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2a

Figure 2

A beam AB has mass m and length 2a.

The beam rests in equilibrium with A on rough horizontal ground and with B against a
smooth vertical wall.

The beam is inclined to the horizontal at an angle 6, as shown in Figure 2.
The coefficient of friction between the beam and the ground is x

The beam is modelled as a uniform rod resting in a vertical plane that is perpendicular
to the wall.

Using the model,

1
(@) show that u > Ecote
()

A horizontal force of magnitude kmg, where k is a constant, is now applied to the beam
at A.

This force acts in a direction that is perpendicular to the wall and towards the wall.
. 5 1 . e S
Given that tand = 7 = ) and the beam is now in limiting equilibrium,

(b) use the model to find the value of k.

()
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Figure 2

A uniform rod AB has mass M and length 2a
A particle of mass 2M is attached to the rod at the point C, where AC = 1.5a
The rod rests with its end A on rough horizontal ground.

The rod is held in equilibrium at an angle & to the ground by a light string that is
attached to the end B of the rod.

The string is perpendicular to the rod, as shown in Figure 2.

(@) Explain why the frictional force acting on the rod at A acts horizontally to the right
on the diagram.

(1)
The tension in the string is T
(b) Show that T = 2Mgcos®
3)
. 3
Given that cosé = 3
(c) show that the magnitude of the vertical force exerted by the ground on the rod at A
. STMg
IS 75
®3)

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

Given that the rod is in limiting equilibrium,

(d) show that x = %
(4)
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Fa Figure 3
A rod AB has mass M and length 2a.

The rod has its end 4 on rough horizontal ground and its end B against a smooth
vertical wall.

The rod makes an angle € with the ground, as shown in Figure 3.
The rod is at rest in limiting equilibrium.

(a) State the direction (left or right on Figure 3 above) of the frictional force acting on
the rod at A. Give a reason for your answer.

0y
The magnitude of the normal reaction of the wall on the rod at B is S.
In an initial model, the rod is modelled as being uniform.
Use this initial model to answer parts (b), (c) and (d).

(b) By taking moments about 4, show that

1
S= ) Mgcot8
(&)

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

3
Given that tan @ = Z

(c) find the value of u
)

(d) find, in terms of M and g, the magnitude of the resultant force acting on the rod at 4.
(&)

In a new model, the rod is modelled as being non-uniform, with its centre of mass
closer to B than it is to 4.

3
A new value for S is calculated using this new model, with tan8 = 1

(e) State whether this new value for § is larger, smaller or equal to the value that .S
would take using the initial model. Give a reason for your answer.

)



Mloments - Year 2 Mechanics PhysicsAndMathsTutor.com

;03 ichional E A ads nght be & musr
normal reaction ot B, which ads left. O

Colculate the honzont - %
and. verhieal (or poralel and pont to force
pespendiculor) comogne_nfs . X 4®
% 6.9‘.‘.
o o ;
c»—“‘(\05 é ‘4
& PR\
(&\Q/ko/c'- / L) 3/": |
o . ®
/ 0 et s Q

a.Mc‘z’cose = 70Ssin6 ~

. Y

To ") T
T e 0 g .

20 J Sne z - e O
| siN SN
—Mgx Cokd = ton = ==

s d CUS

o the &js\'em 1S N
() Resolving verheolly : R = mg 0 equilibrium, so verhical

J : v
ﬂeSOIvinS hon%orﬁ-\o{ll?) . F=S 0 and. Wonzontal {ovces
Must e eavm\.

F= pﬁ => pﬂ:S =7 M(Y\S:S

;'.;meCokG =« fom pat (b)




Moments - Year 2 Mechanics PhysicsAndMathsTutor.coAn

nafmal (eachon = m%
ul = Mg
3 )

(d) Farces ochn% on A: R
F

MQS“itUde = [Freer ()

/-J-.l-fY\n\z + (Ma) @
o J’ V

L

]

= /-‘—’—m"az + M*q”
gy J

_ 13 e 2
= [y
= "gﬂ\gﬁ{ 0)
() New val S would be larger b the moment

the me;\s\'ﬂ' abour A poould be \cxc%er. 0






