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fevvfer e
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d*s
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Twigad 3. @ TF 93IH I o AA-RP @I FEerw
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Y
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TR FANT (391 A fawLor Tgerg Toory A >opfra foomm 1 oA
INHI @1 *fzwme A Fhez W T'a

v=al. (41b)
6= ggnmwfhcﬁfhmtml @t @ o (emm)
foz Wi favin 330 0= o €3t

v=aw. (41d)
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P=7 dy %d'l,—al =a.
PR
1=0+Z N=qa'N (420)
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O FTed Wre A g3 AN,
wire gege Qe o e
o-a3 fon Tatres s (sm 111)

a2 o TE (o3 a adle W
e I Tm, Ilias @n e#n

097 TR T,
A_de ~
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ce#a rom, e OP ¢ ON-a7 wwtel @rm = $ T,
GOP fager cots cien T1w

GP=O0OP sin ¢=r sin ¢.
Fe? P g o sria 2o

0.GP=oq.7 sin ¢, )
ek TN A @ swerw GP-ax oy e PQ sfeqry, adie
(axr) cebwm o | seAR, P fagw @ ceda v 2

v=(or sin ¢)T

@A (axr) cehEm tomn @3F (oRd gA T. @Y aXr
e¥ER oA 7 sin 6, I T=—k AR,

y sin ¢

g{sv=m;><r=m><r (44a)
QYT (NF A I H, (RNF IO & AW ACCHF FH
(CHNT TIFTH FAE W IFH-TRFIIICE WA A

forqrs onfa ¢

g—t=a)x. (44b)

ST JAT MY TIFAAT I [ TILA IAG AN
epfre e W3t (440)-F 93T AT WF IA SN TW |
MITE Mg MIeT miater Mo AW IE EE T
oo Ty, 39 Tt W Ut INTMT @7 € WM
o o (440) whewrm |zw Rew R 3!
2FTH, (I WIG (e#a 3T WIW JrwA ST FAS AT,
ST NE AMCE R (SFEE  AASeE g fftmm e
(44b) w3 1
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IR,
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IR,
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dv , du
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OYTA U G V (S#T-T TG £-9F FIOW | 47 T3,
w(t) = u(t) X v(t),
R HIACFE AN A T
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T -
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IR TR Sri,

dv _ dvdx dv
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dv
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iy g afeny framg warem Soneer oy
1Y o o ItX VL

7. TROANT WAAS 9T For7 -7 w3Tghe 4.
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>ii) ~=ut+3ft*,
@R

(iii) v" =u" +2f x,
@AWA W% ANE =08 INWBI AT v=u, AR I}
x=0.

18. wmEmaviy swae @F% F (@A TR0 qaTen oew @3t
fedtad o Jaw w3 f, @R f, wa Sforw A,
(4T (¥ AWM FINH @ @Y ME INIT © AW AW
3(f, +1,) T 129 T STSHT AF QR AN |

14, AIMAYE SWATS IV INA WIS 497 WX AARA
S

et=axr*+bx,
T, WITETST A (AN 93 W N 3, AN @ 93 b 537 |

16. i smw ¢ oRigfe 4-97 FROE W AWE TW O@
(1€ (T AR *fane g

d’t
dx
@AY v Fis Aioe I

16. =37 7w ¢ w3PEle 4-97 TNETS P TF, ST (VI8 (¥
w9 w3l f5i7S o (e gwn oot awen Iw Tt |

17. 418 (®, (ITT FNT OGN (FH ATS YIITS *(CX A, AR
@7 53 S (T FABA [IER ANPIST |

vy afs f& W Zre M7 @MA @Y, T WIY (WF
qATER IPon Fwgenies

Bewie 1 (V)
10, 3 x10° cm/sec, 1074,
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e wreryiars sfsiens anfaies wmamww F0 TR |
TSN TRy Mo IFF A @R ey teE amAThe 29 !
7%y e Arfareny afex Fma wak afen Tl Xaw fafew
A wigers fAeea* “Philosophiae Naturalis Principia
Mathematica” (London 1687) amz_ faurs @tz @miva
SR AEAYT 2@ IAW @R WEOA IR (NETHEN IEA |
fors fom wort wz mfafer smidfamm fafem ovtn oAl
AT 2ATAT I AR @R (T (MR @’ o1t Argpies qoA™
favemre {0ty Fmiam ST w@ e WA NG ed
@F1ieF Tt FAtam TR MITN IR, AWA WY AriFIGA",
smiemR®, RO, FomRS agten am emeny Swrramn |
f7867 owe afer foa® Tramg sty oem w3t feetafa @ wien
e Roritn smrdiaw snfeen® «ag 15 *midia gRrms IRSima
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SISO WY ATA H/C (T T AT @3 afefamm ot
W gy I 2 ) TWeuA eme afeq Tyfer Tawemer

sifen stem fRes—ME w™hs (st 1§ @
SRANITSE AT, WYY TENCIACH FTOCALT NAowS (3

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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iy e el NmETE eW Gl T ARweE
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: ieR Aex agTon e #iaada afn M @, o (46) mitwm
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gt =d (mv)—,mdt ‘
g siten Tl T (48) from
dv _
mcﬁ —F, (490)
e,
CUAX TN = | (490)

SMAteF SR, (R AWTW AT CF T34 *iaare M qAW 1 O,
M ERST m-aa R FAIAMF, Trm 3@ 1, @9 5% IF
@R Tt e 3 F-a3 o 1, 939 Seony &3, 3 (490) sqamht
mi, =F,, et mi,=F,.
93 Trom TPm 3@, @A g 39 3’7 Rem TW o)
F=§=F (50)
IR T A IR IA-GOT AT T FA 50 |
oA @3 I F air g6 Tow & m, @R m 97 Oom fom
IR e 1, @R} 1, A9 Beom I, S (49b) S
m,t,=F=mU1,. (61)
TSR f, 93 f, TR *fzer qn Wdw Fa (51) whwaew
ATLNE] SA-ITHH "R Go I T |
oM 2AcHTER (7, IR &7 Ty Ay qefgfes anw M, —
@A, TtETe oF Sqant A Ax e AT qre e |
ot ST, Stan SIS WIS T FEIH a1z ANATES
Lol
aifex g8 fam—eivers fFnrn RotfoyA it
fSfiFn <icr, Wl g 1w stta=ifds fEFml sweifiod @
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frm F,;-aamfaﬂnehmm—ﬂm

Fu—-Fu (52)

ﬁmmmmwﬁmmw@ﬁmhmw
glam oz ¥ |

vmmmwmmmmﬁmw
A FAIR | AR I mEN (¥, Yorm T fem «de
efeirae WFg Au »fawrsr 20 LIt fFm 1 e AYIF-IT
At eTd I, CFUeTE SO T erane fafge wjfaum
A S OMA,—FW AT R S[YE OO IRl ANGE
ACGA | 2IF HAET MR «f VAW 2wy Swen T e
e (IS A, IAY YA (I ATS FS G NANIFT (AR
WX PR | OF TEM (UF SWE I AYIAS zenm AR
ofFm M (AAe WA TW (¥, 98 FAYRA-FN IPEAF JAMIA (A0
AW (ACeiHTe O Tt (oW RiAeT @ AMANEd @UE
i e "ma @)1 g cmrets s Teg afen el
AW S AT TA (R, (I MY-5H7 AWEFR TR S8l
MO IJToFEy FAS AN @ AN ACA O HTTFE |
Ty fEAY ¥ AN W ‘

1 oG 300 cm -6 v

Glm@ mm ~3x10™° cm/seczm sec. (58)
@3 et 7 b 50 km. @ FW, ©F @¥ AN MG ¥
e afery I, OF AW AW '

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

A, wiea WOl O awE TRE 4 TR (7 AW
@R AR 1 3G AfS QW WG e AE sfawr I
! Yo arew alt wiae afefihas Tm, o@ o} Iwew
mmemmmﬁcam AILAHE, W AT A
T G AR 5 YA0E | «rwn, ey ce A fewm A
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FAWS APRCATONT OISR ACCE IwFoa W oy oo &y
@3¢ ARCIAHLT »E I 4 (L (W IMIH Ty e
A | AT SR, GAIN JE TATZAY AR BTV NG, —
@ @F AR I AR @Y (R AW i @Io1 ™
ST I | AT FTF F[ICICA ATACANTH WA FACS ANF, W
T 9% AW W LS TW A1l GRIW @S HTAGA
1'8 et 691 1

1'5. AT = © wEA IS TSES
Nfs—afen famm wwx 786w % aw amieam fTme
oM Fa | Tl g'a ArwrefEe o e

@ 33 o frms g% e Afama e fremre w7 w3
ANEIT cvwmA @ fegemlt (Frd wRigis famemht ) winlzs
Freaa A T dmee ( Sdre wrmre, frn e wifegey ) Fenfae I
W, O OAR AG ANRIMIT @ w34 wm Ao
Foniae 2T |

A A& T 9IF A A | W I TR
aFTieF IR Alfae frm afr Fala Som wwm W @3B wm
o3 T AT AN 2, O (ARG AL oppdrer egiaz i o |

¥ T uw o A, 9% eEom @w @ Tew epda
TR (ew ZoE, % I #fe adie @eem fWdma @
% @3 7 2w o | rfen faolw T anfefes wer (48)
F N AW @, I F oW codq b1 Ined qF aow
@A ( (THT AT TAEN (WT one;m NI, T (B H@M
IR A IAE AR AW | O}, WA o4 &S oA, ¥ Txma
Jremn T 39 1 ewmiew Tem gy «af o S@y Timtew,
fzore wreia oA T smidiay e wpffar a1 fely

» (S¥Em T waEm! sfmm, fen e wfewy @3 o Wi ol
T EH | MRE TN EONE, W &3 (5% wfm 1 fayg am e fagg
NG (WAL AATH TN AR X WA em fam IA, WA @E
fatr‘sd famz Bom o fom zow ; o Aew Ty Wb wen emafo am

o W T ¥ WAES OV |
3 Mach :
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TH 1 ole gome e Tymer e

c¥I% 3u7 Votw Femo aw Tuln SACWN (X SAf s
Wiy, St TWB7 oiw {Fwlin woty wam Bom 6w
L ]

ok el afelama gohremte o= 0 zw1 (sie
7o Aite Sant (1T g7 B TrARe «ITiee q Aliere-
ey 3P S @ G Wiy © @ IR YT P
fram % R ARST @A AN | ATeR A
wTaTHe Sl 4 Crare onem I, aen BoifIvits A v
gfelrs s:m 27 |

1'6. =n=, =e=rS] @ »ifes | ﬂ&aﬁmm
@ »ifes Seamsel SNfes—a F-a7 58w @3 301 W
eeltn IFMY A I | P watglers aiiy wriwie (e
r(%a112). 4t www w7 Ty wfgls, fqavqet fag Q
A, AW Q-3 w’iEle (s# r+4r @ A6 I
EomE | oI,

PQ=4r.

Pt (et Q T3y ofrs s
&0 o F w7l Aifys 8§ W-az
newl o, F @R Ar (S8
CIATA A 3

W=(F. 4r)

=F4r cos (F, 4r) (54)
@A cos (F, Ar) 2@ «@
w F am @9 4r o9
s (IR (FTART AT6S K |
sarm PQ o6 wivowr aw
T @) T 2R 3 AW
sy afeery 35 C-a7 ¥ vl

| fw 1°12—='s 7wen



omafes ron e atew fqmwraeht 87

e fag A cxte @w s ofmns 3@, oot PQ-v 48 (s#n
o Frias I @E, T fen g'w wisowr @n PQ-ex fon
(orels @ Q—P sl 48 cs#zm o wawaﬁsa
wopfren Toa wfee & ) 1 atw &
W=(F. 48) . (54)

¢aqTe I |

Atam (54) cars orn nw, AACew fehin o Boltet
FACH QteN BN TR wiHl AfeS K | ¥4 e g o
74 I oA, ITF T WO TS gA1 ww 3R A @,
ot w3l e qihe

fraer 3@ Toq wbgion grom xe oma 1 3iw el
ey 1 MYT AIAFAWST TS LW, I7A e Iom
A $IT ANT, ST AT TN ANYS 3K 2’7

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

Q@AY -3 @AWS FAA (S#A  Ar; @R IR 9 F(r,) @
TER | I ATSNUTF, ATUASE OFA FAAW AF  ATNCATWS
faee s am M1 o}, 35 C-97 ¥ A (uF @M Tafre o B
*/fg Fioed At fAre zm 3@ F3 @ ofame & e o,
®) fxdeas & 511 AB-3 32¢ A3 igegd s Rew 3 [l
X GTF MSIFHT & IR TR ANES ICR (S -
W ga oy w6 Tog wiwopd o1 @R an-ax Jeme -
T 1 o1 303, Tede w0 e aern I am—

W(A — B)=A =tz B *43 730 7iys 3¢
= lim Z F(r,) 4s,

=lim - 2 F(r,). 4r, (565b)
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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 w1igle
e#q Tqom Fm gowe | Inak, (55a) € (B5b) wepEmht taudw
i

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

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

AUA ds I WM F @ @I oA 0, wat A, B
foqaes Sigie (s r, € r,-97 A A e B @ zmwe |
(65d)-a7 wiatrs afaeiar A fa%7 cee B 2 »fe ar C 33133
Yl ANIIA 1 MY AHIN Afve 7, IF MW 37 C-wa ¥
&z 33rs M |

o7 @ ANSHY AR I fqre 3@ F avwmm et v
I oW, O @ GONINF IADT (v N gH | (56d)-9F THIIT
@Y TWReE W 3 pEm A eik B faqm @m Téw wmw,
e aF C-97 8o fiéa M 3@, o7 @ F-@ AIWM ™
LIRS

mmm«mw@—«wﬁwww

o I AW v-%’t'mv’m,mm.

(F. dr) = ( s dr) ‘Z v dt) md(}v’).

e (55) curs onem T® '

W(A~-B) I md (30°) = [ va ] =imuvp"® —iva ,
- (66)
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(RNIA v, OR v W A @t B Rgre waiiva @ Afso

a1 imv® B B Aty ofes i w1

TTAFTRT et wietd K o ts w A F1 owm, ‘
K=3imv".

oty wiw 93 ez b 67)

(56) carw cren T, A faw c¥TE B oifg atww s we(i®
@ dfimtd 1w e wte w3, © €N IiBcE W
C W A (w3 B oy {8 7arcs ww wal 7ifes
FITER T |

ANH ATHTE TEACHT WATT WS TW | (XY AN
ANHTHF AACR TR LA @, G wue P93 W (54) otz o
Y Ar) _ dr\ _
P=lim (F. B)-—(F. dt)—(F. V). (58)
(57)-97 SO 21T FATH ANNT AIIAN FAA ACH
%I_f = d%(imv’)= (m %{- V) =(F.v)=P,
wde AEF ACATw A8y e offRsT I wm
Wy |

TAN) N Y FNT (ST Wi U-o3 e ©°

U= —I(F. dr) =I° (F. dr) (69

AN T, TA @ owe wigls Afee =z (59) wgEmh,
FBrE St1 6w wAS (wF I @ wafees
faca caes T F-c3 (3 oifamid 38oiea 330e W3, S ¥
B ufos wfew w1 1 weawd gemm =Tm, &AW
gfgle (e 2mm wRfgiers i @ *rne T Fem 1w
@, txiow wiew T 43I YR |
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 Tenier sty anédty wrwern wwtawrm T swew
Bonmeinr F, @ F, win s sm w1 zemoy séwm =gl
OP=r O3e 2™ w«fﬁsﬁf—f=ro A Aee Fae, (59)
SEnY Fenivy ogfes wie g'ar

P
U= -j(F.. i+F,]) . @z 1+dy.])
H

.
= —J‘(F‘ dx +Fy dy) (60)

e aarat (60)-9% sHined Awais H w3 P gz 8om
faémater 23 W3t H e P famgz swde’ snem Bo3 faéa 33t M1
o7 ad g’ _

F.dr=F,dx+F, dy (61a)
ahels W3l o s T | Ty oRIW WFCW ©F (T
o onia @ (61a) @3 A H3IFA monTae Faw, W

oF, _oF,
Tt (610)

1 YOAR AASLH, IV GALS IOR CFAD AW LS
= (61D) 7wl cvma wva lIaqre A% oo TR 1 wH/ I
IR P AR IR ENR (e wiEd HiSY WK |
ATYTATES, 21 JPGH FbA LgTeT wiaq I 0 w3 2 |
AT AR &,

F.dr=F,dx+F,dy=-dU. (62)

ream, (56), (62) w3t (55) (e o qTH
Fmos® — tmy,* = W(A—B)

o B B

,=I<F.dr) = - j' U= — (UB_UA)

A ot B &t 3 76 119 300, SR WA NeM AR
tmvs* + Up=imv,* + U=, : (68)
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giens QST e GRIE corSAIE AT 2wmT I @
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Yo bl Fu,—adr aifers afnefo w3t Tw ~fwRies
geme h sy »faada grr A1)

afefes emdfom e Ffmd o Riew v cetomi
sifaamer o ecarew St ffen ure TR e oy e
cw, mefes ™ f@ @x (Centimetre Gram Second or
C G S) »mfs 71 «n & wd (Metre Kilogram Second ¥
M K S) »%fs 1 7z amseas fafowr @% 71 @% (Foot Pound
Second) »mfe 1 @tm @wRw celemiv Bge T, oUW
e IR Fhygfa sfwner Fam Gom are I AW Gitfew
mieter wiimem o wedries Ppte qEmt e Pew
I TETE 1T - AKX GAN FT AT AT~z
I 7T |

a% (F 9 AFTOCS 4R @IF @F T, Sww @I 9F
fetamary @R TNHT WIF 9F CTFS W R | 1 Ty un rwTere
o0 @FF EITGTE 9 O TROTAT 9IS ST I ; ST
GFT AW LA 9F TIEATTR AHOR @F SN 1

FoiavTs LA IRFS Foqffer b A o T I 2w
¥ Boae, ind, o7 e T aifne wIeyfme geww L, M
R T ols v Avs sm a1 W cetomfa Q-a s [Q]
2t TN A I LW | O, @I @ Va7 T T

[V]=%, (64a)
O} W9 197 T T'A
[#]=5 B 7))

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

+ w1, International Bureau of Weights and Measures-ﬂ
FIRCE ATWS 93 e WowE YRS RIS @ foom R M ey
O T GF TR A R T | AN 2T G PRI
2300 N orta zeacam 1/31556925°975 wrem | aifvaen ety omemsam
wa ® ooy st amls WR wfssEEen I s wY afwe
“oMENT X IS By
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B ML
,_F]:TI‘T. (64(-')
©F ¢ QAU PR LateF SIIN p-aA Am T'A
-, 1_ML
¢ ]- L
W ant tgier wie U, Ser aifad @ ok @nwd goem
T T
W] u] e
w1ar, et wiE K, &7 93t (@qum ofa reen Sis zenrd o
ML*
[x ]+
udie  wie E-a7 sim 3’7
_ML?®
[e]-"7
R AN X 34 AT T4, 9 P geqm o=
2
[» ] (64f)

’d I T, Giifers artaiam e #faéa @z, cete-
Ao AfAST 29 M1 O} @W WA Etearm amre Rt
oF | AW WITAIGATH W& (Fi0 AN SIS 0w
G WA ¥, —I@ WM Kiew g Terowwy sy wwem
AN LTS A A1 | ATaeior A @F A8 FIN OAT ALY G
3 Tagame fv wdfIg oW | (T, 93T FNT YUY Afen AnABAT,
Tty s (7) e AWM (WS 17

v'=u’+9f%,
Mvmummzfmexmﬁmmu o,

[ ] -



44 | - ofefm

ax
[f ”] T”

odie, ee oA W LE/T 93 A1 Ao (@73
AT (T AN, STHA ASFS| GO AGIE I 47H |
(64a—f) malzaerfiorn sz TAw 2WE SRS wIIfAr
omem TH 1 T o @ sehers, Tdid @3 cm ( @AM ),
SR 93F gm ( AW ) 93¢ ANRT 9FF S ( GNFS ) TEHHA &),
QRUF @3F=1cm/s,
wWew «3F =1 cm /[ s*
PR @F¥F=1gmem/s*
™ & an *wiors T WFET 9IV W@ AW SE, @ A
&® IR (dyne) |  erohFn AR

93 e =1 dyn
@ T e,
ldyn=1gmcm/s”.: ' (65a)
Geerena,
mier 31 I 9FF =1 gm cm®/s* =1.dyn cm, (65b)
woR 93F =1gmcm®/s*=1dyncm/s. (65¢)

1 for @71 *retore FCHA A AfEN GITIT AN @F Wil |
g, |

Iy,

a3F orf=1 erg=1 dyn cm. (65d)

wYeH wsF=1erg /s (65¢)

oYie TH | AT T (T [ 9FF ORA A1 wieR «IF

oarf-a AW Sfewd PE TeAW &N SrYiANEmE | IEMH ITA

IS 9 (F 9 PN, CIE arF RNEE | W] eTers
trté @3F =93 fdm=1 m=1X10"m,
O 9T = &% Tavem = lkg 1X10°gm,

g, (66¢) wwepamlt

g 939 =1 kg m/s* —1x10‘><10'gm cm/s*
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& (F G FGTOLS I QFF AW &S fo¥8A (Newton) 1
aoRF AT,

9% fq8y=1 N=10° dyn. (66a)
(64¢) wrgamt :
I @IT=1 kgm*/s*=1Nm
¥ 9FTFT TN &F A (Joule)' 1 oI T

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

waer @¥F =1 kg m*[s*=1 ]/s. (66¢)
9% GFFT TN @F SAB (Watt)® 1 erhaa ange

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

o oriera Fwelh (stomiem am € 9 ss (A ZmEE—

7 for @A O T 9

LIt qre
0T | aele | WIS aels

ey L |ofsfadm| cm i m

Py - % M aw gm | feromma | kg

H T FT s CFT s
an L/T — temfs| — m/s
e L/T* — cm/s? — m/s?
TIMC | g | ML/T*| w3 | dyn | fa®s | N
wr anfy [MLYT* | w | erg | wamt [J(=Nom)
| wme MLYTY| —  |ergls | emi® [W(=J/s)
St forFl—wwsis mism s © 93 1

1 7. P. Joule (1818—1889)-aa ammpmwea |
* James Watt (1736 —1804)-a7 Ameics |
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&% o o AWTES tirdm urT 9T 3, oI 9IT 9F AT
IR AT 93T 93 e | T Tor @77 9FFT ¥ amF AYE
fwRe—

1 ft=u¥ 8=80'48 cm.
11b=us «¥e ( &7 )=453'6 gm.
CTIe A Ten cfere wiew | «@IFWA Reore IR WA
AT LT 9% To @3t srwTen Al 2mew fem | Tog smyiaeIwa
O @ 97 € o {5 a7 eiel oo IRFS W R 9F T X
TS oMW OHA | IRAGAE  rforn oo aF Tor @A eraters
el Jofafos stoming avr gam Tafrrs g

aF T @7 emfers W aITIT A &% SiOGie)

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

ICE OFF 9F Po-oMPeH GR FASH 9FF UF Fo-onoem 2fe
e |

NI IIF—OF 933 Aysw ea fem smton
JMAGA I3 LA, G1Yia 2SS SFIH JTABATH IS T, 9
OITHT SN T I ZH | aeiere, Riadtariae ewEm e eng
9T PRIER GFF AR AT T, IR AW @IS I |
TFE TN GIFT T AUF§-aTTe 19 g-a7 e Som st |
oS WIS 3 E Yt i e e @ e @
U4 IW, ONF O} IGA CWR I | TR I 9IW WA
- AIEEe-TINS BRI g 2Ol wim Afe I A, R W
m et a3l Ig% oo B'A mg. G- RiewEe gz T
fafen 2, TR Afaxd ¥ g o Aghhy ewrae AfaRd
g@ 1l 9% T 97 *efers e g-ax amae 32 ft/s,
frfaan owlers 980 cm/s”. aF Prun swfers 3w
AT 0FFA A ADY-CUH | @ 37 9T D TG uTh
g Oo Trm ¥ G- Ategy g ft/s? mqﬁém oF
OF TOe-6u I | ST AT

1 snde-eo =g rBem =32 endew, wpwrens !  (66f)



smafss wran e afew Trwamae 47

THIO,
1 fromam-eaw = g W6 =9'8 fA¥i, wrwweny | (66g)

I AR 93T 9T T @A owiers Fo-omde e @Rt
O (F 97 *rTers fFEnMT-eE-TUE | WO WA 9FT
aF Tof @7 srgleres go-onde ewd ufs GUFe WA O F @A
sfers fronam-eaw-inE ofe ouee | ammew iR oW
e I 03 Sl T I gw, I AW 560 $%-
B8 6T ATS FIILeT FF | ASNFT AT,

1 H. P. =3 s = 550 {t.-pound weight/s. (66h)
aF fo @ *Risy ohoW WEIA TH TR | Seofars
O (T O AFIST LA LA (Yl TR | HASA AIFTH 9IS
e (7 9 oten eyaten W 75 fetema-eww-intE afe
GUFC | AT AL

1 H. P. (a5 & @71 )=T75 kg weight m/s. (661)
a% (F 9% RIS TITT @I N GFAF @A g 8

| 1 Teemams-ewq =g WO
34 1 fetna-eaw-wR=g g@A
wael 1 faranams-eaw-Tor ofs irve =g eaw
1 H. P.="7&g eam afs cirre="T5g w/s.

BateRel ¢ 0T oraTS (AT I HETerS HfaIE—

1 ft.=80'48 cm, 11b=4536 gm @3t g=9'81 m/s"
Y@ @F Teiied (9T T @ ) TN OGN (F 9 AN QLT AP
FACS T3 | '

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

=550%8048X107* X 453'6X 107 X981 m kg./s
=746 w/s ( F7Eeny )

uRM, _

1H.P. (a9 @97 )=T6g w/s=T56X981 w/s

=786 w/s ( JwTeNI ) |
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IoCMT T W FAAIA  THONIYR  WHAIR S AR |
«we FIHTACT woH Fision 7l Apifoits Podet-wtsicn
F{WH | 2y THS *MA, 9FY FH FRR A7 STS8F AME 19,
O GT IEL FIOMN IS A ? A IAR N @, TS
oRige FW A o gad omleritn Taohistoen Zre ma
q, IF€ G-y TR SRWE @R 1w aniw, ofed Fw evwn
o AR 9R INT WIAF AT AMTHY I | FNAR TS
werler | @3} TN FA (v q1H, @@ WOR AfE ey @
Qa1 offedty arizs afen o g-oe T SRiES W
6 IN G-I TMOTF (X TS T AS IW, OF HHA
(42c) itwae ogmt

f=aw?,

AR e 1w A o 9k e @ @ o, et
93 27 T R IR ITA
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framiler 3@, Sdwen g2 aw @R AR Ay fonm, w540
A wieyy frm IR (w8 @ Tl 3@, A (wF

B3 AV-{ATT YOI AT I\ AT |
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18. aferardt sraa @3 FomE WEGNE @A AX B F0A
u,-Fere Wrw I A1 ATT «IF S@T & AWLA ATSTATY

%x(a'-fs)l (a6 (7 TRE WY AR AX (& @WE
sz 1713 ) B 31 FACS FNWI (@ ANW AW, € T'A
2u, . .
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BeIwini 8
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. t-gsina; U cot a.

3'4. Ste oifew FEer ARNT—@FW W 9 T
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s, ot @ aws ofen wem SABN N TS, O



mmonly s 158
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fopltoqt T 1 Fefda afen smemsAE, FUa Som frneler avm
TG FNloa 8o qwrw Trm—ans wewe WwaEn AfefEn am
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Y
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trere s i wtegry, wdre MP wfegry aomform Somom o
{Qq .
, = —mg sin Y, - (24a)
o7, wfewy b aFe-ceE wteqtd Iaeie oo T
A _ '
Fy=R-mgcos ¢y, - (24b)
@A A aAfeiem R @ Afes g - (24a), (240) w
F, @ Fya WA (4)a 3tWn »pfe ¢ wieay fomm zerivan astn
AF39 AqTA

d’ N
m % = —mg sin v, (25a)
G
m %'=R— mg cos ¥, (250)
CAH p oM@ IEToq Ire-am Alve wal fag, sm@ wniv
siny = %,
3R
G- dl8)-A0
dt" “dit\di]| ds\dil di " ds"

e, (250)F AyE ;A T,
av_ _ o .
o MPEsT ™ s
S AT ANITF F'C7 A06M 7

B g = Mgy =)y (26)

@NW Wit wagw Fenfox @i y,a«mv, (26)-ﬁrfw
i oY 0F (7, y) TEW GRS FeioT e wiew whRdA



et afs 166

Aoe 33, W G A, @ SET ARER AFsa-utte
vE A Aiee 31 o} ey Wfes wifeRd am @
AR, AFEA T (26)-F ARG A IIm—

mv® +mgy =imv," + mgy, =13 (26')
7 ool wie oR tgies wiea @t fWere Afve I
w5 IR AR, e wiFae (26)9 wr afofra wgies |
(26)-7 TTEAHLF m AN O FTH, AF@A I AWA AR

v'=v,"—29(y—1,). (27
% T (250)-c% AW #H1IX AN IR ATelFag aW wwA
R= m[ Qg(y y’)+g cos sb] (28)

wh me I, p= 7 ¢« OR YA A IFE AFA [AWLS G |
FRER, 9 (U3 Afeirarg I 9w 33 3w |

@) owRd wHFA o7 Wygielai-wfas zoim Afes—
OQURT SEY ATSLA SITES AFToLE WA ¥A TR | 99 FNiog

yr

f58 3'8—or e I@T Oo@ AR o-FTTS T ATS

sers afewmy Fa 6% FF 4R WHaatas @ e faewhe
trma fem wea, @@ oAfem A PR, @A § A T
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wwwwg »pftgn T, s e afeyey, odre MP afeyy
frareltor qevyfor Somerom v gw _
F,= —mg sin y—pR  (29q)

R ateny fonw, IESicIw ﬁmw«m [Sig L]
L3 |

Fy=R-mgcosy. (29b)
qeAR (4) wepamaht FnWa wty wltzaq g'a
‘;:—5 = —mg sin ¥y —uR ' (30a)
a3
m%'=R-mg cos ¥. ‘ (800)

(80b)a Temermry p o P '@ @3k (30a)F X @A™ I,
Fura efefem R qomts 281 o 0%

m[d ,+‘w ]——mg sin Y —umg cos ¥.

d's dv _ds
aqq  (UrF - a3 p= d¢a’m TOSRAHLT M TN O

IR 26 A

1dv*

« dY_ _
2ds+!'w = —g (sin ¥+ p cos ¥).

ds

o, SouAwE 2d¢mq‘|mm
dv*
ay

(81) @ais 2w weam afeE TR Mg | @ FNEACE
G AMIAFAPT A ™Y, Togorms o} P TN Y IW
o TE—

+Quo* = -Qg (sin Y +p cos glz) d-lz (381)

Tﬁ' (. v") = —9g (sin !Il+llcos ¥) dfp m
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AATFAN FACA AWA
eyt = -ng(sm ¥+u cos ¢) e’“"dt[/+c. (82)

QYT FAFOR 6 X NF AT PR am fafa #m 3w

3T 278 QeA m‘;‘;wﬁws A | qTAR I WA

(32)% wiAtre TNmom Fm FWt (32) cwF v'F WA TNdeEn
3 (300) cutF Wz ofcirm ffma a1 w1 oW

ds_dsdy
a@t =3y di @ (32)(F ATTANATE A GII@ ANIAN

P, AT BT Satgls e I A |

3'5. =S cwieicsa oifs—aay afer wah Poifafse
BRI XA A (R S | AIA (A IS I 9FH Sy
o AT @3 TR AF G FARATE- 0
N TveE AR, QW a3 iy
F W e crem @ | W TF,
oiir arE Al Smy fawieyad
frn OB ¥ @3% F8 71 o
@ (58 8'9) @k @ SIET
il cary Taee, cran Iw FNT OB
FAASA AHAE FACS ACF | FAA
ats Tade e I |

w37, OP 7w 63 074 /[, @

ﬁafwm«memWﬁW
I ATGFTH TR | -7 I3
wiigle P, aqemn £ POB=6.
wvgiia o T a1 O faqes
oty vzw, ten fom OB AcTw
P tamgz esdtn g o (1,0). ez,
oty Ak oo fromn [ ax O3fw  ou 39—vmm ormews e
afeygry o frareftar 3o Soneeryian 2w
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@R F, = —mg sin 0.
FoR (3) oEmt Fiba ol WieRe WA aR SR
maw(lmmmmmm T I )

m(O ze') =mg cos §—T, (33a)

L m 7 Zfi (l 9) = — mg sin 0. (33b)

SoRerwTE M WA S IR, € FIA as’ca (33b) (T e

L1t

d*e
dt*
0 w1l WA PE €N LA, AN FOA, JFWSNA (&@@Mlm

ofawer 37 )

|l 5=—gsin0. (34)

sin 0=0. ' (35)
9% T (34)-a ITAH W3R SORPHE | ;M Y I NTOTH
d__ g
ar="1% . (86)

(2'51) mltvaem ACF gAN IAA (1 A, (36) @IW e
e ofey qaFe AT 1 QA p= Q (>0), aj;ar_

(86)-7 YA AL T'&A

0=c, cos'\/lt+c, sxn\/l 37

@AMN C, m« c, THA1 aUEE, Witq wen qm | (oie
TG FNBT @5 F )

$=0,0=0,=0. - (89)
IMWL, 26. SR AW €, € ¢, WA Tadvw wIE g,
a=c,, o

A/ 9> e c,=0
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@& 7 (87)-a ITw »nem FW

0 =« cos /\/j%- L (89)

- arwtn, A afe 9% FEw ﬂsmmfs I fem o e
e = zn/'\/g 2w A/ |+ T e o

frmz Oor fvéa sta @ wﬁéA(ﬂ a) 779 cits A'(0= —a)
fs T I A Taare fem I, @R aFmA EEmaters
TSN FIALS AT |

(330) curw Fver b7 Srovw AW FRedw FW AW 1 (89) e 6-7
TR (88a)re 3E AW I WA AR

T=m[g cos 8+a’g sin’\/-“'} t]- (40)

Bomm EsATE 0-7 AW FE w zoace | -3 wiw wfe g A
¥, @ (35) ACG A1 MHE (34)-(F ANYA FAN &, A
ww] 3 T

ad'0 _d[db\_d (d6\do _(d
T =ailat) =aolat) 7 = 3 @) 0= 5 4y 6"
I, (34)-% Tawmeor e A,

1d goy__9 g
—2—‘—19(9 )= j sin 0.

0=a srgm O=04w, 0T 0=a wF 0-7 30 ANFW
W Smen I

0——- (cos 6 —cos a). (41a)

P oz A, 9 AR X 0 g e 3Ty Tk
AT 30, WA 08

40 _5— — A /29 (cos 0-cos )Y 415
il W(coso cos a) (41b)
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IO, di = — — ’ (41(:)
29 (cos @ —cos a)*

Orgdtn BTN ARTA ORiACeN emitE AWIEW I AW
PR INMCAT AT 2PS ST SNEM TW | T A
WIS FIAT Ao (41¢)-7 qud AMFow M I N |

e Swa W (330) uk (41a) (¥ WA
T =mg[cos 0+ 2(cos 8 —cos a)]
=mg[3 cos 6 —2 cos a].
Aty (tF B fg s wre Ia @ R 2w
oNF t, 3@, 0=a ¥ 0=0-7 Wy (41c)F AMIAW TN
oem AW

TI° do
lo=— a y (42)
VQQ j‘ *(cos @ —cos a)}

cosG—-cosa=(1-2sin ) (1 —9 sin®

2

(sm = —sm’g)
% 74, (42)-a aﬁmmmm

o= V J (sm —sin?® ) “
(423 ©r fate sin g =sm-;- sin @ - (48)

FAH, AN IN AW SN ¢afy, o} efeuronTa o

1 0,0 . a
g cos §d0—51n§ cos @ dé,

R 0=0 == ¢=0, e__0=a.§;g (p=%..
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bo ='\/ £ j’ L aq) 28 W (44(1)
9,5 (l—sm g5 sin (p)

Boet AT MW (440)-F THEHTT 2T FAN 7,

t, ='\/ g K, | (44b)

@Y K 2w gl Seogelw e e a1 Ka am
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K-7 SPRTT Ry "em a1 SHIgAFH, AN 617 waias
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fade ¥ 2w sin® -Q—-m'f ﬂTﬂﬂw,@ﬂme v e feom
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RS ZET 1 oafeT afewray (o Ion T, I ke 5w
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* (46) cutw
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47)
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SVEeS
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@® W17 8@ a-7 So7 fsanite |
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3'6. Bavw FANSTE SR TGI=SA AL BN
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Lol

O CHUE ¥ 0% (@ FT6 A Toa AT Adie Tam
4T WA €3 GG R Ood curd TAed Tarw e erpe o
iy afs fafm Face z@ | F@eld WA e O, e



164 sftstam

swzal O ces duy ;o OM, Fefiors 8o M fawes
@7 I | wIiT o
,¢‘lﬁ'3 A W W' ‘
Ay <MOA=0, @
7, t-oem Fenfos sRtgls
P, @aw <MOP=6.
ez, gz fon OM e
A IR ] g
z'a (a, 0). Fo0fe 277 4@
wg 3't, AR afeirn R,
OP gfeyry frm 3331
FNHGF ©F m 4N A | AW
TR S FoTA AT FATS FNT AN AT
fowy, Areem @n Ao AAgm a0 w87 | oy, arwn wie
wfteaa (26) WA (26')-97 3713 TFe FRYEHT |
1R FHF @A U A, INHF SNy wie A dmy’.  WW
tegies wie x'@t mg a cos 0, @A O Tampmlt wgias @Y
teior wiew S =@ @ zowe | W@, WNF S FAHT
@ AW A, O Al wfew W wW a3 (gfes wfe o
mg a cos 0,. IR, (26') Tyl Aie AT AFA9 2'A

imv® +mg a cos 0=0+mg a cos 0,.

for 3'10—w7q 3@RR s ol

ABTT I, ’—L',‘ A S FAA A
v*=9ga (cos 0,—cos 0). (49)
avEw AN o -3t 37 3T, T weraEE A a.
teny e are-@E O ety sl miteaq oo
¢ ]

m%=mg cos 9—-R
A (49) (F v*a7 T IE W I T et
qF YA
' " R=mg(8 cos -2 cos §,). E (50)
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(50) a3 ¢ T, AN
3 cos 0=2 cos 0,, Tdie, g4
cos =2 cos 0, (51)

Oy I ATSIFAT AW Wz @] mm FOGT U qwrd
e qE M1 (50) (orF orw I AW, @ 97 oF 07 W
gi&a @ cos 0-7 M 1 onw A, R<Ozm | Joare Fafe
I ST FTA T | IJoeHF, I AT TF 7T a1, MunFe-wive
AR ST AT |

WS cwew, 1 zor @ B wFw Totm fosemm s
AT Idfie JIoA YA MWAE | S|y @NW Awd AfAy oy
N cots MBEFE @A
argine o g'tv crem
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AR Fnie w3tgie
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wifr wrtfe N fars (xiss wfe @, a3 oW e
A dmu®.  FwEX (26) agamt wiE Aeawred ANET LA
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Foma A

SeRoITTT %3 T O FE €A% BT W AH,
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17 wieey Treng el O Steyy ok mflzaq o'a

m%—=R-—mg cos 0.

(62) otz v'-a T awA I, @ I AT oAfeiFEm
T ST

= %”[u.’ +ga(3 cos 8- 2)). (68)

(52) cutz oo T, FNWR @AM P TR, TW
u® —2ga(l—cos)=0
udie, I
u? ‘
cos 0=1-— 994 (54a)

fagcos o7 +16 — 1A MY AFI | JBI —1 < 1

%%slmﬂmwﬁamcmhmwmmm o

(58) cur T IW FNTG ILFA AT @I FAW, I
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Tefie, quF
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c059—3 3ga (64d)
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-3 3

Fura aAfeTrm 7 IS AMA |

%*-% AR B, TR 1T @0 WA o Tvdw 3w venon
afs el T 8
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ga—

T
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T, F0foa @ & 23 X TS, I 0= A
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oefre
‘ 0< cos a<1.
FER a el ¥ M 1 Wy cos (—a)=cos q
TTAT 0 9 —a TS Q@R HAR INBT @Y W TR
f5u 3°12-(% Tamqew A @3t A’ wm Tt 3 zome | Sorg, wrw
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A FF A
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qra ofclrm 9T TR WA (IR AW @ FNBA AKX
o7 Aot Fae | Borag, 0=o Tere Bmy T Tranfegea
Fenfoq Bom Trameltar Ao I XA
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(i) u* 2ags «rv@ cosa=0 =R a= %m
e ar H'H oo, 36 H T ofs oftem | @ faqes awma
afsiEam a7 (53) cure
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R =38mg cos §>0.
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(ili) 209<u’<4ag: «rwwm (54a) (T N W,
AW g 1 0=07 o, QUR T @ I | (55) wF
TR & fre wra afefrm s, Sdie FaOB IE ©NN IW
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ode 0=’ fqes 3 o 3T TNl JEelS A RTE |

(iv) T dag<u®<bag T, W RUA TH @IS *F
T3 iy 0=p" Tqres ofelrm s zewm Fm i
FEF SN I |

(v) Bag<u®: «rwEm @Y 93 N efetErm W Tamred
WA A OB ORI IEH PN TH AT, R aRwA
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TS qFEA—IYNE AT 7, FAY GUKE @O N FYFQ
LI

37. Bera srseTR WRe Sorcern B e
ofS—Bry e a3 o swEw o fowmm rw, endre
IS A, GFT ST F FCACK | MFAe-wiS TR s Ty
FACS TR |
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f55 3°13—a1;4 s3tEa Som MEEd-HiAS Faw AfS
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fatrs Aoz Bom aforn o, oz 12 s1aR *fAfers wagw
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23T I A ¢

s=4a sin ¢, (56)

@A =TTy o (F IF IANIF 5 L wfawre I zW, @R

wirqre »nfF ox-97 X P famgre wq »fF @ 31 Seomy
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