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| Statics
T 1 SHE & | Fd FIo0 % Hqed F1 Sawq H TS AR f
107 S € 7) .

A uniform bar 4B of weight [I"and length / is hinged at lts Ipp

A and horizontal force is applied to the end B so that the*.
cquilibrium with B at a distance 'a' f rom the vertical lhroug

that the reaction at the hinge is: 5
(TF THETE T AB FGR W 991 T4 [ T TR S0 6y
wmzwmﬁrgwwmwmmmmaﬁ
§ B 1 4 | O At S @ Wl a Tﬁ?ﬁz‘r'chfqz"l f

Fost T WiATHAT €)
I (f4T =8 -9
Rl e - [Jodhpur]

- umform rod 4B of weight I/7is movable in a vertical plane
4 and is sustained in equilibrium by a weight P attach
u: CP passing over a smooth peg C, AC being vertical;
at P=1V cos ACB.

j}maﬂmﬁﬁm AB AT aa ° A W feuq & #
| 3 i steE § T@d A 97 P faw

Tl BCP ATATAE, AC Eﬁiﬂ'{%mﬁﬂj

T P W cos ACB.) ,
E [JodhpurBSc.,(M U(ldlpll

b4 30° "Rﬂ'ﬂﬁ%l =t A maﬂrﬂ'ﬂﬂﬂﬂ |
*ﬂmaﬁﬁqfw AC = (1/3)4B).
[Raj. B.Sc.,99; Jodhpur]i.

a out weight, in the form of the arc of a circle subten
s centre and having two weights 2 and O at its extrent
vity downwards upon a horizontal pla

clination to the vertical of the radius to th
nded, then;
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General Conditions of Equilibrium of Coplanar Forces |

Qsin a

P+Q cosa :
7. A rod whose centre of gravity divides it into two p_orlno}ns, ;\;h‘?[?g
: lengths are @ and, b has a string of lenglh. /, tied o 1.ls l\} 0 el?[jbr;uni
the string is slung over a small smoqlh peg. Find the position of equi
~ of the rod in which it 1s not vertical.

(T B %1 T B I a3 b il # fawifw Fxam €)1 9% F
fadl =) | rars w1 T § a9 U Tt gl & S desh fe
ST ¥ | TS F 1 wwErEe 1 foft W Fifg sefw ae S A @)

: [Udaipur B.Sc.,02; Raj. B.Sc.,05]

8. It is required to place a heavy uniform rod in equilibrium with one end

against a smooth vertical wall and the other against a smooth inclined
plane inclined to the wall at an angle ¢. Prove that the inclination of

tan 6=

the rod to the horizontal is tan™" (Yatan 6) . '
(T THFEaH Wi 38 1 T fau fast seaier dan =+ @ aen gaa
o0 o foid g g wae W S SR | wm g a € ) fag Fifi
T wr=eeen § o #1 4fast § g#E tan ! (% tan 6) =)

9. A beam whose C.G. divides it into portions of length a and b rests in
equilibrium with its ends resting on two smooth planes inclined at angles

a and /3 to the horizontal respectively, the planes intersecting in a

horizontal line. Find the inclination g of the beam to the horizon and
reactions of the planes.

- (T T8 F1 TS F R S SR p Wi H i #a #) eve e
- A, T et 4 % we w0 R S wogs g wead T R
%, S T afte T § wfrsfa #1gve &4t | g g aen THTS
| Sffnard s Fifn) - e

A bowl is fqrmed from a hollow sphere of radius @ and is so placed
that the radius of the sphere drawn to any point in the rim makes an
angle o with the vertical. Pis a point of the bowl such that the radius
drawn to it makes an angle A with the vertical; if a smooth uniform

Tod remains at rest with one extremity at P and with a point of its
length in contact with the rim, show that the length of the rod is

4asin fsects(q— B. |
(T =1 =i forway a % TF el M 1 90 ¥, 56 TR @ T E
19 S AR (Hm) = yer fag 3 et 8 o seEiog @ W a
A €| T faeg A 8 EitHt 7 o s | |ior g ww §15
T H O Tl we T 5w R fe ¥ o gee freen faw g
A T SR T w9 oA # A ) fag w o w5 e
4asin Bsects(a-p) ¥) ‘ ‘

7

A
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11. A smooth hemi spherical
edges louches a smooth vertical W

inclined at 60° to the horizon with one e
_of the bowl and the other end resting ag

length of the rod must be a+(a/\f1—§)_ ) '

(Wﬁaﬁaﬁr‘ﬂﬁﬁammwmw ATl AR 1 T
T & | AT AW a T @mwﬁm%ﬁé 60° mﬁTm
émﬁﬁmﬁmﬁ%mﬁmﬁmméﬂﬂaﬂg@mmm |

aaﬂwaﬁrﬁ:gaﬂﬁqﬁmaﬁawﬁ a+(al13) T
12. A heavy wheel of diameter 1m and weight 100 kg 1s 10 be dragged over;
stone of height 20 cm. Find the least horizontal force which should be applie

at the centre to do so:

(@m@mvﬁmﬁaﬁmlmﬁmaﬁ?wwﬁ%‘,@mﬁﬁ
W%wﬁ@hm%lsﬁa‘hﬁ%mﬁw%ﬁﬁwﬁwﬁ.

& ¥4 9 F9 9 FHI Fa HIQ) ‘ [Raj. B.Sc.,2000]

13. A uniform beam of weight IV, can move freely in a vertical plane abou
a hinge at onc end A. To the other end B, a string is fastened whicl |
passes over a small fixed smooth pulley vertically above 4, and support
a weight w at the other end. Prove that the beam can rest inclined &
the horizontal at an angle @ where:

’ (TF W ¥R & TFEAE <UE AB & f A W oo & A FAY

a1 bowl of diameter 4@ is placed so that i
1, a heavy uniform rod is in equilibrium,

1d resting on the inner surface
ainst the wall, show that the

7§ TaaTyE ¥H T ¢ | TR B RUHESA IR E, S A3
. S SR U faEe TR e ® e R et €, e g s
L BE Ry T R s i £ s dfe S g T ot

_ I
@) : sin (-)=—1— e Sl
| 2a 72 2/

the length of the beam, / the height of the '

A 1) the pulley above 4.

S 1 T a4 ot 1 AR S 1 )

ie of height / and semivertical angle o, is placed with It

g o ;::lntoolh vertical wall and is supported by a siring attache?
erex and to a point in the wall. Show that the greatc ibl
of the string is: : the gccatest pesly

ﬂ?ﬂ a4 1Y M o aen I\ VIE F SIHR TH faqed

LA 7 & e ¥ # v S g den & o fag @ 9

_mﬁh#\ﬁmﬁn’rﬂaﬁaﬁaﬁmm@%) :
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S4 ] Statics

§ 2.6. Laws of Friction (udu1 & frra): IRin; B-S.C-,Ull
m%ﬁﬁmﬂ,ﬁﬁamwmmm%,ww
F1 afom, fown o1 vl @ F79@ € )
Law L« When two bodies are in contact, the direction of the friction on
 one of them at its point of contact is opposite to the directioy
Cin owhich this point of contact would conmence t'a maove, A
(mﬂﬁwwwmmfa’twﬁfgww—mﬁﬁm‘
et farg w1 wf (wisfer i) 1 feen & fawda B 2 |
Law Il The magnitude of the friction is, when there is ¢
sufficient to prevent the body from moving. 3
(ﬁgﬂqﬁmmﬁmqﬁwéﬁamém%ﬁm%ﬁvg
F1 MM T | A F1 @t =) - |
TT V- TEHARNSS (self adjusting) 961 FeaATT © |
Law UL The magnitude of the limiting friction abyvays bears a constant _
ratio to the normal reaction and this ratio depends only on the
substance of which the bodies are composed.
(ﬁmtﬁmwﬁzﬁmaﬁaﬁmuﬁlﬁmmaﬂmaqﬁ
Sty fofm A, i R o e w7 TR
Law . The limiting friction is independent of the extent and shape of
the surfuces in contact, so long as the s

quilibrium, jug

normal reaction is
unaltered.
(377 =97 T3+ 9 g5} 5 SR R Y 96 =y v 7%

Law V. When motion ensures, by one body sliding over the other, the
direction of friction is opposite to the direction of motion; the
magnitude of the friction is independent of the velocity but the
ratio of the friction to the normal reaction i slightly less than
when the body is at rest and Just on the point of motion. -
(5@ mmmﬁamwm # 1 9 o @t
ST ST 7Y S 7 = R ) g, et & am w il
& a) ' '

Ex.1. A ladder whose €., divides it jny, h’m

a and b, rest with one end on q rough Iwrimnm[
end against a rough vertical wall. If the :

Sloor and the wall be respectively i1 and u'
the ladder to the floor, when equilibriym

Positions of length
at floor and the other
coefficient of friction at th
v Show that the
is limiting, ;i . -
(TF gt %1 o F% 7 & wy R b F iy # et 71 v il
waﬁﬁawﬁwammwrﬁﬁ‘ﬂﬁmwﬁm?: 1S wvf e gl

F1 A1 O FH: 4900 400 B A A T e whary e o el

inclination 4
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7. Two equal uniform rods AC, CB are freely _]omtcd at C and rest in a
} vertical plane with the ends 4 and B in contact with a rough horizontal
> plane. If the ethbnum is limiting and the coeﬂicwnt of friction 1s 4,
: show that :

(R R THEAH T8 AC, CBﬁgcvgﬁ%ammﬁmmﬁﬁ
- wEt §, T fat A 9o Bew %ﬁ'ﬁmwﬁ%%mﬁxﬁmﬁw
v ﬁa&wmp%a’tﬁmﬁﬁq)

L , Lot s sinZACB = A

lf4|.t2



ey ¢\x%aﬁ‘:fjw~—€<m 00dy AC, ¢ B e daeelly joinged at < veth
Mo weMet plame wita evdi AL R \n tonteds WA o
YOug I ussizen ket \D\thae.’ﬂf e equiltlomum W 'Lim'l‘\-i\"j Iy
e me:ﬁ»'«‘du»& e -‘-ﬁd—im R Aheew Rk
S £ ACB = ! S

Vg A
SR TSN fqust wody AC = CB A oon P ok e
aida oty AL B tomdsh M & rssrzamn b pLos.
(e O LAk = Sb
R4 . £ Lop® = LBA ==
4 R4ds a2 o rnad o Ity
TN e st rap
2 o 2 " HRL ML ane ﬁ\-ﬁq«'m -‘-wv'—s
= P\_l s A

Lo, O UOSA PR'J\GS\VW( =

=) cosk 4+ 2MIMA = 20y < T R =
vy AP A >
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2.

(W ¥R F! TwEaH et &faw | 45° 3 feom €, fmmw&ﬁmm

A uniform ladder rests in limiting equilibrium with its lo_\\'cr end op 4
rough horizontal plane whosc coefT. of friction is # and its upper epg
against a smooth wall. Prove that the iaclination of the ladder to the

vertical is tan™'( 24)-

(T GEEA et S wger ¥ fee €, e o frn g i
et T i R E SR g i e foet dem # wer €) fas it
fr dict 1 SR ¥ gFE tan ' (2u) ®) - [AjmerB.Sc.,01, Hons.03)
A uniform ladder rests in limiting equilibrium with one end on a r :
horizontal floor and the other against a smooth vertical wall. A
then ascends the ladder. Show that, whatever his weight, he can

go more than half way up. What happens if the horizontal plane |
also smooth? i

(U= THETH Hiet S Jged | from ﬁﬂmwﬁnwﬂﬁmvﬁi:
R & 3R T80 o o foft seaier dan & wen €; 79 & wga g |
Wm%nﬁxﬁmﬁﬁ%wﬁﬁmgﬂﬁ?ﬁvﬁmmﬁ g
&frs vl oft fae &, 7 Bm?)

A uniform ladder of weight I¥, inclined to the horizon at 450, rest wﬂh ;

its upper extremity against a rough vertical wall and its lower extremity |
on the ground, prove that the least horizontal force which will move:
the lower end towards the wall is just greater than:

T S AR ® FeR € S forwa A9 aren faw v yfa w Ak
ﬁmmﬂﬁﬁﬁawﬁﬁﬁ%%ww—m—l -
FEA: p, 4 ﬁﬁﬁ:aﬁﬁqﬁww%ﬁaaﬁﬁﬁ%mﬁid'
Tar #1 SR & wmam; fr /s sifue 2): “

W(14+2u-u o BE
—2—[‘—1"#——) [Jodhpur B.Sc., Olll

A uniform rod rests inside a fixed vertical circle which subtends alh
angle 24 at the centre. The upper end of the rod is smooth and lower

end is rough. The coeff. of friction is tan 1. Prove that’ the angle which |
the rod makes with the horizon can not exceed the angle g9 where:

(TF ThEr BT frwt feqn snaivn ga @ sfim feor & sig g w0
oaaﬁﬁﬁm%lwmmﬂﬁmﬁmﬁﬂﬂ%mwt o7,
tan A z.mﬁﬁqﬁnmmmmamtawﬁmﬁ_
B, W) : |

R - sin A S
tan €= [Ajmer B.Sc. Hons., 04] |

“cos A+ cos(A+2a)
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. 6. A straight uniform beam of length 2/ rests in limiting equilibrium, in
contact with a rough vertical wall of height h, with one end on a rough
horizontal planc and with the other end projecting beyond the wall, If
both the wall and the planc be cqually rough, prove that 4, the angle
of friction s given by sin 24 = sin a sin 2a, where ¢ is the inclination
of the beam to the horizon.

(TF T CHEHE 2 T Y 2vs e apmmeg | §, fram v

feah ot F1 SwA <an { aw frren gon & aa o fan A
vyl W e %1 afe vl i S wwm va 4 @ fag #if fF ado
F01 2, sin 24 = sin @ sin 2 9§ W9 g €, SRl 70z & dfoa 2 gaFm
a®) [Bikaner B.Sc., 6]
. Two equal uniform rods 4C, CB are freely jointed at C and rest in a

vertical plane with the ends 4 and B in contact with a rough horizontal

plane. If the equilibrium is limiting and the coefficient of friction is 4,
show that : '

(ﬁawmqﬁmAC,CBﬁngﬁtmmmﬁ
w2 &, o faR A 9o Bea dfest waa w e 1 afz e d@qem
® = T u ¥ A fag #ifem) .

sin ZACB = . 2

1+4p ~
[Raj. B.Sc. (Hons.) 02; Kota B.Sc., 05; Ajmer B.Sc., 04]
- A ladder of length 2/ is in contact with a vertical wall and horizontal :
floor, the angle of friction being 2 at each contact. If the weight of
the ladder acts at a point distant A/ below the mid point, prove that
its limiting inclination ¢ to the vertical is given by:
(2/ oams #t U Higl U SR SaR a1 afas vl @ 9vew § )
TIF T A A F0 ;%1 9fE Wt 9w ey g qa g
i franiia B @ fag Fify e swie | @ gem g f= 2w
TmE) ; cot = cot 24—k cosec 2A.
- A uniform ladder rests with its lower end on a rough horizontal ground

- and its upper end against a smooth vertical wall. Prove that a horizontal
force applicd at the foot of the ladder to make it move towards the

wall must be atleast W(u +% tan @), where W is the weight of the ladder,
¢ 1ts inclination to the vertical and 4 is the coefficient of friction at

the foot of the ladder. :

(UFHrA gt #1 +19 o fau v v dfor voae woas s w faa
U fot dan w2 fo gen €)1 fas #fo fir st ) S o fem
 FA % fau wd 9w W uw Afin 96 w8 Q@ w9 W(u+Y%tan @) B
e s, i w o Higt W St | g v u et ® g
T v Tone ) |
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