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STEP 2017, P2, Q9 - Solution (4 pages; 18/2/21)
(i) 1stpart

Create a force diagram for the left-hand cylinder (see below).

Taking moments about C, rFp = rF (as the cylinder is in
rotational equilibrium), so that Fp = F.

Resolving forces horizontally, Rsinf = Fpcosf + F = F(1 +
cos0),

as required.

2nd part
As the plank hasn’t slipped, Fp < %R, so that % < %
Then, Rsinf = F(1 + cosf) = Sino < 1,

1+cos6 2

so that 2sinf < 1 + cos@ , as required.

(ii) 1stpart
Resolving forces vertically,

W + Rcosf + Fpsin@ = N (1)
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Create a force diagram for the plank (see below).

Resolving forces vertically,
kW = 2(Rcos@ + Fpsinf) (2)
Then, eliminating W from (1) & (2),

N — Rcos@ — Fsinf = %(RCOSQ + Fpsin®)

Then, as Rsin8 = F(1 + cos6),

F(1+c059)c059(1+%)

2 ,
N = s + (1 + E)(Fsm@)
. F(1+cost9)(1+%) sin2e
— sin@ {COSH T (1+c050)}

2
F(1+C059)(1+E) cosO+cos?6+sin26
sinf ' 1+cosf

2
= F(HCOSG)(HE) as required. (3)

sin@




fmng.uk

2nd part
Condition for cylinder not to slip is: F < %N or % > 2
3rd part

(14cos0) 142 i
From (3), % = (145) |, rcose > ZSSL,Z;Q (from (i)) = 2

sin@ sin@

Thus% > 2 forall 6.

(iii) 1stpart

2sinf < 1+ cosf = 4sin?0 < 1 + cos?0 + 2cosO (as sinf > 0)
= 4(1 — cos?0) < 1+ cos?0 + 2cosH

= 5c05%0 + 2c0s8 —3 =0

= (5c0s8 — 3)(cosf +1) =0

= cos0 = g (as cosB > 0,so that cosf + 1 > 0)

= sinf < 1—(%)2=—

2nd part

rsind +a=r=r(l—-sinf) =a
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N

a ] 1
>—-=1—-sinf>1—-=-
r 5 5

= 5a > r, as required.



