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Figure 2

A uniform rod, of weight W and length 165, has one end freely hinged to a fixed point A.
The rod rests against a smooth circular cylinder, of radius 5b, tixed with its axis horizontal
and at the same horizontal level as 4. The distance of 4 from the axis of the cylinder 1s
13h, as shown in Figure 2. The rod rests in a vertical plane which is perpendicular to the
axis of the cylinder

(a) Find. in terms of ¥, the magnitude of the reaction on the rod at its point of contact
with the cylinder.

(4)

(b) Show that the resultant force acting on the rod at 4 is inclined to the vertical at an

40

angle ¢ where tan o = —
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Figure 1

A uniform rod AB, of mass 6 kg and length 1.6 m, rests with its end A4 on rough horizontal
ground. The rod is held in equilibrium at 30° to the horizontal by a light string attached
to the rod at B. The string 1s at 40° to the horizontal and lies in the same vertical plane as

the rod, as shown in Figure 1. The tension in the string 1s 7 newtons. The coetticient of

friction between the ground and the rod 1s .

(a) Show that, to 3 significant tigures, 7'= 27.1

(b) Find the set of values of x« for which equilibrium 1s possible.
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Auniform rod, 4B, of mass 8m and length 2a. has its end A4 resting against a rough vertical
wall. One end of a light inextensible string 1s attached to the rod at 8 and the other end
of the string is attached to the wall at the point D, which is vertically above 4. The angle
between the rod and the string i1s 30°. A particle of mass km is fixed to the rod at C, where
AC = 0.5a. The rod 1s in equilibrium in a vertical plane perpendicular to the wall, and 1s
at an angle of 60° to the wall, as shown in Figure 5. The tension in the string 1s 7.

3
(a) Show that 7" = T”ﬁ + k)mg

(4)
. . . .2
I'he coefticient of friction between the wall and the rod 1s ; V3.
Given that the rod 1s in [imiting equilibrium,
(b) find the value of 4.
(6)
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Figure 2

A plank AB rests in equilibrium against a fixed horizontal pole.  The plank has length
4m and weight 20 N and rests on the pole at C, where AC = 2.5m. The end A of the plank
rests on rough horizontal ground and A8 makes an angle @ with the ground, as shown n

Figure 2. The cocftticient of friction between the plank and the ground 1s —.

The plank 1s modelled as a uniform rod and the pole as a rough horizontal peg that is
perpendicular to the vertical plane containing A5,

Given that cos ¢ = — and that the friction 1s limiting at both A4 and C,

5
(a) find the magnitude of the normal reaction on the plank at €
3)
(b) find the coetticient of friction between the plank and the pole.
(8)
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Figure 4

A uniform rod, 4B, of weight W and length 8«, rests in equilibrium with the end 4 on
rough horizontal ground. The rod rests on a smooth cylinder. The cylinder is fixed to
the ground with its axis horizontal. The point of contact between the rod and the cylinder
is C, where AC = 7a, as shown in Figure 4. The rod is resting in a vertical plane that is
perpendicular to the axis of the cylinder. The rod makes an angle o with the horizontal.

(a) Show that the normal reaction of the ground on the rod at A4 has
. 4
magnitude H'(l - 7005- (z)
(6)

Given that the coefficient of friction between the rod and the ground 1s g and that
3

Cosa — \/E

(b) find the range of possible values of u.
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A uniform rod AB, of mass 25kg and length 3m. has end A resting on rough horizontal
ground. The end B rests against a rough vertical wall.

The rod 1s in a vertical plane perpendicular to the wall.

The coetticient of friction between the rod and the ground 1s <

The coetticient of friction between the rod and the wall 1s

n | e

The rod rests in limiting equilibrium.
The rod is at an angle of ¢ to the ground. as shown in Figure 1.

Find the exact value of tan 6.

)

M(p):
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Figure 3

A ladder 4B has length 6 m and mass 30kg. The ladder rests in equilibrium at 60° to the
horizontal with the end 4 on rough horizontal ground and the end B against a smooth
vertical wall, as shown in Figure 3.

A man of mass 70 kg stands on the ladder at the point C, where AC = 2m, and the ladder
remains in equilibrium.  The ladder 1s modelled as a uniform rod mn a vertical plane
perpendicular to the wall. The man 1s modelled as a particle.

(a) Find the magnitude of the force exerted on the ladder by the ground.

(6)

The man climbs further up the ladder. When he 1s at the point D on the ladder, the ladder
1s about to ship.

Given that the coetticient of triction between the ladder and the ground 1s 0.4
(b) find the distance AD.

C))
(¢) State how you have used the modelling assumption that the ladder is a rod.
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Figure 3

A uniform rod, ot length 8« and mass M, has one end freely hinged to a fixed point A4 on
a vertical wall. One end of a light inextensible string is attached to the rod at the point B,
where A8 = Sa. The other end of the string 1s attached to the wall at the point C, where
AC = Sa and C 1s vertically above 4. The rod rests in equilibrium in a vertical plane

perpendicular to the wall with angle BAC = 70°, as shown in Figure 3.

(a) Find, in terms of M and g, the tension in the string.

The magnitude of the force acting on the rod at A4 1s ~Mg, where 4 1s a constant.

(b) Find, to 2 significant figures, the value of /.
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Figure 2

A pole AB has length 2.5m and weight 70 N.

The pole rests with end B against a rough vertical wall. One end of a cable of length 4m 1s
attached to the pole at 4. The other end of the cable is attached to the wall at the point (.
The point C 1s vertically above B and BC = 2.5m.

The angle between the cable and the wall 1s «, as shown 1n Figure 2.

The pole 1s in a vertical plane perpendicular to the wall.

The cable 1s modelled as a light inextensible string and the pole i1s modelled as a
uniform rod.

Given that tana = 1

(a) show that the tension in the cable 1s 56 N,

(4)
Given also that the pole 1s in Iimiting equilibrium,
(b) find the coefticient of friction between the pole and the wall.

(6)
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A smooth solid hemisphere is fixed with its flat surface in contact with rough horizontal
ground. The hemisphere has centre O and radius Sa.

A uniform rod 4B, of length 164 and weight W, rests in equilibrium on the hemisphere
with end 4 on the ground. The rod rests on the hemisphere at the point C, where AC = 12a
and angle CAO = a, as shown in Figure 1.

Points 4, C, B and O all lie in the same vertical plane.

(a) Explain why A0 = 13a

(1)
The normal reaction on the rod at €' has magnitude AW
(b) Show that &k = %
' (3)

The resultant force acting on the rod at A4 has magnitude R and acts upwards at 0 to
the horizontal.

(¢) Find
(1) an expression for R in terms of W

(11) the value of ¢

(8)
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Figure2 ¢om

A uniform rod 4B has length 4m and weight SON.

The rod has 1ts end 4 on rough horizontal ground. The rod 1s held in equilibrium at an
angle « to the ground by a light inextensible cable attached to the rod at B, as shown
in Figure 2. The cable and the rod lie in the same vertical plane and the cable 1s
perpendicular to the rod. The tension in the cable 1s 7" newtons.

Giiven that sina = g

(a) show that 7= 20

(3)
Given also that the rod 1s in limiting equilibrium,
(b) find the value of the coefficient of friction between the rod and the ground.
(6)
2
7
M) -
2¢X SOC=X = W xXT
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A uniform rod 4B has length 8« and weight IV

The end 4 of the rod is freely hinged to horizontal ground.

The rod rests in equilibrium against a block which is also fixed to the ground.
The block 1s modelled as a smooth solid hemisphere with radius 2a and centre D,
The point of contact between the rod and the block 1s €, where AC = Sa

The rod 1s at an angle @ to the ground, as shown in Figure 1.

Points A, B, C and D all lic in the same vertical plane.

(a) Show that AD = V294
(1)

(b) Show that the magnitude of the normal reaction at C between the rod and the

[I r

4
V29 (3)

The resultant force acting on the rod at A4 has magnitude AJ and acts at an angle «

block 1s

to the ground.

(¢) Find (1) the exact value of k&
(11) the exact value of tan«

(8)

Q) UG-‘)'Z'J' (2" = {20 =(Zre
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Figure 3

A untform pole AB, of weight SON and length 6 m, has a particle of weight # newtons
attached at 1ts end B. The pole has its end A freely hinged to a vertical wall,

A light rod holds the particle and pole in equilibrium with the pole at 60° to the wall.
One end of the light rod 1s attached to the pole at C, where AC = 4m.

The other end of the light rod 1s attached to the wall at the point D.

The pomnt D 1s vertically below 4 with 4D = 4m, as shown in Figure 3.

The pole and the light rod lie in a vertical plane which is perpendicular to the wall.

The pole 1s modelled as a rod.
Given that the thrust in the light rod 1s 60 ﬁ N,

(a) show that "= 15
(4)
(b) find the magnitude of the resultant force acting on the pole at A4.

(6)
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Figure 2

A uniform beam A8, of mass 15 kg and length 6 m, rests with end A4 on rough
horizontal ground. The end B of the beam rests against a rough vertical wall.

The beam i1s inclined at 75° to the ground, as shown in Figure 2.
The coetticient of friction between the beam and the wall 15 0.2
The coetlicient of friction between the beam and the ground 1s u

The beam 1s modelled as a uniform rod which lies in a vertical plane perpendicular to
the wall.

The beam rests in limiting equilibrium.

(a) Find the magnitude of the normal reaction between the beam and the wall at B.

(b) Find the value of u

M(n):

K ISa G = RgsmTS + € Ko-2Ra Sinly
bsacests = Pg (comIs + 112 3in15)

LSanCos 15
- ‘% (s = Q-*N

3
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A uniform rod 4B has length 8¢ and weight WV,

The end A4 of the rod 1s freely hinged to a fixed point on a vertical wall.
. AU S
A particle of weight 2 W is attached to the rod at B.

A light inelastic string of length 5« has one end attached to the rod at the point C,
where AC = Sa.

The other end of the string 1s attached to the wall at the point D, where D is above 4
and AD = 5a, as shown in Figure 4.

The rod rests n equilibrium.

The tension in the string 1s 7.

6
(a) Show that 7= g W
" (3)
(b) Find, in terms of W, the magnitude ot the force exerted on the rod by the hinge at 4.
(6)

Q) MCh)
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A uniform beam A8, of weight 40N and length 7m, rests with end A4 on rough
horizontal ground.

The beam rests on a smooth horizontal peg at C, with AC = 5m, as shown in Figure 5.

The beam i1s inclined at an angle ¢ to the ground, where sinf) =

| e

The beam 1s modelled as a rod that lies in a vertical plane perpendicular to the peg.
The normal reaction between the beam and the peg at ' has magnitude P newtons.
Using the model,

(a) show that P =224

(3)
(b) find the magnitude of the resultant force acting on the beam at A.
(6)
a)
M (p):
52+ x bocs® = SxP
Iz = vpP
P =22.u

22.u4 sin@ = plRa

ply = 13-4 N

a + 22.cas @ = Yo
B* ="'l'0-2?-¢f(_§)
= 22.0% N
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Figure 2

A uniform rod, 4B, of mass m and length 24, rests in limiting equilibrium with its end 4
on rough horizontal ground and its end B against a smooth vertical wall.

The vertical plane containing the rod is at right angles to the wall.

The rod is inclined to the wall at an angle a, as shown in Figure 2.

The coefficient of friction between the rod and the ground is L

(a) Show that tanc =§

(6)
With the rod in the same position, a horizontal force of magnitude kmg is applied to the
rod at A, towards the wall. The line of action of this force is at right angles to the wall.
The rod remains in equilibrium.
(b) Find the largest possible value of . @
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