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STEP 2022, P2, Q9 - Solution (4 pages; 21/7/23)
)
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Referring to the diagram:

Resolving horiz.: Ry + R, cos(90° + 6) = 0,

so that R; = —R,(—sinf) = R,sin6

Taking moments about P,

rotational equilibrium = R, (x — dsec) + Fxcosf = R,xsinf
= FxcosO = R,(xsin?0 — x + dsech)

= R,(dsech — xcos?0)

Then if x = dsec?36,

Fxcosf = R,(dsecf — dsec) = 0,sothat F = 0, as required

(ii) 15t Part
F < ,URl

And from (i), Fxcos@ = R,(dsec — xcos*0)
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R . : :
= sian (dsecO — xcos?8), on the provisional assumption that F is

in the upwards direction.

F dsecO—xcos?0  dsec30-x
Hence py = — = , =
Ry xsinfcosf xtan®

However, as it is given that x > dsec36, we now see that this
implies a negative F, and so the friction must in fact be in the
downwards direction, giving

Rq
sinf

—Fxcos0 = (dsect — xcos?0),

F xcos?0—dsecd  x—dsec360
sothat u > — = , = ,
Ry xsinfcos0 xtan@

c36

—d
and thus u > T

0 as required.

2nd Part

dsec30—x

Ifinstead x < dsec30, then u >
an6

, as above.

(iii) Case 1: x > dsec36

x—dsec36

xtang ’

so that utanf > 1 — (%) sec30,
d 3 _
and (x) sec’ = 1 — utan0,
If u < cotf, then utand <1 and 1 — utané > 0,

sec30 x
so that ————>= (%)
1—utan6 d
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x sec36
Also, = > sec3 > ——,
d 1+utan®
X _sec’6 36 Sk
so that = (**)
d 1+utan9

Case 2: x < dsec36

dsec30—x

)

xtan@

then utanf > ( )Sec39 -1,

and 1 + utanf = ( )sec 0,

X sec36
2> 200 T (kkx
so that d — 14+utané ( )
39 .
Also, X< sec3g < =" , provided that 1 — utan6 > 0;
d 1-utan@
x sec360
P ki i skkokok
so that 2 = Tptang , provided that u < cotf (****)

Case 3: x = dsec36

3
X sec>6

A S€C39 > (*****)
d 1+utané

sec30
1-utan
U< COtG (rrr)

And ~ =sec30 < provided that 1 — utan@ > 0, and so

Conclusion

> 6P sec®0 (from (**¥) , (**%) & (F*+**))

X
In all 3 cases, -
"d 1+utan®

T 7 , with the further condition in all 3
d 1-utané

cases thatﬂ < Cote (from (*)’ (****) & (******))

Also, in all 3 cases,
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(iv)

In this case, x < dsecf < dsec30
Referring to the diagram above,
rotational equilibrium = R,(dsecf — x) + R, xsinf = Fxcos0

(in this situation, the frictional force has to be upwards; otherwise
there will be a positive anti-clockwise moment about P)

= Fxcos® = R,(dsecO — x + xsin*0) = R,(dsecl — xcos*0)

e

dsec30—x
> " - i nd i1
and u= rand as 1n the 2 Part Of (11)

Then uxtanf > dsec30 — x,

and hence x(utanf + 1) > dsec30,

dsec36
so that x >
utanf+1
dsec36
Then, as x < dsec0, < x < dsecH,
utanf+1

so that sec?6 < utan6 + 1,
and hence utanf > sec?6 — 1 = tan?9,

so that u > tan@, as required.



