 90° =1.6x107 N

QR B2 Rk 71 (¥ Oz BAIEH ) : F, =Bll,sin 90° =1.6x10™ N

PQ Fr3E M RE% S (F Oy BEF 1) : F, =Bll,sin §=0.6x10 N

RO fr32p@ish ) (¥ Oy Bif b @) . F, =Bl sin (6+
90°)=0.6x107* N

BENHE M=F lcos 30°=8.3x10* N mEBm M=
BiSsin ¢=8.3x10" N + m
T oy o O 1 s (TET X Oy B %),

(2) M7 6=30°nT, i o 4% M 1 &) o I

&, =BScos p=4. 8x10™° Wb
SEHEEVFEARN @=0, 582 8 80 8hE

@, =0. 02x0. 06x0. 08xcos 0° Wh=9.6x10~ Wh

B AFE X A2 s it 78 HP a4 fish
 A=I(@,-P,)=4.8x10"]
B35 BIED.

EIREA

B=6-1 —An5 i %) BRI 3 LR 46 39 5T R 5 +b R a0 o7 A B A R R
S e

8-6-2 HE—HHWHH AR ERESFEAHE KR
B, R=AF, - EAE. IWIMKEFZOEHERTHE
R BAYAEREME? IXWH NN NRETHNE? REEH
RARTMS? SEMNERGPATRECE, & 8 b 3T
B3 0 75 (6] 5 MR 69 5 () R AR R A SR R A BT 7

8-6-3 WMUPHBLEMKHRK PR NKE, @i @&
BN , AT 9838 B F € 11 B 76 T &9 B % 30 . (2 A6 o 9 35 7

T4 8-6-3 A
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BAR  fEEBW AR

§8-7 WEIHPHIB N R

ATEGTHEOYE V2R EREEESRY, BRI RES B

(4 1 T2 FR Oh WAL ( magnetization) . — 7] A &5 4 1 £k 19 32 49 G5 5 F B 9+ /& ( magnetic

material ) . $ 3 — B I 43 75 76 L 25 P T 30 R B 3 B0 B SRR BT 5 BB ok B, , T B v

TR BT, AL T B9 RE A B BT OR BN 35 A BRI R BE B, X R RE 4
E— RPN IRE B FT B, #1 B'B KB, B

B=B,+B’ (8-56)

B TR TR A BE AL P R R, B — o B R R AL 5 (1 R A 5 v B R B 7 38 B B 7Y
KF B,, Bl B>B, ,iX 5 BEA Jf B Fy W B % ( paramagnetic material) , 5 I04E .45 471
RFHR T IR R 5 75 — LB FRBEAL S 3 RE A 3 P A BRI 58 BE B RS/ T B,
HP B<B, , X AR/ FFR K LB R ( diamagnetic material ) | 1] 7K 48 4R 6% . B 8.
2R B NS THRR. — Y HURE R LA KK B BB A — R
AR B i R s B nRE i L0455, B #1 B, M ETR/D. HANEH B —%
B, EAIREAL )G B R RO MR 35 A RE SR VR B B KT B, , 78 B>>B,,i%
2K RE B 3 M SR REH I YR, kO BRRER( ferromagnetic material) , ] ingk B 4 4L
RIS REEE, EAKEESFY) TR KRR SRS §8-9
FEHS.

‘I, SFRIERS TR

REDFLEHRFRL ETHR(EH)HRAGS T RTFARY, mHFRETF FAEM
— AL FHARLAERHES . —HARRRTHOREEH, 5 —FAC TR A #%E
B AAREHMEFRT —ALRALHF BRE>LHEREE. 5 FRRFHAE—AK, 5
FERRTFTFPEIME TR FEBUENER, TRA— A SR B LALT BFEHDTF
Bt XA 5 FLARA — X a4, # 4 5 FEE(molecular magnetic moment) , A 5 m .
E &

BB B AT, S FERATERENACTFRRAGHENRS B EGHRA, & T
ATFTEARTFFPHECTFA—ENAHEHHRHFH, A0, E/ACTFRTRFLEARED R
S EEMM L TRERISHEFTOAMBNORD FALTFOHRS. XS5 AF TR HE
RERORR, EEHNEHERAT AEAF QN BEMEG RS+ 540 (LE 8-49).

TRER A RBFREMBESHG IO ZEANKABGME, E5E B, P BRFAD
BLADNBEASEM B, WARNMALETFREXR (NES-49). B FHMlishtb@ Y F—4
EERE s eFHAe, SHEYEBROBENHABKES B, WFOHE 535 F+
EACTRRG R FANBBEBNEFRLCTA A FRA S FLAEERE® Bits®
FAGF R RGAENH WMBE A Am, &+,
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Ay
= (4 m !
/ g7 2

—JlsC

Amg g

I~
~Z)

_—
Y@l
[(®.N

B, B,
M 8-49 7EAhBESH P o T 04 3 3 FBH n BB

EREFR S BNRFHS TP A & F 6 $hik 5 4 (orbital magnetic moment) fv £ % 8
4B (spin magnetic moment) ) & ¥ ¥ T &, Es5buH B, P FEESN AR FTEL
Eitsh mAASEADFRDOFTALETEATHRALER DY T 6, e FTHEEH
REFOLL, FER— S B, PR AR AE D Bk AHRBEATESS TR
FRFAGEFHA—AERRS RGOS NP R~ Am . Am, W@
5 B, WA EARE, K5 By 89k R E. A REM A G ERT B AE &
BAPXESFARTFOMMBEOA IR ZAn,  A—AOFE EREAHBEARL - F
St 3 6 AR B M e s 3 3K 3 R AR A G AL R

REHRE Tt FREEHER, BALETRTF RS FTHEMTHRE4 A
WE R — R AT AR R

AT T, RAENRFIAS FAH -, 2O THFHARNKES, ENF
FHEHRI G F AT SO AEEEAET-ARRARL, A FES TS THEYN
kFFTm,, =0 AR RREFHEA. £ S B, GHRAT, 5 FTHEm, 8§ XX
AE ARSI B, Btk m, BB T aRH FRA-EHRED AM ARY ALK
XFERFINF B FRERFASFLANMEM At RES TFREm, KXFA,
AmEEm, Et@s o fERrs —F @8 AREOARRA, S FTRHELTREL TR
R FRE P m, 5B F - RE  F—F 0 S TFREDIRART S THEL R
BHONEANN. SR Y RTAS THREFETRAFHESH, L ARKRER
EHRTHAS FRAGRFRENRS TS TREm,, FESEBF 6T T HE
B.RK BHME BAEMK, S TR m, NI LAEF X, AR ARER— R
AAV, AEE S FRENLERIm, BA - L FE BREEALLEAE - A E5tRH
Bl 7 ) 49 W e A 3 | 3K 48 ROW BEME 6 R R

BEE AR B RAE RPN RTAS T LA RN, 2EAR
AT, 38 ERMAS TOHMMPBESAm,  im, PR HARAXEHANAFELER -~

O BE#EE mg;ﬂiﬁﬂﬁﬁ!‘?‘ﬂ?ﬁ&l#} W, =-Mmyz * B, m;}:{-—% B Jy [ A8 [7] i BB 4 A
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BAR fEE TS

N
ER%xE

8-7-1 A3F#k ST R A REAL AL 15 e A SR AR AL L AL — g

8-7-2 MMM RN R AR PBANRDEE, RESSIREG D, RARF OB K
SRR ILE B E SR 0P AT, R SR A 1 A, WAL TR 60 R IR R WA
fir 58 0 B B RE IR 7

$8-8 BRNBHNZRFABTEASTTE BiHEE

—. HLSEE

AT REMN AN RE, SiTm i R E ORI R — BB #E— 1Y
BB, M 0% 1L 38 BE (magnetization ) . 76 % RE 1L J5 B BE A R 9, 4T B — BT AV,
EHERTHIAES FEARENREMN Sm, 1 MM E N &R A
ZAm, . SEEBRITH L, A ERBRAS TREN S BN, RAIRMILERE, B
M FEiR.

L Mg+ Am
M= HAV BT
Xt FIRRE TR, 2 Am . 7T LB BE X FHBEFR, Sm,y, =0;% TEZS M=0. &%
B ERE M AR R RSB, £ EFREAIH R M B R A/m.

N ik J 2 WAL U MR TR S AL B RE B B B O R — 3, B EERE A R A BT
WEMHIMES B EBS B, W MR HEELRLE MO FES
ALY B )7 E AR, EAEREA R A TR OB B B I T Rt 5 B, B
AR A R AR O, T L RE LR M R, T L R AL L R
KRB AR MEE LR, FRBOEMEN, T SHAERE M ZRLRE
E—EMBRR TH, RMEAERG TEREEWMBEAEF SRAE R
BB

AR, RIOE—FORITE. BA— TR WA ERET, TA%
WA, BRERREARE NSRS, B PN BRSO, X
o A R P A4 FREAE O 1) S RESH 5 1 AT, B 8-50 RS R A E— R
ESFRBHTI IR WE 8-50(c) M (d) F AT LIE H , ZEREN TR P ¥PAE B —
RAL, BTN AR 64 F R ROE S, SR N R R AL,
SR RPN, RS R %A 0 B . X R A0 AR, R B
TH B 2 B 0 3 TET O 30 A, R o 2 45 8 TR o O () A T R L) . o MR
B, RERE R RABRE LSRR 1 7 48 W ; X HoRE R, W 35 & 77 1 44
K. B 8-50 Fr 7 A4 2 NG R R 10 47 00

(8-57)
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(d)
A 8-50 5] Rk 1k 69 BE A R P A T LR

W o, HEAET A FRE L8O B R T W, B R T MR
BE,S HBEN RABME R, | AR —BEARMKE £ I KEL, RERR
B RN 1=, B 7E X BB BB S i SRR Y

Smy.=1S=a,ls
5 SC,M g LR B  BRESE , BT LA

| Smyz| Sl
M——T—-?—a_ (8—58)

BN FEROELANBUTERETEOXNE T ZARLBENEME, LRSS
RERMNYEMA BRSSO RANE S HE, E—RFLF, XA ARE
Tk T v R R 4 T A 3R B 0 YD 4 B T LR AR X ST RE AT PR B9
¥, i THEFH A9 4 T i oK BB A LK , MU B Rk A & AR A AL R L

3T SR 15 E A T B L3R BE AT R, TRk TH IR b 3 BE X A A (B B R %

W“W' Al SREAGE T B % R 475 FIBT SR 4% 01, 76 1 850 (b) AF 7 A [B B T

A RBH BMHE, B — K KA A E B abed,ab HEREN RAT, 47 FHKE
LR K BEH 1,1 beod AN EE FAE. A TN E AL, M EHHE b J5
A B/, RSN A M=0. BT LA M ¥ beed da =B AT  HT M
%t 614 B B abed BB T M ¥ ob MRS, B

§M . dl=IbM ~dl=M|ab| =Ml
¥ M=c,[R(8-58) [ RAER
j;M cdl=a,l=1, (8-59)

X o l=1, B LA A F B abed 3 F 6 4E B h A9 5 8 4 B, B KA
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H(8-59) MU BEMASEBMERIETELIOERMEBEMNERANE
WAL A X (8-59) BB N SI A6 A i KA T 7 P 45 [0 B ) 0 SR ) 3 1 90
B R TEAE T 50 T #0818 FH A X R =K

=, BES R RS EE
RHEE 2, YE RN A A BAEES, 25 8] 4E — =& 69 B8N o B

B T F 4 P45 T W BT MR B B 3% S RE A R A T B o O BT R A4 B o
B B4 Ok 1R 0, 33X 42 % B B S TR R

353 - dl=p,( 2 1+1,) (8-60)

% 3 A 0 #  00 R UL R  d LA ( B h  R AE —  TE FR B R R, B R S
MugAe i 1, KRB, — Uik, BT LUNMEN, slA K EREME ;M 1, A
BEF SR , 0TS AN R, & O T SR 1L YO0, T A R A A AT 00 LA
BT REA BUAP ARG R BE B, R B R 07 2 (8-60 ) TR IR ME. B T R X —
P, B ATIA AL R (8-59) A (8-60) 5 AL,

éB . dl=,u0( zl+9£M . dl)
. 2 aes

RESIH—TH Y ER PR 558 F (magnetic field strength) , iS5 H #R
(EEHIHERR), EXH

—_

Ml =M 8§-61
e ( )

XA R T RATE K.

RB-2) A AN AHNLIEARER, XA H KB OARANESER !
Fx, MR LS FRO#EET X Bl ARS®RE H X YHRLUE,
TERE S o0 0 LA W BEXS AR, B8 0 (8 3077 Ho e 0y (8 #t b B W8 A R B ) i 475 1)
. ERRRERENMEERSN S —EERRE—RI TS el R, 24
B E SE 47 () Y A S

£ E PRS0 P H (B2 A/m.

K (8-61) XA TN T HAE— A BRI R E B B 5B E H MREILRE
M Z A EE KR, N TSR, EE KR AEE . AR, R M
AAFNRE S BT B P A 56, ARE A R BT 7E b I RE 7 A 6. AT X

M
Xm—ﬁ (8_63)



§8-8 HEAMEMLHFHEENRNEE #HRE |36

ARSI A B 4K % ( magnetic susceptibility ) , & — 5 8 A B A C 0 B
B EH M H B RAHR BB R X R RN 1R R R R
A0, T X B AR REA R R AT, T X 225 ) B2 R 1O SR B X TF MR
B, Xa>0 , BEALTRE M OABESRARIE H 007 A IR 08 F B0 R, x, <O, R fLIR S5
M RBEIRIE H @977 A HIR. 2 (8-63) XAl B %

M=Xx.H (8-64)
HHARA K (8-61) ol ¢ 7
B=p H+pM=p,(1+Xa)H (8-65)
i KA
Fedme e x| (8-66)
w, BRI RE A I (4 48 0 B % 2 (relative permeability). T2 (8-65) 7 B i,
B=pou H=pH (8-67)

A =i, RS B 95 3B permeability). X F K025 RO RESE R B, 1 F
M=0 FFLA“EE"Mp =1, Xa=0. EEPE SAWHFHRE H S THABBN
SREE B H 1/u, 1%, B0 H=B/u,.

BEA R A BE AL X MR R p, TR p R REAN RN Y
HE AZEANE=/1EPHE—ITR, ZNMEVEERCLERT.

A NG S R R R RE AL R AR D AR R R EF T 1, X B S
S AR =L EBF . & 8-1 hF T — #2005 A 5T 8 89 B
(e ‘

X F SRR U, B R AR — S ALK B M H = KB A )R 3k RDR
e XK (8-61) HE, LRAAGUMA+TBSHLUEM S5 HZEHBEALKHKE
MIELERR REAFAREXR, BRERK L35I HA(8-64) F1A (8-67),
BRIEEEANEFEL AR Ry, ABEACEGLEARFR. £ §8-9 5,4
MR & 0 Bk R A REAL AR, T A BB X A R B A ZE AL

F8-1 MAME.AREOEMLE

i R /K Xu/107° HLRE /K Xa/107°
B (5 %) 4 4830 K 293 -0.91
BB (& k) 293 66 KR 293 -2.9

H(WA) 90 152 W 293 -2.6
- 293 0.19 B(aH) 293 -2.1
4 293 0.72 B 293 -1.8
1 293 26 A 293 -1.4
& 293 2.2 | 293 -1.0
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BE, ATHRERMBRTRE#EGT H XBHSE, 20 FRHERNEHRY
R, RITEATUSIA H &R R H RS HXBOYXEAEOT H
KEE—RWDK T EMEEH KBNS AHERE HRNEE(DESHXBE
HARUEH EEA HRKE) M B R B KDHES. AR (8-67) T |, 7
RN BT A EMRE BB RMOKE RETR—8RE H R
B p £

Bl 8-11

EHEH LR MEEIT A FEW S 0O MR R, E M REIF g SRM Ny 1, A KEN
EHH n, FHRBE LR LFOFHERNEE, A FOHXBET RN o, RN 8B
1 38 B AU R

W @8-Sl TR, ERAER— A, FEKE—-FFR
Ao RN r B BT (B, BE SR EE H OO B AR BLS b

fﬂ-dhm

S N R RG4S sl R T 1, 7 T IR T ‘ é'
B £ 4 MRS OKAMEF, 5 BB DR, TR (%S
H2qwr=NI
, B4 8-51 mss
L H=2Lﬂ'r=nl A R
4 i 76 0 14759 R A R, 5 P 00 O L5
B=pH =pu H

WRANRKE B8 p, =1, 5T LSRN # @B B8R B B, =p H. B 71 B, K/t
{62 B/B,=p,. AT R, M ARR Y DM B)E AN RSN BEREARANRERS
B EY p, 5, B

B,

LR TR A FARX B 5 R A0E L FEER PRI EL RN E p, . EXE
BERHEG, ARESOHN BERE ARG, T B/B, =p, WXE.

Bl 8-12

O 8-11 PR FEBPE u=5.0x10™ Wb/ (A - m) , 474 HF Pg Y FE ¥n =1 000 /m,
SRAFEA RN /=2.0A. B RAFA (1) HHEBE H; (2) BBNUBE B;(3) MME
Y REALERBE M.

(1) AAMS-11 HHER,TH

H=nl=2.0x10> A/m

(2) RIEHFBRXERR, A

B=pH=pnl=1Wb/m*
HS5B#JimSh i mimEaFmExLR.
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(3) 81 M.H f1 B g8 XEATH

B-p,H
o

M= =7.9%10° A/m

%@ 8-13

GNP 8-52 B R, — 480 R, MR B (& p~p) PR BHER L EE
AEHEEENR, HERKEAMALEE, HEZAXHERFED o WHORN R, EBE
W EA AR A LR (1) B D P — SRR R B (2) AR
P — A RER TSR BE 5 (3) B T 4h— 0 A R L 5 .

BE(1) P50 R it IR i B R 0 B A T R A R A
Bt , AT T S 3 R R X R 4 A Y T A T 2 Il X
Gy, B T 7 £ A28 4 3k b o R 2 A 8 (B A A A A T P — B
A EEPERR L, ¥R, Bt B 0 B4 B R
B ERA

th
§H . d1=HJ' di=H2ar, =1
0

'

2mr,

B X (8-67)18

-yH—E--

2,
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8-8-1 WM B S HMKRMEX G, 58aG T EM D X RHATHE.
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MLk b &R H 7% (2) HMEaME L& &K H BT, NIZ MR AT ENES 8RR
KT (3) FRHIRE SRR, B SR H FJE;(4) it LU 4 B g L KR8 E
B T B ERIMF; (5) B LA A R L i R0 Bl Er HERHHES.
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p(ABRHE Yy V5B EE HO R HE RLEL %,

(3) HAREMI SRR T, CHEAES TG L, m B ENSBIHIEEERE,
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(4) —BBBAALE - HZABREE, A% E L5 (Cure point) , EBEXIEL 55,
TR ERE AR R R (R PRREH AL Pl kB2
E A 1040K, 4849 % 631K,45 4921388 K.

TEARNEBRRE MBUABRAOBAKE REMEAB YA FABEREYALRE R
SEA MG —xa M.

—. BAHARAEG

MR RRAE BYEEE HGE R B, A h B4 1 2 ( magnetization curve) , 40 B 8-53
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ABB-S3 P EAA LM s H AR B W E Th u LM H oM mik k3 K,
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B ER D AR BRAABETE, ALES S X ab TR, a6 B LS8
ik AL AR R T4 S =00 BELRBAFRFTE AR
B—E kDB, B 8-54 89 b5 Bt RYMMAF AR B ARAF A &5k & 5 %A (rema-
nent magnetic induction). % TN e fla LM ER F O MBp (AL B FEALGER). H A
G HETE—FEH o, B 8-54 fi7thc &, BAFTE XA H ALMKHHHY Fm
$1( coercive force). #f#1 71 H, ¢h K DA THEREABHEIAENOE D). 2 AHRBRALFT @68
B HHITHRAOHBILEIE S G htafoRE, AEBRKB AT GO EZEZRMN,B
Fo HOY A AW L de BE TN ARNATXBEFHLRAS G, LIANERHG, B AE 8-54
A eE & AB Y TAR S A SRAEBMYEIELESE THPHEEHHEL, X
# 0§ A 4 # % (magnetic hysteresis) , 2 k@A) T ¥ ML — B-H XA SAFRD BH
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IR LM AEK.
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430 0H &, B A 00 sk ) S RE IR 69 S 61 Ak B, VA UG B 4k B 3G An Bk g | PR vk AR G Sh k3R
FEO TR XML AR A Yo RED R AN B RAN, LB EK AN EAN



366

FIAE

fE 5 e UL Y B
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dB 1 dB
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B, AN TRAS 6 A A AR — 8K B
U Ak B A AR MR AR B T AL
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S TR SORMBEOABPRAALAN ARRAEA RGOS, 2 BZLMS TEHH >
2TREAMBEBALE BEPFRLANEARAREZEPEGOMATES) AL BRI L
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[6] 8 o o ) TR R B [ A B O B A TR R AR AR AR, B B [ T A
4 B K R AR AR A MR, A B [ B o R R B B B, X Rl T[]
B A W A R A R R AR AR Ak, T ZE A C P B PR BN BB BB R R
3% B B R (self-induction) , 7 I () B8 3h 3Bk & B & B 3 B ( self-induction emf). &
AT KERLE KN L BEEEHIR,EHEANMEHA N, EFH
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B EARERTHIEA
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i B B &8 ( self-inductance) , i # BB L X /N5 R ILMER . EH%EEHE
BHX UMBREABA—FF, HBREBE—HEMEARIFERENEKS
B RO-1DEBRTHRESH B SHMEARZANXR, HKPRNRSERY, X
LB E R dl/de>0 B, 6,<0, B R BB S E M MR RZ, 2 dI/di<0
A, &,>0, Bl B Bk e 30 5 5 HL L7 10 M [

REFEZE—BROEFR. X F—MMEEAR A BB, F &b f TRk 5]
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1 Wb/A. T H 890 8K, SR B A mH(ZF) 5 WH(HMF ) 14 B BRE 0L
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di/de B RAGAR K, 76 L B P 7= AL R KB B R B 3, o B L IR FF 6 P 0 22 18] &
R EERERI, IMHAREBARABMAE BT RETHERB BB
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BRAERERNT EASFES M, KA
RHLRBE R O r Ab B RE MR 1 58 BE

wl

2nr




§9-4 B M H RN l 395

&l 9-6
7 P S B 5 2 6], T L o 5 O AR , 3 R 1 B BT Llr RO Y
d& =Bldr= "" d:
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RLG B EE FHWE, b FABMGER, ERAREKEBRFaBFHAEBRHHE,, S

LR G L 3 B CL A P LB R L A KD BB
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LE#—IR:(g \Sz
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RO9-14)RE RL BB WS B P I KN, SR TEEERERE, h
THERMFE, B PRORRRR LA EBBEM L, =1, =E/R, TiB BTEHE AT
—BRAEIL. N, 5XERHOERLE, XEF - IrEGER. AR (9-14)FF, % t=
7=L/R &}

L7 P S Rpepey
_R(1- e) =0.63 +-=0.631,

BB P B s WA BB (A9 63% , 3 % AT X — B A 7 = L/R SR A5 ik 1 /8 B o o 086
RAPAREREE , FRK RL [E B 69 o i8] 5 68 22 e ).

LR R A BAE [, = E/R 5, REKIF X S, HEAM R BIFIFXS,,
R BRBA I, Hh TRE P E RS, PR E AL R
T RIS, el J5 3 — R oL B P G B W 1 B R B B R Bh B -L(dl/dr) AR
B B B 8 S R A

L5 =IR

RS BAERYE, FEED =0 0 ,I=1,= /R, B4 BB 5 7T 15

I=%e'"%'=l.,e‘%‘ (9-15)

H(9-15) 7 RL e B Y Ut el WU ol B b s ML A BE 0 A, S0 T L BB, bt T B R 0
FFEE, BB WU W/, 203 — BESB BR8] (7 = L/R) , o W FAEAES o J6 A 52 £ 37 % .

Z.EBN

A PISR I Y [T B, o 4 5058 A F O, 004 — (81 B AP o O B 7S A 0 B R
RERHe A — B 538 At 75 — A (o0 T 10 A9 Tl . 204 3 o 4 7 — 4 [l e ol ) ol O
P AR A, G A 55— [ B T L 1 Y o Rt B A4k, R T E [ B o e A R
IO7 o Bl . XA ER T — A ] B e Y R O A A T A 48 3 55 — 1 [ B o e A RO H 3
FHHER , H N B M Y (mutual induction). E/RIME 5 BRI R —F, ZR i b i
AR T 5| A ) P B JRRNE BRR , B LA BT A 38 1 R 5 2 L A O ik e AT BT 5K

Bl 9-26 FIRELEAC MC, FERBMKHE
REE, KEYN L REGEREL . C, RELA
N, B, SEAEH RS L B, B 1 TR iR 8

N
it C, [0 2% B8 Al il 1 0 e, Tlll'm'2 T RLGEE C,

LB N, [T BEEE N B 9-26 B4
N N WL B AR
2

Dy =ty ”%11 w™r

M C, PRI I, Ze4bAt  7E C, 28 B8 [m] B& ol o4k 5 L ES 2h % (mutual induction emf)
dd,, NN, ,di
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dit l dt




§9-4 AMMNMEEMN |

¥ ERXUE KT 3ER
_de, i )
Gy =- de =My de (9 16a)

N,N
b-w My =p, '—‘l_z’“'rz-
FIHE, 2% C, M R AT EA MR [, N, 7E C, LR [ B oh to oy 7= A LR
H 5 %
N,N dr, dr,
€=ty ll ZTUIE:—M”_d? (9-16b)

Kp M, =M, K(9-16a) K (9-16b) REBHFHF SR MAELRZAMHXR,
A LAEERR, 3 FAEERROBEA BB, LR M, =M, BRRY, Ak E—RARS
MR, B R BT BSR4 A 5 — [ e AR B R B BB RN
P61 B ) B % % 8 (mutual inductance) , f#% I8 205391 [2] B 69 AR X iz B (5]
SEARAR T B 7E LR P A R, U7 1 T ) AR SR T L AR — 1 [ R B A
L 0L 8 A T 370 3 oL 5 — [ O D ARk i, D

¢1l ¢12
M=—E= (9-17)

TEX PR O T, TR R — R AT A [E B B TR AR i B PR B A R
SRAEX, MESBMILX. FEHFHE T FE O ELRE,AE—F BEA LK a1
R —FEE AN LR BRTE A
dI

S AL
b2 Lo B i (9-18)

0 S (e ) LA R TRAF A, R 438 i A — (B B A R (o B @) W
F—AE A (1, 5 L) BA MR RE SRR, XA LR N

do,,  do,d, d,

&= dt == dr, ‘a?——ME (9-19a)
o, de,dl, ],
& e T | A T S=2bi
d,, d@,, .
R M=—p==— B R E X X, TR Y B R 1 ] B TR (A

SO BA RS EFRBRA R, AR E.
HRA LA EEAR,BE H(F[H]).
TEILAE 9-26 AR ZREE K6, ULAMAE & 56 B BMELERY
kR, BRTE A TP E A B & AR
N N;

Ly =p, _ll""'rz y Ly=p, —mr’

l
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N,N. 2 N, N,
M =(y.0 Il :1_”_2) =(p,o —l-l-'n‘rz) (p.,, —li'rrrl) =L L,

Bp

M=,/L.L,
WA, RA XHEMRA K% B (B —A [ B b e 3BT 7= A B RE TR SL 28 4 &
FH—EE)AH M=/L L, HIXFR,—BHEEBH

I M=k/LL, (9-20)

HA 0<sk<1,kFRHME EE. £ HAHAE 2 EESOERTE. BRIR,
WRFA LB ARIE T, ETRHR A, A k=0.

HRAREFE— L3RR TR BB MR R, A L 3R R
RATH BN — [ B 2K B 55— [ B o 2, 0 2 P AR B P 4. A i LR
RS RAR B —T, I TR E R ISR SR %R
SHERAFTEFEN TR TR TERARMYEA R, 80T L gEY
5 8] B A B, LU R /) [ B (R4 R B R

TEAR AN 50 00 o (] Bt o [ e R, B JRR RO LR — MUK 5 0 O, 5 P S I O 4k ok
W2 , X T — Lo TR B ) (51 B, 4 BB 3R 45,

Bl 9-8

— WG RGN, A BB BN n=2000m™ , A BMEHR Y S=10cm’, 5 —4
N=10 EHy/NEBESZES L, A 9-27 Fim. (1) RF KB R HER; (2) YBEFF
B AR LRy dI/de=10 A/s B, SR7E/INGR B b 7= A2 0 L IRl B 34 9 K/

M) AHAER, LSRR REPEA RN,
FET O /NG M o ) L 0 7 SRR o 7 A OB IR AR,
S B2 R G BF AR E A AL, SRR A R R /N T R e A
HYBEEE. FEA B,y F /0 % B 5 LU0 U T o R O R 3 v LA
3l SR8 FF P L B A R R GRS, BT LR
AER ISR Z M R H . RGP B A R L, §8-4
518 8 1 i Tk R 5 B B9 K/ B=pond 3 L MR GEST b &
[T 4% P f) a4 3 i /1N % L 4% D O R AR, BT LLGE S Y
[T /1N % ) 6

&, =N = NyynlS M 9-27 nﬂgﬁs
AR T R0 52 ST 78 4L G R 5 /N 8 B 1D 4t L AR R R B9 B

=—¢}£=p.°nNS~2.5x10" H=25 pH

(2) @1 (9-18) FFE/NRE o 7= A 1 BB 3 358 K/ Ry
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FI AT , KR T BB IR , A1 S AH Th BT I FE 0 R RS R AL WA R A
REMR. R, 7E I3 B AR G5 b 3 DLW SR, bl 45 0 B A 1 J68 [ B 2 A U6 ) 4
F, B B o o B 8 — A B B R M 7 A 7, 5 A AR o, ot WA A
R LRGBS 7 AR 11 % e 3 B4 % T AR ol B 34l , 6 el B A L S R L 181 B 1 B IR
A1 [0 B v, 4 ) 6 A D, o R R 3 A BB . LU 9-25 R A9 17 L ED B R
B, 1 v B B S [ e o SR AR R UK 1, R e Bh # o - L1/ de, i 5] B ) BR A
ERE

dr
&-Lo =R

RN =0 FFih, Sd B K MR E] ¢, 7] LUAKH E B ME W B K BIRE
{6 1, , 72 5 B B 6] Py e, s 3 38 BT A9 2

j' @Idtzf"uanf'm’d:
EHRLEBREXNERT, ERXNbH

! Ly, Foa
L & Idt=—-LIy+ fom dt
LA %ﬁ%ﬁbﬁﬂfﬁmm%‘ﬁt%}m%ﬂﬁﬁﬁ!,;EIFPL:Rl’dt J& ¢ B (8] P 3 6 7 e B

R ROASE 1 ;5-L1 5 Ao 7 o 0 7 o 3190 B 1 A 5

BB el , XA 40 v R AR UL (20 B A B B by T I B o S R o R 0 IR B
TE [0 B A BBl 25 ] R L T R SR, BAR X e M MR ARG P el B
W, —A B L[ B, X3Pl A i 1, B, R 23 1R 4 O B R

v, =%LI: (9-21)

R (9-21) & AILR B Y & 1% K 2 oh o i FR (N BE BB, 2 A0 i, BB o 7T P9
REHAGHEBHERER ITHAEL, XE— M RENERRE SAX
VRGN p M SRR MR A R 1 A, B P R 0 LB RS R
%, MAEESEELBEFETN. A TRLENNBBRINRE B=pnl, ZH H
B L=pn’V, P n WRRERMKFEREE,V HERXE ARG MOEE. £ L
B I,=B/un RAK(9-21) , BRIBEK S —FRK
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[Al T 8 57 GE 8 % ¥ ( magnetic energy density) J&
Ve 18 1 ., 1 -
wm—T—-?';‘m?,u,H —?BH (9-22)

LampEREENLXENRRE YIRS NG S H 0, BE—BHF
DL, 5 RE R 48 B AT IR K A

v =~§1—B i (9-23)

m

ok G R B B ) U FEAE TR o, R — A O R R R I S R MY R
RERBE B Bedr B BOHE A 2% X 0B T RE AR R S8 S B3 P X A B TR SK.

3R T Rl e R BE R ST 3 I o 925 ], AT R S A R
fE. 5T RA S8, AT LIERES R 4 h BEEB T AV, BB /NMER
T BB AT LLE LRSS, Bt (9-23) iR R X AR T ARG R
WH, FRAEBN VG ER Y

aw. =wde=%B . HaV (9-24)

XA A T2 B RS BB B RER N

W,:fywmdv=~;—jva - HdV (9-25)

BA R (9-21) F= (9-25) A2 i Wi RE 3 ) BB &, BT LA =0AR 4%, BD
1
2

R aesE b XA 9 AR 2 SR e R [ B Y R S AR R, AR 4R b R TSR o [ B
MIBE L, XRE A RRERN—F % (SEHE-11).

L1§=if BHAV
2 )y

BizE 9-10

—RBKAFRB L (E 9-29) k2N R, WEARKSAEREN R, HFE.LEEED
M, SR T EREEEAR L, AR E R B R AA R KR (1) KR
1 f9—Bren G i 5 b BT A A e B R s (2) BB A B R

(a) — Bt i 81 (b) [a) 4kt SR A MR T

® 929
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§9-6 (IFEK MBBIFHEL

|~ e

TR RN R B, RIVAEE LG R ARG A, BB HRES
WARBEHR? Kb RATHT T — A4 v 2 4% 72 o 00 A B 0 vt . P 9-31 Jiy
A, A FE L SRR, 7 R — i 200 i ok el B P S A (T T R L AR AR L (BR
A &R T P 945 T R RE 7 A AR B9 PR AR 2 (] A LA B A P R
B, AR B, AR REAELEN. EERRRAEEZNEIR P K
B2 35 B e B A R — A P [0 B L O i1 4R 6 0 [ TS A T BB A BN R AY
SR xS, mEn

§H ‘ dt:l:j j+ds (9-26a)
S E S, w3
§H . dl=0 (9-26b)
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