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GFF 1 0 T 8 5y g le (Force and other

Ideas)
ar
1.1 e=iEst
1.2 Tl
1.3 3«1 (Force)
14 w5 33 (Rigid Body)
1.5 % Ite@ AW (Equilibrium of two Forces)
1.6 I AbeeTF e (Principle of Transmissibility of Forces)
1.7 I Frog NS (Principle of Independence of Action of Forces)
1.8 e A HE Q@ (Parallelogram Law of Forces)
1.9 Pafsfmm fefe
1.10 f3few @witzm 31 (Different types of Forces)
1.11 A=
112 SR e
1.1 =¥i&E=

@ 7o 77 AT AT g i, siom sy FiRed seprae F4i2 @ele
s S | Srizaersgst I T . G OF! I% @30 GRER SR FrEeiE

R,

QI B AR [ T 9070 I AT 1 GRS {07 | ORI

@35 PR O AT (AF @FH O I@ I GEeIE AE @ ok TEe
(Vertical) S92 2T, O B4 G271 & [ 761 530 Fa0= 7 ©Itwd s 79 fo—
@Bl SIS SR S |



1.2 Sl

93 gFF @Al PrfoRmm el dReisfr e a1 2z | aft S 90
ol
® I FIF A, (F FHaRA IS S0 TR Ty eigT AR s, S Tosifna
ARG @ ARG, @1 ™ Giece AR |

@ 1 & oI 2O A GIbl GRS AR |

® JI=A fFAIEA (line of action) FHCY TECe K& |

® TIT THCY YOl FACS SR |

o 12 T [Folm ¢ T4 gFfb I AR 27, OF TS AREH |

1.3 <=1 (Force)

e aum =Nty [Rew 26 (@R ¥ T el @pmpeed A Tonfv |
S[Ed, AT T HHCH SN QI =% T ARG |

(a) I BT @30 [qre T =7, wdie I @I ey =iE|

(b) AW T AR A FAEA (line of action) R wefie eitiafwai
@3 @4 R 0 T FE |

(¢) AW < s Mg wefie ¥y fFAE T 2@ T—a fFaiEay =t
TBRy 12t M @ Mffged wmce 2@ | @ W, 1(a) =& @ ABCD
w@fba O e o6 <=1 ol 071 ©F o W @RI 2= @ <@l e
26 R (AT Q-3 e | 1(b) ora aem e vjda e [isidte widlie O (A

R-93 a1
R R
A 2 / B A Q/ B
D C D C



(d) 2roFh IR G0 T =icz | gdie @ [ie @F T ARE IR e
A7l 2F 1 2 | SEI @ @RI GOl 0o Afi—P NNREE 9o
3@ %9 A pre Ter-oF e i3 Facz | wieie @7 2@y 26 A, S
z1 Teg-o ] i wiefie G Ted ¢ o/ e 7fze 45° (i e =i | @<k
A0 T 261 P 95 | SR 9Ifova SRPICE B0 I e «is Ie1ehTe
T3¢l % 2, (@ TR A AN TR I ACF B (07 S9! T ©lal FAE |

1.4 ¥53% (Rigid Body)

G IHE $UNE YHIY N 2@ M TF @ AT I (particle) @R oifFe Sitw
AR SR G (F, (@I Yo M0e 77g 7wl SoARRES AT | e 93 (6 [a%d
A, B, C 9% =it 25, 00§ AB, BC, CA 9#fiaf®® @k AB, AC-93 W« (el
e A |

VTR ARE NG ST, (Tl A5G & 2T FE (T T% e '€ 7 2/
= | siffoss o e SRl qred ey FIeE FH9 @3 TR YR GO
0 TR @O 4@ @@ (W Tl SreiE @A) |

1.5 ¥ e ARG (Equilibrium of two Forces)

GS(6 709%d G0 [ee 7o @1 AT 2 O TR ARGIREAR A qw, G
(e T, T6 7ioa S T 27, fFAEe @F 29 @3 AR [iede e 59 F@
(I T TR (IBH @ SPAR AFE Al (&) I qo [ATToYL! 70 A= 716 &
@ RYe o9 23, 9@ (@Y @ b 9@ S 769 @) I@a PUrormel wL@
sfex (@9 - 2@ |

ol PRyl SItEEaR 3g720E @3l 4o RedTeydl Mo AWRE 3o e
A |

1.6 JCTH AdET[e® Aife (Principle of Transmissibility of Forces)

‘I YA TR AT W TR @ (W [TYCE IR d@alm @ @
A (S ARG qoa%a A YhelE YT 200 3@ 1)
QI I SRIF ([ IB0F 90 (rigid) € 2AREH | I[BHA e Al SAFhe AW
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ARTETHN T, O@ @2 IS AT Z@ | EIFE AR A@ARTME S0k a1
f$a F@|

1.7 €19 Jrogy Aife (Principle of Independence of Action of
Forces)

‘“ifSfs 701 T7 TolF eYT WY I (AE FHCF @ 9 7 | o Ao
T ey 50 (weie Sq@eR siffwes e @R e w@ts I Sigsiice) @ |
@ TFA ToR TN I6 AT TTF Al A T8F ORIe g e 27 Al

1.8 IR ANSRF & (Parallelogram Law of Forces)

936 TTA ToR 2T 4 AR G Al 7Y 20, I vioa T «oag 7 [l
F7life 1 78I | TGS I 7o 1% (Resultant) &1 23 | G5 IoPRIRF AR 74 |

G TRCEG i

f5 761 @ Ire 2T 20e1 @R FTE (@9 TieiF SR 361 9o @l Awsiie
ufb sRric! g M e @ o 3eiiftrs wc, oz @ Jmpamh skt s
(Diagonal) Wt ¢ " 2T & 4o e AR T |

B
C
v
o

P A
2 7 og

2 fora P, Q 76 R 7 @3 ffife Wow P WEw ) € op A
M @ e gonfirs gz 9idie, P @ Q-3 M OA 8 OB TR S#ARS! | R[S
4 SEPIE OACB ANSREE 39 o, P'6 Q I 4bd aif% a1 R wdie R 9aioa it

OC-93 TGS |
TG ¢ TR @ G0 ATHTY T |
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1.9 PafefmE fefe

Rl Pefsiwa SiEmaR IR o @ 1.5, 1.6, 1.7 8 1.8 Smm SEnhs
TRE—R T fefe o e @ris omfe @we i i, s, <39,
Jeaifde Toina acme F@ [Tt g F=1)

1.10 f3fSs @itaq 3 (Different types of Forces)

TrIReragel SERBH AT P @Al 20——

(1) T T2 @& a1 (Weight) : @ sfadla mapiedel fozm sepii eifef
T TI-GF ANANST I61 B WFE 2| & AR ewmee awfoa sjfedw sewe
AT Yo T IS 27 @R SRS Fe1 TF07 S0l [0 F@—T27 9o
& (weight) | €& IR M 261 ST (vertical) M (ffRAN) | m IFHA
O ZE G 9 TR BT @ mg (@A g o Sfesde g1 |

(2) B (Tension 3t Tensile Force) : <& 0 *Gd GFUNT GFH SIS
(TR @ W) Sl 7@ T @O 3 Wie 9 e @ wier e 3
S T, SIRCE IBI0 AMRPAR ACE | IR07 T e e 5 0z | TBI0
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3)

“4)

@ARY ARV AR, Todd wfe’ BHa Tox [Keidie «b 7e @iis T4,
qUE SN B 61 e AT | v (IF e ofe AWe) @F6 el PO-
@3 TR @ I Yo Ie FA0g 3 | Br@ @R 2=l @9l 7@ P RMee
T <it5a e € Q e T o3 e | @2 9o 31 POE ATRPAR AR |

2ifSfem 9 (Force of Reaction) : Wl 727 spaw «3fs [re okroig woxf
T @ e «fe 7% a@l wvrla sim @ @@ wgT =@ 1 7@ gqfo W
9 @R ﬁ"@@,@[l R AfofF 35 (Force of Reaction) J&1 23| I 7B
ufba ©a Wy =W o Ifel iTerr wfved s 2@ | Ik T oA gfo
=Pl 23, OiziE Afefal e T siwin Refreydl ¢ e New 2@s
T s e wfees s 2@ =

e e (Thrust) : Gt RIS Ie1 261 T© 61 | G0 wesd ey AW ¥
& O3 O T3 @ (@ TR ACRTEE A6 AR 27 (4 9% oa (wge) |
GF7 TENE e @l 2 |

1.11 A

T2 GO T UYT TE (T I THCH AGFOIE Til, I 2SI IA6 AR

AFE ol @R T @eifts Pafsimm S|

e G e, A e W qEE|
s AN W & A7 [Redtond) %9 @3t [y fFare 2o 9% @ 951 ui

ACACTF AR AR G Ie 96 AR FCE B0 SRR (@ (@A 21 |

VG I (F@ I FUEEAR @ @ Rvre FME @@ @co S | Pferioe
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Ao T@ T T RO [FARE | T6 S ePIEE (T, S I, B
@, e 3@ | ¥o I @30 Jre e 2 iom @iy aals 96 =ikl goike 27|

1.12 FEOIT 2IFet

1. IR @Y F Fe

2. 72 RedTeydl MakG @ B [l deiiie 2
3. fifen aeiEe aew Swmgel e |
4
5

& & yosfiem Tor fofe @ @ufts Pafsim afbe?
fPefr2iioiF (Elastic) I¥7 (F(q I AGFRTERE 1Mo 3oy [bell 2 J(eor2 Swizgel
|
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GFF 20 TARY FOTHR ¢ ORIE FAY G A

(Concurrent Forces—Resultant and

ow

2.1
2.2
2.3

24

2.5

2.6
2.7

Equilibrium)
B
ST
wo e aew @y e W e s fefa

2.3.1 361 € (SFED WK ToF

A TAIX! (Resolved part of a force)

2.4.1 Fted st

2.4.2 MASCER AR GAIRH

2.4.3 fanifes o=t Je@ ToAiEm

GFfEF TN A Y

2.5.1 «IifdE W € o e A

2.5.2 SPTTOAT FERY @B Y

2.5.3 SEpAEa

wififes srfere witm wenadin @iy Medfs—agge (Polygon) St AR
TG FePEd A% (Equilibrium of concurrent forces)
2.7.1 sea (Coplanar) J=(&% FeTad)

2.7.2 foaf swifamy dcem A faga Tolstivg

2.7.3 7= fagw Toolitrm faeide afoet
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2.7.4 TAB I7TE T
2.7.5 SRR
2.7.6 = Tl

2.8 A

2.9 FEHE ehet

2.1 =&

SRRl e @FE (AR @ 9l 39 @3 BT @I [ wyT 0w @ wwEe
T (PG G I AR SAST AW & A0 ANTHE G 6 77| Sl
AT @2 ]G TP o AR A el T | oo @2 S 2fmeofme Al @ fo
A SrOIfEE AT (@& FAY 76 ey 99| 97 T (TR AR (@ ANRT, SPT IRASF
AER @R & IAEDIE R GF0 T@ 6 711 FoNfs Face AR @ Ay qeEE
T ¢ frs Fefr 917 IR @2 O3 ede {19 9 i qeedik @k e
W T, 4 @ FABIE AR Bz 6 27| wefie @79t I E T w0
(I %A SRR (I Ol 77 Al

2.2 ST

GF GF(E Y20 TR OF THF WAF 6 GF0 [Me AT 2(F, WA T
AR —
0 T @ @ & Wi a6 A ~Affere T T

® 7ib I T Mo 9y T Oime oY I IR AMSRE g S e
qR |

@ PN AT T6 ¢F RYCe YT 2(A, OIod @Y [T 1 ooy @36 gge
SR T SeTt AE |

® TR FEEIT! AT e Tw T F =6 A9y zre T[@|
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2.3 726 e qeR @ify e W 8 s fefa

1 «; fog

G IF, G IBF 0 ¢F0 [ | @A ¥l &, A [ IQFE P 8 Q, T
Tz | @ (S ToF Pt 1 R @ 0A @36 @i Fes @A 0 (2T A-
G CF F@1 P oFT @R OA F P G 9IS @ | 9F2ei@ Q @b 3oifTe 2o
OB @I M@ @A O (A B-<3 fis Q 391 oiffe @k OB-«3 e Q-3
S oIS 6 | W P, Q @K OA € OB (rdad (@K1 OA € OB-&9 T4I<s
@l 25 0. OACB ANSREH oie 1 281 | AMDRES 39 SRR P € Q e 767
Y R s @ W 0 [Reiiit 39 0C @Rl goife | @f T R =l bfee =i
| OC @4l OA-GF A& 0 (@9 T |

faeifs e o #AiE,
0C? = 0A? + AC? — 20A.AC cos ZOAC
= 0A% + OB? + 20A.0B cos ZAOB [-- ZOAC = 180° — ZAOB]
S[edd, OA, OB ¢ OC-93 At IANFE P, Q ¢ R fored #iifvz |
R = P2 + Q% + 2P.Q cos o (1)
0 P

sin® _ sin(oL — 0)

OCA fagrem «f (s

wefie (P + Q cos o) sin O = Q sin o cos O

Qsina

) tane:P+Qcosoc &)
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2.3.1 3 € (SIE WY THF
TG @ ANSRS @ (ACF SN JACO AR (@, T G, 0 0T oY

W@awwﬁ{mwvﬁﬁwwa c@?{ﬂaaQwﬁc@a
AR oS AW (SFEE @R fags g SR

N —
OA + OB = OA + AC = OC (fags @1P@ SFFIE) @@ OB ¢ AC &%
(S |

TSR, OA € OB (SIEE @IS T OC (93| Todq (939 @ AR 46
T (TTEE @9 IER AR qd SFRIEA] @ T | SR G797 (A RS
SPIE (937 @ AR IR Ay [ 911

2.3.2 w2M ICER ARY

SRl 2.3— (9 (1) A (e, 9o k™ o™ @f% 261 R (@RI
R? = P2 + Q% + 2PQcoso.
= (P + Qcos o) + Q3%in?a 3)

Te9d, P, Q I Tio TRV DFCS Z(A R = 0 209 23| (3) (AT “liftiz R =0
2 ARGAR € YT =16 Za

P + Qcosa = 0 @R Qsino. = 0 “4)

@ES P>0, 0>0, S0dd (4) (AF e sino = 0 wfle o = 0 W@
o = T

o =0 TS ANE A, @ GIeFE 242 26 Wew P + 0 = 0 (@6 oS |
o= T A% WSH e P - Q = 0 9die P = Q.
oG, P, Q @ YA A 2 26T[ T ARG 8 AT XS T8

o=n49R P =0

wigfie 761 9f5a W ool ReFToY @R e S [+ 20a ©Fl AR A |

17



2.3.3 SpAeTt

1. 76 e IER A% IER TG SWE TGS| (Fl FO T T 22
R? = P24+ Q? + 2PQcoso.
= (P + 0)? - 2PQ(1 — cos o)
A S e, BOR oW SN | So9d, R JTeN ANRHE 7@ IW
1 — cosat = 0 9igfie o = 0 T, €R 4 R-9F W P + Q.
2. o G 2R F© T R-97 W KR T2
ML ¢ @AERY R? = P2 + Q% + 2PQcoso. &R P2, Q2 4<%
o] fFew WA TE@ I49 2PQcosor RN NIRRT zm, widfle T

cos o0 = — 1 A o = 180°| o, J& Yo IM 7w Reoidioyd] 27, o
R-&3 W9 5o @R | P — Q | @7 A+ |

2.4 I(ET TAIN (Component of a Force)

(1 7 @) ANMTHES 3@ SPAIE o= @z @ AR 716 357 e 96 3w
Ay @ ANSRE @ [T 3 7= oS 27| SEl @AIE I R-97 Skl P
8 Q-3 e AR

@ ¢ T (92 IS o MCF) 1 @& TF, Y2l IE@A OL € OM (7S
R @R O T P 38 OL 8 OM-<3 wee & +aez|

2 7 g

i op Wl P %1 3RS =W, OE@ D@ W4 f@ OL € OM-Ga SWIsas
(@G O] I OADB @ ANSRS el qF, T 39 0D @R 0A, OB %6 AfAfZe

BIEY
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QA OA 8 OB @Rl 37 W@ INFE OL ¢ OM W P I ©oliesl
<@l A

ANMSRE OADB ~63 ODA fage o (A iiF

OA _ AD _ __OD
sinB sino  sin(o + )
_ Psinf
. OL it Tofies] = S+ B)
_ Psina
OM . = in(a+B)

T 2 M o+ B = 90° T, O sinfl = coso G OL € OM ez Tofigsi vfo
23 Pcoso 8 Psino.

T (foals srmreattn M) @ €31 T, OL, OM, ON Tt Sprres s @3

P «f <@ (q>l op @l geifEe) O Repre el <@ | @9 OL, OM, ON s P
@A BRI (5108 2@ 0D -& 3 @ OL, OM, ON s emifae ot «mfif*is
@36 ACweE (Parallelopiped) Co1 I ToAiHe)fe] TTwaicda «R9feT =Rl I
TPRZ 2 |

1 4
&%
<

4 E

3 &R fog

3% 5@ op @@ P 390 | OL, OM, ON s feas @ @3 0D o 7%

TeeTs (AW ok wepefel ATE) e <l 2R OA , OB, OC @[l g7iRre

19



— —
71 forfon @k 28 op, SR, ANSHT Jq A OA € OB -7 #f% za OF.

WRE OF @ OC wEa @4 21 op (ISR 7@ SPIE) @@ OCDE <5
ANBRT | SO (7 (37, op I OA, OB € OC <& feril 7a aml oA

«3e 3o fodqfs OL, OM, ON fuE @=ifds| OA, OB 8 OC 3 fealoE P 3|
Q T ol <eTl 27 |

2.4.1 =@ fAeafeiet (Resolved part of a Force in a Direction)

& : @I 9 P, 0 Rre 0C W epifae =izl O 9if o) @-F
OL STl T7&, P 36164 OL s Reafeiet 261 367 PeosO, @A 0 26 P A4 i@
€ OL fraa Saae! @ |

B C
P

B
o D 4 L
4 73 fog

OD @R C &% (A& OL W@ ©s o9 CD & 407 OA = ODcos®

—
= PcosO Se@d, OA e OL W P e Resfzeies |

2.4.2 WS R oA
SEFeeE, OM A O RWERl @3 OL, OC-93 Aot Gafb @4l 2 @=%

—
OM 1 OL =3, ©@ OM Tis op W FeafEei =1 OB, e
OB = Pcos(90° — 0)
= Psin0

wred, @l (o 4B A o9 e @3l @ Rl op, op 2@,
OA? + OB? = OD?
OL, OM W IS x @ y SCF ANGIE 27 @R OD = X, OF = Y (&4l =T,
o<
X2+ Y2 =0C?=P?

20



2.4.3 fanfes oo qt=@ ToAPTIR

IM @ 7 O (¢ P 71 OD @UR 2FT =W & OL, OM, ON fexis 2R i
o9 @4l =W, ©”RE OL, OM, ON WE OC-93 Sferw7prE I X, ¥, Z
(OA = X, OB = Y, OC = Z) (=1 SIal #Aig

z
C

OD?> = OB? + BD? [ - DB L OB ]
= OB*> + DS? + SB? [ - DS L SB ]
OB?2 + OC? + OA?
s P2 =X+ Y2 4 22
TGF : OA, OB, OC WS IAFC -9, y-S%, 7-97% 2AFS T P IR IS

OD (S 2wk D47 ¥2Ies 27 (OA, OB, OC) OA = X, OB = Y, OC = Z

fore @l op (SFACE oAb (OFER @il B Fece #ifR) @ A, 77k 2
ol s Rerdl @FF (7 [ IAF x, y, 7 THFUE AT | OZA

—> — - - . . -
OD =i0OA+ jOB+kOC=iX+ jY+kZ
—_— — - - - - - -
SO, OD.OD =10DP = (iX + jY + kZ).(iX + jY + kZ)
= (i.0)X*+(j.j)r? + (k.k)z?

+2(i. j)XY +2(i . k)XZ +2(j.k)¥Z



2.5 GFI4F AeEW JEE A

ol ¥ REd T ARl @y T w9

2.5.1 9Ff&F 'ﬂﬂﬁﬁ Tee s a4 Y (Resultant of a System of Coplanar
Concurrent Forces) :

& AS P, Py, ..., B, on RIS @1 0 [{es @ s @k OLy, OL,, ..., OL,
g TR Rl @R SR TR | (ACRY Tl AN, @ ANGE Oy, O, o
AR o7 4o M (e AW Ox, Oy W Fejfer RedRoiphE 39w (X, 1)),
Xp, Y2), vy Xy ¥)

G AR, (OF7 &7 (notation) AR WfeTE HiFg o @ fo14co 201 |
B=Xi+Y),B=Xi+Y,), 29 . P =Xi+Yj
@A {7, ] = Oy, Oy WF 435 (23|
ToAW 1 < RN oY I @ B, B, -, P, YR w2 @3 99 R AW
Ox, Oy > RedfRoie 2o X, ¥V @it X = ier, Y = ier gefie R=iX+jY
7= 7=
giat : w5 A oFcg wiefie Py, Po-ad (Fa ResfTeist (X, ¥)) € (X,, Y,) TAFH

Ox, Oy fat | oro4q, Py, P, 1 460E X|i +Y,] 9R X,i +Y,j o forace ~f
o, J@ Yo Y @ 2E

(X + Y1)+ (Xl +Y)) = (X, + X))i +(Y, +Y,))

[cSFa T o] (i)

() e SRl (e I qfoa e @ 261 @ I9 AR Ox ¢ Oy e [esfrois
7o NS X + Xp, GR Y, + Y, TG SNHF SAAWH n = 1 @R n = 2 @
T A9y | SANHE m AT IR T Yy GAce S

22



_.m _.m — —
= (l ler +j21Yr]+ (Xm+1i +ij+1)
r= r=

m+1 _m+l

=i yX +j37
r=1 r=1

SO SHALAG m + 1 IR &= ey | [T S (el @ S n = 1, 2-
G Gy ) | O NHAE dolet! W I6ce #iif7 @ Soolw® @@= n WAF I

Gelj MNOJ |

S[od, NS 251 @, F;, Fy, -, F, FNGAR I1 ANGH A O w1 G0 o
F A

GEN F2 =X+ Y
@ X=X X, Y=Y,

G F A x SIS el 0 @i I X=‘17"‘ cos 0, Y=‘]:"‘sin6

w<fle tan O = %

e A JET W T R = 4/ X2 + V2 @32 T Ox 9ewa Afze tan‘1§ Sk

P
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2.5.2 SANEAT AN FETANDA Y

Tl : O fqee B, By, -, P, et 0 95T @R Ox, Oy, Oz foqlb sigia
79 @9 e S ResReis a0 (X, Yy, Z) .. (X, Yy Z) ZE @ el
Ay 9 R @A R-97 Resifrors z&

n n n
X,V ,ZdR X=YX,,Y=2Y,Z=YZ,
r:l r=1 r=1

ol : SIREl (SFERA AR IR a0 FE@ O #Y (O3 @9l I A2 |
RIS

F =

|

A B+ B4+ F, = (X, + JY +KZ)+ (X, + Y, +KZ,)

+o+ (X, +jY, +kZ)

_n _n .n
=iYX +jYY +kY Z
r=1 r=1 r=1

=iX+jY+kZ

Tedd TEEND] G0 I R-d AAFTe T, @A
F=iX+ Y+kZ

F?=FF=X*+1v?+27°

X, = f’rcosoc
Y, = |F|cosp
Z, = Frcosy

(AT cosaL, cosP, cosy T F, - IERIGEISIRrcca i CORRCEIN F. W
faaear 0, 0,, 0, & IVFW a, B, y & FA2
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2.5.3 STt

1. xy ecel Yo WY I Ox, Oy e [esfreiomy i (10, 15), (5,
8) T ORI Ay F& e g |

Ted : @ity e [esfEeie (15, 23) 1 9rowd @3 S 4152 + 232 @3 87 Ox

SCF A tan_l% @ IR

2. 10 (A I @30 I @3 e e T s@ 1 99w @ F@ 12
GFHRME @R Teg-o e T T | 79 qfoa @k 7@ [y g

Ted : ANRES @ SPAIE

sife A AW = /122 + 102 + 2.12.10 cos 45°
@R Y IER T o7 e 0 @id I @LE

12.sin45° . 4 12

U | 2
0= tan 10+ 12cos45° — @n 10V2 +12

3. ABC fagrem A Rrs AB ¢ AC @ &9 @ | a0 st el e
Teq

!

D
ER

6 & foa

—_— —

AB+ AC = ¥ <@
D, BC 333 W™ 2031 (93 Q9@ J@P,

AB = AD + DB
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—_— s —
aR AC = AD + DC

_— — — _— —
odq AB+ AC =2 AD + (DB+ DC)

&% DB, DC T #=ia 5w Refrond (934 | 9o DB+ DC (5 *ey (SFT |

SO, AB+ AC =2 AD
— — —
widie AB , AC J@Ta@E A e[ W 2 AD .

— — —
4. OA . OB. OC Toif5 a1 O Rejre 2% | | OAl= 1 0Bl=10C| = a =@ €%
G PR Y T AMA S 96 9 2

Ted : 3y = S IER A @R W07 [FAEL 701 foaiva Aze cos_l(%j

e TeoT FE |

5. P, O, R 3 feaib @b Rmre FaRe @ik e [FE@iefem s @ hiies
ZIW (ll’ my, n])’ (lz, my, 1’12), (13, ms, l’l3)| ?fﬁzf 9 ﬁ{ﬂq WI

Ted : &Y IR AN L @R O T @R 1, m, n 20
Ll = Pl, + Ql, + Pl (x-orcFa e ool 6ee)
Lm = Pm; + Om, + Rmy (y-9cFa fues [Resfaeis 9ee)
Ln = Pny + On, + Rny (9051 frs Reifrord )
G L2 = LA2 + m® + n?) = (Pl + Ol + R;)? + (Pm; + Qm, + Rm;)?
+ (Pny + On, + Rn3)?

P2+ Q* + R* + 2PO(Lil, + mym,y + nyny)

+ 2RP(l; + mymy + n3ng)

+ ZQR(1213 + moymsy + 1’121’13)

A
P2 + Q* + R*> + 2PQ cos (P, Q)

A 7AN
+ 2RP cos (R, P) + 20 R cos (Q, R)
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2.6 Tififes smafore swikm wwwadis @y Fdfr—azew
(Polygon) Sts&e AR

7 € foq

@l 3, 78 &7 0 o B, B, -, P, o1 &0 <61 qorn w1 <@ sk

19 Al (SFER fage ([@iseel 3g AR e T2 T | SR @4t st orifefs el
F@ A 7o o T

8 = fog
A «=f5 7 @ex o | fffs @ Mo SPIE g4 7 B T AR
& @ oA SR P, T A © GRS 4 4 (S5 (167 T | GOl 2D

— —
TUE AA,, A Ay, AyAy, -, A A TR I2ITS 91 261 | SIERI 2/ T (A4, T
W B A (A ¢ W) |
oWe 1 AA,, AA;, .., AA, @1 FA == fggs @ N S

27



AA, = AA+ AJA, = B + P,

S AAy = AAy+ AyA,

=Qﬁ+%)+%

GOIR T (NG SR 211 (SCHRT elleT] Sonee)

AAn = AAn—1+ An—lAn

!

=(P+P +-+P

W@ﬁﬁﬂﬁ@ﬁ@,@ﬂwwﬁﬁw%ﬁaﬂ%l

2.7 "Wﬁ"'i RS A (Equilibrium of Concurrent Forces)

@l A5, 96 7 0 < B, B, .-, P, T oS Wizl 2 SAAM SepAica
S #@Y T R T

R=P+P+-+P, (i)
M 2777 o9 foab W& Ox, Oy, Oz @S AW @R
P =iX,+jY.+kz (R=1,2 ..n
@A §, 7, k 9FF (93 Ox, Oy, Oz M|
Toqd, R-93 Resfeiioffer 2= (X, Y, 2)

@A R=iX+ Y +kZ
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L‘lai (1) CW X:X1 +X2 + ...
n
Y=Y, + Y, +..+Y =27
r=1
n
Z=Zi+Z + ..+ 27, =27
r=1

Q4 FECEND] ATREA AE W @R (@G AW SR FAY A A #+y 2|
wigfie R2 = 0 27, 58 R2 = X2 + V2 + 72 S[O«d, AR G SRS @ A
WA X =0, Y =0, Z = 0.

2.7.1 searn (Coplanar) FW{e% IeTCad
TR FEEND] AT (Coplanar) T AR Tl AGEE 8 AT =[S Z&

\OGT ¢
@, @ & 7 2l s Rl == 2631 (@99 3.9 (A @R AR, (@@
TeAG T @ffer Resfrere g == 1)
2.7.2 foqfb s=fem ace™ Ay &) Jtee fage Totivg (Theorem on

Triangle of Forces)

i foalt o1 v @t fagres g foa ke, W @ s gelite w1
¥, O @ foxlb AGy e\

awiel ¢ @@l A, WS (@ WMo Sl el Wk = p g, R 43I0 fage
ABC-&3 A BC, CA ¢ AB @R = 39 W, s @ T oS a1 I

>§_ﬁ‘9a
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@y BC € CA @Al P e Q0 IAfe @3k (o337 fage @
ST 3o+ CA = Ba. TS P e §-47 wif 7@ pa @il 3RS | seed, B, O, R-

g @ P, Qa5 @ BA @ AR €% qoq cifem | Rw BA @ AR 92

TR RATTOYAT T TR 61 LETR IR A [+ | STo], P, O, R I foad ey
R |

TG : TR AT (ST (R (@, @I [Goced foa g a il 7@ foabs
(IR Tl AR | S0, To1 FoRib FNee I 200 20T | (el SRR Ofdl @i faqgrers
g foqls (IR Tree) e goiifre 2re i = |

2.7.3 7= fage ToAoima Reidte @fews! (Converse of the triangle of
forces)

‘Tols ™™ T Ay SRPee T & I foafb Tiwar ¢ e [Ji¥e @
@ fagres foqlt aig @kl gokre a1 e/

ase .
10 7% fog

gl A, O [T P, O, R 3@ foai ARpieeR ©iez | (@2 @1 fodqft AR,
SO VA (@ (Tl 67 1 PO A RIS ¢ e [¥E | wreowq, @1 foqfs
TR | @4 A e @3 W8 M9 SFPIE AB g (e 26 p AER NS

@ 93 |Pl = AB. B (A5 O IR TGAR € AN FE BC AT O] FIEAN | G4

Qy

*uv

CA @I 39 CA (S% R L AR FaC0 A0y W\gﬁeé-«ﬂaﬁﬁamﬁ
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@GR P, O, R 3 f&ab Ay A0 | Sroed, (72l (911, ABC fags »iiedt (o I Aiga)fe

AR 3@ foqbE e ¢ e 3ot F@ | wroed ToAomG emifs @
TG : 2.9.2 € 2.9.3-9 e fsw uft @IE F@ TET SoAAWH T
‘TS R T AT AP AT € AT *1S 25 I67 foi ATGeT T @ R

a5 fage ofleal @ T A 3@ foalbE e @ g @3 S Foiifte FaE 0

2.7.4 IACABE IZTE SoloAwg

T TR DR TfeTE @ T ageren ARER AR FNEE A @
e golifite a1 qw, ©@ @0 AGE SRl

ase .
_.)
F L_E 2

_)

U D
G R
—9
% C

Q
A p B
11 7 g

1 ¥, ABCDEFGA 3g9&iod 91391 AB, BC, CD, DE, EF, FG ¢ GA TGN

Ol 2@ P e O-aq ¥ w1 AC @ oIS | W{E, AC ¢ CD W w¥ AD
il AR 2| Wi B, 0 6 R A T AD @l WE ¢ M 3o | @eiw

ReFIoyd @ FWIT N | ToEd AN IAEIT] AT SRS |

TG : TR T Kol oy w71 | TR0, o o Foofer &1 ARpRPE
(6 @ IEPREE SIS ARRET Iges e A1 AW, AWM Agefferm el qemofer
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=St 7% | f0wa 57 (AF @R T @, I59S ABCDEA @3k ABC'D'EA 7foa agajfet
YN TR NS BCANS G PR WP CeACTHCE IR T900 A=l | fonfs
IR AGH (9 [aors Agefer @jfer ILAFE TR 202 BfR Aae I
PAE—IZYCSE (F(d Bl M9y X |

12 7% fog

2.7.5 SpAETt

1. (@R e 2egT P € Q Io16Ed S (@6 0. I61 4oa fFai@al siwig sffasw

FAE GMA A(Y A 2tan‘1(£;gtangj @I & AE— T |

13 7k fog

2y g (AT AY R FAE@A P I Ace! @ ¢, = sin~! (Q sin 0)/
R (Pl 2| aor fora (9 P ¢ 0-a9 ek FA@l sigw=ig 2 AAfFaee
FECR) O dY I @8 MF A ¢, = sin! (Psinb/R) @l FE |

sing; _ Qsing _ Q
o, sing,  Psing P
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sing, +sing, Q+P

2sin(q)1 9 jcos ¢~ 9

2 2 _Q+P
2c0s(¢1;¢2jsin¢1;¢2 Q-P
g, o+ ¢, =0
oy, tan = ¢1¢—2¢2 = g; I’Ztan%

. G (BRI (ol(8a 87 @ [Mre Sgh ot bR R 36 53 3@ |
B IeefeT TAFE 10 kg ©F T&WE, 15 kg ©F WM, 20 kg ©F wfwel-
SFME @R 25 kg O wiEE-oifer fFm F@ | (oNRHa Toim 79 vifkfa wAfy

o g
AL -
VAN
10kg 4
15 kg
W €— - > }E
45° 45° x
25kg vs 20 kg
14 7 fog

sfe i s

(15420 25
X_(15+ﬁ ﬁjkg

Ay Teams [esfors
y:(10_£_20j:10ﬁ—45

NG V2
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ooqd FU = X2+ ¥? kg
o2 2
=\/(15\/22 5) +(10\/22 457 1,

1542 -5

~ _ s —
. ABC fqgted ©a¢% G (S GD, GE, GF & &% 963 (@A D, E, F

IS BC, CA, AB IZaE FGRY) | @N (@ o1 foqis ARYRPAR Sz |
Ty (fage @@ SaE)

@R SR IRl SR el wiwefes tan_1(45 — 10‘5) (e B A |

15 % o9
GD == AD = =(AB+ BD) = =| AB+= BC
3 3 3 2
GE =5 BE =3 (BC+ CE)=%| BC++ CA
3 3 3 2

S®q, GD+ GE+ GF = %(AB+ BC+ CA)

_— — —

% AB, BC, CcA IURTAR wo9q ewifds |
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4, @ I IR P-93 T9F O, Ozﬁ%ﬁn@m%,%wz@mwwgw

11 = OP, ry = O,P)1 AT @ I riry = a? G2 Pjd AT T2 @ (@
e AR AR |

Y
P
/rl rz\?}‘
é\\o‘)
01 02
16 =k foa

gl ATeR TGS I6 Reafoi s =1 7l eifoge 27| e <t
& ARTPE S B ToiF 2T e [esfoiRe (ioree

= M%(logr1 +logr,)

d
= u%log L

_,4d 2
—udsloga

=0 (v a? 93 g7F)

SO, @ (P [Rre IR To S A@eER [Refioke = 0. srodd
T AR @R |
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5. foal e S (= P) 7WR™M e FER sieas @4 2l ABC fage
(e, AP A R-GF W

R?2 = P2 (3 — 2cosA — 2cosB — 2cosC)

TG .
N
;' P
:' P
B >
> C
17 7] foq

Feeifer Rl BC M ¢ wir &9 e qis
P — PcosB — PcosC — PsinB + PsinC

. R? = PX(1 — cosB — cosC)? + P%(— sinB + sinC)?

P2{3 — 2cosB — 2cosC + 2(cosB cosC — sinB sinC)}

P2{3 — 2cos B — 2cos C + 2cos (B + O)})

P2{3 — 2cos B — 2cos C — 2cos A}

2.7.6 wifS@ 9w (Lami’s Theorem)

<t femfo T 761 ANy s, O Al 701 @ i 7 gfoa wael (@ e
SN R AN 2@

widie A P, Q, R W™ &1 foafo Gy A oz

P ___ QO _ R
A A A
sin(Q,R) sin(R,P) sin(P,Q)

N
@A (Q,R) = & Q € I R-«F FAEAR N7 (i |
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2alel : & IF 0 "TYCe P, O, R I Toqb ARG (2| SModd, P € Q-43
Y R AW RS @R R-93 W=F A & |

R

P Q

4 B
C

18 7 foq

18 7 5@ SEPIE P @ Q-7 A OC, SIo@ R T OC 47 Rofiit firs &z
3@ | fqge OAC (AT A7

OA _ AC _ oOcC @
sinOCA = sin AOC = sin OAC

N
&% LOCA = ZCOB = 180° — (Q,R)
N
. sin OCA = sin (Q, R)
N
UL &gl sin AOC = sin (P,R)

A
sin OAC = sin (180° — AOB) = sin AOB = sin (P,Q)

Tedd (i) (A AT,

.P/\:.Q/\:.R/\ (erfere)
sin(Q,R) sin(R,P) sin(P,Q)

=@ 719t @fSet (Converse of Lami’s Theorem) : Toaib s Freet
& M ACIF TR Yo7 TOGT (FICR N -aF TGS 27, OF @1 foafo Ay
Q&I
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P Q
19 73 fog

P, O, R 7= feAlb @ roce] AFE, OIid Teds @4 & & AB, BC, CA
g foilt M fage ABC =& a1 2o |

N
ZA = 180° — (P,R)

N
ZB = 180° — (P,Q)

AN
ZC = 180° - (Q,R)

A
s sin A = sin (P,R) 9w |

A

' R




@4 ABC faere
AB _ BC _ CA
sinC  sinA sinB
. _AB ____BC _ _CA
. AN T AN TN
sin(Q,R) sin(R,P) sin(P,Q)

g men =i @,

A AN A
P : Q : R = sin(Q,R):sin(R, P):sin(P,Q)

AB _BC _CA
Wu‘lﬁ P_Q_R

wigie AB, BC, CA 3igaffs1 P, 0, R -3 Wit= @ facs 3oiifre a1 wrow, ae1 fage
Tolsiwy (AT AN @, P, Q, R I8 foio Gy ez |

1. P, Q, R3 IA, IB, IC AR 301 <(2 | (@I 1 2e1 ABC fagres wiasaw |
@AM @ P, Q, R MTRIT et |

0 R=cosAcosB s €
P.Q.R—cosz.cosz.cos2

21 -k g
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@4 P, Q, R AT, #MfE SoA7W SERIE

P -2 - R 0
sin BIC sinCIA sin AIB
g £BIC = 180°- 58 - £C
Lo . (B+Cy\ _ . o A\ _ A ..
. sin BIC = s1n( 5 ) = sin (90 2) = c0s 5 (i)

() 8 (i) AT “F

P _ QO _ R
COSA COSE COSg
2 2 2
2. -fRME «3(6 ] AR 12 AT G ThF @ a g G0 e B[
3R &35 el WG & SRR ey Al T Siied | Skt ewm Woee
oS AT SRERIEFICE ead B el g1 (1 > a)

R RS 3 N
7

22 «® g
G ikfox Toig foal &1 fFa 3@ (1) o= W Ty s (2) ¢ (3) oRfoa
BN @ T, T 3B A @ B Tpm s | @y 3« foaflt AGy e sroud

T W
sin (90°+0) ~ sin (180°=20) (=TT Soisiimy)
—w cos _ W _ |44 _ Iw
sin20 2sin0 2 a\2 2\/12 — a2
-
172
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2.8 A

9% GF(F AT g6 AR AR AY AFCH A I 2CCZ | W (907 I
76 P, Q @R OIHE WY (Fl o ZCA 31 T R 48 A R = |/ P2 + Q? + 2PQcos

Qsina
P+ Qcosa

(b 1R AR R AP @ AR 1% G=R (SR fage @p@ ub (egEw
@ (AR I8, (3 IR LY AW (FE (SFEE AR [fen Sooimg e
41 IR |

@ i qer Resfreie 9im (e3Ee wfers | wigfie P I/ @ W
RefFeia = Pcos 0, @A 0 = P-<3 fFa@al 8 @ fwa Sy @l R I fonfs
AT TIME REFeI™ X, ¥, Z2@E R2 = X2 + Y2 + 22 29| I R 3610 Z-9104
ME O @ F xy O ATHA M x-WCHI A ¢ (& I, ©@ X = Rsin Ocos
®, Y = Rsin 0 sing, Z = Rcos 0 Ixeer (@ wifie I 4o sizviz sisfns @sw =3
@, SIWE ITOCH I61 R SRPLS A, @ & 79w 7ioce R-93 [esfrorst X, v 2o
R? = X2 + Y2 3@

wigfie X = Rcos 0, Y = Rsin®. o 3l wreifes Mk 761 «3(6 w1 7= 7|l il
z7| A foa st emws @ent AW @R Py, P,, .., P, e @ frsefferce
ReRoiPTE T (X, Xo, ..y X, (Y1, Yo, ooy V), (Zy, Zo, Z,) T G QAR
Y Je1 R-97 Reafreid I¢sw X, ¥, Z =, ©&

«R R ¢ P-99 ead 3ee 0 = tan”! @l @ |

n n n
X=¥x.v=¥r.z2=-%z
r=1 r=1 r=1

GR R =X+ Y2 + 72

R-97 s e 719 W foaoa el @ @9l @ @ o, B, v T

>IN

- X _Y _
cosol = R,cosB— 7o COsY =
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T ARG : (S [y [ sesfe qe1 A G 23 Sl #ifY Fel W TNk
27, O Z(E @ DT AT SN I T | AR IAEDE AGH A @ AT
YT T X =Y =2Z=0

n n n
ade 3X,=31=37-=0
r=1

r=1 r=1

AT FACHG & OCF 4o IS (x, y OF) AATE S 27

=0

M=
~

n
X=¥X =0,Y=
r=1

r=1

foufs @1 e fFara 2@ @k ol I s, el s @ fagces
3z foafS a1 goifie 27, o 2@ foafs e 2 (Tge 261 @) fage w@pra [sidros
R

foals R <@ Ay ARFCE, Bl AT T I6 767 TR (FIER ARER
AT 2@ (F Soioiw) | AR Toioima Reoidios 719 |

Y9G ARl R, IEPTEE FA T T 1 AGH AR @ Foofet T @ H
e qgee ARl geife IR 3R [eide ey W

2.9 T AN

1. P 3R g2 =it 4o el Ie7ioa SRR el IFE 45°, 60° (&l R |
@ o e b Sofiea [efr g7 1

ACFS

(Z)M
A

‘Yz

60°
45°

~
7

0) B (1)

23 2 g
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OA ., P <& 20 (1) 6 (2) 7% Tieaa ol OA & 9 0 ek Sl 20,
OB, OC-&3 W e 35511 @ wfoz =foa Ssiics

OB _ sin 60°
OA  sin(180°-60°-45°)

J3 04

* OB = 5 n(60° 1 45%)

P

E

Jap _ Je P
2(V3+1)  A3+1

242

&
S|t

+

| —

#

SREeeIE OC [T 3|

2. P8 Q R™ JeTa@ &A%Y R IM P-93 fFAEAT ToHF &9 T, ©RF @A @
R2= Q2_P2

P
24 %k foa
3. ufo WM I@1 P, Q-93 Ff% W P-9F MW (A @AW (T P, Q-7 TTEE

@l = cos_l(—%] (v P2 = P2+ Q%+ 2PQ coso)
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4. P s Q 7R e qfib 0 ‘e @2 R, S <@ vib 0 [Kqes &30 w31 P, Q,
R, S A A P 8 Q-9 #fY @ i@t Fefa g |

[ ALFS . P, Q-7 Y J&1 R, S-49 (¥ 70 M € ReATroq| 21 | Sroes,
P, 0-93 &Y 3 O’ @@ TR «R ROS-9F &1 351 0 @ @ |

5. Iy, I, (iR w6 wiw i 9 oIt ag el v Sl K 2o @isim
7e | % 469 MG a 2GR W @il ewm 2@ we qioa B e e

G+L>a ly +a>0bL L+a>1)

AT
a o
:
t
]
1
t
{
t
t
!
i
]
i
]
W
25 = foa
@ AR, wG g OF T, Th, STodR, FIfd SAsW (A
L _ T _ w
cos¢p cosO sin(180°-0— ¢)
l l
CISE ! 2

_ _ a
sing  sin®  sin(0 + ¢)

. Wcoso
= e+ o)

_ Wi, cos¢
~ asind
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2 2 2

WL 2Lya
T (Bra-p ’
2l,a
12+a —l1
22
4l3a +a® - 1I7)

Wi (15 + a® - 1)
a(2ba+ 3 +a® - 2)(2ha -5 - a* +1})

26 = foa
6. foals swresiiy J@1 P, Q, R @2 Ko M| mei| @ «ify J@1 2o

1
{P2 + 0% + R> +20Rcos0. + 2RPcos B + 2PQcosy}2

@A o, B, vy IWFE (Q, R), (R, P) ¢ (P, Q)-43 W& (Flel|

[ AgFe . 361 foaloee P 3o i e ¢ o wfees e Resfeie
X, cha,aﬁaaﬁf VX% +Y2]
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7. O RMre FAME @R ATRIR SkPLS Py, Ps, ..., P, I8 Jiod FCEL6E
OF TRARIR (S IAF Ay, Ay, ..., A, RS @ FE@| A (@,

Pl P2 Pn —
O—Al+O—AZ+...+O—An—O

27 7 og

[ FTCFS . (TG IECENDT AT SO FAY I67 o) | TF(E (A TFMCE e19)for
Rl @iam w7 | Sro9d Toiiin | |

8. Toafb oM M oa «Fel® GIF0 R I 0 foqivg woF Aiesfe] 9l Seie
SEE Tol SRS @R @36 Ol W & [ 7re ez vl Sefie wE
S 7l T GR WS foxiva o @ I fqger oa el nes|ferd Wiede
7

B C

28 T o
@ AT, vl i 21 @R Aelfe fice ABC fagrem @t i tedt I
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vealfel SRER SR ARS O (@I (ST FAE GR T WS I6 20 SR AR
@ T sin 0 = W oWl fage @i 2ear e e fodlba a1y M[iga SRy
e A |

SEN 2lC0$9=AG=%asin60°:%a£: a

by

cosf=—4_
e, We

3sin O a,

3.01—
1212
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OFF 3 OIS FIRR € A, I SIS @

qCeTd Q79 (Parallel Forces, their Resultant;
Moment of Forces and Couple)

o=

31

3.2

3.3

34

3.5

3.6

3.7

3.8

3.9

L IEC]

STy

¥ A TMEAE eE @Y (Resultant of Two Like Parallel Forces)
3.3.1 oo Tt e IR ARy

SR Y ANSAE TR AN

ANGAE FETTLLA I

ANGAE FEAD (CSFA 2TTA)

FEF0 Swidel

GEa ﬁ"'@ HACATT 19 O (Moment of a Force About a Point)

o TifFe @ﬁm @3 TAAW (Varignon’s Theorem)

3.10 =772 91 YA (Couple)

3.11 wrad IgeTe!

3.12 Twize
3.13 fifew 7@ ==t Afve Fhiwea g

3.14 A
3.15 SET epgiEet
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3.1 =Bl

SRR 24 G TR @ € O Al [ @ e FEfk| 5 A e
@ 4t IR T (M FAE ol 3oy 77 | I 7107 [FAMEL A7 AANTA 209 AR |
ORI GNTE ZO A @ IR T g 9 wrel S[Re 73|

SRl @3 GFE Yo IR FACEA ANTAE 206 I GR [FOIE@ ©iwd FA-e
AMeTl T G 7Y ACEADA F97 | S (41 (@, TSle I 7o Tl (Like) 2051
S Wl FY T ez | 7Y ANEAs MG RN (Unlike) 203 @R IR 205
S w1 6 A Al | CIHE Sld G0 7)24F a8 B (Couple) @1 23 | OIwd
8 QL SEPS 2@ |

3.2 Tl

GF GF(E AR TS AR

(1) 7o AceT TFAA AT 2061 O AR BN el @ Apce] O fF2ie=l
@R @ FARET T Fo?

(2) NG F&1 9o TR A WA AE OId G Ae[e SR |

(3) TR 76 7o SPINE! 2 I AR 2T, (T M 0 S STl
=)

(4) SPIE ANSAR T N 7o IR (@ A 9 @2

(5) PR FATAE I (I S ) GiE G0 gIF SNR—2IH I SR
(ST G (e T | SPT I N TSN I61 907 (@ (i 7Y ACAcw
O @9 @0 gIF (ST |

(6) IEW SFF AR IR efq 2qers! ol 27|

3.3 7o A ANSAE ACEE G (Resultant of Two Like

Parallel Forces)

@ T, P e Q gt 3 @3 95 389 U [ A @ B (¢ 59 Tz @k 79 qfoa
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AN 17 T € IR Tl AT (Like) wfie AC @ BD 3 yfod (o3agsl
—_— —
2@ AC | BD @&k AC, BD =iwll s~ | fo@ (e ifF9R @Rl A |

v R p

1 =2 foq
ooy . P, Q 76 WYL ANTART 76 A € B (S {F7 07, ©Ind FARRE 40

T MATAH 61 (P + Q) WRMHE @R AB W@ o X Rre &7 3@
@, P.AX = Q.BX.

efﬂTﬁ.AeBﬁwzﬁﬁﬂ%wﬁRmﬁﬁ@m(waﬁqA@ﬁwﬁﬁ

—aammw@ﬁm@ﬁ-mm)mﬂwi—wfmﬁwzﬁ [Ty Ry
8 WHRHE STogq Foshr SiE @gsl gib I@1 TS I gioa A I TG
SR (I #AfAET 23 1 | 94 A [FCe P 391 '€ R IR &Y 28 TSRS 99 SR

—
AL €<% Q€ R <G % 76 BM . (W29 G (@ (W e 6 AL @ <6
BM 91 909 o, AL @ BM (3=l <fRfe 0 Ol (i, O o el <0 S

eI | 929 O [re E Q W B RATC IS [ Tofic*l (Components) €& P, Q
IR WS WE 8 T9a AB-93 TWiedE e e | T R 39 9% AB-@3
TITAE € WG BA-GF ANSAH MF 2™ ©iwme @y *+ | awet 0 ' T P
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8 0-43 ANTAE I 16 I3 (S 29T O Y P + Q NWRIHG O [T siware
e 2ol | g 0-97 Wy R wifere MgaE (@4 AB (5 A € B-a7 WGl @b [y
X @ (W IE| oG NS I8 P 8 Q-4 & GFh 7N 3 P + Q, I
X Ryre 1 w3 |

AALU € AAOX 74|

UL _ AU

WL"@, m—ﬁ, i,e. P.AX = R.OX

v VM _ BV _

Tedq P.AX = R.OX = Q.BX. 9die X R% AB @AIAE AX : XB = P : Q <
SIS TRRTT FECR| (@Y X-99 SR WG P 8 Q-97 W= T77 o1 77,
S YT RIS A N OoiF (97 T3 1 | WA X-a7 S P, Q-7
AR (AT T AR e @ A |

el —I
P, Q %A 3 A @ B (9 &0 @ @R AB = 10 G|
(a) P =30, (b) Q =3P, (c) P = Q 921 CF(q X-93 SR e 51|
(@S . PAX = Q.BX 2@ FACo 2A)

3.3.1 fo AR INGAS e AY

Toollwy . fomo ST e MATAF 91 Py, Py, Py x93 A, B, C (e
57 @ @A OIWF A TH A(xg, 0), B(xy, 0), C(xs, 0). 71 foaoa #if% AT
T P + Q + R WWNRM® @3k ABC {eE@4E X(x, 0) Rwre &0 3@, @A=

_ Bx + Px,; + Py
. h+P+Ph

a=id . Py, P, J@oa Y AB @4r R M(x/, 0) (o &3 & @

P,.AM = P,.MB
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T T

P+P, Py

P Py
P+Py+Py
2 7 og
CRIN
Pi(x" — x1) = Py(xy — X)
CRIN
,_ Px +hx, )
SRR X

G Py + P, 39 (x/, 0) (O€ A 7S I61 Py, C [es, @ 7ioa a1l @3io
NG I I N (Py + Pp) + Py €3 ABC @47 X(x, 0) RMCe (A @ @A
(P, + P))XM = P;.CX

4, (Py + Py (x = X) = P3(x3 — x)

(B + P)X + Py
e S Ry 2

Axi + Bxy + Pyxy
= P+hh ((G) cA=)

TG . THAGT Ty (A AZEE @R AT (@, n RIS NI AAGAS I

Px
(@™ x=%;’, «ft o5 2@ |

r

3.4 ST AAGAA @RI Y

oo . I P e Q 7o SRRl SIS J6 T, @R P £ Q T OIRE SRR
Y 2o G AATIF 761 T T |P — Q| =R F=A0 P, Q uod Wy @6 I8 2@ @i
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AR | O G0 FA@A W P, Q IPWYLE A € B RWe (W 3, O &Y I&

AB @4 @36 ey f X -9 (@ W@, @A P.AX = Q.BX|

e ¢
A
& Q ~
R O R~
P/
%3
M
X A R
P Rl D \R B
vP-0

3 & fog

@4ite Sl gt A (R, R) Ryl 961 A € B (© IAFE AB ¢ BA s
A7 | IAFW P 8 Q-7 el AMSRF g Ay T 7@ Ak @4 LA
@ BM 3f%e 39051 Ol O Rqre (v ¥ | (I P € Q i 29 O@ @l 4o ANSAT
7O € (M I A1) O RYCS I8 YHF Oiwd SAITS (S0 e il Ac O [Reyrs

@eE P-Q 39 & 3@ |

Gt org P > QO @eTl 2@zl I 0 > P T© ©@ @0 0-GF E @=R

Q-P TS|
AACL € AOXA fqge 1o s

AC _CL weffe

i s fags AOBX, AMBD (2GS 1%

MD _ BD wiefie

OX — BX MD.BX = BD.OX
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&% CL = BD = R 29 (i) @ (ii) @F iF

AC.AX = MD.BX
Tidfie | P.AX = Q.BX qU, AX : XB=0 : P.

wedd X 4G AB (¥ fzevAqel o F&@ (@ AX : XB = Q : P G &0
P — Q @R P-qq T Sl |

G : (1) Q > P A @@ =W Q0 - P dR Q-9 FNEAE  dR
AX : XB = Q : P T@A| @4l X TG AB-97 B3 itz Il eedl A9ad |

- - >
(2) QT TRET (©FF TR FT GR Fr, F, Ti0 OPRIGAT @ 2061 Ol ST

- -
@ F + L, mﬁﬂmﬂﬁﬁﬁ){ﬂmwm‘ﬁ‘ﬂ:‘g‘w

3.5 NS IePRCed ARG

W (i T TolF GF2 O FOIfeT TAITA I A TR ©f T oiew T
SEPIIE 2 (HFIce (v 1 9 | Sielie Foalfer afres sl w1 Sepeffer Redte frcs
SR | 2 WR (ST ST TR Ry, R, T Ry, R, A7 Suiaisl © Sprndl 2|
O] R # R, T(E AU A G5 TG 6 2@ | G M R; = R, T R S
g AR 2F, (PG O4NR ANSA Feaffel AGH AR |

3.6 MSAE D (37 ATHN)

- - - =
F @FZZ@WW?IWAGB@WW&?QQ+ F, # 0 2 o

ra = = — —> o
o9 3.3 @ 3.4 SRR Wl (edfe. (3 WA A G0 I O+ F, =R

T2l AB @4 X Rmqre faa w303, X M A1A, @UReI ST A (F0q AB-49
TE /Y AR SO @R (R X 2Rl G78 Ten (a2 |

- -
\FI\AP‘ = \FQ\X“‘z
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@A Ay, Ay ¢ XG0 RA-(F JASH 77, 75 ¢ 7 W Q@
H_—)_%
AX — r n

— _ > -

4 X 4,
F T F
Tﬁ
.4 Ay
X
N SN
F
4 . B
() & (SF PeiTe AR Tree S el Al ST IR w

— = — >
AX X F = XA, X F

- - — -
wdic (F- W) x o= (n-1xF

- - = - - .
Px (F+ E)=FRXE+ 1" XF (if)

(i) TR0 v2aq wEF IER GFWE AGy @i I | ?1+?2 a2 & X e
%
G | @ < A F, A+ 4R RIS 26 @) Ay R G

i T = - - i
élZIQFI+F2+F3¢O§§IW(FI+F2)@1:3%121?1%1%1\9??{1«1+F2+F3 AR

GF /M X (0 (I XA;¢F B9 Sitr) 0 @ @ (X939 X (83 7A3—
G T (9T 7))

— - =5 = - > = - -
X (R+ B+E) = x (F+ F)+ 13 %X (F)
:?lx R+ nXE + 13 XF [(i1) cATF (1i1)]
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oI A 1 FRAT TNGAA T E, L B oo F, IEFA AL (), Ay (), e
- -
An (7)) oS @R FE R E, + B + F, = £ # 0 O@ £ @R

R SRS ZE R

RXF =&

— —> .
o X F (iv)
k=0

3.7 FEFH OREAd

1. @ (olig] O (GREE To7 - 26 | ATORFL O OIF 1068 IR 9o (g0
(9 2 TiCz | ACOrn AW Tord Aifed ARF AT TOOIR ACF, (A (@ AAT ©PAsfer
ATaffed qRER G0 [eidTe geifere A |

| low W

5 & fog

TR TAER OPI Wl a9 SHE @ 2@ ARFCS A, (@ OIRE 97 6T
@ b OICH Aielmee dne felaal 961 SRIRTARN ACF | S 169 SR T @8
@ W e BAER OF F9F 4WE bivl W GivR = 2W Titd SICR 2its 311 6, STodq

W@%WW|Wﬁwﬁﬂmw@mwmﬁ2WeeWWﬂawﬁa
4% 20 x T A

R x =
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2. G0 @ OF FIE Toi SRPRS ifoR TS @6 @R N best | A anifof
SifeiFeE@ A . @ At @ go M @@ A, o=E OF TS ¢ FeE
ey 7Ee ARTET 2 FHeE Toi bist g oiffafEe zae

e i @ 35 49T W ©f P @@ F @R B2 C [Reprs a5 @ | sifofta eww
webd WOk E -0 570 3@ 1 @3 Aifo7 oo w RSN | @RIE €T W oaes | SifoR
D & Fe@ ToF Sitg @AW | el W, P ¢ &I eow w @ ot s

R

4 D‘[ E

w

1w

e 0

6 «k g
R Y D v A @k Afsia <@ R 7|l WEw 2@|
@A AB = 21 ifod ™l @R CD = x, AD = .
S[O4q W.AD — P.CD - w.DE = 0
GRS R=W+w+ P.

_ W.AD —w.DE
=W+ w+ CD

W.y—w(l-y)
X

=W+ w+

_ Wty +twx-l+y)  (WH+w)x+y)-wl
x x

@AY TS FW C [rog witg, Wedd AC, s P, widie x + y Fifne |
wrodd f5q 20 AN AW x TO6I 2 I T@ R ©9 I TA|
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AW @l A7 A 9@ ACE, ORE x + y = e A W = 20, GF2 GG
Fieg Afsfa <=

2IW = wl
X

3. 7o e SRS 96 P @&k Q(P > Q) (1 ¥G ¥ Yiv [ A GR B (O
& F@ | P Gk Q AR RN KR 90, @i (@ ieE Ao AB 9RE d
AR I R AE@ @

R =

N
~
[
Q

o
o
~
+
QS

3.8 «F WA ACATE I SINF (Moment of a Force about a
point)

W@ 3 @ AT F I GF0 g5 23 A [y fF F@ 0 @ @ @3 7y
AT Wi Fem A g Q9-(39 (position vector) 7, OIRGE O-49 AATE F
%
R OINF TE G0 (8 M, @A
M=FxF

7R foq

WO Ol (O M (3 Wi =1 M| = [F||F|sin 6 = p|F]

, @ p =0 (A
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0T To 1Y Ry (SIGA F 2 7€ F-F ANOER ST FFMCE TSI
@, 7, FeMdag e fot b wiHies Q|

W& : 1. TARE @ (AF T @ F 909 TR @@ [ el
@ 0-aF AT ThT 48 2| T4 &l IF B, F-99 FEIF o[ @3l [/ |

- —>
SIR(s B9 N8I 2@ ' + AB . OO B RWE AR M O-97 AATE

- - _ -
F RONF =[F+ABX F=rxF+ABXF=rX

ST

— . —>
@29 AB , F 7t @F8 @4 (834, Sedd AB x F = 0

8 W fog

2. I A @4 BT SRS @ (N K ACACE TR ORI J | (G F
¢ F @A)

3. (@ Jq O-99 AATF F AW SR 20 206 & 0, F-9 [ Ssig
R oA [F| =0 * zA|

4. F I O AATE ONF M-93 W
\M\ = 2AOAB
— ~
@ AB T8 F oS5 |
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‘]\71‘ = |F|‘F‘ sin O

— OA. ABsin 6 = 2.%AB.(OA sin )

= 2A0AB, @4t

AOAB = OAB fagied (5qwe |

5. ©IN(IA QAR 91 (Analytical Form of Moment in Rectangular Coordinates)

@A i, ),k Toqb ¢FF (ST STOCEHFAFR Ox, Oy, Oz SFHME AR | O
R AT A [Ra SITSCFaeR INGS (v, y, 7) *E F=ix+ jy+kz. F 966 A
(O AT R F-99 SmerFaiel Rl X, ¥, Z &

F=i=X+jY+kZ

SOR REPNE F-48 O AATHF O
=M=FxF
=(ix+jy+k)X(X+jY+kZ)
=i(yZ—2Y)+ j(zX — xZ) + k(xY — yX)
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M- TEORFAG quot @il I ol M =

><>< ~.
~o .
N & =y

TR M SRE (SIEF SINOCHAFR GoAliolfel 281 M, M,, M5, (@S

M, =yZ —zY, M, = 2X — xZ, M5 = xY — yZ

6. 4T TR @R KT ACATE SEE X REAR ARCHT 6 TF SR
SITSCFAIFR A ol [ 2|

1) I RS [ B RS A [ SRS M)
M =iM, + jM, + kM,

M = 0 26T[ 4riE-E ¢ qwAB 6 =\ M, = My, = M; = 0

fa

7. @3 79 F-«3 fFaaal ¢ o3t e afze=l im0 i@ «sfo sIwest ot s
& 6 F 96w [ A | el F-aq 0 /9% AT SN M =7 x F (@2
FEE O (AF F-47 5@ 3 & «1e SEies (937 | ol SKEPIE $NE
M &6 (937 AW M 2 7€ F-aF wiEl geiiire mrecE Sei o |

3.9 ohE TFe @iﬁ‘iﬁﬂ\ @3 TAAMI (Varignon’s Theorem)

TR ENDE CFq -

‘aFfo TR IAEBE AR @ /Y AATE SN 2ol aem & [/ AT
SINERA (930 PR e |

o < AT Y F L F, ... F, A AR 20651 @R A e e 26, e
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|
|
|
|

™
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+
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Q4 O Y AATF F-99 ONF M ZA

M=0AXF=(0Ax(F+F+..F)
=OAXF+0AXF +...+ OAX F,
=M, +M, +..+ M,

@A M, M,,...M, & F, F,,...F, I1F@ O MATE ST | Sfodd 2ifde
251 | G PRI (09

A FFy,... F, el AT AT W GR F=F + F +...+ F, #0 & O
@A @ RME AT Y W ONF (839 @ [RMI T d09sic W AT
OINE (OFTR[CRA 9T Il = 1

el - SRl 3.6 (9 oMl @, (P WAR @E FLE,. . F, W
A(R),... A7) Rre 0 @ @RI K+ Fy ..+ F, %0 T, O@ @69

ST 2T G0 AT T F:}n)i«; GR F @ G5 &7 X(7,)-a o <@ @
i=1

n
FXXF:ZI(FIXFZ.)
1=

e (@ RWE ATTF SNF (e T ¢ e Sifuflim e
(F-48 O-¢1 AT BINF) = 7y x F

G} F, @ @ A7) e &1 @ o 0 AT o =7 x F

T (1) (@F SIE S -ad Sosim A
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3.10 I 9l A (Couple)

UG SRRl IR TG AR A (o SHEE 6 20O A W1 | IR A
WA W F, ¢ F, I IWEW A7) ¢ B(,) (O 0 F@ R TQo@ Aty 79 &
o @3 1 R | A& T, 9¥9 R ST 20H R FHREAT NS TE @AY

F+(F)+R=0+R=R=#0

F

10 7 foq

SO, F, F, ¢ R-49 &% & R G Oia@w= To#{ SR

WOGE, FXR=(F—FH)X F+7 xR

WO, 0= (i —hKH)XF BN ()]
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élaaBT S F TGS 7F, S04 (i) TG RS A I | SO ASAET SER
IR W6 G0 AN SHIE 5 ZCS 2 1 | SO (i IR T G5
GG @1 ZCS AN T @O F, F, W FEAE (@A | @ GO AT
g A FE G I @ Iemoa [eidie gt @ e ke g 2w A =W A

& : FoTaa Al Feg 9 (Couple)

T AN SPRYA] @ T I61 G0 6733 | I6TI0 510 TR | Sl 2L
AR el (@, Gg5 qio 6 NS GF (0 AE SRS 2 Al SR AN
e Y o TR Al el @ ¢ W @ O (@ FARRE Aled T Al
OO 9 UG TEE G SR G0 o sl 7%q i fAifoz | @i @l T
agel TETRcEd A e

o129 WiNSE (Moment of a Couple)

11 7 foq

@ W wiww O it AGG) [ee F 99 e B(R) [re F, @@
A, @A F = —F, Wi |F|=|F| @ 71 uf6 swieam qr wpardi|
& AE P(F) @ (@ G0 [, O % W PR OACIeE $Ee
= PAXF, = (7, - F)x K
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F, <G P R AeE 9 = PBxF
= (- F)x

TG F, € F, TREE P W ACATT SIS (e
=(R-F)XF+(H-1xk
= (7 = F)X B + (h, = F) X (=F})

=Gi~F-R+PxF =G -B)xF

|

%
= BAX K

SO, [, F, TUSARES NG L9 p A @ oA (@ (S K AACE SN
@ioiFst @6 (939 AW WA |F|p @R T & etard TeeE T A7 | Todd ordl

. S @9 M%7 P-a7 SRR B9 (68 @ 71l | ShliE @iareet e
T #Y 07 AW @ @ Yo NI YHCES YRPER OOl | SO JeTacad G0 o
oz O @@ KM e O, AR W0ed G G0 WM (939 |

@ AR ONE M TH WA @ @ [ OAATE SN @9 |

JeTated 912 (Arm of A Couple)

AR I YA [P A9 T2 g o 2 | STOdR JACa Il

JCE Sl X TETACRR AG )
B(d 9ol fase

ITECE ST (Y I Yo7 T 8 O TS| AT YT OolF feq
@R 6 oA BINEE e @EY YNEE TE IR
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fesa 12 =8 forg 3@ gioa 9@ e @i 9fla Fo 9@ T© (Clockwise) |

12 7 foq

v N Ipz

Al
13 1} fogq

W[ 13 7 e el ugs 9fem FoR [sidTs e (Anticlockwise). (A& IoTac%d
O G (ST YeTel BRI (e B, SO (L IeTaced OE Anticlockwise
FG Rk ISV (Right-handed System of Axes) ©iF = goieF e 99 Jemacad
OIN&F Clockwise (@ ©F W& e M |

TwieAdl 1 SrizaeEg - |l T
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=3k -5/ -2k +5i +2j =3 +4k —10i +2j -3/
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14 7 foq

SOGF FEVA SN TOG TR SN x-GF ANGF MCF 11 GTF y-<& TSR
W | GFF R Z-OCHN GASE MCE 5 G i iR |
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SO TR0 OINF z-F GSE ME ¢ 12 @ Wi |

3.11 7red ANgeTS!
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9 7{es INF = BAXF

67



i j k -
M=\|x—-xy yy=y, O0|=k(X(x—x)= Xy —y,)
X Y 0
Yoo
A
Fi U‘\"\J Y>
S
/Fm
B” 5
Rk
—>x
z
15 1} fogq
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Vector) |

YR Al Sl TR w1 el | T 9o A SR IASE M, € M, (93
=, Oz 9 g R S G50 @R, I6 $INE @ M @ M = M, + M,

3.12 Twigae

1. xy MO G0 @R 10 G @F6 6 2x + 3y = 6 @< [RE 0
AR | TICIR BINF 40 GFF 7-SI0% T 20, INYLNR O- Ie710d franicait e a7 |

17 7 foq
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Srovd faorr T=(0
2x + 3y = 6+44/13
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I 24N o7 MF Tl A, v@ Torba M @ 2@ @, -9F (QAF FEE
TEEnd 9o Tl FoR Refre 2@|
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18 =2 foq
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Q CL _sinB
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Q-1
2—-1

o i R = =2t -1
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qE T TWOI WEE @oee @R B2 AB-Gd To C e fFueE, @4
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4% 40 IADIT  7ACF AAgEe! (Statical

Equivalence of Force Systems)
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4.1
4.2
4.3
4.4

4.5

4.6
4.7
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44.3 cfas93 @@ 9% (Poinsot’s Central Axis)
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Toig fF0 9, OIRE @ DK FO0! TR FA MWI? SN . GFE AR
@, @ @ FABT G0 9 ¢ qFf IeTaced aFl oo T |

84
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1. 958 TR SRPAS ¥b P (o0 WM& G0 I Id IS o0 @
afa 93 ellT (AEE giod 12 oied sgei@ A | IW (e (A0 rER elleEw
12 fS6R R 2 @R (AT FIE FGARE S SOl Jeel 60° &l T4,
afod el T e g |

TMYN 2 A € B (O (AES Wod vA9 20 A y:ccosh%a?nfm?fs:ctanw
W VPB = s T s = ¢ tan 60° = ¢/3

A B A60°

12 fa.

i iU U

o

13 =% og
A ¢ B e BF T, T
T, cos 30° = 12 fil. WK 50@q @ow = 12 mg

.'.TA:12mgx%:8J§mg
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SR Ty = mge sec Yy = 2mgc
. 2mgc = 12 mg
¢ =6 R
woqq (i VPB = /3 = 643
wroqd Faioa At (24 + 124/3)f
2. [FOrCdR @ R W @2 ST @ A € B [/ b (A4 @ 24
A ¢ B s B 1R [Res B n 94 21 AB wAg = \/ﬁloge[zwm]

20, Al |

T ¢ WRFAD FNGAT GR Ty = KT [T 0 (8 5F = mge Oz A [rs
B 1 mge TSI O (AT A 21T *YER W s 2,

s = ¢ tan Yy

g T = mgc sec Y
n mgc = mgc sec
n = sec
s=ctan\y=cm
SOGR WGFT 4 = 2ean2 — 1
SO [ = 2ean2 -1
o[ B e x7=Mes a 2@ AB = 2a. g

V=2 +s2=c2+c2 0 -1

X

NISISERES ccosh?
a

cn = ccosh?
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a
cosh—=n
c

ea/c + e—a/c n
al, eXle _ Jpetlc 4+ 1 = 0

A e =+ 2o

2 = Jog,[n+n? -1]

AB = 2a = 2¢ log, [n++/n? 1]
log,[n++/n? —1]

l
T 2 -1

3. 20 THCHE € W STIGTR GFT0 I WSF G2 S @ ¥ [ A 8 B (AF
RN 2R @R NGR™ D (AF @36 P ©F AT TR AB @2l (AF D @7

1[,1 h2 + 12
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/

14 71 g

*GFADH AD S¥ 6 BD S U6 4F GHER IO 2@ | AD (F I&e F@ EDA
G0 AT A I Fwew [ E.
P @&« IS 2T sin y 7% 3@ | wgfie P = 2T sin y
Bl ED = 5 2061 WGINR 9 (2
s =ctan Yy =T sin y @)
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IR ADE (A AF
w
T=mgy=2—ly

y =c sec Y
s = ¢ tan
W siny = 228
P=221ysml|!— Iy
SINIGS
y2 = 52 + ¢ (D T3 )
GER
O+ h?=(s+ 12+ c? (A = &)
ISy
O+ h? -y =(+1D*-s°
al, 2yh + h% = 25l + I2
12 +2sl — h?
T, 20
_2-nr 1
= 2]’1 +E.S
_12_h2+il£
- 2h hW
A e oW
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=37 h W
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[ 2hl
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Pl 2h% +1% - K2
R 2hl

+W

1
| —
—
==

1> +h?
2hl

8.5 ITf& FICGIAl (Catenary of Uniform Strength)

@F ol @ I wfesy T I R GH W @ T2 @@ [Te 97
Tt 1 @ R B RSt Sehie e v ¢ B Smy s y-erw e
I #AiE A2 T (X, Y) @A X = 0 @R Y = — g @R 2fS @FF M ©F =
m = KT, @A K = 33 ¢ T 2 a6 & [ee 5 | @rweg x ¢ y e sy s
ufs Za

d (7 d¥\_ o e d (7,
%(T%)_O 4R ds(Tds)_mg_KTg

225o7 ANFA FE@
dx

TR = C (g7) (D)
ol ==
d dy dx\dx _
E(Ta%)m-”g
(1) A=
d dy \ dx ds
a( —x)m KeC 7%
d? d dy
a. =Kl =k ()
&y
dX2 5 — Kg
1+ L)
dx



()
dx = Kgdx
QT, 1 dy 2 g
; a)
AP FCF
tan‘1ﬂ=Kgx+A A= &
dx

@A A0a ~F SR, OF x-72FEs = 0 1S T A = 0
TroUq ﬂztan(l( X)

dx §
A T

___1L
y= Kz log cos(Kgx)+ B

I x =0, y = 0 I@ba &y w1 27, ©zE B = 0 @=R

__ 1
y= Kg log cos(Kgx)

T FEITE T | @ @ [ 5

_ ~ds _ dy Y
T—CE_C 1+(E)

= C sec Kgx
Srodq

s = KLglog tan(% + Kgx)

(AT s W9 202 x = 0, y = 0 R (A=
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8.5.1 Twigad

d-ECY TP € U3 THeIRMEG 12 BT TR @iN [WTe 7% arl G
@ (Gl SRS @IS el TR (@ [ R SIEE Ol Faos 23 | Ol
e [ ZE @ @

l:%sinhk @A A tanh A = 1

HV

o

15 . foq

Wﬁﬁzmﬁﬂﬁﬁaﬂﬁw@y:Ccosh%ﬂ?{ﬂﬁiAM:BN@@—@smo AB =d,
AD B = 112

A RCe O T 251 A Res y=ccosh%

_ _ d
T = mgy = mgc cosh > (D

s = ¢ sinh X
C
%=csinh2ilc 2)
G2 B -9 Told Wed |
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STogd Fued T-99 T

i(c cosh i) =0

dc 2¢
d .o d d\ _
coshE + c(smh %)(— F) =0
d d _
aT, 1- z—ctanhz—c =0 (3)

T4 TN FEeN O (2) (AT

= 90ginh -4
| = 2c¢sinh ¢ 4)

3) € (4) cm%:xwvﬂi
1 —Atanh A =0

@R ] = % sink A

8.6 A

93 GFEF

(1) TN G @ I LPATRGE TAT TG J61 AFCH D 91 ZCACR | “(F 6

€ T OIS FeiE 5 $@ O v 91 TR0 | NG 6 S @R M T SN
dM

WQ?TQWWWHTWW:—S.?lﬁqqlcwﬂ@‘?@c’i‘a\vmﬂww?ﬂ%ﬁw
ds _ _ ¢ AM _
W eR fo v@ o 7@ =W, @R =S

(2) @3 TR 0@ B I8 GTGE A4l GRR Af2ee A wEe [few gol qime
3 |

(3) I Il E siifelfes 390 2= IO y=ccosh%,aiﬂﬁam A

x-S SOF Gy BN M GRR OIEE WRew T x = 0, y = ¢. I o7
TolF Sy I6 @ (@ACHCE ORI FIGAE @b ke [ 23|
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(4) ORI AW A T W O@ 71 GG AW W @I T FIOART @
GFF MK ©8 m = KT, T = O, K = £33 | Sidie @2t (redl St (T it s1eent
©F MARANST | @4t yKg = log sec (Kgx)

(5) 9% GFCF ARSI @ (F CGF AR xy-9CF TR &) AN 120 Sl T |
@ SR I AT 20, @ [ TR 4R TR OR Giel AR |

8.7 ALCAT 2N

1. 9% SpT 919 Sfesd S Ia | @t @ @ e epamen @ [ma Siewe
X ANAST | 2 FH (@ A G0 SRS SNFE Iz |

16 & foa
x-S SR E y-orw O Taw W
A AR T6 T

%(T%) =0 (1)

d(,dy
%(Tﬁ)‘mgz 0 2

QI m = @ [ @FF Wa

m:T

K=4% T =75~ 3)

(1) caee TH = C= (g70)
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dR (2) AE

d ds dy\_Kg
a(cam) 7 =0
d(,dy\ kg
n 4{ck)-2 o
dx
d’y _ kg _
ot
y:%x2+Ax+B

@A A, B 75| 32 @36 SIRe |

2. «3f6 2 T g G TF TN IS TAF PR A ez | W (@S
Afegrel 3@ Tl o I A F@, ©f 20a @fa B T FEce 2@

T+0T

Ss

17 7] foq

PQ SR*E ©oR PR INFE T, T + ST wfwery afeflFal @@ R @3z 954 &

UR P s, So@d AR &y P [ee G ¢ wfesy e [ s@ shem
QA |

(T + OT) cos dy = T + UR Os
(T + 8T) sin dy = R Js
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Sedd &s W@ S @ &s — 0 A AR
ar

s = UR (@)
dy ..
T% = R (ll)
T (1) 8 (i) (A
dTl _
T = udy

e @ T = Ty et
@A T = Ty 949 ¢y = 0
Trodd I el T IR A1 | @30 wiee 9ot g7 o vl < #iie mes
9o A BIF-9 SFATS o2 Z(J |
3. | red ot @ v /R (A @ 291 A &/ afo @ Smw @dm A
AF R PR Y SRR T T AF O @ @A (@ K 7z 1foa st Sy
=Y A
:lcos(oc+[3)/2
cos(oe —B)/2
@A o, B 26 AT RMaEa > ¢ Sag @[ Mg @l |
TG 3
|

(x;, y1)

18 1 foq
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o A

X X
1 2

= ccosh— = ccosh—=
N c ) c

K=y -y, = c(cosh%—coshx%j

g

Yy = csecd y, = csecP

k = ¢ (sec o — sec ) )
SIRE]

s = ctan o s, = ctan fB
R

I =s —s,=c (tano — tan 3) (i)
Brodg

k _seca—secf _ cosP —cosa

[ tano —tanP  sinocosP —sinfBcoso

cosP — cosa

= “sin(a—P)

sin(B;ajsin(a_ )
sin(agﬁ)cos(agﬁj
4. 36 I S SqE IR GR qata ool Fu wxeim o S
Tolg @ RO FTH SSCHCo ARS FAGANST | Fq@iba A0 [egol 2

[\

A

19 1k fog
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@ta TR T 0 (W T, @ e sehe e x @k Smy s y-ors
el @3k P @3 fas [ 2@ OP SRR AR &)

Tcosy =T,

X
Tsiny = J.(Ddx = mx
0

WX
tan Yy = —
TO
dy  ox
R e
dyzﬁxdx
TO

o _X?
y:TO:T (cy=03T4 x =0)

o ¢t 9ot Ifege el 20 |

TG ¢ I CTeA (g 2 I[C@F AT Bz |
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aFF 9 QFF @ FEre FITATS (Work Principle of
Virtual Work)

gz
9.1 a=iE
9.2 ST
9.3 ¥ (Work)
9.3.1 W™ ICeTa FH
9.3.2 ST T FeF FOF
9.4
9.4.1 TS e CFCA FICIT AL € AR 961 (Conservative force)
9.4.2 TR T OAF AAGAT € WA *1$
9.5 ITTT FGF FOI
9.5.1 Fafevadom tad (Elastic string) [t W T FICE A
9.5.2 Ffesn fem-efelea qeem
9.6 mmﬂw ¥2iqeF (Generalized Co-ordinates)
9.7 ffew awitam 9i¥s (Different Types of Constraints)
9.7.1 q%F AT lfewl
9.8 Tz FERTIT NS (Principal of Virtual Work)
9.8.1 efefea 7= 7TifFe oFy
9.8.2 Ffge FNAITeA LTI
9.8.3 Feifel [Reaw cwra Ffgre ISR et
9.9 fre T eTa
9.10. #faf*r3
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9.11 TwigHelsleT
9.12 iR
9.13 JH=T epikfe

9.1 ZRBE

(P X Al THSCET O ARE (A FPNZ ATT Z(E BT G0 ST A 2=
SR W AR - efelEm @ ol o | e 929 A AT, @ SIede
T (9ICT IR | OIRITl @ Foaffe] I61 ST (@ 93 OeR T2R AfeiFaRe, @9l
I A R T (e I 07 01 | el @ [ o og a1 Tifs fdfae saem
Ol 291 AFT FACD] ANGH AR AN TR Gof o Al I I GR Ffere
@ (PN TR T I AT Iefer @IS IR W W O@ IEENDT AT AP | G
TiSF MR 3% Ay [diel T4 eI 27| SR (I AT G ST F91 el
1 T I AR 2 S AT | GOIE TR I AN TGO AP *1S
fare T MO e T 2T |

9.2 TT]

AT G ST € AT =[S S SR ST GFF (@R @A *1S9fa
Fojferd i, 1 @ etz Bl fNife 201 @2 G E SR (TR eI IEeE
Ffore el foml Tl 417, U3 G771 Fere TR Ty AT @9feT 7ot S 07 | D
f ol IR AR FOI T ToR AR TS7 T | (LI AW I IFO@E (I FTA G
(dispersive) F&1 =1l ACF (T Tl 767 o)) @R IPOI(OA TolF (F A4S T TOpI
widfie T AFHF @ AR 71 Sovifere T AT ©@ AR S ACHSH T
8 AT *[E TH—IFO(FI AGE &) N FE (@ (I IS FACER Tol) Fiore FROTS

|

G2 NS 209 @ @I I AR A G5 IBF TAF AN RS AN T2
Yh I TR @ (Il TR ARGl FdfiRel w1 A

220



9.3 FF (Work)

a3 71 @36 aTF Tor @6 pre g e o 53 T @ Awew g
mfoa afn s=dt 95, ol 20e eve @ FIF FECR 6N @ | AFOUAEE, F oI oS
A GR A@NRE R 4 (T3 @R O T, @ I 7R D oAl

W=F.c§=‘FHc§‘cose (1)

@A 0 2 F S Jd-99 W |

G| (A ATE AR @

(1) d =0 z@ W =0 wigfie ameifRmg s@e 91 2 S sifasd =1

(2)0=90°27@E W= F. d =0 9le graeimg 5@0 31 F-93 8w 20,
IR * 2@

(3) 6 > 90° &, W N 2 |

(4) 6 = 180° == F. § = — ‘FHC?‘. G2 FaeR Rae ‘FH&‘ sifgiel R
2R < AR

9.3.1 Ay I I

a5 Rvre Foifel 36 fFal A0 O 2T FIER TR @ e #Afk am
TOIA I TR |

eeliet : G4 L Fy,...., F, T AW @3 [ P-co oFT W R F AWM oowE
Y 2, OIRCE

@37 g I T P97 R (93 T, O AY F6F FOIIES AARWA = F. 4

(F, + Fy+...+F,).d

F.d+F.d+....+F,d
Af o o1 T FoIROTRT TR |
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9.3.2 ST @ F6F FOIH
@A wy, Wo, . W, SEHRMT n-AF el JCECE, G¥F SR ILAFC 4y,
hy, ..., hy SifSEe B SerEics w@el 26| AW b = N9 SREEE TEEME B,

e T, ORCE & N To eT W@PINCRd KUY FOIIER AR = (wy + wy
+ ... + wy) h

A ¢ x-TCHD TEME THTOIE (ST 267 | I 1A LRI Xy, xy,
..... L X, GR AR SRR x), X ..., X, STOER ST I6 AR FOIID A

= wy (o = x)) + wy(xy = x5 +ow(x, — X)) (1
Qe M FEAPTCZR 2N SRR ACATE SRS 1T X GRR @R SRR
CREEE xRN ¥ T, O

W(x" = x) = wi(x{ = x;) + wy (x5 — x)+.. 4w, (x, — x,,) 2
Todd (1) @ (2) (A A%
Wh=W(X - %) = ¢« Jeejfem Rgeer oo e

TG 3 T AT (A GO T (T TN Tl (TSNEE GG A (e, 202
ST ¢ TO R SRPRIT Sl SRS (wd SET 7a62 I s Hdiae v 1 32 6
Wb B ([N AT |

9.4.1 AfFTSTIel qCeTd (HCq FICHE AL € ALF=H 91 (Conservative force)

@ IS G TR ToR I FOfFE F@ @R I A [’y zee B R T
(@ATS ACB 3IFHCF a4l FF, T 761 f-43 W ¢ i AAfsaie zeny sanfba afs
T R T ORI @ FRcE ol Y ol A |
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P(x, y, 2) @ (29 43 T @R W9 G5 [ 0, P-aq W68 | ST P 70o
0-( S F 995 oI sl F.pQ = F.dr, @I P(F) @ Q(F +dr)
TG A (AF B ARG TEFE FFeT PO AR

W= J. F.dr = J.(de+Ydy+Zdz) 1)
ACB ACB
@A (X, Y, Z) T F-93 19 IOGR % AACE ReRoipmz | @i (1)-
GF TFE X, Y, Z (x, y, 2)~43 Aol ARG zene @ epffRdl 2@ At (1) 2o
N (TR @ AYRTSIE AN W A € B-49 ofd fT$q (=%, ORIl A 2(© B-
e @ At BT T o7 Tome T |

(P (P @ F-97 @ (A AT T A 2o B AT QT T FOBIY HYNG
AT A 8 B-F To ST IR | TS| 2[(2F AR FoFRA (I (AT
| AT FEAE AR (conservative)ﬁﬁﬂiﬂlwmﬂ,ﬂﬁ & 61 A € MF
eifgafe s, SR

W= [ Fdr=F. [dr=F[F]j =F.(fy —7,)
ACB ACB

SOEd (TRl (9 W @RI Mg A 8 B-4F SRR 8o 6T I |

9.4.2 TR 61 2ETF ATAGAT € AR =S

(@ AT THF YT I F AT RS LG € AT *S To—a G3(6
TS V (x, v, 2) AFE @ F = grad V TE, @A grad V &6 (%4, I &9
ISGT ReafFeipTz 2o IAHE

9V 9V oV
ox’ dy’ 0dz

A ¢ WS WABT—AN F = grad V

Sod] W = J. F.dr= I(grad V).dr
ACB ACB
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Vv vV vV
= J.(gdx +Wdy +a—ZdZ)

[av =[V]§ =Vz-V,
ACB

XS ARG T—LTENN F AT 96T |

SOG4 [F.dr W49 A € Baq Tog fsa 9|
ACB

oG [ F.dr @3 0 P-ad Seorss [291@ [kl T |
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P P
V= J.F”.c?r: J(de+Ydy+Zdz) &l Ze |
A A

P
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7

FoIA
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ACB

@A |k T6 GFF (93T e Wi, e
dr = dxi +dyj + dzk

SOG W = mg J'dz:mg[ZB—ZA]_?{T“;LWA\GB—Q?IWW@V{?IWWI
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SRR AR SVRR RS AIGRONS: SO | @l AT G Il @36 STegel
R @3 7Y A T B s ACB #ital Ptz | @3s 95[e F it fqoifare 2,
T AR S AR = — [ Fls, @R ds 25T 04 (26 O 07 | GG 4T

ACB
o7 e zrare @ FEE @ TRE Sl TR aferer [eide e fFa 3@
TR 37 ARER @ A (AF B-(S @O AL I WK @, F I9F Fodla 2/
O MAIITSIE @ Z(F | SO, TH[E MFTH 200 AE |

9.5 FoTTR F9F FOIIY

@l T 7E0d o P, P @3 OZF AZ AB 2 SRR Z(O F60d o A’, B’
e 3 F@ @R AB A 8 A'B’ AT TR W& (@l 0| 7aiod Ie19feid e @y
AR A1 2o | Qe 7afbd Jerejfel ISlE (AF A7 ¢ B’ e (aite e qiba e
T ST @ T g5 AR [eide 2w @I I sl #5271 @i A, B”
SR ZCS A, B SRPRIG SCe FIEE AT = Ppd = MO, @A p = A’B &R
M =1 7508 OIS NI | Sodd 2¥lld 26 (3, SNE (SFE ANATE 0 (el 9ol T
77 AR oI = MO. (0 FU 4@ T(AR)

P
y i)
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A' :::::9):: ........ Bh

1 7; fog

9.5.1 ¢ FPaferdio Jqtad (Elastic string) W{ﬁﬂ? Ty FICEa Afae

@ AT AB @3 PUferisF 99 IR FeiRe SPAF K AB = [, 9331 A
s e @d B [qre a=rec@el @9 2 B, @ Teiiifie 29| e Jod (i = [
Q4 Y [, 0O [, A R Fhce TN F9s I s @@ F0e 7@ | il
xl_lo (Hooke-43 faws <iasl)

0
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Sodq afbEF AB, 2308 AB, (= b,) *i¥% AfFe a1 @ s FF =z @

Iy I _
= Jde = J‘Kwdx = %(lz =) + 1 = 2l)
I, I, 0

) I +1
- o520

Ao k= b Ll
:E(b ll)( 2 + 2

L, =1
22 I(TBl +TBz)'

9.5.2 Ffeo fFa-efelaa qem o

Feorlfel foal-efslaam oweg 1 W, (N TR T P A eew S
Fu A o Fofel (@ SR FIEE S aw F99)

(1) 7f5 s Wy a1 ¢ afsfaare a9 I € 2@, 7 40 gfoa T w=w
Seifiafee AT |

2 T fog

A € B SN 209 239 4o A’ @ B9 TeTR F(e SRR W F7l ¢ efefF
T A-(S F ¢ € B-( RoSTes F 301 5 §& | STo4q AA” € BB’ F&(F el
S = F. AA” cos® — F. BB’ cosd
(@A AA” @ BB, AB-93 (el IS 0 € ¢ (ol 0z | 5% AB = A'B’ = 1.
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AB — A’B’-93 AB &3 TR WIfer®? = AA’ cos® — BB’ cos(. So9d F, F I

p 2
ufo @l FORET AR = F (I - lcosy) = Fl'z“’ + -3 DI € Sl Wiwod 2/ |

SO Y-9F 2N TS (I Fw) e G AR, dfslam wmy ek Fes = 0.

(2) ST SRR S G5 AN 39 A OIEE ATAE BiF I (tension) FF FOIIA
*e 2(d, W @’ el O A AT |

QTG (TR S A @D (F09l SE ORI Tl | o & Seoffet ad Tol
FE-2fSfea Fa0g, I WA @ (@ SR T M E B 76 AR |

3 T fog

Q4 APQB MW 3@bd ARGRTL 27 @3 A’POB’ ©ZF @b 74 SR 73, O
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7
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W q)_

2
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(3) @b Pl ST TolF SRIRINRS (P IR G YT JeN0A AT Fe1 (i
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(4) <% 27 S ToF TR T @ TXT TolF elfSiFRRe @ F (Rolling)

DE A,
C

AI

4 73 fog

@ AF, G0 PO FAF-93 TR 9feitR o 327 R A @32 0 IR
(IR TR 27 Tou MR B @3z verie Igore A’ R 2o =R A-93 g
SR | (XY IS TH 9TIA], o AB Bivl = 9Tl T A’B Hit |
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G M @, B0

AB | A’'B
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Af oAl I FoT Y ARG AA-97 Aol TRAS], FE AA” = AB.O <R AB-
GF ST WA 0-97 TGHATS] | Toq eUfSiaal 95 FoFia Al 02-97 FGo(1S! |
Tod 07 Y2 9o SR eAfSfFH IEH 7k FOI = AR |

9.6 "'ITWE“?\'J Y[qeF (Generalized Co-ordinates)

@S TR T=E IFATH AR A0S TR @ (@A STRIE Fosffer sifdfes
7% Rl WeeiE e s 9w @3 I seen el 3 faifas s2iaes
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syifsfere foqfs =i =9 e 2re uay ARl (Mg sace #fif 1 SR enfere
CIPRRIES SEPIE @30 789 @ o qfe (@R AR Fte sree G Face
AT | Are’ (Fg @9z AT AMRTFS TS |

G 7 T2A (g AF0I @ (@ I [T 2resan @k @ 27 W @ {7y
e ol SPIeet (@R (I[N IR0 AT =7 R) SRPAR-Tes [t (@
S AR @ TXHT S eI Tl A | Soifaee =i aififes a%d wiw @R
7o a%fba SRR T F@ )

S R (7R TR (@ (I IR SRl [T sMuiRdigs v e a9ge
afefes a@afet sl T 77| GUFg & A g TTRE T2 SR
o/ | GF TS FTIFE 14F (constraint) I T | TM VHXI@W FIqE HLAT
n @ T WY m T, ORE n — m YD AMRIFS =T 2R=7 I 7@
I GRR 1 — m (F IPOFLI MG M@ (degrees of freedom) & 2|

9.7 fJfeq @FIa7 A4S (Differrent Types of Constraints)

TP T widie TrR Rfon I SeRit S S i (@ el
wicIfere 23 wigfie ACE SEl A e, Sf T AFEE 20O AR | (@, I IR
R [ G0 PSR T AF wfie 7 e Wwgel =@

F()C], Y1, 215 X25 Y2, 225 eeeenn > Xns Yno Zn) =0

OIZ(E AFHE b AKF (Bilateral constraint) J6T 23 | Swizge=gol, 10 I@IR
WG] 7R e A O7l g Tebil 1 |

FYAVE NG I SPRIFACHE F2 &2 I, (@

O (X1, Y15 Zgy eeeees Xps Yo» Z0) < 0 2)

TATER (2) 7R AEHFCE GG A (unilateral constraint) &1l 2 | SWRRTRI? G (0
Fol A W G (N TS AT, OIRE B H=Ead x2 + y2 + 22 < a2
OB SRR P I | S0l @ THhd (WS TR Tl AHF0 Yy G 5
WG TR G AGH0 Ty AFE Al |
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Ffge FFel (Virtual displacement) :

4 IF GFH 2N 7l @ [GnS oo 5-93 Tolg TR @R A TR @36 [ |
Q4 TN A 2309 B-(® © (A, Y (3 AB-(F 783 I 2@ I B [Ryibe 5-
G T T | SRR AR IRECE SPT8I Re @l T |

A-CS SRS TFFAICE M 9 ¥ (re &, OIRE I M TG O] LIRS
el ARG N 2@, T @INT @ SEE o bee A | T @3 sifers
SPTEA ql ALEICRA ! ARG e FA | oG @R AW A [Rvee wnioy @
@ E T (937 @30 MBI A @R TNE aifeirefer Srem s |

Q4 A RMCS (@ (@I 783 9lfeq e TGSt 76 & [vee e 7@ (virtual
displacement) J&1l 2 | G5 FEre e @ ©eTd G e A, ©iF Wi ¢ il 3rzse
0o A | WA A 2AES, A0 Fare 779 A F9 T8 20O AT | S 9T
S AW FTee 2, OFE FEO T AV B |

YRS Figre 7 (Virtual displacement in general) 8

6 AF Ay, ..., Ay n7RUF FHNRFE 950 9| A B),....,A B, TS A,
Ay, oy AT S RN | @5 TEOGOA G2 K9 T8I 2@ I By, B, ..., B, €%
SRS IFeEha Boi AxoYfe1 ey ACF | SRHAR & e SEF el T @ | AW
Al Ay ooy A vy, Vg, e, Yy OB @9 (ST T, ORGE @7 (@EPTIRCS B FE
% I @ Relfet @ @9 0 5ette Al 3R A9)fet 21T 23 | S @ (@ePTRE
S8 6T [ |

Qe @36 TFOEE (F [nS SRR afn Fenfiefew sRel @ 7@ @ TR @
TG (@IPTCER A& TAGATS], OIZCe @ FHIE IFOCE e 77 (virtual displace-
ment) <7 (S |

QI TR (T IBOE0 ANTIT 2(F, (@ (I THeE Fere 37 2@ | @l (@
@ @9 T8I T@|

9.7.1 qixF Ay afee
I n MUF IFIYT G TGO ooid [Rfefe Awoffar oge A
Fiy (Xi, Y15 215 ooe X Yoo 20) =0 j =1, 2, .,m

O, (X1, Y1y 2oy cves Xy Vo» 20) S0, r =1, 2, ..... , S
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SIZE (Oxy, Sy, Oz, ..., Oz,) (I WS TN 2o FfEre T zw iR
AN & SPIFA TFY )

n (OF; oF, OF.
2‘1[8; ox; + By{ oy + az]. 55:')2 0,j=L2,....m

5L(0, o 99, o 99,
lzzl(aXI 6-xl + ayl 6yl + aZl SZIJS 0’ = 1’2’“.’s

@A ¢, = 0 WS SrEAMta o 9y |
get ¢ (Sxy, ..., 8z,) GFL Ifere H |

SOGT Fj (X1, Y1y wees Zy) = 0 @R AR

MR -G ACATE SR W AR

aF} dx 1 aF} dZn

a—)ﬁw*‘....‘f‘@ dt :O, _]:1,2, ..... m (1)

g ofol Mg @R e TSl 26 Jfere /e, Srodd

dx, dy, dz dz
5x1:8y1:5z1:....:81n=T;:Tt1:d—t1:....:

n

dt

rodd (1) ZCo g
0= 3 Lige, + sy + s
_i:zia_xixi"'a_yi)’H‘a—Zizi
LA O (X15 Vi Zgs s Zn) S0

@ AF G, (xq, ..., z,) < 0 G0 TR | @249 W GF0 7G99 27, OIZH ASfoA
A SR WE GFG AN G G, (X, ..., 2,) < 0 ARFE GR TE ¢, < 0 T AY
YFE | SRR A ¢, = 0 @ @ Sl @ [fne 7w, oRE Iwegha @b
sife e (AR 0F (A0F), 697 9 23 ¢) =0, + Ap, 1+ At T, (Ar >
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0). 9 @AERY ¢, <0 R ¢, = 0, TOGT AP, < 0. T A¢ <0 wigfle di’so.
o Sl HAE

1 0 0
Z( a‘l))ry + aq;’ zijSO, r=12,....8

l 1

QARG TS T @R FTGATS], SroGd

29, 00, 00,
1221( ax, ox; + %, dy; + 7z, Szij <

ol dfeellt ewifde z&|

TS ¢ 3 THAT (T, T ¢, < 0 T, OIZ(E IO TGS G SN 7
e 7o A |

9.8 Ffgre FHGTTF Nf® (Principle of Virtual Work)

Ffgre FF (Virtual Work)

AR p-IRAT TFAN ANES G0 O P, P, TR TUAFE Ay, ..., Ay
Q SRS Fl9)feTa ToiF a1l TR | G B TFO(ET G THRITS Ffare el 20 Ie9fera
FITR

=9d0'L = 131.Ss1+....+P S5

n n

i(P Sx; + P8y, + P.8z;) (1)

~.
Il
—_

@A Bs,....... 8s, AT T Ay, ..., Aydd RO (9T &R By, By, 8z T B,

e Kool | (1) 5 @ &=l B,....., P, TPREa S Sieda e sfed In |
el AN GO ST V 200 TgO 2, OIRCE

_9V p _9V , _dV
Pix_axi’Piy_ayi’Piz_aZi

232



e L= 2;(%8"" + 308y, +37V6z,): 5V

Figre FEETF AT (Principle of Virtual Work)

M (A, ... , A,) SREANIT n-9RAS IBFNOF 2 @R TR Aol T 30
SRCoF @ Tobll & @R M T @ THRe Al A, OIRE A . A, Rce oy

P,...P, e AR @R A@EAR € WA W6 @@ @ Afel FfEre ek e
4TS e Ffare FOWR 2 27|

n
wefie &'L=Y(P,8x, + P, Sy, + P,8z,)=0
i=1

TG : QI YT & TE0 TBOCE SSTTAGTS o1 S| AfSr2i<et GO Seiely
@I JAN BRI |

el (Lagrange) Fea Gopelifre Toitam TIfsl saReeid 1oy @ PrfeRm
D T @CS A | O Fos)fe] [edw oFta @3 Tfog s 2 78 | s
A AfSFT PR I TIE @ 2 FH (hypothesis) 920 F97 ¢ TTF AR
Ffare FENIeT ATl (RF |

9.8.1 efsiFm Ia T™ifFe oy

‘P TFOE (@A TRE SIfPEe) @I Ffare TReete elfsfFn Teejfer
IROTR *= 1°

9.8.2 Figre FEAIO rTETS!

@ A TSI AT @ B,... P, ACICE AR oz | 92w dfel &g A, ...

A, -5 AFE R,R,....R, dfefFal & =@, Ay, .., A,99 TS A &)
A@ET 8 WAT WS T

!
!
!
!
!
!

+
I
L
[\S}
+
[\

I
L
+
I
)

TR, (1)
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SO (T TS I Js,,..., 05, GV TR TeF FOPH
= (B +R,).8s,+..+(P, + R, ).85,+...(P, + R,).85, = 0 )

[(1) 2]
g 0.8.1-97 =8 PR

§1.8s1+...+ﬁn.8sn =0 3)
TeEd (2) IO (3) I/ I AY
B .8s,+..+P,.8s, = —(EI.SSI+...+Rn.Ssn) =0 4)

SO (4) O AR ([ UYT el Fe FHEre B A | ToT 9.8-9 e Ffere
IR ARSI |

9.8.3 FeF9fet R o Ffere FiAItea el

(i) @« JT IYFAF CFQ (A particle free constraints) :

&R AP G NG IFIAN—N (I dFE 4P @ T T A (0 QAR G p
T YT TR @Y 3TN0 T[T, ol T Tow (@it afsfea 79 (3| Sredd
ARTRPAR & AR € AT WS @ p= 0.

G §g (I FfEre TR 0 IS I p gy O ANCGHE &) ARSI =[S
T p.5e= 0. @I Fre TR §,-99 T | SR I @@ IS KR T
P.ds=0 T 9@ ds|P Tt P? = 0 @ widfie P = 0. Sroaq 4 Ay A | Sodq
w6 AT |

(ii) <= I 7 T Toi fFAiAe Teen FwNABE (G :

& A P,... P T (G S SHFRS) Gl Y6 B A, A .., A, KO
0 F@, @UAE A, A, ..., A, Tl el o sabes |

G35 75 T2 Toia Ie9ffeT ANeER @36 7Y 0-F = 7 4@ Ox, Oy @ Ao
TH O M| A ..., AES RS TALFCE (X, Y1)y (X0 Vo) eees (Ky Vy). GRS
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TN Tee] =1 0 [Tre @ 3 (X, V) @R @3 7 G I SIS ANSEH
Tol o7 | wiefie

XZEXi’Y 2 G E(XY Yi z) (1)

i=1 i=1 i

G2 FEfeR IerE /A @-@E G FfEre THI—dTOE (e (@O AE |
el IBHT Oz T ANATE 50 (el oI 3R ORI e T GF6 AR 5ol
(AT @B) | ARe B ReaEoie TP @, b, T @ O SRS (-
&% (x, y)-93 FBre @9 =@ (Sx, Sy, §z), @A

6x:a+[691€><?]x =a—yd0
6y=b+[691€><7]y = b+ x50

0z =0
SToqd Fe9ffer =l FEre

M:

1

> (X;3x; + Yy, )=aY X, +bY Y; +80Y (x Y, -, X;)

~.
Il
—

= aX + bY + GdO )

QL @ AT YG RO ARTRPAR AR Tod X = ¥V = G = 0. SOE (2) T©
SRRl SAiE I T (@-IE T T K N | SO TS et |

G @ AF (- IS TR T I I *+ | e (a, b, 50) I @F
T (T, Ffere FY X oG A a = 0, b = 50 = 0 G2g7 FH© WA (@A 7,
OIEE (2) (AF AT X = 0. WRASR b # 0, a = 80 = 0 (AF AR ¥V = 0 &R
a=b=0,30#0CAFATG =0.999R@ X =¥ = G = 0. 5 Igo@d T
AYT el NG IR | Todd FEre FINIfe AR T LT |

SO 2l 25 (T-CHIE Yo IXF T FARS AT I (G IO PN
ARTRPER S ISR € [ |

(i) @< Wp I T TR ACGHA 2 :

(I 75 T2 BT TR A Gl LG € (AT *6 2o— (@~ (Il I
TR T AT IEPRZ AE FEre I AR wey
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2 : (I YD TBA AL FAE @ B (P GO D 5o @ ozl @ [wg
ST (I @R AATE 9ol DN (el (@S 2 | &1 TF GF0 I R_e (Sa,
b, 8¢) TBHa 0 RMF 04 9 AT @R 097 ey e 9= 9ol T Resfreiepmz
50,, 80,, 80;. T W}HA @@ [’M (x, y, 2)-97 Fhre 7K =

ox, dy, 8z = (Oa, db, d¢c) + (86;, 066,, d65) x (x, y, 2)
wiefie Sx = da — yd0; + 206,
dy = db — z00; + x00;
0z = 0c — x00, + ydb, (1)

SO Ay, Ay, ..., Aw RCS B, P, ..., P,TTPHZ 4TS 0T TAWE oo Aeleiore

7

IH

D (X;0x; + Y8y, +Z,8z;) 2
i=1

@A (X;, Vi, Z) = B SR ARG RS (x5, ¥, 7))

e (1) IRTR FE (2) =0 A3,

3 D [X,(Ba—y,00;+2,00,)+Y,(3b— 2,80, + x;00,
i=1

+Z.(8c - x,00, +y,80,)]
=8a) X; +3bY Y, +8cY Z, +661§n)(yizi -zY)
i=1
+80, Y (2,X; = x,Z;) +80; ) (x,Y; - v, X;) 3

AR T NLD

@ A @-FIE FEre TR T PO I I AR I | Todd T
8a # 0, 8h = 8¢ = 80, = 80, = 50; = 0 G2l GO A @A T, O (3)
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(A AR @ 8a) X, =0.75% da # 0, T©Gq Y X, =0. Sgered Al AW
2Y=037=0 )
2 0iZi=7Y)=0
Z(ZiXi -x,Z)=0
2 (Y =y, X;)=0
g T (4)-9 *% =h I2Ha AT 210 WAB | o7 B AGH ANFE |
AR ) LTHET

@ TF IFO AYT A A BT | S0 9o (ST @91 *[+) @R Te9jfer
it 7 ACATE ST @oIEeTe X |

wdis ¥ X;=03Y, =37

OZZ(YiZi_ZiYi)ZZ(ZiXi_xiZi)ZZ(xiYi_ini)

Tedd (3) (AT Az, @@ FEC FE T Fare FE = 0. ol e
IS ATRIAT & AT |

9.9 Tfgre FAAIfea e

SIEE (TR (@ e FREMS (Pl Y0 IRA IEPTEE AR G G0
YRTEHR ¢ AT 16 | aFesrF e s Fwife f@NE he sl o=l w1
QTS I | @~ IROCH AR Gol) ARG 26 2e I | Trzgersg e
FIEAL (T e = |

(1) FeFfo1 75 I Tl e oz T ToT GG IR I = TAWE €T
7@

g Feq A (i (S oo 2gre w@efem e Tl IS 7, 2 ..
T GRR Wy, Wy, ... IAFC SR ST J6 TF, OIR(E SNl THOCE SR (AT SHHo]
7 i3, @UE

lel + WZZZ +.. '+anl’l

7=
Wy + Wy 4w,

QU S AT SEPAE THART @ SR AR Z(eT AN GG FES A
oy IS FY W 2@ | (G4 IFORHA AT TOHRI @l T 1)
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RISTEE e B B
widz; + wodzo + ... + wydz, = 0

&z = widzy + wydzy+.. Awydz,
¥g W+ Wyt AW,

TG APRPAR *1S 28 g7 = (). 92 =[O0 (AF SFl 512 (@ IFo@0 AR
el ST € AT M6 @3 (T THOE SRS Tl (BT (stationary) TR |
@ Thel FEITR T[ FY 2200 AN |

T A T M FANEE O ¢ ... TN Mg I@eYfer SRl o
AW, OHA g7 =092 G 0 ¢ y ... 2ONWE W @A AW

OdO+ Ddd + Ydy+...= 0. 949 0 ¢ y 27 Sfed 2 oEl AR

©=0,&=0,% =0 2o

G AT ST (AF TFOEE AP SANe [ |

(2) FfEre FERIfen arme B SEEre afsfem @ [ -

orEl @i (@IE TR FEre TR e, (@Renla A4yT e FRETE fre
27 | eifSiaa Iaejform FREMIE w7 | 93 I IFoRLA ARTRPRT Gl 2ACF, SR SI=>l
& SRR (I il 791 Ffere TS AR wiffcs 21 | qrFE IRl Sere
Af Sl 9T 2gT 39 N Fhre IR Ty (7@ @R GW GFH FHre @l @)
@ @ fefFa IR TeRR IR ARHE Tol @ | @ W G0 7 @[ 9o
e ™ T2 A, ©@ TF 5N (tension) (FATRTLR) THCS (51 ARIREA TS A3
G e Fee =@ T @ qGh W@ [Eee e oS w wdie 1 T @
A BN =W, OIFE SR W IR @ @b (713, oF o @ eefiae e
T, T #77 Refe 3o fFa Faz) 93w 3 3o s@e sepi @ uft g e @y
dl 3 211, S $ARE (T, T) Iemq—7Tdl €%+ S Fa0% | o« Fere FIe
O W AR

- Tdl+0© do + ...=0 (1)

(C2Y ARG S AR 3R dl-(F A ARG NG 2T FE dO Topifug
A o W Q| TG e I {ey welfe (1) TR T 200 AN 7= A HAF |
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9.10 M3

1. &% o IBd Iweary 799 (Planar displacement of a rigid body) :

SR G G BT AN G5 el TACE SCAG FIK (T IR T I%iod adfed
T @3 [MS ATeER AN TATOE A |

@ AF G WS e TG TAToE™ o (W I[BHA Wit SPRAE A,
B, C T spmeadm & fea At @3k w1 [ 9 @ [JMaw @38 Iiers TS
A, B, C' RMCe SR 32| A, B, C T4 @2y SPEIR 3R IB0 40, Sodd
TR SRR TR ANe B SRR SRS STl T | AU N T 2T
ISRSIVE @ W9 5519 (translation) T I | T A [ A’-93

5 7 fog

e fifeTs =11 @R A, B, C =1 A, B, C-99 beGiae SRR | 93« 45 I%
4 S AB = A'B” = A’'B’ ¢ AC = A’C” = A’C’ &% /BAC = /B"A’C"= Z/B'A’C|
Tredd (5 7 5d) =S AR LCA'C’ = ZB’A’B. So¢q TBHF A-a9 Tl [ive
ISR A AT LC7A'C @2 Aol gofq face1 7zfoa €7, A7, B Rmgajfer 72
C, A, B Taffece i@ | sidie I@f SReSS SRERI SR | Sodd SISl (TRETS
@ TRH7 2L SRR Z© BOR SRR TR G G0 ST bl IR G0 TAYE
qefq -l siheqt [

TG : TARR oS IO AGE TR (- SR S T (e [
SR AR T GFEF TAT @ boll @ ol (wem @O AN |

2. TR Toq 0o TR0 SRGE (@ Sel 9o A 5o @235 Sltael e SRl
Q@ A
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7o IFA TR IS AT :

@ A WHe e SRS Ox, Oy SFF AATE & oF @@ @ onf
RS (x, y). @& TF Oz TR AMGCE §¢ @l RYffe @ 9@ (a, b) %

STl 5o el | I =0 (x, y) R (), y) Pl @R S@eE w6 (X, yy)-
Q Tz

yl\
Py(x, y1)
(xl’y') a
g P
>
2)
X
6 72 fo@
O] X = r cos(0 + 00)
y = r sin(0 + 3¢)
LR xp=x" +a=rcos(® + d0) + a

vi=y + b =rsin0@ + 00) + b

Toqq P T w@d (Sx, dy) TR=
dx = r cos(0 + 8¢) + a — r cosO
dy = r sin(®@ + d8¢) + b — r sinO

Qs e el o e wfie o @R a, b FH LA SR TAGT T TS AF

Ox = r(cosO cosdd — sinO sindd) — r cosO + a
=~ a — rsin® sindp = a — Y0P = a — ydd
Oy = r (sin® cosdd + cosO sind) + b rsind® = b + xdP
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9.11 TWIZACET

1. «3f FsfeFaem @6 a7 «fslt Az W 24, Twg oo 46 e
COITRACHR T AR B2 | (&S 4o 79 ¢. (N (@ ofCmafog « (6 ot frarecm

1. 4 a’ -¢?
eel 45° 9] 55111 > (R P A= |

C
P, Q %6 (oI&s, ABCD 35t fora AR A FIE BA A PO-AGF AT
0 (9 I |

C

7 R foa

A IS PO-93 T9[ 9 = AP sind
= MN = PQcos0sinO
= CcosO sinf

TOGd PQ (S IMCHEA SREHHI SOl
h =0OM = ON — MN = OA cos(B — 45°) — ¢ cosOsinO

2@(ﬁ+w]—ccos6sin6
V2 2

= a(cos® + sinB) — ¢ cosO sind
Y (FI FHO AR G

e I =0, - Woh = 0
wigfie §h = 0
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BRI
a(cos® — sin®) — ccos?0 + ¢ sinZ0 = 0
(cos® — sin@) (a— ccos® — c¢sin?0) = 0
O 2 cosO — sin = 0 = O = 45°
a’ - c?

6‘2

w2 a=c(cosO+sinB) = a’ =c2(l+sin26):> sin20 =

1. 4 a’ —c?
0 =—sin
2 c?

2. b R @ W eTHRiE bR W e 7Rl e T9eR Fuew 4% o tiedR
G 2ol R TROR G0 A S SEAN A 206 (R @ wfSbd B 2o

2W(2b2 - az)

bV4b? - a?

8 7k g

ABCD 90K AB g SIfeiiceld P23 =izl AC 7 3 @36 uf% T e
B = T wfEa B a9 FRE T wiea 2FAcs it @litg T e T R[Reidle a1 50
SN | AD g S @l 0 (Fl [ G GFH [ (reTl 29 Ace 0 ST
2 0 + 50 T, [T AB 7= e | OIRCE AR Sl 2SI *S SPAE (AB 20
AD, BC € DC-93 SREWA TSl (o) AT 0 & 95 =& @
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2W6(§sin e)+ W(bsin ©) - TS\/(bz +b% =2b% cos0) =0

2.
2Wheosf—T 280 g

2b? (1 —CoSs 6)

2Wbcos@,/2b2 1-cos6
Sredd AT 7fed B T = > ( )
b“ sinB
% a2 = 202 — 2b2 cos® (.. M0 W = a)
26W(2b% - a?)a

2
2b2b2\/ o)
4b*

oY T =

2W(2b2 - a2)

b\4b* — a2

3. 516 A IT Ff—AR 2T O g, 9F6 @FfoF [T 2o @ =z
@ @ @ el Rede @l [ @3t Fefosie e i o1 I
Feferaifereies «afs Fifda eotmm Wi = @32 I 3 Isierarsia I=ice A,

LN (@ %A SPIRgH (e e “*3/5.

IR S

EN
\
T
i
)

a

S

9 k foq
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@l AF PRI WG O x. OIRE (R AR 0 21 24, TOGd 7ER
ARG B 28
V2a-x

X

g AR e IR SEPIE

Tr=Ww

ZWS(% sin 6)+ 2W6(a sin 6+gsin 6)

—T8(2asin0)=0
ql, 4WacosO = 2TacosH
ﬁ@ cosO # 0, S« T = 2W
V2a—x
X
V2

WQﬁQ X:TCI

odg W =2W

4, 3 eeq W RRE R0 7 7@l @36 T991 ABCD (SPJei@ 7I9) A [/
(S IR GR O WC Tre IT Wizl @0 I 76 B[ (I ST SRCZACINAN)
AB 8 AD-¢3 Tfiman WIT AR | AB, AD-GF AC-93 A& &9 o &, (R
@ 3w wea Toim pisive 2@

QW + 4w) tano

A
T T
w W
B D
174 74
C
\
/4
10 78 o7
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N ([ AB € AD-GF NRTARR BioRe T @3 O AB, AD WS 4o ©9i
& 3@ |

weslfer T elfofba 20 «@EN | SreUd @I e FEAl I 2 ACS 0 — O + do
2 | FCel A4y Il @ B @, O ¥ 2o 2@, ANREAR G | Srodd

2wd(acos0)+2wd(3acos0)+ Wo(4acos0)+2Td(asin0) =0
( — 8wasin® — 4WasinB) 80 + 2T acos0d0 = 0
SO ARTRPAR G, (29 00 # 0, 6 = o I Y
T = (4w + 2W) tano

5. faf6 w6 we& AB, BC, CD, T((hA 2CSiFMHa ) 2a | SISIE B 8 C-(S FRIE
TR(Z , U8 THOEL IO A 2 (@ T UG Yl (oI (AW [ 7Y 2¢0) 67
Toig TSRSl SRS AF , @3 AB € CD SSiE @R 0! o (e I | (7
(@ @ IF RO AR G ARG AD Wed B =@

% W cosecol sec? oc{% —(3+2cos? oc)}

@A W = ofel wown so |
AL

11 72 o9

L, M (3 9o 20, P27 SIei @2l LM 208 S Woojfell ORI @ Sl
Aol 2@ | 94 IW AB SO @ LM-93 0 0 (ol R, IR G0 IS TR
e T, A 0 — 0 + dO T | CAER bod S+ 2a = BC.

o] 2¢ = LM = BC + 2BLcosO
= 2a + 2BLcosO
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c—a
cos0

SO AB WA ORCHET SR LM S I U7g
= a sin® — BLsinO

= (a— (C:O_Sg)sine
= (acos® — ¢ + a) tanB
IR, BC-99 Tl = BLsin®
= (¢ — a) tan®
Sod IS IR Ty JE AT = 0
wigfie

¥ BL =

2Wo{(acosd — ¢ + a) tan6} — Wd(c — a) tand
— T8(2a+ 4acosb) = 0

2W{acos® — (¢ — a) sec’® } — W(c — a) sec’0 + T. 4asin® = 0

(AT AT Tl IS TGS FE = 0 oG 0 = o AREAT 0-43 T
20T
(c—a) 2}

c—a
T = %coseca[(f‘)secz o—2cosa+ 2Tsec o

= %cosecoc 3gcsec2 o —3sec? o —2cos oc]

= %cosecoc sec? {%C —-3—-2cos> (X}

6. 4o I (2b MCHR) 7T 76 AB € AC, A RS TTSIE@ TF (freely jointed)
@R Ol @FH e TFF Jred ToR PRl Witz | Joed IR o, I weREE W
(9 2 20, O @ M @

bsin30 = acosH
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9.12 A

GZ GF(E AT Tl AT T € AT *1S Fare IR A0 2F T4 205z | M
O30 ITOEF AT @I =W @ OF Tenid (Wefie I AwF AHE G AR
ol AT T AT W) ORCE ANGHH G ARG 8 AT WS = (F-FIA Fhere
TR (T IFeEBA SIS *[F FTeqe I ) (MO 2 OFF vge  AYT IPTE Al
FoIE T *[ A

WS el I [fen @ A G s 2@ A

SRR AP Gl AR TGO [FIHE T TEe Sl ([0S A |

9.13 AT |afer

1. 95 T SIFT TN A 8 ATOFs W ST WS AB € AC, A TS JTOIE
TE g% O 6 (QE F2H JEPR IFF THF PHIGTOIE Wz| I AB = AC = 21
R JEHd AP 0 W @R a < 1 =, & AB, AC Ta¥ e st @ @t F@
o A g1

12 ¢ fog

g AF AB, AC-9F SRE@Y O (A Z THOR AFE | O €& I8 WO (A
Z = (acosecd — 1cosh) G2 THOT (2| Tedd FEe FIO SRR 2WSZ = 0.

— acosec O cot9 + I[sin@ = 0

acos0
sinZ 0

[sin B =
<, asin’0 :%cose
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C B
0 lcos©
A
13 & foa

T O 8 ST U WG G AT IT € TN AT 1o G wie e 9 |
e W 2] @R WD (M 2a A GR TR M O = 60° FE WG GBI FO?

@ AT @a 76 R @1 7, T3S € ¢ B RYrs @ | rodq 6 — 0 + 50
GZ KR T I = 0

s — 2T0(2asin®) — 2Wd(lcosO) = 0

- T(2acosB)=IWsin6 = T:ZLtan()
a

14 7 Tog

@ Pem T A 2o @30 @S 2@t W, 96 @ 28 | SRR W, (20
R G0 WG AR W, ST @R 261 | WG 7i6d B 3o Fere w[el AR Fefm

T |
TG ¢ W, Pa 7Y zre @l I W @ wieefer I SItia B I8 I
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Tl T2W|WW,Z1%@ Wz,Zl+22%W|L‘]wﬂﬁZ1—)Zl+SZI
GR Z, = Zp + 8Z, NN TR W, OR& e = W,8Z; + Wo(dZ, + 8Z,)

T8Z + TodZ — TySZ+ 8Z) = 0
+W,
4l 8z Wi— T |+8Zy(W, —T,) =0
+T,
W2+W1—T1+T2=O
W2 - T2 = 0
‘. TZZWZ,T12W1+W2+T2:W1+2W2
SO THEE WEHd B = W, + 2W, @R TI6d ued B = W,

Fgre Fqd

26 3 WS AB, BC, CD, DE, EF €33 FA #3064 €% W ITOIE O 2T
T[T @ G0 ITYS (od] IE | AB G GFH SOLFOIE R G AB 8 DE-G7
Wy TEa g6 Aqcel e A4l WR | (LM @ J0oR BiF 3W | TSR SfRAce TEF Akl
age v = T, T M@ @R =11

15 78 fog

AB 793, Sroqq @i @6 WK (reW = (@ AF € BC-9F N x-(7 TIo
QR | T DC € FE-93 TR 3x, O T T @R ED-GF NGRY 4x TIC5 0 |
TR g7l TR G @ I = 0

So—TAx + 2Wx + W. 3x + W. 3x + W. 4x = 0
weqd T = 3W

249



@FF 10 O AR AP (Stability of Equilibrium)

ar

10.1 et

10.2 Sy

10.3 P 7= =& 7w (Energy Test of Stablility)

104 <= BA7 qga Tom oo @0 SR T¥A AT g
10.5 Twrzae

10.6 8 : «F=re ToF (one degree of freedom) T X4 AR ‘{[5211%
fefa

10.7 =i
10.8 AT 2wk

10.1 =S

(FINe IF | TTOT I AYT A AR AR FrelRFeld = T @ T
ARG @ S AR Zre ANy [pifed o awer’ ARl e g 1|
IR L TFF SRR F AR TR0E A | I AR e @b 1wl
SR @ (P 1 AR IS (713) CIow@ @ AIRPRIE P2 (stable) F@Tl
=7 | W I IEE0 (ANTICS A 77 ACFE AR IFIE T FAS AR (AT
W@ BCF T, CICHE P9I & ARPAE 6T (unstable) I&T 2 |

AR S (AT ™8 T (@ (e TR APAfS F=cE Femfmsn zeaw
T TG I% 07 e TRw @i wigfie APRPRL (A AN [pifen wemgst TeeEd
TS oifor T2 Gl SR | AW T AN S S =¥ (2 7w [pfe
@2 AFIEHE 28 Al (@) CIOH(G IHoEB & ARpRPLl JPers, s afn w5 el
RpIfS e RRSIFIE TPoGH FAMC AP (AF 7@ I 49! AF (TS
e Rpfen sere), CTowtg @ ARG SINdl APz afe | sowd sifexicam
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AT B (NG AP T [ReeSiE I6 T | I$uw Al eE @ fmeE
T fofe @ apomEn s ARy SEbal TR

10.2 SCwlj

AR 6 X7 BT IAND R 9ol GSITSIE AE (T AT @ SRR B0
T fFaime Ieefer ARSI ATRPAR WSoffel o I | @ o @3 @ (@ I
M ATRERE (& AN 2R fpe 27, s %9 aififes A9 W F@
7% 7 @G =@ 39l (displacement) (ST T | @ OiF 2FTS! SR (F Z(A ?
Q@ R @ FEFH AR AR | @ IF0I 2771 Mfe @ @ o7 w@fefs 5w
AN SRR 002 A | SRR e ZCo A (@ AR TR 21 TB0 el
BEIC ¥jZ I (F ARG (A T S I A (9067 | AL G Sl et il
7Pe@ (stable) W19 2SR (Facs afeT ARG S-9IP2© (unstable) D12l FFATGE |
G2 G SR G2 THCY [REeei@ qFce S[E |

10.3 ﬁi;Qli\‘J T e (Energy Test of Stability)

MW (FE TFOCT G771 YT oL AT | R, O (FINE TS IR Gy 19 fe
Al FE AR = Y (X8, + Yy, + Z,8z,) @A (X, Vi, Z) I (x;, yi, z) FCe
SR7E TFHIE SoiF 2 A0 | (AR IR A, SO G G (6 B2 V Sty
(A Fefenifen W) @ Toia FER S = — dV T@ | V- w7ibn Fefesfs
T 2| G2 Ffere IS SFPIE (@FiNe I Fe-(9ai IFegte IF9fer Tebidl
8 FIFAFCAT 4@ TW) Tieve I 2AfqwMd = 0 wefie gV = 0 37 AR Sy 2ACS
@ MBS | v (@S AT FAfHfE V-93 W (B AiF | G2 Sl
AR (@ V-7 7 AP RIS xey e @ Aol Jhee =@ |

APafen MAB WS : @FINe MWW IEW (G @A IFOIO Tolg AxmoYfa
SRR Tae gl oiee 23, EIewce IpeEd APl A Pafefer vimm
FUo T 2, OCE & AR S 7@ | W ARG A Frifonien =i g7es
T =W, OE @ AnErReRl JPAfeRN z@|

FAA : (XY IFOFLA I TR @3 Ie19feT T, T Afowe (A
Aeqt I @ peEE afexifE ¢ Pefenfea @iws wsifiafSe AF@ | @aa @i T,
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AFOIHE TIA AR 2O T 70 TT I P SR (ATEF QT T | IR 27|
sifeieTI aifexife 7 ¢ Pafexife V aom @isrre 1wl g7 A9 ¢ wifrce Pafexifes
AT 2T

93 IFELT ATTS! sifore TR afexfe SMEE T@| wredd I ARG
fRIfexfF =R Faos o7, O=E IFogh ARPAR WHEG (9 V-G 39 FIE G-
T-63 S 72 T + V-43 T SifFafSe 2iid | Srowd agegt AP FFG A
AT ARGREAR PRl 2R 2w 2@ 5ife OTq 2@ (@ TROE6 ARG (A
V(A AE, IR CICHCG V-7 3 I € T-97 T+ AT | Sroed ApRoif Jrefsig|
(7B @F TIToT FIOCHR YUIBA ©oF A5 961 YT ARRVAR S TR0 Sl
1 2R )

TG : FUAS I AARPAS G O @ @, (FHS I AP (FIS
TR (e TR Joo SRPRNE GFo AR | GCFCE ATRIICE W0 (neutral)
& A @ GFH ST (N I SRR ATSER AT ARG AR &
SR BT O (F-(FIE SRPRNS ARG A |

10.4 ¢ F2a I3 TR ol @IFH SR I7F ARGIAT APl

1@ TF G0 S T T2 G0 2T TFT BoiF AT TR , TB qHoF (T SR
7o o FF W0g O IAFE r @R R JPINCE (9NFF @R (ol qfod (7T
TREAF @A TEF @ ifor 13 M | @i 29w IBHE AN TR reTl T
G I Y07 e AT AR Sy |




727 T2 (TR (F® T 0 URF TAE IBHA AT (MO &FF O,
ToFd IBA SREH T Gy, @A A,G, = hl

QI AT TRIOF AT I P T SO oo SRR (5105 TFOI (™
0, RMTe @@ Tox =M A, <R ITFHIT SREH 9349 G, (51 1 R @ CG, =h,
AL T @4 0,C-93 AZS L [{re (@ @, 99 SHAE@LA 0,M, AM B g
@AE M TS (@ F@ | @49 LA,0A, = 0, ZA,0,C = ¢ A, X0 et oIfsel
= COM =0 + | (XY SoIET XM TR Tor = TR, oG A4, Bist (==
T2Ha) = CA, B9 (5o T2oq) wiefie RO = rd1

G2 G, @ Tl o FaiEet 1 A, g ai safes = o simas
8 A, (o dfsiFarRe ufba wa q@f6 e W0 T widie aga AR v
EIGH

ST« &l AT AR AFLS 2@ M 0,M (ATF G643 119 > A,M = | AP
2@ AM O,M (AT G937 188 < A,M | G O,M (AF G937 779

= (r — h)sin(®6 + 0)

@R AM = rsind |

Srowd ARG AP AWM (r — h) sin@ + ¢) > rsind
'{&QI%%W W (r — h)sin(® + ¢) < rsind®

o fFefen w6 =@

(r—h)sin[R+r

r

6}> rsin©

R+r 1 (R+r\ 03
SPE] (r—h)[ - 9—<—3( - )93+...:|>r(9—?+...) (1)

ST 4 S O-9F W G

efen =16 (r—h) >y
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CEIN (r+R)—@%r

e k- MEAD 3

@Qﬁq wgle

< IR
\*'AIQRTh>R+r
1.1 1
1 1 1 _ IR
QRI‘—*[ ﬂ-ﬁ}( E=E+7 @, (WQﬁQh_R_I_r)’

@ (1) (A SE AR @ AP A PSR zenE [ rw

2 3 3
r R+r, 1 (R+r\ 3 6
R—}—r[ , 6 —|_3( , j 6 +:|>@W <r(6 —3+]

Tl 1S T

—%(R+r)263 > w2l <—%r263

Tigfie (R + r)? < Qe[ > 12
G (R + r)? TWIZ /2 S JC | oG @l (old (@ uieifs (@emig

%>%+% (e3P AR I (G

CRIN %s%+% A SRS Z(A |

TG : TAER efvwr wa qiba Il Rede s o1 I ©f 91 2@ @32 s
wieffe 2 R Foraa @ =, Oz B0 T APeS 2T S T @ G, W W@ Ty
A&7 AN F AFE |
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widie 0,G, sin(0 — 0) < MA,

R-r

wigfie (h—r)sin( 9)<rsin6 (=9 RO = ro)

R-r. 1(R-r.Y 0’
WQﬁQ (h—r)|: rre—y( rrej +...]<r[6—?+..} (II)

efie (h—r)(R;rj>r

RR_’”r ERIN %>%—% TE @ A RS 7@ wE A

widffe h<

r_r.i
h r R
(ID) (T 03 % [«

2, IR g0 AR O 2 | R T =~ W, S

2
1(R=r)" 5 6°
gr—ze < F-l_.-..

ST O YT SE 2 GO G *S T (R — )2 > 13 =i R > 2r 2@ A0
APS | @TSI@ T AW, R < 2r TE ANH SPPUS | Sok AeRE widie T

Rr “2r =

= 2 R h= =
R 27‘ -T{z[, L‘JQ\ R—I"
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oA ¢=§e=2e 7, @Q

GEFE@ 0,G, sin(d— 0) = (h — r)sin (¢p— 0) = rsin® = MA,

SO TAGT (FG G, Ml L-93 M 4Hrge @ TLfie SREm 7 fRmrs
T BT AR | ST ATF(g B0 St SRPRlItE A A | wiefie ARpReiGes
aters ARl I 9|

10.5 Twizas

1. ¢35 JeFE #F @ GFH THINFF TS @6 IF (THANATT W € *&g=
S AiRel) G0 SR SThiF OEE Toi SR IFeER A N T SR
WA @ AR PSS ZE *oA THO! /34 -G8 @ O A T, @A

a = SEElEha JE |
0
c gg
A

3 <R foq

%62 AT (2Y T SR *&F O S A0 TR T AR, €% AR
T & SR OEY T, R ofi afefEn 7@ Rede it e @ ewmees e
T | 4R AP B0 OREH G-(O SRS, @A AG = h = O (AF G-99 Tobo |
@Ry B @ =5 @ @ ST a7 A, e,
zna3.sa+1na2x(a+xj
3 8 '3 4
5 , @AE x = =T THHol

%na3 +l7ta X
3 3

h=

5 5 x(4a+x)
2a+x
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54 +4ax+ x? 1
T 4Qa+x) (1

11,1

GZ AR APAS (S A 7>t

wiefie %>%, QR 9 r = a, R = o

gfie h < a,
S, (1) SRR AR JPes e T

5a% +4ax + x?

4(2a+x)

WQﬁQ Xy — 3612 < 0

wdfle y <3¢ TS TA|

SO *EF THO! /34 98 @1 Al 7o @O APLS A |

2. G TLANTE @B TGENLTE Fo (NeTaa B2l AT IR THACEA IFoe

el i F@1 (A @ AR PR fag T Siftelesa e
GIEFBE oK I, O@ @AW @ AP JPee TA|

4 (a) & oo
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a9y (Fq

RPN ZeT LN CIEH G (NI (FHal g 0A s Facet S
T2 AFE @3 OAG THF TE |

ﬂ$¢h=AG:%£
1 8
OoUq, Z—%
ﬂa‘{ l+l=l+l:%
r R a a a
L2
Sy <
ﬂmﬁ ﬁEQI\‘)gil ]|
"o CFq : IM THONERHT FNOH (N ST AT, SR
h:Anga
ar Lyl_1
A R a
.1
h r R

4(b) 7k o9
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3. @35 S AN WG G0 AT G0 Pl THY ST e A<Eel AR @R
wefba «f6 M @B Pl i o Wiz AR G638 ol @ &)
e w2

amie : AX T @3 THE MeTe, T A [RWe AB W& ARG WA WR| O-
(© I (A g, I Toig wols Witz | wefba d = 2a, ON = O (AF TSR
ToR1 TR = b | TG SRR RS 0 (@ I | 761 SREE G-97 Thel (0-99
Ty M Sfere SIeie oa (2A0F)

X=asinB—btan O

5 7 foa

dv _ )
O e W(acose—bsec 6)

2
d—‘; = W(—a sin®—2bsec? Otan 6)
do
= — W(asin® + 2bsec?0 tan0)

g AGH & ‘;—g=0

SoEg cos36:g
0-93 W= 3BT @R
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(%j@zcos_l3%:—W 1-cos? 6[a+%}
= AAYF
TG V-GF T Gzcos'l'{/%—u‘lﬁ e FRIITSIE JT6 | Sodd @2 AR
e wz|
4. 1 tdgT v YUeA OF AW T Wz R WA W& (@ o] T @I T
o G0 el colleTer B PR =@ Wi | AW (aEnsioa T - =R, O@ o @
| > 4r coseco. TCE WG LA AR AP 27 @R [ > 4r cosecoLZ(e1 AR

Ffeg 2@ |

4

6 T fog
AL

@ AE IFOFOE G IO I (e T, TR T TJF OA (@2 THCFA (2w
0 @I FH | o IpeEva Fafexife

V= 2W. OG cosB, @A W afslt nrea eoe
= 2W(OA — AG) cosB

o 1 o
= ZW(rcoseci—zcosjjcosﬁ
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av _ _ oL O
IO 70" 2W(rcosec 5 ~ 7 COS 2)sme

d*v

W = —2W(r cosec & — Lcos g) cos 0

2 2 2

G fi—g=0 AP T | Sfie 0 = 0 |

vy  __ o Il ..o
(W)e—o = 2W(r cosec ) cosS 2)

SO ARG e 7 M

o 1 o .o o
rcosecj < jcosjﬁRﬁQ [>2r/ smjcosj

widie Tt [ > 4r coseco, T, AT A ¥ @ @32 IW [ > 4r cosecor T, ©&

AR fRfeEE 23|

5. @30 Pl v GITs = Siferes Aifetam sRfe s sy M I | Sifigens

S OEY R BT AW TG ARE, @R ey It o Sfigren o A,

@A (@ AR 7ot SHF @RF AZe 0 (@l [ g, @A 00842:% GER

4a = SR MCTF WG @R 2c = vEha W | ARPAR S [om 7|

B
A
7 T fog
fiqea 7R
2—a=1+cos€)
r

S r = asec? (0/2),
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@A R SfeRkm S|
@ 5 1t SREH S (AT z THOR (R O
z = GScosO = (AG — AS) cosB

=(c—ase(:2 g)cosﬁ

0
=ccosO—acosO—atan? ECOSG

| D

= ccosB—acosO+a(cosO—1)+ atan?

:ccos@—acosB—ZaSin2g+atanzg

0
=ccose—a+tan2§

SO, %=—csin6+2atangseczg%
:—csin6+asingsec3g
%:—ccos@+%acosgsec3g+asing3secsc2g scegtang.%
:—ccose+%asec2g+32—asec4gsinzg
:—ccose+%asec2g+32—asec4gsinzg
%:O AT AT csinezasingsec3g

ToEq, = 6 = 0, Aql

0 30
2ccos§—asec >
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49 _a
widie cos 5 =50
TOd, I a < 2¢ T, OECE THF @ ATS 0 (@l @ W AGY AFE, @A

Y
4
6:2003_1(;—0) =a 431

(—) —CcCoOSO + = SCC2 g + 3_61 SE!C4 g Sll’l2
0=a

o
2 22 2 2

—c(2 cos2 & — 1) d 3a 2C 1-,-%

2 a2 2c
—c(l 2\/;J+f/i \/7\/2:
—c- @+£+3\/7

—c—£+3 -] >0
ﬁ 2¢

TG SR Tl fwew | wigie L A Pe |

6. @3> 2/ AR I ©IFT MGA A% 9o @I e SAfgrea A A Az
wfageba o THT @3 ARRY FRUce A, e (@ 3 welba o Sifiiqres Aifeers
2 4T 27 Oige o ATRER S0 @R TT WKy SRehE SRR Ay e |
wefby e SIfigred Aifess S Fres TE @ SO SRR AN A |




o .
AB &35 M5 | T2 SR[GRE (@2 x-S0 AZS O (el FACE, P AT Ty MR,

(ACF TH! RS WFow e TJ|
4 A ¢ B-gq M IAFE (2aty,atl), 2aty,aty) | O G-F FAES

at} +at3
aty + aty,———=| =

GFC (e TR (T

2
21:\/a2(t12—t§) +4a® +(t—1,)
sidie 42 = a2 () — )? [(1) — 1)? + 4d?]

2 2

21

cos0 = 2a(t, —1,) _alt, —1,)
21 e

ToWd, TG SRS THwl

O ¢in 0 =

a(tf +13)
= T
2
a[(tl —1,) +241, }
2

1|2 5,1 2 2
zﬁcos26+la 4tan26—£cosze
2a 4 a?

P’ 5 o 2 o
=—cos“O+atan" O——-—cos“ 0O

2a 4a

2

= l—cosz O+atanZ 0
4a
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2
_a 20, L 2
——4[4tan 6+_a2 cos 6}

dz a . 3 202
— =_—5in0| 8sec’ B ———cosH
MO9S, o 4 ( a’ J

d? 28 )
L2 _9)cos6| 8sec®0—="-cosO | +sin 6| 24 sec3 Otan 0+ 2L sin 0
o’ 4 2 2

a a
2
= 2[8 sec? 6—i60529+24 sec? Otan? 6}
dz 4 4d*
AL S %:0:6:0, 2] cos 6—1—2

e, M [ > 2a W, OA O = 0 QYOI SRS 96 AN SR

e 6=cos_11/27a, R 6=n—cos_11/27a

M [ > 2a =W, O

2 2
(45)., 52
do” Jo_, a

TOdd, 0 = 0 ARYRPRID APLe ez

7. @36 TATER W (o G0 SEGRF ATOER &2 APe A SRS | (7
@ G5 S Nl T FEFH @R T AR AN AP AR 1 TSR (2R

1

[ENGS 2 T T = @AY ANARF SRR (@ LS A SRPLS foF,
IO (FEAN0F CARF CHIGIE AP | G (o109 G0 AN Fe LKA I 2@
ST @R MY @I SHE (@l FE | @2 P(acosd, bsing) T o 27,
oY 2¥E e IReEd RS

o(1+sinO
V= W + ( )
\/cosz (0] + sin? ¢ \/cosz (0] 4 sin? ¢
a’ b? a’ b?
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_ Wb+(nb(1+sin¢)
\/1_62 Cos2 (0]

%COS¢+%sin¢=1 \Y
9 & fog

1 2e — Wsin ¢
SIotE dq) % o5t

_e COS ¢

1 2e Wsmd) d (1_262)—Wsin¢
_—bsm¢ +bcos¢d_ !
= 0 1—¢2 cos? 3
1 e? cos? q) 2 cos? 0
dv _ B x
A &iely d_¢_0:>COS¢_O:>(|)_2

(QTVL =-f(1-2¢%)-W]

2
Sroed, I 1- 2¢2 < 0 wLfie 2e2 > 1 2, O (ZT‘Z/L_; @A 0-GF Gl
GG B R FEV-GR AT FOo GRSy AR =@ |
8. @I T T ST O AN o (@I TS GFH O $oF NZ |
el AT T, ARCS (I H2Pjfe 70 = | oc<sin_1§ 2@, i @ ARG
AP |
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10 =8 5@

@ AT TN Gfes1 e SR A O (&l T | FLONETIH (@X2Y SO
ST TR ATITS I, AR SN SREH G-4F To! O C [ (AT Tofei,
@S CA = b9l AB

TE Ve
=(§—9ja R q = (NI A |

o zC (AT G-97 Twhel 3, Hg (A AR

z = CAsina. + AOcosa — GOcos(8 + o)
T . 3
(5—6)as1noc+acosoc—§acos(6+oc)

wroeq, rfedfe V = Mgz

IO ‘cll,—g = Mg[—a sin o + éa sin(0+ o)

8
dz—V—M [éacos(6+ )]
a2 '8
dv
ToUd AN Sl %=0 (AT AT

sin(6+0) = %sin o
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. _1(8 .
Wﬂa,?ﬁ%sinocﬂ X OEE AR K | (GICFHCE 0 + 0-dF S Sin 1(g$ln0€j|

. (3 d*v
Trowq O < sin 1(§) (e AR T | G (ARY W>0,WL‘N V AR

G ) & ) e S

9. ¢Hb TRNSCHFAFE TR G 77 AR THI OCA iz | WGHA <) = [ =%
T GG e (AR o M I Soia 4iem TR SRl it [vm (IR
TGS Y ) AR ATRTA FYS AR B THOl a Z#, (I (T (0| SR

AP GV g < oofc2 442 TO TA G & *[6 7o) T ToA ARRORIE 2w
A

11 =% g
S H-a3 el wfefl I | P 28 @30 (@S| Sodd SP + PH = wied 9
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= | Sfouq BRba S, H-(F Aifelimad € P93 AFR5L 261 G0 T7Js, AR (FH 6

SH-a7 e, ol O = [, «&% ée:%-,e:%

2
Srewq TorF =2b=2a\1—-¢? =1 1—5—2=\/12—cz

Sod SH-GF NHRYS JARY @R SH-(F x-SFF @R BT o9 SH(E y-S7F 4
R AR @ P(x, y) FOET Solgred SR AR |

XZ 2

T
(zvr-<)

1

4x? 4y2 .

ERIN l_2+12—c2 =1 ®

Q4 BRGF SREE G-99 SRR P 200 SHTSIE 7 TFY [Hg 106 IR, S 2_0A

47 T RS 0 @l FE| QA PG THY TR @ Sy Ieeifer P fac @i

TEffel AT, Tod] 8 e P e R | o9l PG = z.

¥R x=zcosh, y=zsin6—§(0GJ_SH)
o9 (1)-4 AP
22
4| zsinO——
4z% cos” O (Z 2) _1
2 22
CIcte

4¢2sin%0 72 — 4al? zsin@ + 422 - B (P - ) + a*2 = 0

O] sinf -GS Gy AL IS

al’z + z\/l2 —c? \/(az + 2 )12 — 4272

Z262

2sin 0 =
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T[S O AT BCO T(E, -4 Wi %\/a2+02 LA (@ 20O A oI, G392 ©Le

al

cva® +¢c?
SOEd, T gl < evJa® +c?

O 76 SRR IR @R @ F6 SRERIN (AR 797 W e, Sredd e
FUO, SO ARFRI g6 TA |

10. & ) T JER WeF, A THSI 4 € A 20, GFH ST JEFH
(a-TPNETT) oIcs PG THY SRR AT IRAMCZ | (FRIF @ W 164 > 3hsin2o =
SizeE ARG APe 3 wme gt APAfeR ARl iR |

sin 0 =

10.6 77 : «Fq© HoF (one degree of freedom) ITT TTA
AR gPAfe

@FINe T5 B SR [T 00 Fofel TN @ (@6, EY SN ARE 2T |
I TBHT T TR GO AT (@ GIONG WA TETR BT SR
o a1 q7, CTTFCa IEMHI A Frow (one degree of freedom) TCE I&T T | (T
OFH MET IF AT P27 AR @R G (TG G0 SATOCE B S| T
SRR TS (@Y G (@i wefle wel TEFEk ARe @ @ 6, © SR
T@|

G237 GFAC FOYIT GF0 Y5 I IR NG AR AR @ ARTRILAE
Pefe [eR F2reg F AW IR @RI T @ e @ A (minimum) <[
AT JE AT AFRS 2@ € S W e AP %A |

2ol : &F1 A GH I TR G0 &A@l (parameter) 0 71 Hize 27 | 777
T ARTZ @ @ (@, TB0I @@ [ IO A (v, y, z) TR
G O TR TS|

%57 fexife T 2o @ Reife V =& T+ V =79 2@ (<ol qifs Seidh) |
wdie T + V = 55|
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SO W -4 HATH SFFFeTe W AT

dT dV
ar Tar M

GFMO FroZIYT TBI (59
1
T:EZmi(xi2+yi2 +Zi2)
i

(A % I T2t (A9 A 2| @99 x; = x; (0) 2o

B dxi B dxi do
T = T
oW SNl 2

e8] (5]

2 dx, ¥ (dx. Y dz; >
1 do _ i i i
=§a(6)(5j . A a(G)—Zm{( d@) +[d6j +(%) @)
q@l AT IBOA AR 0-97 e ¥+ | S0G APRAR Gy

avy
(%), o

Q4 PRfeR *1$ T @ AR Zro AN Rpyfen aay sx7e! oifo AR 20
@M Rpre 2@ =1t S O -9 AW GTHCG T AFE | 0-9F N T AE (2), (3) IO
A1Z

— l 2 _ l ’ 2
T=5a®)0" =7[a0)+6a'(0)+...]0

~ L0992
= 5a(0)® @)
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dv 1(d*V)
V=V(6)=V(0)+(—j 0+—| —— | 0°+...
do ), 2{ d6? )

B 1(d*V) .,
) ®

4) 8 5 TS T ¢ V-&43 I (1)« IBF =i

. ee 2
a(0)06 + d—‘; 00=0
d0% ),

% @R § W0 T4, e’

. 2
a(0)0+ (ZT‘Z/)OG =0 (6)

@Y AeHfE G ISF, TOdd a(0) > 0 2@ | AT (FFg V AVREAR S[ AIE
20T

d*v 0
e >V =@, Sro9q (5) (AF GTFE
0

/ d*v
0= 9() COS[ (dezl) /a()l‘—kg] =@

widie 9~ W e 2AwE, wefie ARG JPee TF |

d*v | (d*v
oI — | <0 0=0,exp |-| — t
R (FCE (dez ]0 2, 1 €XPp [dez ay
/ d*v
+63 exp{— —(dezj/aot}

Tl 0 — oo M 1 — oo | Tl APRPA AFUFGE 2J |
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10.7 S

(I T TEPACICT AR 2fs (At e [pfed T a2ha Skeeie AT
SRPRIR 06 A AMRFACE TS (stable) @k IO SRR AR (A
FMC Y@ S7PTe Z(a IZHA AMRPICE =02 (unstable) I&T A |

*fE “1Arw B sy P Fefm (Energy Test of Stability) : T IAT
TF AR A @ AR B Fufefs vV (BWEAT (stationary) =@ @igfie
e sifdada (qBba S AN 2IFae 26e1) SV = 0 T Fafexife AR
e (minimum) = O @O AR S (stable) 2@ | g Ffexfs
ARTRFRI I J2es 2, O AMRPRIG PSS (unstable) 2J |

a5 e a7 T @I OF T AT SR FAET IR T RIS
IF 767 OH AEE IO AP TAFE R (P I®) 3r (O IB) =W, @R ORI B
SREE A W7 TN b THOR AT O AW ((FATT T ¥ioa IFe! [{oide
fa=)

%>%+% R O AR S

Waﬁ%s%+%wwqﬁﬂ%§ﬂ

T oo oa el @2 E =W, CewE ©idl I@foa SRl e 2z T

1.1 1

h r R
1 1 1
W’]M\D%ﬂﬂqﬂﬁ Z<7—E

qﬁ%:%:%?{gwm%@R>2rﬂﬁ‘<W\v 7@ A R < 2r

o7 AW %=%=% @R R = 2r W O@ AN WA AR (neutral
equilibrium) <& 27 |
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10.8 FE=T eMafe

1. @3 SRR S I T 50 SRS e SO ACH Wz | T IHUS
&2

12 7k g

8

ORI Tl

EEPCRLUT S
r R a h
SO RS |
2. g6 7 (olleTe Gl Tl ST Toig TPAE Sz | AN gk e

S

QP h =a, r =a, R = o ST
r R
QT AT ARSI SRR (ARG S G0 ARG S0« Alb neutral A W2
AR 2|

3. @6 JEF ole B Foll JeiFd oo™ ToR foera ApERE @ig | B
Phere 2@ e

A ~fos] (A Ao ST ¢ CHOR ol h = a, N r=a, R = b
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@A @ee fPAfeR =S za l>%—%i.e.,%>%—% @ft ey | SO AT AR

h
Pere, R @3 I A (T |

13 7k foq

4. 7o SN TR 75 @3 2A[(F HreTeIE I (freely jointed) STz | 46 P2 S[ghe
@R (AT TR TG Yo PGSR Y AR | (TS 07 N 779 ¢ Z0e =%
weoffe O 2a TE ATRPRE RS R g9

A

S

[

o

14 7 g

S ;PTG WS Uo7 SHAEAR IS 0 (Pl T3 @R WS Yo Ao
ORE@A PQ @4l (A Sl h (A

h:OG:OA—AG:%cotG—acose
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ey Pfefs @ zeTie T an_,

do
&g % = —%0086029 +asin®
2
@ % = ccosec?0cotO+ acosO

[SIOE %=0 o JUH 2asin’0 = ¢

wefle AR sin36=2c—a(.'. ¢ must be less than 2a)

d*h
ah >0
I (de2 je‘sinl(fa)% o AR Fefefe gz
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a%F 11 OfRTn «fable (T Famie s, TP, Aew
o), e owiedd Fende Pefoqa i ¢ f[few wf

ez
111 et

11.2 Sy

11.3 f3aw ~ifafhfs

114 T 3 @R OF eo) (Aed @32 [Ffe)
115 Rfen eFram e@r (T @3 AT mid)
1.6 <33 Bi%t @R O 4 (FCHH)

11.7 Swizge

11.8 Spe ¢ Teawten

1.9 =i

11.10 2T &rel

11.1 Z_E=

SR BRI (@ R IR SEl 2w vkl Somfu S o sl Je =11 @
SMIPRRE ToTes 46 ol ©lel i |
() Ffo= smiel (Solid)
(i) o7& @R AT sl (Fluid)
we AT G T JAC A, AR foalb sRfi SRR e |
(i) PafsTRT SRl |
(i) AT SRl |
(iii) o P al Afeqs SRl
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SIS SRl SIS e @ AT smiceld PafeTie sreall sikidt s Frifedis
ol [ifen RAcE /o [esad e @HE Gsid 97| Srigaarsgsl a9 A, —aF o
Gt g S BIiCR Al GRFIL S (QTOCE (g Ay IR, (& (@Iais GBI Gl
(T SRR 190 AR | 7% (g PRIl Fgol il 3118, 41 PRfsRvrR Some |
iR =QRAR I IYLAANE B AT-GF A @@ Rwpie srwefe w9 |

11.2 Sra*y

T AT GREAAER elAe, [ smitdd Aewied ot @R 91 e 8w
Afafefcr oo SRTEE IR Ao FE@ | G FRCR [fen omitdd o, @ey
GRR 2T T T ARl A A | (@EY ST PR Srwes fon-vglies
I A TN o 7R SIg, JOAR B MR A @R AYfETEE e Sl
SRR A |

@1 R, eRERm PRI R Sfo—RaE 2@ Sopalion =1 gl | Siolows «3
TR OFE R AT ST Prfoe @REE SiEva 791 TER | @ @ g
AT 188 IR I FGIR BCaY T (R | IFA (PO Tl 2002 =1 (F TreIe
APR[R AT, [ QG G TR G8 GF @ SoplioR T 2R

11.3 Tmn «fahfe

ST GFE AR P srealiy [Jfen o @3 o[ SIcEna F 2@ 1 @ omie
YqIfE® 20O A Ot 2]IR] T61 2 | 2RIR] “wicdd v 3911 oae sinid @ IRI 2w |
FE Amicdd [WWE Simes S, g @ SIeR @R IRKE s Wi eie A
SO (FIBE (2 | qRTIE TFE € IR A SES el Ay Wizl AnI
il @ @ DR FIg T, 59 76 oM e o AW | dRTle W@t [ wsf
o S AR | (Y AR Amiedd [WR S (13, Sedd @ omitdd (@i yrel «E
A ALY A @ @ T A FAE P A AT | AR AR Awied
PAORPAR FET-ATGH TR AR AT |

wivifow: SN ANET 2R oM PSRRI SiEnaE T P owel s
ol fifen et @R AT I RFIT SACAB F94
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114 2T 961 @R O 2o (e ¢ [Fhd)

e (Stress) 3 AT I AR I, (i IXEF [KF© I G2 207, T2 Too"@
Afofal am R =1 @@ Aol 39 aifes aoe efsmiy 3@ Ig9 AP SIFE
Al SR @R ACS BB T | AT Al T (v FHe B dfslE N

Ao J67 27 |

TG T AL T
IBS ARV (e

TR, AN =

@9t (Strain) ¢ Jifere JeF e T w99 [Kion SRe Sy Sivire: Sicafee
TR T | FCE XA SAFR A ST AR TR AF | O, SRoRIGIE F61 2
J%a [Ffe| worer a9 (G @@ @ il Mgl @31 @b a3 =g

719 (Density) 3 (i 2 ¢FF STOER GAF ©OF Gg &l 7 |

2 M
g Q9 (p) = ot M
eV

qed @ ¢ C.G.S. 2™ers = ied IFF gm/c.c.
M.K.S. 7=fere 9qd @FF kg/M?3
FPS. +rfere wred ¢ Ib/ft?

AR 99T (Specific gravity)
(I ST 2R SATRE o T9700 @ ST Ty AR 4°C TAoi [ T
FEH TS @RI |

G RO

AFE GT9 =
S 4°C TAORG(E 9o0g

FOROE ST e @ A @21 R @t GFFRE |
THFOE TG L SACATEE PG AR G2, [ A G R Ny GMifers
A1LqT Sz
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11.5 [T owitan aqiz (Taet @z qmaE 2mid)

e AARCere oRR) IBT AFCST Witz SR I 2RCR ITos 12 AFE o)
g Sicz|

(1) o7& el @R (2) TR S|

@ O AT qTg I A, SIE TG (homogeneus) ©F& siiel qel =)

(I TP SRy g S W A SinEl oFe oMLt TeNE g 4@
R

@ oqe i [fen s wweea Wiv e, Site 960 = Sererg (heterogeneous)
oFe e

AYRTSE, T T0ed oFe A @ T SHEE ol A | Silfe IS iae
e T CERd W IR A |

11.6 &FF 7l @32 Ol 4 (FLFION)

we s Al AT o SRR 9 [WHE st PSR At | siita SR
YR HAI09T O ACTRG! (Yo SRFFSIE Ie1 2T FE IR G2 AYT I8 HPT
(o BRI 5 FE | AT SR To AT AW SARWAE F6 27 o
(Thurst) | @R GF5! RYEF SRGT @4 SfC Fu A0 o E @FF (Fg I I,
€% (WA o WA ARWIACE I 27 Bist (Pressure).

W T OER CRaTe A, TOEE AR F. ot Bitsi sifEsid 2 % 5N
F LY
FoRIoice s oics Bl el 20 p = Lty g < P= Lt g [P
e @R BI2A 9FF ¢

[T O IFF I AFEF AN Al Tige, [Heod @a2 AAIST |

Bt @ 2@ 1 W6 /m2 = 1 S,
al, 1 Sfes /2 al, 1 ©E / cm?
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SACE GO AP ¢

(a) (@ P SR W @ (@9 [T BT IRWME A

g AF G ofica fFghl e PR SRR Stk | OHGeE W KL, LM 498 MK
SHEAY(ET MR SR G SIS SRS ST AR Kbl 1 203 | @8 Seojfer

Toig we IAFC P, Py, P, biol deaiol 6 | Aol O 59 2 biof J GRS
OAEE CGe 9] qCe 41 e |

KL SR (Fqeel A G LM ¢ MK oo 5979 o151 LM ¢ KL &8 463 S
(F4 0, ok LM o=« (Fqpe] A cos 0 R MK-49 2@ A sin 0|

CHIT SIR% O ARG e SIS siie—
PA cos 6 =P, . A cos 0O

¢}, PA . sin O = Py.A sin 6
TeqR Py = P, =P

P

P

y

SR 0 SR SNTOFCF [gest 5167 T A | KL, LM G MK Seiojfer SRl
@ (T eF T A 0 B 9 AW @A SqEW Wy @ @i [ee
Biel FRMCE I |

(b) N PAT SAGH W G SRGHF OE HFE [RWCo Bisi Al
i (Fi PR7 SR W G2 SRR O qio [ C &R D SR | SAER N

283



CD @AF OFF 4@ G0 S (Gi6 T 1 2611 (BI0sd 42 Aiwws C ¢ D [/va
N T (5l R G PR A SO |

¥ C ¢ D Rre SR b9l ISFE p e p’ ; S|El AN F9Ce bR p = pf

- — — — —, - — — — - -

€2 BIF (BITE Ao AW widie CD @ WA F F@ 1 ek € € D
AT (BILET SR B9 IARF CD Bfesed PA qre @& DC Sfexed P’A ¥e {3
F(E | (GIUET TolF A4YT IS @ OER AFMCE 51 (| S04 @8 A0 CD @R I
T T CD SO 97 (i S| ACF | GlLed [Co@md o6 ARG (g
; SO AR XS

pA=p Adl, p=p

QO] AR AT AT A0 T I (@ G2, O Yo Ko SHEH Bisl I,
@ 42 96 [ME SR et I AN 8 SIS NF 6o SEie AFe 2 G5
@ I @B, @ @ IF A a7 T AFCEE GFE b7l 2 [T |

(c) Sweafes F6 (Hydro-static paradox)
AICGT TAMH SRR AYE WO AT T 67 @ I, (TG SAEE TSI

3R ANGT GRR (FIHeTE ToF ST T | SRMIST S 2 A0ET @2 GoeIcE 6 (Paradox)
el =R

/
\iRH T/
| LIt

5 -
foq 11.6 (111)
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A, B, C feAlb i@, ©itnd Siwl [ien, g ema ohilm wawel w9 [b9 16.6
(111)] g foafors @2 Twot s oae1 e s T St o Bsig «ag sifastiel
b5 2T W, ARY AOF AGT GhiE T WIred Wi I | GG 4o AFooiF ShE
CFTE @ AT CHOR Tl NS, WA AN Sol 7, Aufe e 1 wNfe
OHE (P A ATCE O TFOER TR WA ARG QAT |

TR0 P TEmd T @O A

1. P9 SH0E e SIgNE AT |

2. g 5wl g [ Yitam Joes sl INSHOR SR |

3. PRORPIT AR N GFE O (@ (Fi [WTS AR Bist Wl Wi |

4. (FF SHER (@ [Ce bid ol wAeE 9, 2AifsiE oye @ q” M
@ GR I o & RyE sfeRor B on @ i,

pk(ph)F k = FWi#iifes g3 | F +AReifdfa 43¢ 91, p = ©a0W 979, h = &
g sfolgel| o2 I 5o, @ [ME oSl T ATE bidt ToL ATE |

5. TeTHOI@ Al TSI SHE FNee (T SEE Oo 4T 51T bl @ S
ToR SR 2T BN T |

h+b=H

S TS (i OER TR UYE 910 Bisl (ST 99 SAHEE OO SR
67 3@, @ R afex Toig ST T | AT B A ATT biol [T F@ 9 F SoR
CFgTE M 9o T AL (T A A AR, N FR OAE [W(Cero (Fie S
SREES MOl H, Sodq & O $93 oFT 9% i = Hpg p = gp 4@ TAE,

TART ONE (AF dE@hiEe g 9iffE R stteat T
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(1) eI TS ¢

S ST (@ (@ RO BIsi A6 1 208, & S S 756 [qTo BIes
S SAfATST qC |

T TRl M@l ¢ wias @23 2iwe @2 Al oF FE | Sl G SARIER
9 @ =

J@ibd AL T & ¢

S ST (e SR+ AT Bl s Sifaafes wie sgifere 28 @ik wqeeE
AEE @A (T OEE B SN [ FE |

fafen “iq T @2 fafbe gLl emifde | @B al AR T @
B T W 1 AR | G0 ATEF B O SN T Q@S A1 |

Qo (N0 @ GF6 Y GISE (0 wo1 M I$ F@ Tl Al O (T ohe e
s 1 25| G Grefba er=ite™ (Fawa b @R Y GIed alb > a] | 4o TF4E
5 ole gita il I iz

Ey

g I

- e o e e e e e e e e e wm W e
- - o e e Gm e em mm e e e W e -
- oEw o e o e e e o oem e o o W
- e m em M m mm e e m e e wm e e e}
- e o o owm e om e e o e o e e m
i e e we ww ew e e e e s e e o e =l
- e o o N o o o e oW W W W @ oW

- e em = v mm o s e e e wm e e aw wl.

qre k@ Tifs ¢ Ba 11.6 (v)
&5 iR o Tvd s F, <61 Aol F9051 SR ToR 49 bief = P = LA

a

AMRIER SARPIE @2 Bist SRS M T (p5R Sol P.b 341 A4FT 2@ | AT
Gy G (PHAA F, 61 A ¥ F, = Pb

:%xbn.Fa [T, n:§>1]
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SO TG (50 Tofd 1 9l @ WO 2T | I CHER bi9l AR T
Ficer PR SR e IR FE SEE PG e FACO Al |

e R Fifs ¢ «fen wiawe Tife ¢

THAfITE Te R Fiferoe @ @ifed Al 19 wfere =1 i, ©f W5 il =e |
|, F, I @ (@6 5 Wow W [ vRe i) ¢ q8 e St e
1, %% T

A Sied [ T Iece #Alf,
blzzall
AR (=6 PhER B o I Fa 9% FOIR = F, x 1|
G, TG AR TR AYT I Fa F9F FOI = F, x b1
ez
b

FlezzFCl.E.lzzFaXll

ANIF = FoF
wigffe, =ifeq P W 20% |

QU F, >> F,, ™8908 [, >> [| Tl I FopGe@ 5i@et (R5 (Phed 9aeia S
T @I G ECR (g @3 AFER 9 Fow A T g i R
91 2|

11.7 Twzae

(@) 28 cm IR Q6 GISIFe siitaa ey 30.8 BibRK W Gieltel siitaq ot
4T GBI @ @6 e [ 91 (IR ST 9gw = 13.6)

AL ¢
AGd PPATRMS (e = 2 = 3.14 x 142 = 616 cm?
3
AMRETT V9| =%cm:50 cm

#€ B = hfg = 50 x 13.6 x 980 = 66.64 x 10* dyne/cm?
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et 19 = b9l x GFaEe = 66.64 x 104 x 616
= 4.1 x 10% dyne.

(b) @35 TCSIETT ATF PPUR Fawet 40 cm?| @ 2t fuea 150 m Tprs o
CECS O 6l SIS TS T
TG 3 FT 9 150m Tp SeTeesd Uil eE qiced I 2@ |
F = Ahg = 40 x 150 x 102 x 1 x 980 dyne = 5.88 x 10% dyne.

(¢) 99 T @ SACEE PAMRIEFOR BitoR AN W 2, O A4YE biol
SIS AN ABAST 2 |

s _, P _
Wmo Vdv—p,

.'.d—p+@:0

p v
AT FE AR, log P + log V = ¢ = log K (1)
- log PV = log K = PV = K (§3F)

pa% (2ifers) |

11.8 SRS

(1) @=fo TeTefe (b10ed Swel 251 50cm, Sl W et 251 20 sq.cm. wrefa

oRibeE (BRteT Soin Al 2611 WiRce (Bt Tl (BReeE Soid 6 qre Aiel S|

[Hints : M9 = 9 x (%q%e1] (Ans : 9-8 x 105 dyne)

(2) 96 U~ (37 2Pien [ U-99 S IR w609 GF 500 271

R SNOCE TEl W TEE TSI GFL GRE A 7@ | I GRS (A

ARIFER Boifdost @k Fes TAFW 32.2 cm @R 8.2 cm TAE AEF G TR
Tsifaost 28.6 cm Bold ACEH, ©@ R s oge T 7=

[ Hints : “TRIe g Y49 9 | (Ans. 0.85)

(3) @ AE FH 20m H9Y] FHED R| OF dFUE G- Mool 50m @8

SOMCE 24m | TR0 Bo FreEre [T w1
[Hint : #I=ieW 9] (Ans. 19.24 x 10° gmut)
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(4) 9= QYT @E™ T ¢ (@6 PPUET TP IAFEN 45cm 18 Scm | (=D
o & sifasie 761 el a0 a8 FPHE 40 50 kg m wt 90 BeoE A |
[Hint : 1P & F, = n Fa 9 @8] (Ans. 50 kgmwt.)
(5) @z TRyl R @S Pkt TP Scm Rk IT fPHR APTE 96cm |
(R P50 AN YT b TBBIETS FreiEm e Saie 3 : 28, Frerla gec
27 kgwt & AT FACE, IC BPHE Besig 9w NT w91
[Hint : SEPBRT 4-4 Sgg9i] [Ans. 36288 kgwt]
(6) “TPTg TAE @I AMTHT Fltee SR | A FET @ ACoF F A HRCo
SRIT B I WA I &G |

[Hint : SRFHI QAR AR o ]

11.9 e

GZ, SO RIS S AR AFFER WO GR. BICsi 7iceal @R Sivnd bfaa
@ IR pTo SCETAS F1 ZRR | 4L A FARPRIIR A [ =6 iz |
(IR *[SIR 2RTC! (T SO SCEADS 2@ | CAEH Btk SR 2ol Kereia
Bravd T BACE. (AYCEN FEFRLAR TFMCS RO FCe S0 | FERFT Swigdel ARy
@& [T Wi 2|

11.10 FTF &

(1) A. S. Ramsay : Hydrostatics

(2) M. Ray & H. S. Sharma : A Text book of hydrostatics. Premier Publishing
Co., New Delhi, 1961.

(3) J. M. Kar : Hydrostatics : for degree classes. The Globe library, Calcutta,
1972.
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GFF 12 O e 2micdd o9t

g

12.1 e
12.2 St

123 fqam «fshfs

12.4 TTG @ SORETG 213 2Witdd T2 bi9, Odet vt T/ biot @32 AT o
Tof@ irelm «Afasna

12.5 WGFFl OeE ASird PUeierald Wity @ oA EE SoiF bitAd dfasid)

12.6 STBRYAR ©&, STENEd OF R AT @ w fidfn ¢ e’
SRS |

12,7 oiF wata Fotee @W oe@ T9F qQired sAfaed | e sl
12.8 Twigad

129 wPAert @ Tease

12.10 SRt

12.11 7igEs &

12.1 ZR_E=

AT ¢ TS SO 22T il [feq aemcew, s o @ FIfedie el
SR My fea-Risar e 4SS AEna 2@ 990, 99 @J8 bitold wikel (e
TR AMRTSIE | [ @ o omieda o bieel A W = 2|

2 SR fifon 361 9T 2euR Tea PSSRl oie Awitdd bist @7 il
QA v SN T 2@E|
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12.2 Sraey

Ty 3 O SWICAA B S0y 9l A (¥ KA SRS SR T S
TSl | oFE omidd bist [{fen Totikeaa Toig woleg, ST | AFOoTF SRR 4 Al
O e oS | RO 0 OGRSl Al W G UG SRR, LR 7 S |
R A S0 Awel GRR SpTEe] KA boR Ao SR | @3 Sy g [t
ieTve 2@ |

12.3 Tan «fahfe

fFam Ifafofs ¢ ¥ Sita SThTg € SPRPTY 2R1E] sl bivl REca ARIE Sticss
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(2) “TrTg WA foftge @3 fagred Gom simfess pist T W, @2 o
el AAXF by, by S by TOROE iR
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SIvE SR Wre T T TRF]
(6) @& ®itg WSt MF [fon oae1 of8 itk T@ 7R @I
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12.11 FRTE A

(1) A. S. Ramsay : Hydrostatics.

(2) M. Ray & H. S. Sharma : A Text book of horrostatics. Premier Publishing
Co. New Delhi, 1961.

(3) J. M. Kar : Hydrostatics : for degree classes. The Globe Library, Calcutta,
1972.
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TN OREH G OG = %a. TR O gprath-a9 ©5iF e P, C g At

FHeld T F@ |
ARG G, O-GF FATT ONSF sl F@ 11E,

P.OC = W.OG

gpnaz. % a

W[

= gpna.h.0OC =

2
) _a
o OC——4h

Gfo Tt SREE (AT OF S e sfasiel frox |

14.7 Twiggese

1. ¢35 o TPNELE TLERATR CFg p ITGLT A WSfeee Wi G GF &FW
h TSRS ST | ST S S A ‘0° (@i ST | IFOCER GoR7l fEre
W | oI o T @ (W - V)2 + H? = 3% & ; V, H =51 I Ay
Y IR YR 19|

TG ¢

I

h

TV

Fig (i) Fig. (ii)

@ AR, H, V 25 IFOER GO SIUEIed SghiE k8 SEy WIS |
OE, JEFE C(HEH TR WO = gp, C(FITE X CAHA TGS
= gpna*h THE AN FFSIR@ A FE |
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R EMISICICE G EIRCT W:%gpna3, 3 TR WA iwe @@ oRiG @

AR AFE Greli—
(i) | Bg @AF AR—
H = gpmah sin 0

V = gpmna’h cos 0 +%gp7‘ta3
‘R I =f¥are 20 O Sl A ¢ (@i S,

1
O, R=VH?+V? = gpna®{h? + {h2 + 222 4 2 ahcos 6}2

9 3
¢ _V _ 2a+3hcos®

AR e =H =50

(i) & g QAT AT—

H = gpmah sin 0
V= %gpﬂa3 — gpna’h cos

|

R = gpma? {h2 + gaz -~ %ah cos 6}
e

agel (W — V)2 + H? = (gpna’h)® = 435 i, @@y @b 0’-97 Boig s
pell

2. N 200 TT G TIGEITR *F 0% Terore W Fufees szl @7 @3
(SITAG THTOCH SR | oSl I IFOETR B2l FAUAE GR *[6F FEF SIS T

GG SRATS T A1+ 3sin? or:1, @3 O WegF SCHA A cor! (2 tan o) A
o ACF |

YA ¢ & AF H SRV 2 AT S 1R TN GofleH (IFOER o
YRR *eFo7 THol = h

H
-
vT S
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JEFR SER GO ACOA AREIG = gp. (FITHA X CRTUI TR0l
= gpmh? tan?o.h sin o (WCIE (Sh) AR FTFel@ T T

P wAceE wew, W= %gpnrh3 tan? o

% o I AR AFF &
H = gpmh3tan’ol sin o. cos o

vV = %gpnh3 tan® o, — gpmh? tan® o..sin o.sin O
_ 3,2 (1 .2
= gpmh” tan oc(3 sin oc)

‘R A Al = A SeEE A ¢ @i SiTe Sl [,

1
212
R=~H?+V? = gpnh? tan” o {sin2 o.cos? o + (%— sin? oc) }

= %gpnh3 tan? a1+ 3sin? o

. R _ 2
o 7 1+3sin” o
3.2 (1 _ .2
gpTh’ tan” ol 5 — sin” o a2
@z, tanq):lz (3 )_ 1 —3sin” o

H gpnh3 tan® oL sinol coso,  3sinacosol

TR R-49 it AeFq BCF (¢ + o) (e HeT© 2(S |

. tan ¢ + tan o
TR, tan (¢ + o) = 1 - tan ¢ tan o

1-3sin’ o , sino

_ _3sinocoso  cosa
_ 1-3sin’>a sina
3sin 0L COS L~ COS O

— COS Ot
2sin o
o cot (0 + o) =2 tan
D0, (0 + o) = cor'(2 tan )
3. @36 e Gle T fwfees witg| @3 TWiGATosTE SIehiad
o (I IO SR GIEFre (Faa ToF AUAre 9 @, sin o x SRS SHER
ST @ AR (FIN @ IARE @3 qre 5 T o e g
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S ¢ IFOER GO 4RI AF H € V%5 IS Ao SJghie 98 O
Tofi |
43, h GR a T AT (GIea Tl G Ies ANeRETE PN | T AA-<H
SRy 0’ -97 Aol &hl AT ‘d ToAREE e P oReE,
P = gp CFIFA x SREE O]

d

= gpnaz(d — %cos oc)

4t @7 SER BINEY C-9F TR FFeid Sl |
g e are P-ag Wi 2,
P = gp . CFITH X ORIHES T

= gpnaz(d +%cos oc), o oo Bl C-93 B9 RO fF FE |
TS SR ST, W = gpmath @& S I ARTREAR Sz |

H = (P’ — P) sin o0 = gpmah cos o sin o

V = gpna*h — (p’ — p) cos o = gpma’h sinZo.
R AW =Y Ao 27, A SO A o @ A,
«qe R? = VH? + V? = gpma’hsino = Wsina
@< tan¢ = =tanct, L, ¢ = o

2
a<w, AC =

sin O,

=l

4(d - —dcosoc)

N
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2
GR AC = 1" sin o
4(d + jh cosS oc)

.. PAC = PLAC
oAl ‘R~ Tl ‘07 g Mo IR @3 SEpeled M o (@i A |

4. &% G St Sqce Wufeers SIitg 99 o ©e $aced SoAfaece SNiE |

L

% )
A T (T IFOE Bf TS = (1 + %) X TBAIK] FYTF FoAE O €T |

Tta

J(@* +8)

R DI (IFOER) Ao o] , @A a 2o EieEa o

TG ¢

ox, 0y, oz T SIBATA 2ie= JEIEGH | Joed xoy Teied Teiferst wiity, @
xoz G yoz Heiciad (SR ¥b JeikeiR) TSl iR
H = &% qi0e] SWgie Bofiex], V = wfeaiced Tag Tofiee |

x0z @F T q© p, = %gpnaz.% = %gpa:‘;,

T O A ATOIR W FE, A oy-4F A NG, R o™ C, (SER)

7 Tom AR oSl & ha

16
yoz ¢« o7 qre P, = %gpnaz.%gpa3

Tl O A ATOIR W FE, A 0ox-4F A NG, GRR GIAETH C, (OER)-

a@‘v{amaﬂ@ww?—ga

P, &R P, «F IEAGT 27 ANCF SR

SIS CHEE €T W = %gp,imﬁ - %gpmﬁ [ G @ Toa @ (G

3
= AR BIoT®)
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© H= ,/PQ +P2 3gpa3«/_ R V= égpna
QARY C), C;, G-49 T 93 JAFE 2oT—

(3 3n)( 3 3m

3,,3m, 3 3m 3)
8-> 16

[ogaiga) e (gagaga

AR, Py, Py @R W-GF RGN G350 [RYeo Flere 23| @ fodis @1F GFio
FUCS IR o T A_—

R 3w =fedie &3 Al SRl A ¢ (g Beog S,

b2
R=vH>+V? = égpna(1+ )

ﬁrgr W = %gpna3,

1
. R:(l+%jzw,

T
G tan P = V = FOAR sin ) = ———
\/_ (n? +8)
TOAR IFOER BT TSRSl = asin g = ———u
(n% +38)

5. @36 GREH (NlETRcE TEE W @il ol wil 1 e, AR AT R
e 7777 S R T gl IS sifaelel| et Fgw, 7t enda Tfow e
WK (@ Vel i AR ©ice Gt (Tennsion) W 2@ (lieFbre (@ 2w o

4 O ST 3 ol
MY 3 qCOR BN = T &1 2|

A
Q@ (I GFoi] BtR N ST SGre] W:%grp%na3 !
@A a T O TP | oS
(i) W =32 gpna’, @i *G ey i et e p
(G = SHONTEFT SREY) SaF GlIFge o S99 1 B w
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P = gp.mata = gpma® A ‘C [Rro T FE |
‘B’-dd AATE SNF Sl @ AlR—
T.AB = W.OG + P.CB

= T.2a = %87503%“ + gpna3(a - a%a)

= gpnal.a
_1 3
T = > 8pna
GNETE q@ T G = gp.%mﬁ
_3 4_3
. T= 3 gp. 3 Ta

14.8 AT ¢ Tese

1. a AL GFH TLEETE p TGS A T4 fwfeee =gl @@ el
RGN O (@I ST BTy R (FHHA OO 1 IFOER B9 FEIced [
@ fuw T g1

[ Srer ¢ Sniedd 1-9F o I ©RA)

1
[Ans. Rzﬂ:azw%a2 +%ahcose+h2 /2
_ tan~) (2@t 3hcosB
G—tan( 3hsin O )

2. 6 SElle waE fwftes it aw o Tfow KMt Seifters witg @ik
ol tan12 (i SR A Wi | IFOEE TR FAEe W |
[ SR ¢ SR 1-99 Bed i AP F- BB 7 ]
[Ans. R = Sife Ao St 9 |
3. @35 eTEN T =6 GF0 oFe 7l Ad TR o iR A @3 g
BRI @IS Sz | &Y Bl T Sead e ¢ R ST QATE, O el Fea—

28 cot o + cot? o
48

[ Srer ¢ Snieddl 2 @ o @ O |

cot =
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4. @3 71 JeFE g T q[l A4S <zl @6 S FE @ g IR @
(Generating line) IR «CF (GRICET QT 287 | AN T 1Y THF G SWJQ NF QO
N (IFOCER 9F) IAFE W(1 + 3 sino) @& 3W sinow cosou (@ W T8 *&p(F
@ SR o 4 O e |

[ SIS ¢ SEpEl 3 «RE Swigdd 2 ®ey |

5. G0 *[6F O ST T I GF0 O OPIR A Iy 26F TCed 9ol |
GF ol ToR Bl A g | ANl g 0 I S A Y WS (IFOH) SO

@il T ORGE tanez%tanoc (o T ST i)

[ SISRt & =iega T STl ¢ Twizaeie we | [Ans. p=%a’w]

6. 46 3”7 WP T TANTE IFOER BoR FUEITed I =R W et 77|
@ewl Sty (@ SHEIFTha ol Tam ity @ik (% Toifaers@ (F 67 T SIRs
GF T W BT 9o WAl

[ STels 3 G DAY ¢ SORES SHggINe T3 |

[Ans. R= 18+/10mwgms. ¢ = tan_l(%)]

7. @35 Tt gl o T (Gioes Tl € e e | @S @3 reln R 99
GhE A (A QTN IR | (BI08H S6 w9i¢l) 2o G IFOETH BT AT [ITod
YRR AR TN SR W @ G|

[ SIS ¢ SR A ST A 45° (i FE SRS 2(F | G SWiRdce (Gited
To T TOT (M ]

[Ans. R, =E, =3 W = (ite 1 =i @ 4 o oo |

8. ufo TN ¢ T *ega ARG gre e @b T FieTe A 2 | G
SR ST T ({0 G0 BT TAT IO WG T 26 | GF (T SHAE G2 ATqIOeS
BTl 2 A0S @ THAERT a0 snde wie fwfeee 2@ Sita s ¢ GRew
WA S0 AW Y AT, Dol T G0 *eF GO € AF(0T CAETH CCT SHATe
27 : 16 2A|

[ SireRT ¢ e syl @ THA 90 @@ G (ATOF *1GH Tlf) G GO S1ad
F@ Ay TEA o @ G|

GRIF G o e (@@ T € I SAEE SHEE AN Sgsite 1 ]
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9. STgfiE @I SRR Y4 4T IFNER (a) GEIFF T T WR | GIEFD oF
Tfon re FiFe wig| 5l p wTege oFe a|l sl 2@ el F Ao
FCATF (NEFT o7 AR B ©RE gpmat,

[ SR ¢ (Ble TMFT Twidel ¢ dHiBl W | (Ul BT SNE Gl
wisaifoReitr AR 9 |

10. SFERE THF @0 GF0 TRISIFR *6F T qil off T 2o aR AR T
(G Serost @il 20 (@Il 2R ST, A S WA QICE SIRCE U8 Yb OE NFE
GiaE ol Al qited g N I @A 200 2 HeFE AR @@l

[ Sl ¢ *ePa FPTRE @By <8 ANOe 46 ¢ *&F Rl S OACHE SR

sin O )]
0 tan o

@ T SR | [Ans. tan‘l(

14.9 AH

2 SR [ifon AiEa IFoER aiRl S Foq a9 Boi PRIeRPRIN SAEE i
ST Al fEfees Bt @ qicea sifamid e sifs s s 2@ @i
S E qre ik Ty e witen sfdsie ey @ o Aty G s 2w
O MPTE fRUIGE AL Gelf TBIOCE Fo0e R (i FC AT ST T[0e Jidi
SR % 2l Reavel 1 2| Sl Pyl SRsemicdd AR 499 9T
ey Tide @ @ TEAR| dRTle [ieT SFEE SNAeR Ty SRS 76 2Widd
SIS SR @ @ RYCS Bt G3R T SR IFOER Boi qited sifastie fefm
T AR | FEFH Guigdd el [anle e s w9 o8 T eltg AReE
TS Y g ST IR G S B (e TR |

14.10 FTF AR

(I) M. Ray & H. S. Sharma. A Text Book of hydrostatics. (Premier Publishing
Co. 1961)

(2) M. L. Khanna. Hydrostatics for B.A. & B.Sc. students (Jai Prakash Nath
& Co. 1970).
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aQ&F 15 3 ﬂw YR e (Equilibrium of
rotating fluid)

Qe

15.1 aEiE

152 Ty

15.3 fam +fhfs

154 oY (e MG GILod S[REe e |
15.5 oI Sow<s (pressure function)
15.6 TG, SETg @R FGSEd SEPTIEA TIFE ANFAd ¢ Oiee |
15.7 gefimam Sy Bafe

15.8 Twigae

159 wiwFe R SPHe ¢ Teae
15.10 sates

15.11 575 o<

15.1 Z=_q=T

9% FFH NI PRI Sz 3@ simiced Nea elfeers (@ (i @1 9
Tl o AL Do @R 1o KA SACETvel 1 AR | OIRTIe O AN S
ToiE @ AT Bist Sle [T TR sl ol 2z 79 aa il T @ sifEic
(G ML 38, AT I [DNE 4@ 0= O G- 4 ARTFACR TS
Witz | wifie (@ (FI FEAADT Al FIN T SAEmMILE AR Biesi [ifew ol
R (R R e Al we0ed B (@ /el SiF e SIitEibaR 4iie St | dRiee
T @l gefire 3 SikiE P sresivicd [eiw @3 of o7 = ar|
Wg R AT SNCADAR SREH AR |
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15.2 Sra*y

G S RISIE IR Aol Pefedie sroel o s /ey =@
Bt G i e =t TR | R e SRS e ARSI I6 AR T S
ffen #I1 Bleo T <R BACSW HICHT SISy KA 1< 4ol AT SRH0E Acaie |
RG] YR AR s P [aca giRel A S| @@ Sl @ [Ec [ew
e T 2R |

15.3 fqan «fahfs

OB ST AR 9 2R oFE il Porr A i e ek
SN RCR | ARG (i KMCS Biesin e KT S b9l Siofms Aeiie T
R | PRfSTEoR *SRE! ¢ Sws STemd Siol [ e S 1 2z | [osw
(@ AN T SR ol (e oa SICbel 1 2@0R | GRS B ©eTE
CRE AN TR Al WRSEE (g (WS b 1 2R | IR SwiRdel AR
e Sl A [ TR

15.4 2T I NG HILoF SHFeTes

32 PR AR @ TF G AR PRI Wizl @ GiE i PP
9% T @R PP’ = 8S (49 (D)

P b
P
b
QT P Gk P’ 3%6\9 JAFE B9 25 P R P’
I, P =fls) =W
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g, P = fls + Os)
(35)°

P(s) +p(5)ds +p”(s) 7

= fls) +f()8s [ (8s)? AR THOA TOMZCF SNoFUOR Wl S|
Q0 AR ]

e, B = p+ L5

G2 g oefoa dPetEr = o, 2RI 9T Ty = p. PP’ T ETF AR QT
©EE T i W F

ok, PP’ e e/ @™ NN = pakF ds

AR Tr—

(p + 8—pESSjoc — po. = poLFOS

oS

dP _
o, 5y = PF R
8S — o0 2@ p "o e, F 2@ AT e[ PP’ M Gofie |

ok, i o A7, O = pF

15.5 Bi9 St (Pressure function)

SRR A @3 e[/IR) svicd@ S «@1 T P9 [ A sl 74 (x,
y, 2). PANEFOER AL AT FE@ @R P GFf AR F@ 40 AT Ao
il 2ot (ba wey)

Z P S
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PS, PQ &R PP’ 45t i TG Sx, Sy, Oz (WS TR AF I6 AR <&
ToF o B deii@ SIMOPR SITeds =7 AR SR |

4o GTF FRIRIT S T AT ER IRINGE SRR A ANSIE Gofieeiafer
T INFW X, ¥, Z @R p T ANeFRod fvod s «7i2ifoa (fluid) 516 g1

PP'Q’'Q S+ 91 5%t b = pfilx, y, z) [ 4@ =6 ]
OEE SSR'R-GF T©9F BiA 7@

5%f (8
P+ 85,3,2) = f(x.3,2) + b+ 2L L 22 .......
= f(x, y,z)+ f [(8x)2....c&F Toil @ AiE]
=p+ gp Ox

X SCH AN IARAPRZ S FE, AR o AR—

Pdydz — (p + g—f 8x) dydz + pXdxdydz = 0

S, gp pX

GFTSIE AT,

Sb_ 3p
Sy =pY, «3e 6——pZ

frg db= L +g’d + 2z

db = p(Xdx + Ydy + Zdz)
ARG G SoRiEE TN TRt @i T SREe 2d |

. oo, Sopr, vz
5 _ %P _ 5
3P0 =550 = 5 (PV)

340



GRR GFEIFY Vo AR 2 |
G A (AF AT

OX , Xdp _ Sy &P
Py 5y Sy Py Ty dx

0X OX op dp
SR, p(Sy 5x) YSx XSy

GFTSIE SR 7o ToF (AT SAiz—

8Y _dZ\_ ,%0 _ 3
Sz &y dy 5z

o o(9Z _SX\_ % %
AR p(Sx SZ)_XBZ ZSx

R Toqis NReE IAFE Z, X, ¥ &l oo T OFo7 A @il T AR—

Y dZ 0Z dX 0X oY
X(az ay)”(ax az)J’Z(ay ax)

GFfs T Y TF AqEF AR W X, ¥, Z B =)

15.6 D17, FETY G FNCOCA CeFCRA SRFE AANFACIAE
e

IE G @A SHAER AR TG, S| AT 242
P=¢(xy 2
T b = g7 =W 9=, §(v, y, 2) = C (G i =)
G MR (18, SER (@I ANRYCS B e 47 2@ | C -1 [ it
Gl SN G0 OER @ AR AE WG o A |
e erieliE, AW C = 0 =7, o=,
OCx, y,2) =0

(x, y, 7) e Thiew s @ERER M AT, gﬂz gd; 31)
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e o(x, v, z):bﬂﬁwg’%”%’ -4 AL AN FA |

qi, PX, PY, PZ-49 At A« 2 [ |
Tedlk TARF X, ¥, Z-4 A FAArST 2|

S MBICAS Oe(F TETAPTR oTHeld (-1 (A |

Q2 (Xdx + Ydy + Zdz) 93F SEQ TG94 JiferF 61 Aei@ FR SAfsist (7, Gl
R T (x, y, 2) CACE 4R ANEY AR | G FRCE @ ICHIT G FAE —dv
facm fBfse T , @AW V 2o Red o (499 S@d o) ; SISl iig,
db = — pdv

@AY dPb T #Rs SR, JGAR pdv ¢ G Al SRF (exact differential)
A

O T P = YT T, A p X V-G GG ST QI8 (GG P 'S V- S
2@ | ek, & fonfoa s 9wt swe: gae 20, A9 qive B %E|

ORI A= ICHad (Conservative field of forces) Tl BT O&, ANICEI
T R NRSEE OE YR ey [ |

G IETg 98 B S|Fe et [l Fce 2@

QARY p = ¢—
9P 4 9P 9P
dp—axdx+aydy+azaz—0

qriele, b = g3,  .dp =0
SR, Xdx + Ydy + Zdz = 0 @RY P = {3
Jgoe AfFTR A AT FE AT—

dx _ dy _ dz
70 _ O 90,00 0P _ 0D

dy 0z 0z ox ox dy
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o WG (AT AT—

dx dy dz

o(2-2) p(a_z_a_x): X _ oy
0z Oz ox 0z P dy Ox
G4 APAR G ARG A6 fTwgoA—

dx dy dz

Y _0Z 0Z_0X 0X_0Y
dz 0z Oox dz dy Ox

@ IM P Mo SR TR9 f W O SFRGY IARE O SHAINE ' fx,
fy &R fz s w79 R @33 T 3 o361 $6 o WS T3, ORd R G T AT79[0E
ARFIRPAR AE | G2 A oxw1 (B SIfoTiel &2 @R AT TR SR OF m R 919
[ =W, SiEE FNFE I mf 2@ TG AER A AR I

G B9l SHFF (AT AlR—
dp = p(Xdx + Ydy + Zdz), <=1 5ifoie =i Soy i3,
dp = pl(X — f)dx + (Y — fy)dy + (Z - fz)dz}

% waew (perfect fluid) CF0q T 2Iie F@ 9AfST a8 =7, OE @ [T
TAGAER oo (12 [{re oifed sifaqsea e M a9ei@ @ | @ [rs v
it 9Ifsq Sifee oo T | (3@ TF x-SFFEIE) G p AWM 8 ©e15a Tog 23, Oleei—

ob_
a—PV

(@ P 2ol (R R qrede |
Q4 oFEl T SfCFEE UoiE@ AP A, ORE XY O E Sehid 4@
sfig—
X=0,Y=0,Z=—g Z39F T CRWE 4TI
s dp = p(Xdx + Ydy + Zdz)
= — pgdz
p M YT W, T A,
AN FE AR, P = C - gpz
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TEHD (z = 0) AW AN Bt T1 27, ©izw C = 11

TRk, b =11 - gpz

I IPNCAE GSE@A W N el T, OIFHA P = —gfz IR O P = 75
A, oAk Z = ¢35 AW =@ Wl xy OER A GF0 WA O SEEl 2T |

TOAR SFGFT 2SI AT AF (i TAER JTTOH 26 GF6 SIghiF o |
GFE TN 2(F TG @ TICTH OGR [@EACOE | @ (AF I AT T4 SSF 2SI
vt for e st a1 et P A, o9 sime [een oo Spghie 23|

15.7 geffsie stgpesy Pafe

@A 5y S 4AiE) e iR GRS (@i TR AT el
TRt @2 (rigid) | 9995 T @ Pag SiewR FIACE 2@, o @i [{Mee i @1)
IAGICT Oo1 FAFCY Biol SAHE SN G061 Qe (A |

Y

G4 orag ST Z2-@ 999 o7 @l 2e | r TE0Y oK ©F m E(A, A]IRE b
mw2r-49 A I A 0 26T 96 SO W (@il (@61 PR MR S AR
Bist, AT AYT 6 @R m?r AT A |

o IREIRPAR A G '&E—
dp = p(Xdx + Ydy + Zdz + w?rcosBdx + w?rsin 6 dy)
M m’ FAR AN (x, v, 2) W, ORHA x = rcos O, y =rsin 0 ;
dp = p(Xdx + Ydy + Zdz + wxdx + w?ydy)
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I Sfes «Fwig 4T I T, OiRE—
dp = p(Wxdx + w?ydy — gdz) = p(wrdr — gdz)

T 4RI BETY <, p = T S, AN AR AR—

P =C+p [%wz(x2+y2)—g2]

=C + p(%wzrz—gz)
JTOCH AR P @ p = [N TF r = 0, 7 = 0
W\o.icznmgp:H+p(%wzr2_gz)

AR HAGICAT @aiib Zet—

r2=2—‘§Z+ SRRl

w
wigfle, @@l 7 YR Sfiges AmE ade wifess 2g/w?

(Paraboloids of revolution having the same latus rectum 2g/w?)

T SPTPTE @IS T, OIRCE p = SARI, @ dP 2 sl SR, ek p 7@

%wzrz—gzﬁlﬁ G SAFF | oAk Yl (R, I8 SRFET ANICTH oS I |

15.8 Twiggese

(1) Z Aol 4RTR STl a + bz T, AWl I @ @GR TOROR TR Bist

BGl p(aZ+%bz2),p= SR 99 |
TG ¢ dp = pla + bz)dz
“p= p(az+%bz2)+c [C = “WiTew §7F |
%ﬁ,pzoﬂﬁﬂz=ow,mic:o,
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O, p = p(az+ bz? ) (2 lfe)

2. a FAETE JeiFR BEE o7a swiel itz | Taey o Soalings @2 581 Targ
SRS 03 YACO SAICH | A SH(0 J0eT (W 0 (el BT FCH, OIRCE FEE @ (FIRE

SIfSCaa Gy oHeiis geitdl [ew 2@ ok SN V(g / a), SCC( ) 2|

MY ¢ OD-F Z 9% &1 261 (R4 | &9 7% (P)-(o bisi 29|
dp = P(0*rdr + gdz)

IR @ M, p = C + P(%w2r2+gz).

ASNIR T o410 BB gnde, Tl o, w I GFifds @l 27, T2

et 5 eiel Kew 2@, o fixeni® D-co biol W7 2@ wiZlie D-(8, p = o
W] z=a @R r=90
©~0=0C+ pga

S, A s, p = 0 T YT o,

Z = acosg, AR r= asing

1

. 0=C+ P(—(nza2 sin2 9 4 gacos g)

2 2
L 2a2sin2 9 = ou 9 _ a1 cosf) = .20
W\, (na sin > =8a gacosz—ga(l cosz)—Zgasm 1
. 20
4gsin? =
w? = : 4 :%seczgzw:\/gsec (Zifere)
a.4sin? %cos2 %

346



3. a INETT 4= (Bls Tl SRPRIT /4 SiRe fmftes Wi | @3 7 Tary
533 (G106 SFF (AT d(>a) THCT (AF GIE6T b SR oK T | GIeea SFF RIATH
RubCF M Ao e, RN (@ SoTosl(d X ShoiRl 9e1ee 20e (GG Wb 9ei)
@ (FF @ w S O W gE&—

wz(d—%az) = 2g(x—h)

STNYE ¢ ABC-(TF S [ AR Gy, A0 (B10ga <= TR Grovost i iz |
(e *j7 T T 2@ IR RIATF A’OB’ Sf4ges (D Gltee IRFeEd e
FIRCA)

1 Z_
____________ \D
//
//
//
//
z -7
Al B &
[ e I 1 cl]
i M 0] L
1
f qF O 7 WEF (Paraboloid)-ad iy |
_BZ® _ 28
ORE =5 = AfeTs -
2.2
_aw
s SfigeT A'OB-aq W = + AMLB' (5ited SIred

= AMLB (BI063 SIiFee |
(Blted ghE BoF wifgecsd MWE el C 20,

%na20Z - a?(h - C)

0Z = 2(h — C)
2.2
IR, %:2@—0

347



DZ? _ imrs 28
oz’ © w2
> _2g
WQMT’ X C - W2
d*w?

—% TZZ(X—C)

2..,2 2.2
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Y 2
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Z = u@? + xy + y?) v wERRE =7,
Sl o @Fh S e[ PRIT IRE, T

1
g “(W)z,x+y+z=0wcmﬂaawviamawwwwﬁf
ISR =@ |
350



(5) «=f6 & Gt SaraeRy W ABCD =T Al 47 ©IF| PTG OF6 4R T
ity @it AW SelEE WeE Tread fq sfeRle 27, iR @9 [/Yes bivl @@ 39|

[ Ans. P =11 + pz \[f2+¢2]

[ =S ¢

T v (AR T 2, ORCE
T2 = mXf + g2), 0 = tan”! (flg) T ....... ]

6. SfagedR ¢ T Ay Feydl e =l Tag =il aft § @3k &
el U o7 g il A SR WS (AF 7t R [T SR @Y IAFE 1 GR

A O e (A A yEe T [ e r%__%/?' ]

[Wsﬁmﬁqu%:ucose, GRIE ARRYE 7S Bieold S T

qE O ... |
7. @30 SPTPTg AR Z SeROR 999 flz) = fida) TA A B9l =

H+gpzz/a, I1 =& IRESIA i |
[ SehT ¢ @8 SRR Jq &y |
8. GFb FAR RO SR bIsl = 3 x 6 Fb TeOE bivl | I FRIT @t e
sAfgslel AEF @R T TIERGIET Twel 30 F5 (s FER NSO Fo?
[Ans. 78 TG ]

[ e ¢ (30 + x)o = 3(30 + 6)w]
9. @Ff6 T CARTFR SAlcad T a G TTg p. @b I TFE FeFE SAeF
o3 A ST ACE M ARAENE b @3 T 6, OIRE DA (FARYCS it Fo 2

[Ans. P=5v"{(p-0)a (1~ ) - 500 - b)]

351



[ WS ¢ @IFFR “iced foew@ »mieffoa siedd (r 7a0e)

= v{%npcﬁ —%chs(r3 - a3)}/r ]

10. ==l FF AW (FI SAER 9T BICAR I9[ER AN FANGATST 20 SIReE T

SRl IRE A ANTSIE IR 2T | (el ity ¢ 910 SfeFd dei@ =7 i)
[ SR 8 Pon/p @RIF SGR&! 2@ ... ]

15.10 i

HREFE THICT NG GTo I AR PR SRR (i 76T #mied e
@i R b7l Ao Topi /KA W SHEhal R @0z 98 SR @ (N A4S
IR 2ol PRSI e sMitdd (@ @i s Bie @R ot Seiics) e Siicsinat
T TACZ| AANOE YT I R SHAEE TR NG @A (@ e TS Bt
SR GF 9 [ T gz ARe] A G BisiE AR FE @ CFI
TS Biol Sowaa 9ROl (el BCA(R W3R AT (e [iod =i Bist SIesiiaa i
freffael T2 20aCR | SIRTREIR AR SO KA SCEAD T 2R | GF547 519, STy
AR TG SR SRFE AN [eiRel T 2@0r G@eR (@i SRR bifafnes geffe
SAEE Bl SAHFT S[E e (W T 2| R G @ g saew
JGoifee Siiges i 2@ Auie 2R |

15.11 7RIS SQAFe

(1) A. S. Ramsay : Hydrostatics
(2) J. M. Kar : Hydrostatics

352



GFF 160 AHICER T4, SR G Faites 359 1

Qe

16.1. e

16.2 Tty

16.3 fi=w «fahfe

164 wFERer T

16.5 [T SOEM IFA ATHA 1S
16.6 Ay WPTF IFA (ST AFA XS
16.7 SEEM *FA *SIFen

168 wATE PefeH®

16.9  TwigAeeT

16.10 FFS / TEHR TPAEH
16.11 s

16.12 2T &rel

16.1 IS

AT T AR SRR SAeE Bl @R WS I v SicEval 2,
qFfo FATes A @I TRE AER W | Al ik fites 2e sl T
fafen Rmire oiv @z (G e e (e g e = 2wl g @ 3@ @3
AR W K SRR sifacafEce rsjelE Fufes g1 At ik EeiE T Al swrferE
R R @M G @ A I @ SR @3 R et 2@

353



16.2 STa*y

AR SIeyCrRmE, I ZCACR ORI A e At eiEeiE fitae @i q@a eife
3l aife A SR SRSl Site | (12 910 f[fen waeem S (@i g fufesre e
O ARl PAfAE SRR AR 2SSl e | ayele ufire @i 3%
AT TG @R A0l (T T [AE S ACAE |

16.3 fF=7 «fahfe

TATAIE S (AR [ siffbfon el =1 T | G2 SRO ST I [esel
FACO T(# @3 [ ARFRSrER TS S F90s 2@ | SN %9 PReRTRIF 1S
ool elcaie | ST (T I (@ SRPRIT FOHF SR ©f SEfoe 2@ | @giel
oo Rew a9 oFcg @3 SRm T w0 e St waew Prifefe aw
4N e 2ER|

16.4 SFRCrm A

@ w7 Ffeere TR $A 9 Y qIeH A B(E €7 T FoF SR
AR GG T ¢ ReidTond | SIS waer SREE Mia @ 1o SErFeid THYF
[ERINCal

qrFE. AfFRNTeR Fife (Principle of Archimedes) &1 23 |

SACE [aTeers T B W2 SEEIS(E 2l (buoyancy) I6T 2 | SIPTIRS WA
SREHE 499 (% (Centre of buoyancy) &1l 2T |

@ TREE ST Wi e g [iew qa0ed BAIgO WA (Wieere

EiPe B Hifed AR W T AR |

16.5 TSI IFA ACHA *S

s A speferE Fuftae a9 Wi 99 BoiF AT YW oY TR SEEME

354



R 97 oo @R THEIYA A7l G W A TWE SREH W @R o
ATy e feal |

TR XM A AW T (SR SRPRAR) *1$ 76 2et—
(a) ITA T SRHIZ TG FoF SIS SAEE TR AN I TJ|
(b) XTI SREFH G IT TEF TPNTC AW OREH 492 Ta T @A

YFE | @ TF, BT TG V G=R 91T T7g P 7R SRS A TS € Tolg
TAFE V€ p'

SR AMPAR T A,
gp'V' = gpV

P
-ty
<, o

TOIR, TR (5) o O WwEee 23 |

TG p > p 2 IBO (ST AFCS 2AE q1 (@2)
[Tt STCADTR TGel oG T G ajgasfel et | il R ST T (e

R ICTA B r N Ea S e e BV IS 2 WO [ RS B Mo | B Gl M O SRR R B TP
R S 9 1]

fog (i) fog (ii)

ToAa Bora @ % w R w' AT IXF 9T R T 9T SIS SAEE
woe R T 2o TGCo G| p =R p' INFC] T R O T |
foa (1) THIA Ter Ie19)fo1 251 A5gCS B AR SIS SRR @ | R st
WW@W@WI
CARERE G, T =W - W, (p > p)l
ﬂWfr(n)—u‘]?{_@T— W-W, (p' > p)!

355



16.6 A AT IFA (A AFF *1S
() 9o Pa g ¢

i
I
]
|
|
i
|
|

G0 I I I T O
1.

[
[
|-

N I T I I |
i

I T S T O I B
|
|
[ T I O I
I

!
FHdbd
|

[ T I N
U I B

@ AT O 2o G0 PR 7Y A FIHeE 20 Yo e« |

@AT W GR W 25 NG T GR I FoF P S| €5 | G € G
25 TAF O SREY | SHGHIT (i SHEHE WS B (07 B9 FSiiE TR AR
BRI

(@ FETRZ BT To T T ORI T—F 9% W Tl 'G' Ten Smweid R
o0 T@ 9 weEiTe wEr saa WAl 6w Sawel S e 9@ | agel
0 fmz sfsfeal 791

S A Greli—

(a) '0' Rre dfsiaie Bmg 2@ @ W, W, O "3 dfefeal fodit a518 «Fos
2R, A G, G, O SR¥E «F8 T OF SRS T |

(b) O FATHF W G W5 BT 2@ | OLL' I '0' 77 (AT W R W41 IS4
Toq &7 =7, wizes W.OL = W.OL'

§ frqre afsfgxig siw = W~w'

356



(i) P "M PR =tz
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Tl SRFFSIE ElfteTs 2 FOFYE TS SR | G TSRE 279 FACATF IZHI ARG
YFT R I TR AT ARE FOFICAL 16 @ NS Wit | AN TPl 47 Al T67C0
@RI TR, ([ Q@ FRE AR, AR AP SRR AW AN sz [yt
(5, O IBI0 TS aAfexile aii vifere 2ea| Im T2 sifoxifen gaveis Wiga w@
(P SI7a RPN B0 BIFICS 2itd 94 O Je1 28 PSRl Sifeid (g
SRIRTRIR 4@ ACS A1 1| 59 [{eia sl {eda g T8l S 38 JPes |
AMIFAR ACE | SIS ST (@ SRR IR0 HPAS AP ARFE ©F W
MG PRSI

17.3 fTam ofefofs

17.1 @®R 17.2 SEEm @ 2R 92 SIIEE [Ay 9 7 @8 S e
SRR, SRS ARG A e AR ]EE SETb S 200 SEEeIE A
5o aAifelq Gy AR e SIRTE [E ARG SETbal F iR | Gib. SHCeTbi
F@ g sifs «difem o ARreeR [pfe @iz @@ R SR e iR Al A
o e [wifae SNicEval 9 2| @8 KA Y]ie® (Metacentre)-dd FK@E] 1%
AN SRl W sifs wicbe zang P ATRPR T o[iww Wie
SRPRI Sl GRET | SIS ARG G WEe Sl T 2R0E | FRF0 Srigel
@l @B R AR 6y e v 2R |

17.4 SAga Parsam s

e fTftee BT (W@ (1) TBT 9T € IAPNHT TAEE ST AN T GRR
(i) T SREFE ¢ TPNET SHER SREFE 42 THRELR T SRR 2(J |

@ FBIOT FRAE (N6 foaio @it [ow w1 TR |

(2) 98T 43 (26 T W 3

TG TR AT, Wbd e (oest (=ee et S wace™ 2ifslid (@ee A |
FE PO W @CT I @R X0 A AR M @F Tod ST OF FCA SIRE
2RO WA 0 AR | GO 47 (®5 BEF I G O %9 AN YA (stable)
2@ |
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(b) IRET 43 @B =HghT T 3

ACHCG TFA OO (I Y SR e (7R | O TR Wi (AF A I
AT S0 | O qrFeg Ao A© (stable)~d A S (unstable) © w3 |

(c) =6 {‘1/7{ (Small rotational displacement) :

UG SRS SAEE STOEE (@i AARTET 27 9| AR SRCH(GE %I ST
2O W 2| G W X7 SIREY G78 H v AN SRR AOiE® 2F (I4 IR0
AT feeT) R H' (& 60 2@ 1 49 o SRR 20l (@ SRRl | 22ises
GH @32 THREAR SoRlinges I o7 aga H' e gole SR faa 9|
G2 FNEA GH-(F (T FA0€ A 18 2/l |

17.5 7RNICHA TG, “ANH S TS, SFWlN IFA ANSord
TP, SRR A NG O SRl (@R PRSI ST

ST«

17.5.1 *Qite® (A=) 3

TTOIE SPH (i I8 BoR GF0 (@5 961 2eisl T o7 T 73 FoF wediifae
SAER A SRS A, Oz AT SR el Wy iy sifees Sar
@ IB0T SREFY € SN SRR AT FANEANE @ [ee (I @qas
@ wifey AF) @ FE, OF & IF AAFH 6 27|

Gt L M,L_.

—Z-Z\ n} J-I-z- i

e -
#99 gf¥

feoa =fRejfer R diReiiD Siamen sfasi 2@ 99t 429 &[0 q@iva ARy
Y2 SRR SRRl o Fce] ARG @6 GFE TR AR Ot SRR b
| @A (o AT S vib Sl Siet R | G T2 g i TemeT T
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G SR e Fydl oo W @R H' W (sRoiem) SR el 3911 @2 7o
e GS(b 7 (Couple) (O FAC| G4 4G s (case)-4F [l T AR | 7"
M, ‘G’ -8 b ARFCO A (RS B WEAY), CCHE 72l HG-<F TR A TOF
R ATCS ABE 20 A TFLE AL SRR PR SIRE (AR B8 T | ol
(H (case) M, ‘G’-&F TAE SR FCS AE (\?—\Bﬁ B9 94ey), GICFE 20
JFOEE ALNPAR (@A HG TerHiesy) e W@ @0e bR |

AR ARG P A S g@ IAFE M IW G-9F TAE A S5 AT |

T BT GM-(F SR I%d ST Sl (Metacentric height) @i
2| I 0 ¢F% (@ Il @ =W SlRE @ qRib 0-(F ATCS A FACS HRE OF
W W.GM.0 I 936 99 T Felfeere SRl whiel SR 23 SiReE A €
Tolfarost aBioa AvRithan IAIRE (T 905 fWNfeTe 23 ©itF STl 984 9 (Plane of flotation)
Tl =7 |

SR OF (@ SRS SR SRS I, OitF SR I8 Fwees (Surface
of flotation) &1l 2 |

JW ANG CACE SPT (P BT G (AF PRI TR FE oA
AR SIS SHRAT 2AE, OIRE TGO O] (FHT AFRAAE AR AN
(surface of buoyancy) <&l 2F |

17.5.2
G s fxfie el st 2@

(i) TPIETS TR STeEE SHAfeel @R S e |
(ii) *MICFCEE oIy |
(ili) “ACFCTF Tl T @R AR fFRE w7

T foace OY 25 O™ sles @R 0Z Tagel@ xRyt (2aw oa) 1 A afn
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OY-d (*hape] 2, V 2ol 9% [walfeere SR e R (X,Y,7) 29 4%l (% H-
@7 G | YOS G-(F T2 Sl =2 biwe w4l 2|
@ OY SFF FioeE 2 07 @It (®B) ks 25 5 0X, 0y s F
(b9 2), AW H 97 2991 (F% =T Oe OF s @@ 7 (x,),7)
YANRPRR (A2Nf69), P [Ra =i @ 25 (x, y) (SPRA ANOE) @R Q T&
THTOI@ P-9d Wb @76 "™ I@ 7=EE (x, v, 7). PO-(F SFF (7 GIi0 (@6 G
e 1 TH AR PR dA, GBIt W Z TE @7 Sie ZdA.

-, Ffege wkoem e V= [ ZdA

L AT SPI FOEE B9 T 2 | o1 5ra S Fwest #fk[fes
TR @ IF Gl e Affes T g e PR @ @1 @Ry
OP = x &R LPOP’ = 0, ek PP’ = x0, widfie (516foa I8 i = Z + x0 =}
G e 2T (Z + x0)dA

. TEAR SRR Ffeers SKoed SIRen = [ (2 + x0)dA TG SN O B
AT @S ZER|

@ T, Eleere SR SITes qURGEg T OIRC,

[(Z+ 20)dA = [ zdA

= [xdA=0

OR (GICFCg MO (Surface section) @ICFH (centroid) Oy-4q T SRRl
FA| @ @AF @ S Aleql Avr O Toisvy ool AT T 2|

TAAW 2

(FI TB(E T o B O bl Sies 6! 20e I (IR AR SReE S
TEMA (RS TR T 7T A, OIRCE O (T SFF FCATT SIRSw 27 @ifb 98 S
SR Ay M AA|

G @ AT SO AT AT ARG TAEE baad G 56 | R PO-
W eREFw 7@ (b 94) H(X,y,7) @A

_ _ |
Vx= szdA, Vy= Jysz, Vz= jjzsz.
(g 29), PO-4a M 7z + Ox P (AF G SRFHA FA9

=%(Z+6x)—9x =%(Z—6x),
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(z + x0)dA SKEF SRCHEH TRAIEF 2&d—
X, y GRR %(Z—Gx),

TOAR, H = (X[3]y) A
VX = [x(z+x0)dA, V77 =] y(z+x0)dA

VzZ

%J(Zz - xzez)dA

‘9 47 (@5 I 0-(F FSEA W A W, S AR A 7 = 7 HH ; xOy
OEHE Al AR 2@ (A SN AT A |
Q@ QAT SE WRgA P wace [

Note : 2R SWEISER (@i RYCS (T (318 SR ST I051 AR TSI
TE | AR ABCgd G, GH 3R H' fria wifess THHE (W 4900 @, Tl SIS
GFE OCE SRPYS T @I @It @ GF0 TETes T xOZ $EE MG |

- _ =

SY=Y
= Jysz = Jy(Z + x0)dA

= [xydA=0

AT (WG ox AR oy ST AACE GICOR Yol Xy 2R AN O ATI AL
Ox, Oy 2@ (Bwo O™ @6 &Y ‘0’-(9 9449 =% (Principal axes)

T et SRR e 23 99 I o (gfre swereeR efeusy o =9 |

TN G99 G WS P 7 @qR oy (metacentre)-43 SEg A% |

@A@Y HG R H'-43 4 fad ifess Tar xoz OEE INGAE O AF G-
@Ry HH', xoy R A AN,

Y,
/
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~ HH = X'-X

</~

U x(z+ x0)dA — szdA]

= %szdA

g [x2dA =1 @oe A-G1 OY STFAITF TOgEg |

j x2dA = Ak?

@A k = ‘A’ T Oy SFFRIATE e+ e |
@AY ‘0’ 47 @G =,

HH = HM.0
2
JX dA Ak2
. HM = V :T

oAk, HM ¥qTa A @38 wIires V-aq Toig feadiia |
AT Tl (GM) =3,

_ _Ak? _ 2
GM = HM — HG = 2= — HG = (AK® = V.HG) | V

@ SIEE AL OPNIN O WTg f 20,

W = gpV, oAk 7Cad W A AAARPAT N7 @Ce AR I,
= W.GM.0 = gpb (AK* — V.HG).

AR ARG e 2@, I HG < AKY/V =1

Note : @&f5 (a7 7o 24 SFF AFE G0 &, R k, Fio SRS AT S|
wetos ARG IPe «a I HG < AK/V @3k HG < AkMV 2|

@ AW O-(F I T 0 + 50 T 2, ©IREE QUG Fe T 25 = W.GM.0.50
Aol (FPRY ‘0 = @7 G (6 e I e T—

0
= [w.GM.0d0 = %W. GM.0? = %gp(AkQ _V.H.G)®?
0
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17.6 Reeeira Rdifae w@eallted oy 2[itEEd FeiFed @ fefa
GR FAITEa SRt [{[Ry @y

@ AF (@ S siten fwfees sk (I w1t Terw) SR Wwgst|
(a) MgEieN ¢

C

G

A

@ AF PO T OPWIN @l G H T oS S SRy |
ARG Gol—

CAB fqgted e
= PAQ fage I3 Siifie SAER 9

CAB q9ied (el oq(eid 99
* PAQTqerem (hawel  si%iba 9oy

s PO-ET (F-CRICl SR Gelf APAQ-4S (Fpq%pe] < |

AR PO-a SR TR (6 7t JeCF il T I AB, AC T ~{ae
(A1 (asymptotes)

HG @4t PO-93 ©97 &9 T@ G|

@2y, AH : HE = AG : GF,

:. FE SR*j3 PQ-98 o7 19 2, ie, E [RMCS “ACeq 5@ &9 (normal) |
4l T xy = C? o (1)

o5 AJOR IFE@AR TRIFAE TR “(ekel @ET AB € AC|

ZBAC = 0, AB = 2a, AC = 2b.

‘BC1 Wi P -<aq AT (a, b) 2A|

‘B RE v A (x, ) () TR P e |
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&, - TN N (current co-ordinate) 473 S1CFA (normal)~ad e E” SR

ofiz—

_ycosf-x
~ xcosf-y

n- E-x)

T Fa, b) fca am,

so(b—y) (x cosB —y) = (a - x) (y cosO — x)

A, x2 — (a + b cosO)x = y2 — (a cos® + b)y ........ (ii)

(1) GRR (ii)-CF ST (I SNV 2GS IR 77 5418 Tl ~ifmaffer S
2o Al |

g% WY AR ) O Snfefiie A @ Aiie—

)cz—(a+bcos6)x:C—j—(acos6+b)c—2
X X
A, x*—(@a+bcosO) x>+ (@cosO +b)cix—-ct=0
GF (FRE G0 AN QG AR G0 A feAis G S SR |
HoIgRF SO STy FHCE, SRl #118, @ oo A @6 AR Sl 7% |
E % F IAFGI PQ ¢ BC-GF Wiy =9 &, PAQ fqgres (whazret—

= %AP.AQ. sin©

:%.Zx.2y.sin6

=2xysin0
= 2¢2 sin0

@R CAB fagied (wamei—

:%AB.AC.sine

:%.2a2b.sin6
= 2ab sinb
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HOR ARHIRE Crelf—
2absin 0 _p

2¢%sin® ©

al, c? :Eab
o

@A p R 0 26 FAFEN 0T QI8 ACOT WeTq | oA ‘¢’ (& gold =1 alet |
(b) STeFR ¢

A’CB ¢k ACB SIF¥iH @ FATE 41 IF H € H' T Sq@H T |
41 AF AC = CB = a, BB = &, CH = C &R (®0S (Faq%s = § H <3 FATE
H-a3 FieATs H' @ YAReE (x, y), A& HN = x @R NH' = y, OiE—

Sx=S.HN = %aﬁ[C+%§j—%a§(C— 1j: %aﬁz

_ o Le 2, Loe(C2,)0=2 2
Sy—S.NH—2a§.3a zaﬁ( 3a)—3a5';

EE SoTEe SRl H-F AgRoie siig—

Sy? = %a3x

qib GFh e AR AR IFELACE TR | SRl IR AUFH0g G0
g )
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() wiEgewa ¢
Sl @ A4S IFEA QI I SIS

(d) TogEFA 3

ST @ ATSI IFCHL AT (L, I SRPAS T SATSTRA bIoA (arcs) |

() Aaigei 3

ORI 8 A0 IFCIA QTG AFIF ATIYCeT DI |

17.7 Jpafe 7 R SRl [fen sealltms Fwe fefa

17.7.1

(i) *=ee sy (Neutral equilibrium), (i) Jf2= AR (stable euilibrium «=¥ (iii)
w2 3 (Unstable equilibrium) | SRR (ACE A [Kpre et ORI 9% g2l
e ©lice o W = AR

(1) W= ARy ¢ SRR (AGE AN /e e T SPTiN 989 A9l (s
SRR SRS AE, O & IF R0 I SRPAN O I6 AR | GURg I8
CREH ¢ 2O (FF 7 N GF2 BFH @ ACF | SO (9N @F94 AT Swizae |

(i) JIP=E @ (iii) SIPE A ¢ SETN IBEE AFNDE AN [Rpyo T €9 470!
@I TR A | @ @ [kipe =1, e @ sifasid s seiifis
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o (A 2O (W & TiF E T W 20 (@FEA +AfafSe sl B [fog weA]
QU BIF BT GT (W) GRSl (w') GFe—Tmy @A F @ A, WA 9 g
G 7Y 910 T |

G2 7y AW [pe IBE SRR 97 AR SRR FRE SiNee 6B I, SR

I ARCE JPF ARy @ 27 (ba 1) | g @2 7y v [pe B ke @ [pre
T Teeb oo (BBl A OlRCe T2 A SR AR @l = (g 2)1

17.7.2 S 3gd a0 qfo araway s

i, V SOEE @38 p TRd 0 TR 07 qG0Rd 0 0@ OPIR | TRI0T O
fifesre SReE SITTe v TE SoPTIfTS SRR TS v A | AR SR *SIPAIE,
B GG = AT OAETH GG

wiefie, Vpg = vp'g
y_p0
i, vV

| T leere Ko SN R Wl
B R e O Y

Qe I IF SATOER ‘n’ SAARK A wfeee AE O,

—=n
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p

379



A, p o= np’
AR B TG A W0 1 9o R | T G SPAE p = 1; ITg p = n, AR
Il 9% SIOEE (@ Sl Gitel [NfEers wiity ©f %9 q60gd AN |

17.8 Trizdesiet
(1) h 8 8 a TPFT =R a SCFREET /RS 93 T Jel G1g Tie S|

2
oA g A oG TerH SRR At P &, wlecE Z—2>2s(l—s) A |

{

SN & @), gsmath = gms*h
W e GRS SR ), . W = sh
iR @ ‘0 @l

e OGzlh,OH:%h’

2
1
< HG==(h—-I
G=L(n-w)
21 2
HM:AK2 :Tta .Za _ a2
\% na’h’ 4h’

AH JPAs 2R, I HM > HG |
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a 1

N 4> 7 )

= a? > 2sh(h — sh)

2
= Z—2> 25(1-5) (emifere)

(2) @Sl T @ 20 A (B (@ PTG THIETR OF THE TEF (@A R
A Wyl SRr jPAe SRR SRS Al w1 T Al e Ty 6 e
T AT cosbor (AT T = |

TG 3

@ AF b 2E ARq Tl @R I T Rfeee wReaw |

0 @R p 261 IAFE B GR O T |

OPRIT @, 0
%gpnh2 tan? oL = %gpnh’3 tan” o
. ph? = ph”3,
a h’3:g
hr P
@ AT O T A AR SR,
_3 _3.
OG—4h, OH—4h,
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3

SHG==hlh-W
G=2n(h-1)
1
2 mh?an?o- h'?tan? o
HM:Ax]; - 1 :
gnh’3tan20c
:%h’tanzoc

ARG P = @
HM > HG

g/ 2 g 1
a, 4htan 0L>4(h )

i, h'sec’a > h

h/3 6
i, PE > cos” o

% > cos® o (29if®)

(3) 2R SEPYI *fegd ARy THYA 2@ PR AT =6 F 7@
YW ¢ Ao (R @ AT A 2E SACEH @ SRS WG ] |
OPRIT @,

%gcmh3 tan® o, = %gp(nh3 —mh’3 tan? o tan? oc)
~oh? = p(h® —h"3)

k/3
Sl

o
4 1-=
’ p

3

0G=4h
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3,3_3,,,3
OH_Zhh —Zhh _3h4_h/4
h3_h3 4h3_h/3
3| ht—nt
ZHG=>|TZh
G 4|:h3_h/3 :|

i AR nh’? tan? oc%h’2 tanZ o _éh,z tan
==

;ntanz oc(h3—h’3) 4 W —h"

e gPe = @, HM > GH

3 an’o g[h“—h"‘ h}

Z h3_h/3 >4 h3_h/3_

’

i, tan? 0c>%—1.

i, PE > cos”’ o

a, 1—§>cos6oc

3, %<1—cos60c

«f5g ey 6| (Te)

(4) @ I TRCEA 7 W B @F IRR SAEH (A 2AFHA Ohol a. «F
(O T2 (AF w SR e TR S Sigieriv 0 (it (@A AR | G/ A0
T (TR h THOl N SNEF0 (BF RIS T 6 @R 7 5F 42N (B
RO SRPRIGR Wit Al | AN T T SRS

anb/(aw + hw) &I EE|
TGS ¢ @sH itk GM = a
ALY @ FEq, w.GM.sin®0” = wd cosO
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al, Wad’ = wd [0 93 (20 ]
moreeg wiEeEt I 07 @i @@ T,
Sz, W.GM. sin 0" = w (d cos ©" + h sin )

A, Wab = wd — who'

A, Wa + wh) 0 = wd [ O ¥@ (=5 == &)
s (aW + hw)o’
A, 0 = aWl/(aW + hw) (2=ifde)

awb

(5) p T7g B @ STer=IERREE 1o AN 7 200 @ SR I | @b
e fE @ QR o T0ed SAE [wfeee w29 | T SRRl T g 1)

AN T (@ 2o /@I wfige 2@ |
YA 2 &1 AF AB = BC = a 1 0% g6 G (FI4F [ B a1 Fufeers @it
ZABC = 2a

@A Y wen @ sifild fftes wig ow @t ol = 2b. @l elferrw
(symmetrical) (I8 G ATGF0 WS b ST [Nfeers o R Ao (WaE G
GG b + ¢ @R ST B — C sifse Fuiere 27|

BD (& ZABC &3 "R4<¢F 4&l 25|

COPRE @, ap = bo AN ‘G’ SRAFH T, IR BG:%bacosoc (AR
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H I g47o0Tw T, SR BH=%bCOSOC.
1

: _L-
R 2HG—2(a b)cosa

Ak? _ bsin’ o

V  cosa

SO SRR G, H AW 2ol (W 2 IR RGeS (v, ) @ DB &
‘X 4 o |

A, HM =

1(b+c)2cos0c+l(b—c)3cosoc 2,2

OIRET, 7 = 2 2b2 =4 2+bc cos o
1 2 . 1 2 .
oy §(b+c) smoc—j(b—c) smoccSinoc
2b
‘C-F ST FE AT
x’:écosoc+ y/2 cosa
2 2b “sin? o
oAk, 2O IFCAD 25—
2 _2bsinaf b
Y cos ot 2
2bsin? o

@it GG S AT A Aoy =

VACY ST, ie, AL H.

FAOR IFEIR B9 ‘G’ (AT ¥ (normal) S (A S| AR SRR
oits Siifd 1 ‘G @ MfvE e SAIfeeas (I T A @ [ G JAFW
a7 A ol s ThE “teql TE| (eifers)

17.9 ACFSHZ SIATE @ TEIAET

(1) <=5 FIIR I e OPCR| AN T (@ PR e 7@ T @3 @6
(G7 TS (B0E @F) GG TA07 AE® [KYCo A 2| (RO ¢ TR AT i
o)

=R 7 AR B’ (@A gcosoc
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(2) 4= 2a GRFE TNLATHIE W6 A B 7 (< 2a) THOT P27 @7 G2
FACE YOI GACO A | T R G g IS P GR 6 @ (R (T vesfo

-1 h o
TEFOIE WAl BACHR N O (el B AR, @i 0= cos l[g G—_pj|

[ sirFe ¢ wefore Tosffel Io fFl 0z ©F PR T | R 99 PR Aieioa wiesieE
FePelferd OINE foe 1]

(3) 21 TrHRME @ WS (2 9T 0) IFUAT TAGR TAF 1 SO 4l SR
THEIGA SIS 4® np(n > 1) 206 G wS {0 ARTRERIR g6l [Hufeers SRR Sliaw AR,

n

@ o GRe fefege e e

—-n

[ h
ouid g Taewa A 9o cos [g ]

-]

[ SIS § 20k SRAIEIE, Q9] 6 = np G} FNfeee wed el =21 — h secO]
(4) SFEFF THT (A0 GO (D16 PRI SR | Oe FCoATE (GIeioa SieslHs o379
c A AN g ARG AT 7F IM Giee Y R Twel  SHHATS
[20(1_0)]%%@ G @ = [ SRt 3 SwideEien (i) @) Wy |
(5) @36 Fistl *eF TH SR T 9o afore TOBl TEl @ O ST WA |
AR TRIF e orRE OEd @ afb IPRE e ARCE 9l T o AW G

SR (semivertical angle) 28 ©izta cos® o < 1702294

[ SrerT 3 SwidesiE (2) Be |
(6) 4> FTHYEFR BIET NFH @F I | e Wity @ Grefoa g o Twel

= 4
h R Glb SPRE BEHE G0 OACE ORI M g (BTG TCed 3 oull

[ =retT ¢ P AGHIT =16 ew@ey | (Ted ¢ ofNl (A %h+%a% THOIR)

(7) @ *ieg wigfen e Afam Ryl F@ ST AT ST | SIh=E SR
AP FACe A MGivd (oed G AR T Gleie 29

[ TSR 3 *[&F G SHdaial € ST ARy ¥y |
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(T 3 x4 FWWE T T AT A TT & 94 — x4 secor = 8h(h? — x3)
A h, ' @3 x 2o TARFC *[EFF !, SACETE AM2(F *[6FH Tl @8 A fosifeere
SR ()

(8) A R (ATF YTOIR b g [q9er | Fho S @At Szl @it AB Al
e itz {8 AC g I SHAER Soiies qil TReies 2R ¢ fqget o i |
At g @ fqgTiFfosireta g ¢ AR TNeed SHEe = 15 1 16

[ SIrem ¢ [qgied SAE™L W9 T, IIE AER G3 [RYACATE SINF Ao 7]

(9) 46 ST BI6 SFRF TreTora PAF @ ezl W Glefbes s Fiesics
TR T G G qIg e WACRd SIEE =W, (i @ @fb Qi SrReRlim Sy

LI | [Wsmc@mlﬁ—:i—z,awmwﬂ
(10) @6 fiFia =lices g p, @b o TCgT e ©FCR| “AMeta wals THE «ag
GFh FlFRY TErorEr T Sl I 96 > 32p TW O@ A6 I @AM foas
TR R AR AR g6 (Fq (@ TR TaEw T @ Al
[ SR ¢ [qu@ighe 21 AGE TPRE GG 2-O] GG SITITE ACAG =
T |

17.10 i

G2 S ProReRIE A sReEsiviedd W ffeee At skl Awfere a%d
R [ifen s SRRl i @@ S S 0 2@ e wibRlfe
Pl ¢ Pl o ee @ it SiEbe 2@z | PAsReR A el
@ PSRRI AT TSR [ W STl 1 2R | FeiRFeiEe, s ke
@ Sfered Mo NHifae T 2R W SN BT IOl SRR, ST
% MO SRR € A0 I OCeT SRR KA el (el 2RI | AR
soirel s et efod wat zwm) Riei g Snimmd s [ealbe sl
GG I AP A=A IR |

17.11 5QTF =R

1. Bhudev Sharma : Hydrostatics (New Delhi)
2. J. M. Kar : Hydrostatics for degree classes (Globe library, Calcutta, 1972)
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aFF 18 O ITAT *mieda AR

g

18.1 a@iaet

18.2 Tramly

18.3 fJaw ~ifafofs

18.4 AT oMt T, I, AAST R TNIA TR IR 2[SIq
18.5 IALTER HiA

18.6 AT *MTA Biol, TSR @A THOR WG FTAF
18.7 Sty (isothermal) IFALTETA BiA

18.8 g A" Mo ANFA (g [JFO)

18.9 AT v ATFIHA AFAE Foary

18.10 Twizgeie

18.11 ZrFesz emiden ¢ Teaulen

18.12 Sqiee

18.13 5EF SiFat

18.1 &I

PR ST AL S eToe e Amiedd bist @3k e [ [wifis S
=R fosme FEfR) g 9ig (fluid) RWiE $jy STaeviced@ A5 A SRoRIE-Aa9 Sl
A T AT Rwim @3 SR ool 2 ISR omidd o, oo s @ ARAT
AT S & TF A @Y TR TF GIFell AR SE | o7 Al A ARSI
T 6 TF 2o Tey oFIET Y @I Bies Fitr TR | [Fg TE @y
2 e s TN ©OF SIS 4@ qACS S | g awd A @ @ iR
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TR, ST Al SNTON G AT T, SO AT T 0! A G5F & 5Ce
@ AR ARLTIR @A BICoR Ty a7y SRS a 2| O JoTws oE A
HOid 92 Blsl IRER AMILT W Fob! do R F@ K @ g A SIAEE
AfTeeR T el T g g i 0 S|

18.2. Srwl]

TARIT SRR IETI2, AR, (T SICHSS SO S| 2T I Al ATIE “Awied
biesi e et 991 AT omicdd g Gifers of s | ¢l i@ eige o™
A IR 2WILq S R SNCABIR ANG | G2, SRR 2T I 2 il
JRINT SIS SNFE, SO, TTg O SN A6 KA SCAG FAIGE AN |
G2 TRIReER 30! S | INSTER ey Ao itz | ARFfeF TR o el 2 biol
a3 el TR SNEDy Sorem @3 [awe [wifds SiEal 1 A | @
SO @8 RITFR DS 2 |

18.3. fiaw «fafofe

% SR AR Wi K@l € O GTAA)fer SICEb F1 2R | 24=ITos Bitald
A ST Al 0T ARTE R FIACH ALFIo-F 7kew R [ oS 23R | #7781
SIPEY AYNGTER B, ATIE AL BioA, DTS, Tg R TIOR T T3 9
Sefiel <=1 AR G SRR IYAGER Sio-F g @R g AR MeR AT
Blerd 1 ZAC=| IARA AL e AR Foarh @ g fffad i 2wl g
TRz TR BAEE SNEGAIG! SN ST A (BB AR

18.4. AT AVTLT AL, FCEHID, SHAS TR TR G2 IO
elq

AT o e g

@ %R1E) (Fluid “Wiel(F e Teghe 1 8 @R Siwes S =i sifasticet
Pifie e e W O AT oMY I 2|
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FLFOA, TTod @F2 T09d T2 @F 2ol 3
FCFGT T6 SITOGR WMo (reduction)-&F I 705 SITOER SIS |

sififeTeia

pR&aIT :—% [ v = oo |

@RS BIFIGIRE I LTI SRoTolT Sl PRIfor=isieel (Elasticity) Ie1Ce /i |

amwwﬁw% [m = <ETE oWidq o1 p = o W]

__,4dp __ dp dp
SISO VT Vdpdv (TCF LI &A1 Z50)

:_ﬂ@[d(ﬂﬂ:mz 1 dp m? p2 dp _ _dp
v

p dp|dv P V2 dpTp w2 dp

SRS TEO A,

dp
AP = F

18.5. IS i
RN (@RY AT oW Al 9P, O] GF ST R G O Bt ¢ |
18.5.1. IJTHT © oS TRt ¢

@ AF AR IYIGER Hisl ol 2 O AIRINGR (Barometer) o1 27|
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Qb MLATYE ¢ AR TOqFh o771 FBA T (@ 26 I G0 WF TE G=©
S I | GAE GF A TR G0 Al sAiad (o @yl dwm sk
THE 9@ @ =l (fba w8)

D)

2>

(-l > —

LD
=~ =

e

fogq

ol @ @ S WWe Swel @l siEmEs witg € iF THRi ARET e |
G A @I IO T (Wl AE@ @B FF ORI W GF ezl g Saw vl
(PIRMR) G2 DR | AW B(EF G2 SHOI(F A MRINGIEE Thol A& | SNF SAER
XPRIE BRCTER *[«7= o1l 22 (Torricellian vacumm) |

o h = 29 @A 30 3§ (AR G)

APRPAE Gl YNGR BIsf ARMESE A& A0 |

. A s w9t = B frs st (g mean)

e, ARG Biof [T = gph. @A p TF AR W7%, h 2 ARVEST Sobol
@R A, B @2 SOiE OE SR |

AT W el IR FACeT h=33 (AT 34 ?Zf@ﬁ 9 |

18.5.2 FIAIRHIAR AR 2o gHIYFFac (Corrections)

(1) qime o gioyea=d (Correction for capacity)
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QL MBS THOR ARRTSER T 57 AW 0o 5z A1 71 (AF @R A0
Te: AR ARMOER AARes 2oz

G THARGE B 0T T ANeE THOE GoYE FCe Q| AAW A& AF
AVBCEN Tl h feel, I @ AF AR N AT Tho! x IR CARCR] 0, A
2 IAFEN & @ Al AT | @RY GII6 AR AR g3, FeTo0g ax oAl
AW G (A AQE G AT 20 O X7 AT T (o,

. a
@A, x’A=ax,i.e.x’ =

ZX.

- , a
O, T ARECH A GOIT THOI=h+x+x"=h+x+-rx

<. gioyee =+%x

(2) TFOIR Ty HITFAY 3

SAlw B! IR AL SRS T | TR TR Toole 10y, 6y qRsii
Biol g3F ACF | 0°C-9 T®©! hy @R °C-4 o h T& W pg, p, INFW @R TToR
g = |

iz, [T = gpoho= gph

& Po = Pt(1 + 1)

Y 1 AROE e @9Eel ojelies |

Sohy = h/(1+vyt) = h(1—yt)

. gosead = — yht

AT TG ST TR Tl @ A | x W SERFe Tl =, SiE °C-
@ oS el T = x(l + o) [0 = sifasis] SR 2PTRe oJelie |

@ E oYY = +xou.
(3) Fifefabe o gogesad ¢

G QIOTTCER Ty GF0 GISF AL (@9 FAC 2@ G AN ATOF ARG
(G AfEw FE@ T e 7@
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4) WD (AF AHF T T FoHTFAA 8
TEAY (AT ST THOR (EY AGAGER Bit I, AR, DRROIEE Twow 7 27|
(5) wifearzg gHIEFad

sfada Rfea »=I @ Twol ASHAT T SO Tl ARVE(S ST SO
@ | FeTes FIAIRGIE Twele sfif$e =@

18.6 A owitdd Biol, ST @R TFOI W FTAHF

(1) P27 o= WGl IIIT 2Mids Twool 7211 AR OiF B SO A TBIHToT
2@ | 2 JEER 19 (Boyle’s law) J&1 23|
wiefie p AW Bt @R v T WS =W GG py = TF T

m
QU T (AR W ORY VIS [p WTE] A1 §= L |

(2) PzeEa fagh! AT i Bivt P AR @2 TFol @ T AT

wgel RIS Ao Aol ehifee w1 @i SRR 919 @ (Charles’
law)

1842 R @@t &l (Regnault) 297 @ M (@, 0°C TFeIRMHE @ siiew

A B CRPRI SFol JRE G G SIITSER SIReT 497k A 73 |

e v, I 0°C TFOT WMo @ v, W £C TTOW AToq T OiRge,

1
v, =V 1+273

wiefle, + = ~273°C- Ty OlEIFSid IR AWML SIS ¥ T AN
@ (A @ HIHCR G W FE bAl AT oML vl T (perfect gas) Tl
B

1
awe, vy vo(l+273 j

Ly =y 273+1¢ _ﬂ
t 700 273 ) 273

v o TN p 3|
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1
RGLER W T 7T (IECER A9G) G0 JqCF 9T I Ae—
VO e p. T o5 o

pesie, fr= g
AT @2 g3F R e fofes i =)

. pv = RT
a5 S aifieR R T oz |

18.7 A (isothermal) IFILTET it

(1) ST [FF qE@—

TP (A Z THOR AW p @R p AT Bl G2 T T (IRT 2Mid) Oigeat
Bi9l ST = |

dp = —gde,

‘- T i el Az
JECGE G (AF AR—

p = kp
dp (y
S == dz
p k
AT FE AT—
logp:C—%Z

@A, p = pg, P = P I Z = 0 CTEHRD)
O, log pg = C

log ? :—V
OgAO kZ
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a2, p = poe ¥k
qagole  p = poe e
NG ARGIGER T P G @ [qee ol p 2e
p = kp = gpH
k =

H==
W, H=L =)

HOAR G2 THOIT TG AYNGE G| 3G F(lel |

p = poe s = poeM

(2) SfeFF Saai 4@ ¢

@, AR TR - GR REe SfesE@ AW g
2

r_g
(r+z)2

O MEHY (AT 7 THOl SeFEF AW =

2

- Bis ieRes v@ ¢ dp=- gfdz

(r+ z)2

JRCER G (AF A— P = kp

dp rr 8
e A =d
P (r+2? KT
1 gr”
TS FE AT— ogp—C+k(r+Z)

Wﬁ‘% p=po I Z =0

o, logp, = C+%r;

) P _ (y rz
slog——=- .
gp0 k'r+z

_ g 1z
W p = r=mer-§ o)
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18.8 &g ATA (Real) IR Tt (Hyia f43fS)

(i) AR ¢T3 7NFae (Kammerling Onne’s equation)
FIIEIETR SR 0O %I IR SbAe IARL LR FACO (91061 I AT Ao
ITRAFE YIS (LA QR T IR 8

pv=A+ Bp + Cp> + Dp> + ........

(i) SFIeR TR TFae 8
DR IG R RIEEQINCES L

(p+%) (v=>b)=RT
y
@A R, a, b 1 g3 A |

(iii) FEEICGTR 3 MFa9 (Clausius’ equation) :

SR e 51 R AT SiolaE TBEHATSF 4 FORM SIAeR SABER
T AL AR, S AT WEgo—

+—2%  _Yyv—b)=RT
{p T(v+c)2}( )

qaes a, ¢, b, R T&1 35 R4 |
(iv) 3Q € @ SFad (Saha & Bose equation) :

Toife fwie fofe a@ auie [Eia T2 @@ JAg &R g9 Jecee @5
@ AN ABRE FEA O T ¢

RT v—=2b
—__" LRTv
p 2p ¢ loge( » j

@ ST (ACF D N0 Wi 2SI 3.53 Tl AT FCE AN S
st @)
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18.9 I it v afFEa FeIR

IR AWML p BIeA STe 4@ T v, R AGF IANEA A Bist [ Oiges wimes
g = - dv

Q@ (g FoIEA SAfaTd = — (P - [Ddv

AR, TTGNF v (AF V- T A (5 Fod

y
=—[(p-TDav

(i) ST #4967 (Isothermal Change)

ve

G2 (G pv = k, TOIR FOIA
v
_ k
—‘J(;—H jdv
v
:klog%—H(V—V’)
14 ,
:PVlogv—H(V—V)

P T A Bisl

(ii) grrot?l 7AfFaSw (Adiabatic change) :
qrweq pv' = k, OIRCE W

g

_ Kk [ 1 1 )—H(V—V’)

y—1{yr 1y
PVI( 1 1 ,
:Y—l(V’H_VH)_H(V_V)
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‘P AR Bist |
T peIE Blof p’ & SlEE— p'Vy = pVy

st =PV =PV o vy

y-1
I T G T AE R pos o[ SAel 27,
PV _PV _ ., PV -PV
W, T/ - T/ _R_ T/_T
T -T

o Fod =R v=1 -V -V’

18.10 TwiEACE

(1) 45 fiaw iR TS % lem. «<] FEBIEE T 4-5 cm. T8EA sAiqwes
2:5 cm IR (A AIAIRGIEE oo Twhol oifide [T g1
Tea 2 PRI x sifdsllid soleR siiam e,
(452 = 12 x 25

AR WIEOR THoR 2Fe Afsa—
=254+ 0123 ...

(2) A5 gfoge @ WIARGIEE 215 (reading) a &R b @A AlGF 2115 T
o R B T GoAd FRAHET 0 ¢ = w4 o7 AT Sy e /g

TMYF ¢ @ TF DIROGIEE (T h AMEE AT IS Bieod x el
W R

AN (g DOEE (@ AFI B9l = o — a

hx
o—a

JECEE APIE, a9t @ W i @ AFE =

- 08@R s —

a—a
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fa

fRoRCTg T (To@ YA Oisf = B — b R GFSIE @ M SEFE FE OF

s =a+ % b

R AR A AR A,

(B—b)(a+ hx —bj: hx

a—a

_(@—a)B-b)a—b)
= g~ B-b)

GITSIE KT CF0a, T A oA = y, I

(@ a)y-c)a-0)
e s S v

hx-€3 Mo TCT gorl A AR—

(-~ a)(B-b)(a-D)
(a=c)o-a)=(b-c)(B-b)

(3) ST AT oM (ai507) GG A3 ATSIANGE (uniform temperature) SCE | FTR
3 (AT @R T [FH Thol ‘@’ @38 P ¢ P’ 751 TG Thod] Gk fTFow [re
Big | oSl W (I RS Biol @ q\0ed Sgeiie =@ | agllog(P/P)

Y 8

@ AT AEE Z THO @I [{YCs Biol = p @R 999 pl (z Tl AR
FICATE Wil ZA®) R @ AF p’ @R p' T 7 — a SHOF IAFW bisi 8 I
At |

Oiglet, dp = —gpdz @R p = kp

d,

.'.?p:—%dz.

TR FE AR,

Y=c+

8
logp=C-£
ogp kZ
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UEK logp’:C—%(z—a)

4

P _g
slog—=25
OgP ka

TG, k = agllogp’lp (257ife)
(4) PR FiCE HGTA T IF G IINGEH Tl f:’o(l—%j R AN
H 251 137G ARNGER O] 1 £ 261 S5 Tl | (w1 ( ARINGCE BN AN =410

z n
=p [1-=
TP p,,( nHj

AL ¢
p = Rpt, @R py = RpoH
Bl F® et 2@ ¢
dp = - gpdz

. d___ & dz

P _z
Rt0(1 nH)

T T AR, —

R nH

=log[ 1-—= | +
og( nHj C

logp = ﬁ.nt—Hlog(l—ij+ C
0

Z =0 SO, p = py T,
. logpy = C

o z Y
¢ log-=1log| 1-—=
BICHIR ng Og( nH)

0
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[, p= po(l—%j (ewifde)

(5) 9= TIH GILeR (ood g ST ©Iitg 1R G0 W eS| (o009 @b o

e T | GICGT B (ACF ARGIRPAR BH75i0a o N h THor iz | 5750 49 wiice
2
o g x NS 2 (i @ﬁﬁaﬁa@ﬁawz‘g (SIS W) T

R IR SloNia (@Il SS9 ol |

MY ¢ AW T SRPRIE Bi7 p W OE IQAEE g (&F AT,

pA(h—x):z%.hA
Wh

A& P A—x)

Tt (519546 dx wag 05 TN 20 Oiege Sitold [gea FoFd 26 pAdyx, G3R FP5ER
GG FOF oI = Wax

- Gl e =] (PA=W)dx
0
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18.10 FLFOHE el € TwAwlE

(1) 2a TweifafE aaf IR Give SEF el G AYASA Biest SdF A @il
Aol | ATNGH Biol 7 THO SER BILSAR I | IAF @A 1 fed g & Teoot
HT” T (OCF TETOR MO T G GRE B O W fefae =@

AN Y k=a+h—Vah + h? [ TS 8 QA Ad AcFien]

(2) @< WEIGIET Twel 30 3¢ Bora AvAvn %Eﬁg G AFATE TAE

ARG AFO ¥y | G i‘ﬂ?{ g qiEEE Ao AERINGIE pFee Meet smas qw
4 3% N @O AT iR AIE] R Sie F6 fieT |

[Ans. %m 3]

(3) 9= (Ble Yo T G0 P51 aFl wiEm 1 SRl 0°C SR 1ib AR
IS [P B R KT R M i) T R £ 2B g b e B O T o i Y S S O Bt

2lout
9+ 601

@A | @1 (Bleed 5 @R o 28 AfS 1°C-aq T doEel el |
[ KPS AQER 99 A
(4) 7°C-4 WA FRMRGIEE Tl 750 mm G35 o7 TAE 13°C-4 T Tool

400 mm | 4o GReiE < 9 RoR 2Afsi AR Saed el w1 [ Ted 2332]

VEY THE |

pvi _ BV
[} 3 =g M ]

(5) a IMETT @ JeF HOE et gt 24 @itz TEIa ot srbee aal
O (" (AT C qACR S{PAS) FCATE G0 0 (& ielF @9 0-(9 gaz| A0
GG G 8 C < a @R P8 P AE® € FF Bivt A e IgeT—

P _ w? 2
logﬁzﬁ(a+c)
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dp >
[ SigF § A dp = pwirdr €% p. = kp, e ?=7rdr, G I

AW o]
(6) &5 AT sl AN AR BN, @AET—

p = kp¥ = RpT,
@AM, p, p T 2o IS b5, T 4R TFO! K £, v, R =1 45 A1 20iel
dT -1
T Tl Tl Ji%E I oL (G0 Y7 ) J g 27 @) & =—oc:—%YT

[ FCFS § p = kp! TR (AT S € FNFe TR ey &= ]

(7) TFOIF 437 4@ 6 @R 5 45 (motion) e T+ 1 (reat @ity @,
CACHCAT A (& <P\;>/<P oAl AR © PTG (homogeneous)

[ TIPS ¢ (TR SARH(UI Sl 7 ©F m GRR V SIed p IYF 999 (7 SHOR

N - md?z ,
2e) SIfovie® oRel AR’ 2 o2 o8pvoms

2

, r . d
@I 8 :gm, r =@ SRS AP, @R G (- (7?) @ ]

(8) F=m TyoR IYNGE SRPAC TFH STOCHEA HIAGER SRl a3+ |
[ ACFS & DT AT SR TB |

k a

[Ans. E N ot / R

WO, @I k, g, a oo ol IRge]

(9) 10°C Tyl fag ifastid Aol Siwes 300 c. c. 20° TIOR 7 STo F©

< Bio PR W? [ ¢ BT 7 | [Ans.310%c.c]

(10) @G SRR Fg SNTSER AR @I T3 61 Al ARTEH e Tl (AT
IC | AreF PRSI itz | @b RYd ifdcs el AW AR 49t (A. P.)-(S AT
R €® Jeifeice Ty [eidie 2oifs (H.P.)-(o A |
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18.11 A

SCEIDS S ARG Avid oTifers ol jced fefers vist el ffen siifs e
ST 1 ZCA0= | Bist 2CAER 0T AP0 LB Al 2P1iel =1 919 fofifae e |
IRINSGCE Biol [I vl w1 2| [fen B IRGISER biesl 9594 59 ©ie
e 1 2| rg AN ANICR Wi [Rge T 2R | TR0 Srigdd ARANE!
e emeiE @RI 2RI |

18.12 WETET SR

(1) foeaga weg ¢ BT smidfRes (A 40) (IF FifEEs, FFel, sovd)
(2) J. M. Kar : Hydrostatics for degree classes (The Globe library, Kolkata, 1972)

sife (D)

SIEEK Parabola

Sy Horizontal

TP Differertiation
icEd Gravity

wfeater wad Acceleration due to gravity
SR Hemisphere

O Axis

SRS Asymptote

STl o Horizontal plane
G Revolution

RIEGE Paraboloid

Toige Ellipse

R Octant

Tofm Component

R Vertical

SRS A Radius of Gyration
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Sl

Ve

[ERIGRI]
CFfeRE @l
ColeT<®

5ife
sifexife

RG]

oA (™

e
S| (P

IR

RIS
I /gl

fremife/Pafeoxife

A

Ideal gas, perfect gas
Work

Line of action
Angular velocity
Sphere

Motion

Kinetic energy
Cube

Thrust

Vortex

Centre of Pressure
Cylinder

Section

Inertia

Plane/surface
Couple

Angle of inclination
Directrix

Tube

Metacentre
Absolute value
Lamina

Centre of byoancy
Stress

Symmetrical
Inversely proportional
Curve/Curvature
Force

Potential energy

Atmosphere



SESIG]
oI

ol

TTTER T
A {7

406

Centre of gravity
Virial

Moment

Adiabetic

Resultant

Right circular cone
Vertex
Displacement
Integral
Proportional
Equilibrium

Stable equilibrium
(Unstable) equilibrium
String

Co-ordinate

Statics

Tangent plane

Isothermal



Notes
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Notes
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(R @ @ SIRCF I2 R A& AR IR (@ GR61 25 R =g, 7
T2 (22 TR FRCS A A | 58 (12 = =l [ Frelfas wifecs
QTN SN0=RA TN (FleTCe et A PN ColeT 23 |

— FNTANL T

OISR ! mission W(E, GF6] (MR ORI WiCE, (72 SR
G T | 92 TR SR AETR. SIRN IR 22 I8 32) FACO A, TFRPRR

TEAE WAy Fce AN, AW 7 AoelH wmed S SEice
gleptie e 711 |

— JORE T

Any system of education which ignores Indian conditions,
requirements, history and sociology is too unscientific to
commend itselfto any rational support.

—Subhas Chandra Bose
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