STEP |1, 2022, Q9

A rectangular prism is fxed on a horizontal surface. A vertical wall, parallel to a vertical
[ace of the prism, stands at a distance d from it. A light plank, making an acute angle § with
the horizontal, rests on an upper edge of the prism and 15 in contact with the wall below the
level of that edge of the prism and above the level of the horizontal plane. You may assume
that the plank is long enough and the prism high enough to make this possible.

The contact between the plank and the prism is smooth, and the coeflicient of friction at
the contact between the plank and the wall is p. When a heavy point mass is fixed to the
plank at a distance @, along the plank, from its point of contact with the wall, the system is
in equilibrinm.

(i)  Show that, if = dsec®#, then there is no frictional force acting between the plank
and the wall.

(ii) Show that, if x = d sec” §, it is necessary that
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and give the corresponding inequality if @ < dsec® i,

(iii) Show that
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Show also that, if g < cot @, then
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(iv) Show that if = is such that the point mass is fixed to the plank somewhere between
the edge of the prism and the wall, then tan# < p.
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