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Q1 3% (o T @ (BT W 9T FIOW 1L v(E) TN
t AN IHT QAN (SFT WOPT I T@ | O, @A
wﬁkm

v()=lim Ar_dr, (18)

N At dt
ﬁw@ma\mamwfﬂ oaF | SRTETe (e#F r-a3 o

aFF (G897 T T AT A

r=Irlr (19
o (18), (19) @R YFLHAN HIFEAT fm CoTF ~em TN
dir|~
v(t)-——(ﬁ{h'lr} —-—d;-r-!-lrldt (20)

iR @ (BFF g6 (oHET ANG—aT Wy @IB A wItEe
(SHER AT ATREA-wiTe W3R FRG TR 2faRd-&iqS |

AACHY MW AN COICIN AAfFaSram TACT W WA |
Wl I (SBT A T (SHT AT 9T TIGW | ¥39

RS () 2ek-Tox IRTT IN W | R@EATA
_dv,
()= T (21)

FICENT WA (AT 8 WA—I&T BT FAARH
@ AYSLA TS WCAsS I | O} QWA winT Jwewm Fewl
A ey e @ g feniay wnda erwern
Ferioy wAtgie 3t (2, y) 27, <3 FNa wafels (o#a
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% T (18) staaca ItAew »n%
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gEraerian e o, @I o 4, jmwmmml
7oA, (22) (NF TIFAF WA *SM T ,
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"(t)=a"t- di l'l‘at

IFEAT AN e W
=@, d'v
(0= 1+ 5. (24)

(23) @ (24) A3 (TF (TN TW (7, X-TAEERY INIT @AY @
2
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b
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2
P dw=r ety (25b)

TR (A 8 W—w TP, FEENS Iy
watgfs P(r,0) (B0 1.6)! EmRS oF r-F FWE
W Gem T 3, INToT Saigis cedn

r=rr, : (26)
@ OP-~a7 Tomihrs us oh7 o0 1. @M Fed 0w

ey T, —endre a3 oY ToemE, @9 (BBA P, GR 4 Y-
aeENE o a3 (e#1 1 93 § Ta, o

r=cos i+sin 0§ (27)
a3 .

p=—sin 0i+cos 0§.
AR TIFAF WA *(em qH

“j—‘i; = —sin@ 1+cosh j=p, (28q)
aR |
%%=-—cosﬂi—sin6j=-;. (28b)
(26) wMwaT@ TIFOW WA e 7,
v =15 "'Z; (@)
taq (28a)a7 ATETW T TW,
dr _drdf_do | (30)
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ISy, (29) @ (30) curz BT o,

_ do-
v(t) = r+ r 5P (81)

BoarE AATACE WIFAT A VAT AT A6 TN |

dv_d*r~  drdr drd0:. , d%0. . _d0dp
10 =gz = dt“r+7téi+dtdt"+'dt’p MY

(30) vzt (286)-« AT *Medl 1T,
drdd~, d*0~, df de

Ki)=Grr+2G ot r Gap+r g dt Tai)

A I ’nt
*r do nde -~

1= {dt’ ('dt) }” rdt'{’ a“t}"’ (32)

(31) 6 (32) cwrd e T, TF-9F AW QA € WOR
Gonmeasyier qumeTy # @3k (F —r6°). (38a)

Syerg T (39 @ WUR Soneeeyier Femerea

1d, .,
fé 3R '; a—i (f 9). (33b)
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oA e X | wwew C-a31 80w e TaTee fag A e
o0 P-a7 72w 519t AP gz sfamsr sm g1 511 AP amaw
A uF P-a3 1A% s A, $-97 AW QT € TANF 2AI™1 I
FE (5a1°7 ) 1 oréa A, qeriey O swews P-a7 wxbele coda
r o 3¢ C-97 Bom aivopr Avn At *ww Foubn wiele codn
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T oW,

THAT

Q
YA

Y+AY
NALI
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cein Tom o
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(84) cwew v A, IR st v=%1:- AW, WOE
W T,

dv d*’s dsaT,
f(t)--dt t’T dF dt . (85)

dT

dt-\namfﬂ«asmm TN &%) F (T,

9T,

dT _dTds
dt~ dsdt (36)
Torag, T a3l @33 (o#7 A
T.T=T*=1.

S FACHE DSRTHY JITAF TR 216 I

dT  dT
ds +ds T=0.
d'l‘

Toua, d:i =0.

T.

L, —%{ e#3% T codtaq @y Trnfafes g,

LEI %—TS s#a C wra 8o P faare wiws giey-

daT
ds
P fayre C atma =onfe fon T a1 2-%@43 0% ¢ F0 3@
aR fazsge’ Q faares spfe fon QR 37 Y+ AY @M
Fw, @ T 4R T+ AT @37 (SHEx Jads! @nd
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GQ auwmm wwdel @M zI AY. 5o 189 Q e
itz o a3s o A QR @k Q Toqes T-ax Hremn

ey 23 -97 *fame R +37 & 7F IN WA A



20 effatam

Ay @t LR=AT. Wy Ay
o\~ e wiveys e QL
c\ . YT =QR=17m Q& %E
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) 77 l A AT
\ W o A
\
\‘A";’ . 31 LR
_&%o @5 LRI
fag o= ot dyY
YATEE | FIER,
|dT| =dy.
qoae P fogre sfeey fomm, Ime-wm wieqy @3g
ce#aE N T oS F30a, (70 I

g =1
G

for 1'8—13:;\ T

dT _dy .
e N 37
1™, (35), (86) @3t (87) (WF WOE I WA
_d's ds\*dy
2(t) = a7 T+ (Zi‘t)'i? N. (88)

faq w7 Iwo1 e %’é P fawqes awida arer-aemd o wi@
fevvfer e

_ds,
p—d¢/
R VORI e
_d’s 1(ds\*y _d's o 'y ;
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ds d*s

at ¢ ar (40a)
a3 wfene fFeis 2% '8 WL Boltentafo gumm

Oe? (400)

Bwigzel 3. ¥ T @I I g AAd-Tabas @I FEoN
e sfers o Fave (fom 19 ) 1 Faha 3 O-> ofay o',
AW g -5 by safgle crwmne (r, 0) T, r=a
=43 | INEX INGA QAN

v()=rr+7r0p=abp (41a)
Y

for 1'9—a@ony Tawafe

TR FANT (391 A fawLor Tgerg Toory A sopfra foomw | oA
INWHI @AV “Afawe 9 Fieg T LA

v=al. (41b)
6= ggwwﬁqcﬁﬁwaﬂm: @t @ o (emm)
foz Wi favf 330 0= o €3t

v=aw. (41d)
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@Ky B g ofers W FArE, IR O=1]F | INSE,
gfba 939 1-93 M9

l (r— rB’)r+ (r’e)p-—(O a——)r+adtp

91“.

r. (41¢)
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qomk BT W wfwme o aae b r ciEm ke

tromr,—eodie @Etegdt | Ine} wEW AAfSrs Fwcrtd W
TN BT Wl AW crmiferd &I o @ W
sifawrte (v?/a). «% vans wfere® Wl 3w |
1317 Faa Boa v um am A (ate P Tama q@w s 2=
s=a. (42a)
ey iy e gieay farg @ € R o

v=a0T=goT, (42b)

_ 90
1 adtT+ N

oy ¥=0+5 vm

_ds _dsdf
p=7 v %d://““ =a.
14y
:=0+";—’N=am'n (420)

o P e wiee are-arm ateqy sfeny o
93 (587 T'A N, wdie w0 cmieget | IAR erein S,
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Qfis @t (oFT—ti Qo e Bowa evE TR |
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Ny OGN frem catters a1 w-97
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h_do -~
o 1°11 o=oa=gya  (43)
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ce#a rom, e OP ¢ ON-a7 wwtet @rm = & T,
GOP fagwr cots cien T1w

GP=O0OP sin ¢=r sin ¢.
Fe? P g o sria e

0.GP = .7 sin ¢, )
@R TN ' @ e GP-ax oyt PQ sfeqry, adie
(axr) cobem tomm | soaw, P @ @ oA v T3

v=(or sin ¢)T

@uw (axr) cehEw tomn @3F coid gA T. @Y aXr
e¥E oA 7 sin 6, I T=—k TSR,

y sin ¢

%sv=m§><r=co><r (44a)
QYT (NF A FA H, (RNR IO & AW ACCHF FH
(CHNT TIFTH FAE W IFN-TRFIIICE WA A

forqrs onfa ¢

g—t=mx. (44b)

TTST WAT MY TIFAAT I [ AITA IAG A
epfre e W3t (440)-F 93T AT WF I S W |
MIFE Mg M miater Mo AW IE EE T
Tt Ty, 39 Tt W Ut INTMT @7 e W@
fdm o1 (440) wltemrm IRzTw Rew ez |
AFTH, (I WIG (e#7 3T VI AW ST FAS AT,
ST AW AMMCE R (SFEE ISt g fftmm e
(44b) w3 1
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@ T3, @W aIB st A, ON T sTaome o P
@ e (5 1'10) 1 O-s b fag vrm, A cgdms OP
W FNAS IM A, TR

OP= A.

IR,
GP=O0P sin ¢=A sin ¢.

1 13, JATFE T AL TNT A-9% TH LA A+ 44, W
?swaéwhmw A
o1,
AA=PQ=GP.40.T = A sin ¢.40.T,

feiic] T’raﬁf—m frorr wss e 1 4t — 0 A, '17@
fron P faore =epiteg g sifaos on o 3'03, amwa (i

dA “AA 40
ar —lim Z-=lim A sin 75 T
=@A sin¢ T’
Te,
dA
b =mX A. (44¢)

T O 3T @A I @ W (S#1 A7 & A
ARET ANFAY 1R

8'9 TRt ¥ ANFIIN LA (74 AR |
Bwtezel 4. SRFAR-pTseyioE aiwy ww T, u=u(?) @
v =v(t) (SHI-TA & 29 FAS TR A

dv , du

(u><v)—-ux Tt Xv
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AU U G V (S#T-T TG L-9F FIOW | 47 I3,
w(t) = u(t) X v(2),
R HIACFE AN At T
u(t +At)=u+Au, v(t + At) = v+ Av, w(i + A)=w + Aw
oI,
Aw = w(t + 4t) — w(i)
=(u+du)X(v+4v)—uxv

=uXAv+4u X v+ (4u) X (4v)
T -
G =tm ey =tim fix G o) i {(5) x oo
—ux g xe+ gy x fimov}
—“xccii:+dt

FIA9, JIFTH-YNPY AR ATBY AT 4'147, TWIAFS g *wiva
T [ |

5. FAOMAYH ATTAS @I INF (I v-93 Ax TIgTS 2-937
7ws v =k(a® — ") g=, e w@wow ofzae Wiy 3ae 2w,
@A k @R ¢ $IT G @ABA S FW TAfwS Ry e ¢
AR FTNVR AV 2.

ACAPAT, TR 7 Z;'-aa AW, (qAA v A @ oS

IR TR S,

dv _ dvdx dv

dt dzdt d:v
INER, & ATATH 2HE AT AT I QA

dv

2‘Ud}= —%%kx.
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wagowd  iyfeiys  fmgla ema @ (qnsiem afsw
Y e )—
o d dv  du
O giler) =G+
T

(i) -dt (Au) = Ad“ ‘fi’;

’
2. mﬁemd( dr)—rxd

dt dt dt®

107 TN G CSRAE T A A6 FAA (TS T

4. = R=A cos wt+B sin of 7@, (I A, B 932
O 3T, S (TAT6 &

dR
Rxdt =0 A XB,

aRR

]
‘fit? +0’R=0.

5. afw——-wa aR %—E=wxnﬂmme @,

a;(AXB)=wx(AxB).



28 sfetam

6. @M 93 TAN (SHT UG Vv 93 1 A (Y16 (X

iy g afeny framg warem Sonesr oy
LY g o EXVL

7. RAOAYE AT @3 IR {-ANeH w3tgle x.
e
t=ox'+Pr+y,

gH, AN o, B, Y 278 w3, (qre (q FubT @

v= ém’
@3¢ FNMA 736, AT S @I ez famg caces Fr TR
T ATST AW AT |
8. T Biers FE*IY RIS GFH TN
r=a cos 0,
ga% M FmA, N (¥ INWA THCF AN 47T @R T
et |
9. Es @3B N FEWIFEH Fem r=a e’ ** FHM
FWLE | FINHE ACANIE 3-97 3ifaF @ 779 A, e
(8 FNMBT 799 FF-97 ATF 20 (FT9 T 9 T #Afqaw o°/r,
@A INHT FiS v,

10. ofedt srdm s 1'49 X 10*°cm.  ym-ffes
FGY N IAE 4’3, TICEA A7 N 37 @R IMANFT /UA
MF 9 AUER IS T I 0

11.  offedt ixe Sewg orReneT Wx ©IAT q@ AT 1 Q-
Aoew, G fagIman WIS W @Il P @ Rfw e
( #fTe3ty orp amnd 6'87 X 10°cm 47 1)

12. TwwEeE  weFe @I I w3 f gz,
o I CF, '

(i) v=u+jt,
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(ii) +=ut+ 3ft*,
@R

(iii) 2" =u* +2f 7,
@AWA W% ANE =08 INWBI @71 v=u, A IS
x=0.

18. wmEmaviy swae @F% F (@A TR0 qaTen oew @3t
fedtad o Jaw w3q f, @ f, wa Sforw A,
(46 (§ AT FNT @ Q@M ;S IAI O A AV
3(f, +f,) T8 129 G ATSHN A @AVR AN |

14. enaqmy swAas @3 Ionq watgle a-a7 X s
S

et=ax*+bx,
e, watgled wrer (A% 9 w94 e 79, IR @ @R b 937 |

16. afr wm ¢ waigle a-97 IO WO oM@ TW W@
(1€ (T AR *fane g

d’t
dx
@A v B1S 5o I |

16. =37 7w ¢ w3PElS 4-97 TEIS I TF, ST (VT8 (¥
w9 @3l 57 o v s ootn awen Iw Tt |

17. 918 (¥, (3T FMA OTF (FH NS YIITS >0 A, YA
@n g7 I3\ (AT FAHT A AMYeTOF |

vy afs f& W 2o M7 @MWA @Y, T WIY (T
qACER IPon Tt

Bewie 1 (V)
10, 3 x10° cm/sec, 1074,

11. 47 x10* cm/sec.

14 ax®+bx f= (ax? + bx)2a"2* +2¢bx+b’)
© VS Zx+b’ (Zax +5)*
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sréa Seueryfors aisiagns aniafes smawm Fn ZoA0e |
FTENF TRy e IFF IA @R fen frmmaa amenise 29
7%y e Arifageny afer F@a ek afex Trmrel Bwaw wfafes
M7 agerd fAea* “Philosophiae Naturalis Principia
Mathematica” (London 1687) amz_ faurs @t @miva
SR AEAYT 2T ILAW @32 WGGA IATINER (MNGToE I
frre for st wz miafes smidfanmm fafemw cwrm TEoAN
eI 2TAT I AR W3R (T (N T 11 AFTST WA
favegre fAloAty amiem 76T w@ e WA TNBR ed
@F1i4F Tt FATam TR MITN IR, AWA WY AiFIGA",
smie@®, THoWAt, FomE’ aefer am fapmeny Sy |
fdoq eve afer fea® Tvama sty eem w3t feetala @ s
Fmerew Rl smrdiaw smiaen® wag 15 smidfaw gRews TWShma
ord ot FAW 1 gom Tl Weirw AW g WEimR
“Tefmiiom ATSMHF” 2R GITN I 207 FAFT oS
a e’ ¢ faure o@s “Mecanique Analytique™a #-
famma afwen Sy gefe™s FEw Wt “gietrs mlma
CMGTAGH ITIT |

1786 2@ ey fRaEle argEr WNFIEE et e fEid
ST CTOToR STRA ATA HCH (7 20X AT WA feiamm Fostae-
W oz I 2R ) (%R emw ofed Ty fawmer

oifen stem fRes—fa w™he (st 1§ @
SRANITSE AT, WYY TENCACH FTWCALT NAowS (31

1 Sir Isaac Newton (1642——1727),
* Archimedes (287—212 B.C.),
 Galileo Galilei (1564—1642),

¢ Huygens (1629—1695),

& Kepler (1571—1630), . .

¢ Lagrange (1736—1813).
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TY TINCICH ATICANH AATASE, AT, T%| 7| (i Ay
™ % WA oiffasw it

& BT PEE Faw afe smaAmm I I I Tww
Traafors “ag” W WM I [T | . AvEE A%l IAE Rew,
W 3FT TRAIWM 9R VAT TAFE WY, —ad g
SIENF Otad frmmwra enE @ P e @R IYA
qreiae srgae Keafse wme | 2w fww s 3ga wetas
oYy ot F1a wAonF PIrfwe 979 I L@ | W} ‘B
U FAST(F WA IGT PG| = wfefge It 1 o} ;W
@R oEre @ e Anifae-ea weel ffam = steis
Zae |

famaore aniafes saa wo1 g S faSow fyfafes o
€ SACALHA ALWF AR 47 FLIF 8

FLSI—@F I IYLS (¥ *AfAur &y Sy, onF WhHa A
[CA | @ IPT ©F @ QUIF YPIFATF SN A |

Eorare B amE oraw W Tag AWEEAT AW, — I
WG WHA (I FNA T (TSR TH A | AFSTH, (OB
A “@2” @ “a” g waEte aifae o fes
FICA| ORI O] AFH AGH OTHA @ (FeH FI | OF
TF @3¢ I AYE JALTI AIERL A8 AHS @AW WG, A1A
A % ©7 A gV I R TN IN AW WIHe AW FAA
fagm, @ ofen oum Twael It o A g eml
T 93 I T, CFIA TJ7 47 Sy T IR WerAeE
ARATA ARG T BW A BITS GBI 30, STIR
™| M| I sfger IAA Conm TAoy ema arfen feohw fwmw
(T *Tem A |

@ FNF ©F m, @ V G3R SIIN P XA, FRGATA

p=mv. (45)

TH2+ 93N (T8 AT | B0 e TN Sz o AT,

» G ‘S o v b S T 1 atfas encatm emeTs
TN SOTH I TONE |
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“gfr @\ = e | I, o
p=t3F " (46)
@i e el WRene eW e A AR

TIRAMOST ATTATS: 29T I TH | GOSN (A0S O, ofeq e
fTaw T'a “SACAN MAWToT NS” |

Bopaner ey 2w Twmw “afzey 3@ oKax wrn TN ZOME (J
fersmelter a1 3w e I I AW, — IREW (T T FE
O (I I | TR FreEA I FreiIT qIY *AiaRdT wie
T N |

i fe ¥ fAga—eagast sAffesemm i famniln o
ACH AN (ST €3t CT AT iy am fvml 307 I”
firlty eaTant sifida mebs &

frarefter 3oe F wia Afve 3w, feeln e e 3w,
p-=-g—9=kF; (47)

@A k ATRTS-HITS W57 | pm« caiﬂrﬁq I, o}

Al (T mmaﬂFmﬁ?m a1l I € AN
6T 93T I WIS AN W @ [pl=1z@ |F| =
TR, A k=1 wGowy afex ek fqaw from

p—dt F (48)

(48) cwrF i 7w, 2 Teotn Tewivce AR sifiadwa Afs
/P 43 AT P |

a?w'fm'ﬂnmr-mamvﬁra ] (48) ctF (e T
5‘5‘1 =0;
T
pP= mn'
e 2 TERTS Tera omem o 1
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" ofeR Aex agTon e wiaadA afw M W, o (46) mitwIm
W em A

dp_d . \_.m3V.
gt =d (mv)—,mdt ‘
g siten Tl T (48) from
dv _
m =F, (49q)
e,
G X TNl = | (490)

SNATeT OOMCH, (RN SAFTY AT NF T3 ATAN I I | A9,
M ERST m-aa R FAAMF, Trm 3@ 1, @9 5% IF
@R Tt e 3 F-a3 o 1, 939 Seony 237, 3 (490) wqamtt
mi,=F,, e ml,=F,.
93 Trom TPm 3@, 9N g6 39 3’7 (Rem W o’
F1=§= F,. (50)
IR T A IR IA-GHE AT TA FA 50 |
oA @3I% 37 F aln g6 Tew &1 m, @3 m 93 8o frm
IR e 1, @3] 1, 39 Beom I, S (49b) S
m,t,=F=mU1,. (61)
qSAR  f, @3R f, T4 »fFer qrn WWdw Fa (51) shwaew
AL SA-{TO *R>@F w1 I3 I |
oM 2cHTEN (7, IR & Ty Ay qefgfes anw M, —
@A, StErel oF Sanat At Ax e AT qWre M |
o ST, Stan SIS WIS S FEIH a1z ANATES
1o
aifex g8 fam—eirers fFnrn Rotfioy A i
RN diTe, weTl g8 1w sttaifie OFm switfat o
Wi
3
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357 Bm 2w aguiae fwn F,, auw g7 o ol agaive
frm F,‘-aamﬂfamefzmﬂw'ﬂm—ﬂm
Fu"-Fu (52)
mmw«waﬁmmmmmw
glam oTd 3 |
vs’mmmmmmmmmm
A FAIR | AR I mEN (}, Yorm T fem «3e
efeirane WIg AN »fawrsr 200 Tt fFm A1 e AYIF-IT
At ZewTd I0A, CFURTY SOl T erane fafee wpfaum
A S OMA,—FW @A TR SYe OO IRl ANGE
ACMGA | #[F HAET FOWR @} VAW Ay Swen T e
6T (IS A, I[AY YA (I ATS FS G NANFT (AUR
WX PR | OF TEON U0F SN I ANae zewd AR
ofFm T (@A ¥ T (¥, 9% FAYA-IN IVLHF WANIA (A0
AR ( AAfFTel ©F IAqAE (W RTINS (@ AMAMF @R
wiyF zrs A W) 1 g% cmbagls Awed fey ofew ool
A U ASF A (I, (IAN MG-FHA AREIFOR G Srel
MO IJToFEy FAS IMARINT @ AN ACA O HTTFE |
Tyl fTANT @& ARG AW ‘
Srel bl 300 cm -8 ,
mﬂﬁm ~3x10° cm/seczm sec. (53)
@3 et 7h b 50 km. @ FW, ©F @¥ AN MG ¥
e afery I, OF AW AW '

50%10° . ;s “ em .
205g0 X107 cm =1'4x10 (63)

oA, wiey Wolm O awE TRE 4 TR (7 AW
@R AR 1 3G AfS QW WG e AEw sfawr Fn
! O wrew it wiae afefibas om, o o} Iwew
mmemmmm LAEE, W AT A
T G AT 5 YA0E | «rwn, Aiery ca A fewm A
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FAWS APKCATONT *MMOTSA ATCEF IwFhoa W oy oo &y
@3¢ ARCTAHLT *E I 4 (L (W IMIH Ty s
ACF | AT SR, GAIN JE TATZAY AR BTV NG, —
@ @F AR I AR @Y (R AW A @Io1 W™
ST I | AT ITF F[ICICA ATACANH A FACS ANF, W
T 9% AW ™ JLS TW Al GRIW @S HTAGA
1'8 et 691 1

1'5. AT = © wEA S TSES
Nfs—afen o wwx 786w % aw amieam fTme
oMl Faw | Tl g'a AiwrefEe o e

@ I3 o frms g% e Afama e fremre @7 w3l
ARiaE v @ fpmlt (I eRigfs fameamht ) Alnizs
Freaa A FAer e ( Sdre wrfmra, frn e wifegey ) Fenfae s
W, O OA AG ANRIMIT @ w34 wm Ao
FonTae 2T |

oA W& iy @IF AN owAEA | AW I OO
aFTieF IR Alfae frm afr Fala Som @ W @I wm
0o T AT A 2, O (RS AL oppdrer egiaz wiw o |

¥ T ur o g, (% eEom @w @ Taw egda
TR (ew Zowe, % I #Afe adie @rem fWdma @
% @3 7 2w T | rfen faolw faeaw anfefes wer (48)
F N AW @, I F oIW cedq b1 Ined g aow
ETA (X (SHT @R I (T omem ANI, T (Sl WM
T A NS AR AW | O}, WA o4 NS oH, ¥ TRma
Jrenn T IF 1 ewmiew Temr «f o S@y Wiomtew,
fzore we™ia oA T cmidiay e wpffar Wt fely

» BlE e St afwm, fon e wfemy a3 ma Wi el
T EH | RE TN EOE, W &3 (53 wfm 1 fayg am www faugg
WG (WAL AT TN AR X W em fam I, WA @E
fatw‘sd famz Bom oo fom zaww ; o7 Aew Ty Wb wen et qm

o Wt A a¥ i WAES (O |
3 Mach :
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mfmammﬁwnumma\smmanm
TH 1 cols gowe e Taymer e

CoiR 39 Oofx fawmio aw 3aB7 ca (X oiféaA
Wiy, St W87 oiw {Fwlin woty wam Bom FEaAm
L ]

¥ tefice afelama gohreats o= = zw1 (sie
Tone] At Taml T 37 O TFAES @I I3 ARere-
ey 3P S @ MAIET Wiy © @ IR YT P
fram % SIRY RRSRT AU AN | AeR WA
wTqTRe W™ 4 (14T onem W, Aww BoifIsite RS 3w
wieize 7 27 |

1'6. =%, =S| @ *ifEs | ﬂoaﬁmm
@ »fes searmel Nfe—m Fuz i5am @3 30 W
eeltn IFMY N I | P watglers paiiy wriwie (o
r(fa112). 4t 597 7 Fqby w3fgls, vt fag Q
A, @AW Q-3 w’igle (s# r+4r @ A6 I
L1cie SN ELC A

PQ=4r.

Pt (et Q T3y ofre s
&7 T F vzl Atfys 36 W-az
neewl o, F @R Ar (e
G PN 3

W=(F. 4r)

=F4r cos (F, 4r)  (59)
@A cos (F, 4r) 2% W@
wm F o 7@q Ar cSHawGd
6 T e ;Q srofs wivowr 47
Amﬂ fmmwm'

fwl 12—zrsy Acen FTie wtery 37 C-a7 8%
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e fag A cxte @w s ofmns 3@, oot PQ-v 48 (S#n
w Fenfas Im @E, @ fen gm giweyr an PQ-ax fn
(orelts @ Q—P sl 48 csd#zm o Pmaﬁﬁ
sopefren Tona sl & ) 1 atwE o
W=(F. 48) . (54)

¢aqTe FI |

Atam (54) cars orn nw, AACew fehin o Boltet
FACH QIeW B TR wiwl AN K | ¥4 e g 3o
74 I oA, I1A T WO TS g1 oW 3R R @,
ot a3l oo qihe

fraer 3@ Tog wabgfon sm xee oma 1 3iw el
ey # MYT AIAFAWST TS W, I7A e o™
A $IF AT, O3 AT T ANYS ¥ g'eA

W =FKr,). 4r, +F(r,). Ary+------ +F(r,). 4r,
=3 Fir). 4r, (654)

QAU -39 @AAS AA1 (S#T  4r; 9R I@F 9 F(r,) @
TER | I ATSNUTF, ATUANSE OFA FAAW AF  ATNCATWS
fase s am M1 o}, 35 C-97 ¥ A (uF W Tafrs o B
*ffg FNToCE A s @ 3@ FF @ ofam 3 3ws gm,
®) fxfeag & 511 A B-F 320 Aewis wiaega svt faow 3w e
X GTF MSIFHT & IR TR ANES ICR (S Aam-
W ga oy 6 Tog siwogr o1 @R an-ax Jemes -
T 1 o 30, Tede w0 e aern I am—

W(A — B)=A xt¥ B *#3 7ara wifys 3¢
= lim 2 F(r,) 4s,

seisg 4o

=lim - Z F(r,). 4r, (55b)

Ari-»0
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fay P
lim 2 F(r)). 4s, = !.( F. ds), (65¢)

@A r, @R r, S#7 T WEE A o B gn w1iele
s#q fqom M gowe | Inak, (55a) € (B5b) wepEmht taudw
i

B B
WA - B)-_-'j (F . ds)= j (F . dr)
A A _

B
=I F cos 0ds, ' (55d)
A

AUA ds I AWM F @@ e ay 0, et A, B
s wRigle (e#a r, € r,-97 WA A e B & x|
(65d)-97 wivtares artayier A 99 cew B o of@ 3 C 33137
oYl NP A1 A AXIN Ao A, 7 A7 3¢ Caz ¥
& Fa0s "mA |

o7 @ ANSHY AR 7I fqre 3@ F avwmm et v
I oW, O @ GONINF IAHT (wa N gH | (D6d)-9F SHIAIT
@Y WReE W 3 pEm A ek B Tayw @vm Téw wm,
ude aF C-97 8o fiéa M 3@, o3 @ F-@ AIW ™
M

mmamqaﬂm(%d)-mmmﬁwm

o I AW v-%’t'mv’m, wma oty

(F. dr) = ( s dr) ‘z v dt) md(}'v’).

Inag (55) vy onem I® '

W(A~-B) I md (3v°) = [ 2mv ] =3muvs® —iva ,
(56)
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AR 74 93 vp T A @3 B Toqre sair @n Hi5S
a1 imv® B B Ay oifes o w1
TTAFTRT et wietd K o ts wi AT I 1 e, ‘

K=3imv".
ot wiw a3 oz a1t 67
(56) cacw cren T, A fam c¥TE B oi€g Atww s 3+l
@ dfimtd A7 e wie 37, S ©N IABE B

C W™ A (s B o {8 7arcs ww wal 7lfis
FITER T |

ANH ATHTE TEANCHT WATT WS TN | (XY AN
ANPTHF AACR TR LA @, G wue P93 W (54) otz o

P=lim (F. 45!;) - (F. ‘g) =(F. v). (58)

(57)-97 TET 21T AW ANH IO IACH ATH
dK_ d 3o =[m &Y. o) = =
Tr = t(&m‘u )= (m 77 v) (F.v)=P,

iR AW Aeoiew 8w wfen  siffastRr wE wwm
wye |

AN TN TY FNT e o U-o3 e ©°

U= —I(F. dr) =f (F. dr) (69

AN T, TA @ e wigls Afee =z (59) wgEmh,
FUBCF wiu TR WS (WF TR @i S
facn s ™ F-c3 3 oifimid sntm WS wI, YN
By Lufos wfex wiw 1 = weawd genm =Tm, &AW
gatgls (wts o satgiors aitr v wak fAuw grem e M
@, tgiow wiew A 43I AR |
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 Tenier sl anéAty wrwern wwtawrm T swew
Bonumeinr F, @ F, win 5o sm w1 zeoy 6w =gl
OP=r €3e 2™ w«fﬁséﬁ=r, A Aee I, (59)
St Fenivy ogfes wie gor

P
U= -j(F,. i+F,]) . @z i+dy.])
H

.

ween aarat (60)-9% sHinea Aweais H w3 P gz 8om

faémater 23 W3t H e P famgz sude’ snem Bo3 faéa 33t M1

o7 o g’ ‘

F.dr=F,dx+F, dy (61a)

ahls @3l o s T 1 Ty oRIW WFW ©F (T
o onia @ (61a) @3 A H3FA monfae Faw, I

oF, _oF,
That T (610)

@1 YOAR AASLH, INGAT YA IR CFAD AW LS
= (61D) 7wl cvma wva lIaqre A% oo TR 1 W/ I
IR @ P AR e e gfer wiew wisw wmw
HIqTASs, o1 SIGH FNoq Cgfed wiew AW = |
AR AR &,
F.dr=F, dx+F,dy=-dU. (62)

eam, (56), (62) w3t (55) (uw e TTH

imus® —imv,* = W(A—B)

. B B

,=J<F.dr) = - j' U= — (UB...UA)

A ot B @1 oW g6 119 300, SR WA NemM AR
tmvs* +Up=mv,* + U=, : (68)
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o MANY WO CWLEH, IMNT ABT W e ouee
sfen cattem ST |1 o} T® e deawd NS
sfafoe 1

i @R fafer smrdianm e sEwa At wtow
el W SRR IR ww IR T, afe wawe s
(63)-cs framsiler 7ot sty Bofwe %1 waiew @ a1 T
Hifors aife SaABR T ATeF I G Al FNFA AW
I I S AMA | FIwtE, wfE mawa dfe a3 i
YW AT O S I (LS MA | T 2CSIH I M
Aleqq I AN FACT o0TF, ST 7 e eawe Aoy
SR AGH (I ©UF *[1€H1 NI A1 |

1'7. @==F @ &I @7IN  Stonng  AOx
W AiA5H qH, ONAT AR AT SWANNEA & Arteryior
AT I @ PPE YO I WA e ZH | feiiene
TOATH ATCATGATH ATATS AT FIATS 1%, TWATHA So@ FI FI
SleqR FoUT 21T A (I @I A@ TP IO | @}
B cetemtagiem cosltiaem 33 enarem T3 @3k cStET-
qiens QST e GRIE coYSAIE AT 2e™ I @
e g | @fam fwe anemam aifas atefa @
s, &1 @ AW | [ (FIN AR AW GAiaF e Awen
(em MBI T GR GF TtEwrs (e Arhe wWeeR Az
I

@ cotearig sfanme SYA% S ares onfa, e ATt
a3t AT Geer voq © am TR 1 W] Sren e aties
Ataegfer @3 w7 fAidS e 2@ 1 itfes atagiow w3t
A F AR @3F e I oA @end, fedias vy
Pens TAIMS GFF TN A WO AN TIFTrS
SFIT GHTAT GITIT FCN 2T IA T, ONF GICFN WS I
W geIT WIIH @ oo «IF, i A ATES WM
i IRTTE I NS AWK | cotST T Iy IRGS aRIA
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P bl qm,—adr aifers wfnegfom w3t W ~fRies
geme h sy »faada g A1)

aieter smdfam e IRt Rmm Rfemw cvm cetemin
sfaamer o eaTem weErat fafen uaw avEEE 3itte sng wme
cw, mefms ™ f@ @x (Centimetre Gram Second or
C G S) »mfs 71 «n & w1 (Metre Kilogram Second ¥
M K S) =i 31 seanm amwens fafiw ww 1 @3 (Foot Pound
Second) smte | Imiagm @wEw cotemn BgT W, O
e IR Fhgfa sfwner Fam Gomm are I AW oitfew
mieter wifmem o wredries Ppte ogEmt e Pew
I TETE 1T - AKX GAN F°TA AT AT~z
M BT |

a% (F 97 Fiers (i WIF aF TR, SEE 9IT «F
fotamam @R AT WIF WF LTS Y TR | A T @ orwhere
tiedm oFe il w1 3 Wi WIS SR WIS ; SR
OFF AW LA OF TIEMATR ALIOR @F SN 1

FAITE ILA IFS I A A T A I 2w
& Boae, ind, o1 e T aifne weeyfmy geww L, M
R T ols s Avs sm a1 @W cetomfa Q- s [Q]
2t N AT I LW | O, @I @ Va3 T T

[V]=%‘: (64a)
O} T4 197 T T'A
[#]=F B )

* Gauss:an Carl Friedrich Gauss (1777—1855)

+ w1, International Bureau of Weights and Measures-m!
FIRCE ATwS 93 Wre Woww TERE eRere: @ foom R M ey
PO T GF TR A R T | AN 2T G PRI Z
2300 N orta zeacw 1/31556925°975 wrem | aifvaen ety omomsam
wa ® ooy st amls WR fssEEen I s Y i
“oMET W ST By



amfsT e e afey fqmeeh 48
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(64c)
©F ¢ @AUR PR LaTeF SIIN p-aA S T'A
-, 1_ML
P =5 (64d)
W ant tgfer e U, Ser 7t} @ o @nwd goem
T T
W] u] e
w1ar, et wiw K, &7 93t (@qum ofa reen Sis zenrd o
[x]-3%
udie  wie E-a7 sim 2'a
" .7 _ML*®
Rl O
mmamwammm e P gens &
p |- ©64p)

ﬁmm,mmcmmmmm, cets-
Ao AfAST 29 M1 O} @W WiTS Etearm amre R
oF | AW WITAIGATH W& (FI0 AN SIS *ewa
G WA ¥, —I@ "M Kiew g Terowwy sy wwew
ANW TS oA A1 FPfed AT @F Z0AR (IIN OIAT A A
1 Tacam T odfag T | (T, @3 I QgAY Afen WA,
Tty s (7) WP WA (WS 217

v'=u’+9f%,

Mvmwmm:fmexmaﬁmmu o,
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a .
[#]hank

odie, eoe oA W LE/T 93 A1 Ao @#3a
AT (T4 AN, STHA ASFS| GSNA AGIE I F7H |

(84a—f) AlFamfor A TAw 2wE GRiaw wIIyA
omem TH 1 T o @ sehers, Tdid @3 cm ( @AM ),
SR 93F gm ( AW ) 93¢ ANET 9FF S ( GNFS ) TEHHA &),

QRUE @3F=1cm/s,

wWew «3F =1 cm /[ s*

PR @F¥F=1gmem/s*
™ & an *eiors I WFET @IV W@ AW SNE, @ A
@ Otew (dyne) |  2rhFa T

@F ei¥7=1 dyn
@O T e,
ldyn=1gmcm/s”. - ' (65a)
Geerena,
mier 31 IR 93T =1 gm cm®/s*=1.dyn cm, (65b)
weR 93F =1gmcm®/s*=1dyncm/s. (65¢)

1 for @71 *ratore FCHA A1 AEA GITIT AN GF Wil |
Tz, |

Iy,

aF orf=1 erg=1 dyn cm. (65d)

wYeR WsF=1erg/s (65¢)

@8 A | AT TE (T I 9IF ©R A WiET 9IF

rf-07 W Sfowm P TerE &0 AT | ISR I

NS T F 97 *wTs, AF uE laeET 1 W ® eTers
trté @3F =93 fdm=1 m=1X10"m,
O 9T = &% Tavemm = lkg 1X10°gm.

g, (66¢) wwepamlt

g @39 =1 kg m/s* —1x10‘><10’gm cm/s*
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€ (F G FIGTOLS I QFF AW &S fo¥8d (Newton) 1
oRF AT,

@3 fq8F=1 N=10° dyn. (66a)
(64¢) wrgamt :
I @IT=1 kgm*/s*=1Nm
¥ 9FTFT AN &F A (Joule)' 1 ot T

wFgAa=1]=1 Nm=10" erg. (660)
ey, (64f) SwepEmt

waer @¥F =1 kg m*[s*=1 ]/s. (66¢)
9% QT TN &% SAB (Watt)® 1 erhas angen

% em=1W=1 J/s. (66)

o oriera Fwelh (stomieam am € uss (A ZEE—

o - o T @n % F 9
aFF | 2elE | urw el
ey L cifedtaim | cm fdm m
Py . % M amw gm | ferommy | kg
™ T CUFT s ouFT s
Q@ L/T — jem/s| — mls
e L/T* — cm/s? — m/s?
wRME | g | ML/T*| wRa | dyn | fab%% | N
w¢ ovfy [MLY/T* | wmt | erg | wor* [J(=Nm)
A wrei  MLY/T®| — |erg/s| ems® |W(= J/s)
®t forF|—wwsis mism sm © 93 1

1 7. P. Joule (1818—1889)-aa ammpmwea |
* James Watt (1736 —1804)-a% Amteincs |
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&% o o AWTES tirdm urT 9F 3, oI 9FT 9F MBe
R AT 93T 9F e | T Tor @77 @I ¥ amF AYE
fwme—

1 ft=u% 36=380'48 cm.

11b=us «¥e ( &7 )=453'6 gm.
CFe A Ton cgfere wiemw | «IFWA Reore IR WA
AT 0 OF Tor @ ETeR ATR 5ew few | Tog SRR
O @ 97 6 17 {5 @7 rgfed aee IRZS ZH @R aF Ty aR
MRS AW OHA | IRAGAE  rforn S aF Tor @A eraters
el Jofafos stoming a3 gan Tafrrs g

% T @7 cmiors I GIFT AN @ *ifOeiM)

(64c) SEml, 2relFEy AT
1 Poundal =1 1b ft/s*. (66e)

I 9FF 9T FO-SeM G FASH 9IF 9F Fo-rroerE affc
e |

IR IIF—07F 933 Aysw @ea Wfem smton
JMAGA I3 TR, G1oYia 2SS SFIH JTABATH IS T, 9
OITHT SN T I ZH | aeiere, Riadtariae ewamwm e eng
9T PRIER GFF AR AT AT, IR AW @IS I |
AT OIFT AW TYFE-HINS 29 g-97 T So TvSamiter 1
TS WS I PE Awdt W ere WE @ W @
R4 IW, ONF O} IGA CWR I | TR I 9IW wA
- AIRE-FINS BRI g 2Ol wia AfS I A, R W
m SRS a3l Ig% oo B'A mg. G- RiewEe gz T
fafem 3m, ww wfaada ¥z e aghhn ewnwe sfaada
T G T @7 oreTors siwwTen g-ax wewEE 32 ft/s®, @
trfa a7 owlers 980 cm/s”. «w Prun swfers 3w
I OFFA A ADY-CUH | @ 37 9T D Tt uh
aga Oo Trm ¥ G- Ategy g ft/s” mqﬁm oF
OF FMOS-6O I | 2AVNAW AT

1 sde-eo = g rdew =82 enderw, AFEreRI ' (66f)
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THOTOA,
1 feromam-eaw = g W6 =9'8 A%, wrwweny | (66g)

IR AR 9IF 9F I @7 owieT Fo-onde euww W
a% (F 97 *eTers fFEnAMT-eEH-TE | WO WA 9FT
aF Tof @7 srgleres go-onde ewd ufs GUFS WA W F @A
sfers fronam-eww-iE ofe ouee | ammew iR oW
e I 033 Sl 3 I gw, I AW 560 $5-
B8 6T ATS FIITeT A | ASNFT AT,

1 H. P. = a3 s = 550 {t.-pound weight/s. (66h)
aF fo @ *Risy ohoW WEF@ TH AR | Seofars
@O (T O AFIST LA LA (Yl TR | HASA I 9IS
o (7 9 oten eyaten W 75 fetema-eww-intE afe
GUFC | 2ACHIA AT

1 H. P. (a5 & @5 )=T75 kg weight m/s. (661)
A% (¥ 97 FFTOCS TLIT TR WIIYTeT W GIAK (AN T'A 3

.| 1 Teemams-ewq =g WA
34 1 fetonam-eaw-wR=g g@
we) 1 faranams-eaw-oR ot e =g e
1 H. P.="7&g earw afs cirre="T5g w/s.

ARl . 9T TS (T T TS SAfFIET—

1 ft.=80'48 cm, 11b=4536 gm @3t g=9'81 m/s"
@R 93 TiEd (9% T @ ) T G (T 9 AT GFF I
FAO A | '

(66h) st
1 H. P. (@ T @7 ) =550 ft.-pound wt./s

=550%8048X107* X 453'6X 107 X981 m kg./s
=746 w/s ( FEeny )

TR, _

1H.P. (a9 @97 )=T76g w/s=T56X981 w/s

=736 w/s ( HWTENR ) |
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1'8. CPpdl, =ste1 @ frePe-=miSics | ontfeea
fRErst—afeiam SABIR AN ¥ TH (T A Iy ste
a3’ fomins eipch (o Aale goe | afe sfawer w= &
@3 - avaa e I gre, WEmm aifen
2ew ¢ ooty T Avoee FMOMMIRIAR @M WS A
oS, ¥ Tmm-ga a el fofe-Fnn o1k, widie faui-
AT T W FAAIA  THONIYR  WHAIR S AR |
«we FIHTCACT woH Fision 7l Ayt Podet-wtsicm
M| o BHT *MA, AR FH I 7] i@% ame 1%,
O G IEL FIOMN IS A ? A IAR W @, TS
oRtge (@ A ey gad amiertn Taohrsoen Zre wma
q, IF G-y T SRWE @R\ WA aniw, ofed Fw evwn
o AR 9R INT WIAF AT AMTHY I | FNAR G
werler | @3} TN IIA (v q0H, @@ WeR AfE ey @
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differential

Hare W intuitive
knowledge
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steiamm kinematics
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gtge (e#7 localized
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tfogre elastic
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of elasticity
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