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STEP 2015, Paper 2, Q10 Solution (3 pages; 21/5/18)

1st part

m

x is the x coordinate from O, with left to right being positive
tand = = =X — _psec?9 L (1)
ho T odt dt
dL
Also, il -V (2)

and Lcosf@ = h, (2a)

so that (differentiating wrt L)

. ag Q __cotb
cosf + L(—SlTLQ)E = 0,and hence — = —— (3)

9 _ _hsec20 20 — _hsec?0 (S (—
Then (1) = = hsec-6 T hsec“0( - )(=V),

from (2) & (3)

dx __ hVsec?6cot6

So =
dt hsecO

,as L = hsecO (from (2a))

= Vcosect



2nd part

d’x d _ 4 . _1
—= = ; (Vcosect) =V —((sinf)™")

= V(—(sinB) *cosh) Z—f

_ (cose)@ﬂ
- sin260” dL dt

cos@ . ,cotO

)( L )(=V), from (2) & (3) again

= —V(

sin20

VZ2cos?6

Lsin30

VZcos36
= ———,as LcosO = h, from (2a)
hsin36

__ VZ2cot30
h

3rd part

) d?x VZcot30
By N2L, T'sinf = m-—Z=m——:

mvZ2cot36
sothatT = ——
hsin@

4th part

=D 7

=

Particle will leave the floor when R = 0
R + Tcosf = mg
ThenR =0=mg — Tcosf =0
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—~m mVZ2cot36cosd 0
g hsin® o
VZcot6
=g="—

2
= tan*f = % QED



