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STABLE AND UNSTABLE EQUILIERIUM 125

4.9. Problem.

In most of the problems, gravity is th onl :
has one degree of I;‘rccdnm. Method of procedure o be adopted for solving

ndicated | lems results proved :,
such problems has been indicated in Art. 4.5. In some proble; _ |
in Artp 4.6 and the more general result proved in Art. 4.8 are directly applicable. |

Some problems of different types will now be solved for purposc of
illustration.
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y external force and the sysicm

Worked Examples :i

Ex. 1. A body, consisting of a con¢ and a hE]‘[’liSEhEnf.'« on the same
hase, rests on a rough horizontal table, the hemisphere being 1 cuntgt.j.t ‘ﬂ:flﬂl
the table : show that the greatest height of the cone, so that the equilibrium

may be stable, is V3 times the radius of the
hemisphere.

Iet ABD be the cone and BCD the
hemisphere. Let AOC be the common axis on
which lie the c. g.’s G1, G, of the cone and
the hemisphere. .. G, the C. 8. of the
combined body is on AOC. If G does nol
coincide with O, the centre of the sphere, then
in position of equilibrium AOC is vertical and
C is the point of contact with the horizontal
table. Let @ = radius of hemisphere and h =

height of cone.
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CGE=EH, and CGI=¢1+;. ;
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Volume of hemisphere = 3 T8 volume of cone = 3 ma h.
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2. % ko5 = 4(2a + h) '
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1 4(2a + h)

- S ; 1
uilibrium is stable if —— > —
Eq 1 G > T on

or, 3d" >h _ or B< a3
greatest value of /i for stable equilibrium = av3.

If G coincides with O, which happens h = a VA - the sustem willihe
Fquil:brium with any point of BCD in contact with tﬁc tablg m will be in

Ex. 2. A limina in the form of an isosceles tri *

: , angle, whose vertical
angle is o, is placed on a sphere, of radius r, so that its p%m: is vertical and
one of its equal sides is in contact with the sphere ; show that, if the triangle &
be sllght;yr displaced in its own plane, the equilibrium is stable if-:;'
sin o < =, where a is one of the equal sides of the triangle. e
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weight o always occupics the lowest position in the bowl

ANALYTICAL STATICS

et ABC be the triangle where AC = AB = a and L BAC = ¢

126

sphere with'side AC in contact.

Let BD = DC, then the ¢. g. G of e
triangle is on AD, and also it must be op (e

vertical OL at L. . G is the point of
intersection of OL and AD and
) 2 9]
- = == ACCOs =L
AG 3 AD 3 5
=%a cns'-;— and h = LG = AG sin*-“:zE
gusingms—q‘ 'ESina
s 2 S AR R
Ry . ol ) 1
Equilibrium is stable if g
: ay : 3r
or, r>—sina orsina > —.
2 a

Ex. 3. A thin hemispherical bowl, of radius b and weight W, rests in
equilibrium on the highest point of a fixed sphere, of radius @, which is
rough enough to prevent any sliding. Inside the bowl is placed a small smooth
sphere of weight . Show that the equilibrium is not stable unless

a - b
1 14 :
M < } 5]

Let A be the highest point of the fixed sphere of centre
O and let € be the centre of the plane face of the bowl.
Then OAC is the common normal at A and it is vertical. In
the position of equilibrium, g, the ¢. g. ot the bowl, must
lic on the vertical at A. . OAgC is one straight line and

A is the lowest point of the bowl ; we have,Cg = g The

A

and its line of action always passes throug C. ., its elfect
will remain upalter if it be fixed to the bowl at C. If G be
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the ¢. g. of the combined body, the bow! and the weight o ﬁx&d at G, ol
. AT LYl

Wg' + m.b

h=AG = — W 4+ o - Forstable cquilibrium

2(W + o) a+ b

L T

bW+ 20) n ab
or, 2a(W + o) >(a + b) (W4 20m)
‘:W(aq—b)
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triangle rests at the highest point L of (. .
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