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(i)  The shortest distance from O to the line AB is (R + w) cosa B1
Sinceingag%n,OScosasi M1
Sincew <R, (R+w)cosa < %(R + R) = R, so the midpoint of the line AB lies
inside the smaller circle. E1
(ii)
(a) (R+d)? =R +w)?+d?-2d(R +w)cos(m — a) M1
Al
R*+2Rd +d* =R*> 4+ 2Rw + w? + d? + 2d(R + w) cosa
J= w(2R +w) M1
" 2(R-(R+w)cosa) Al
(b) L0'AO=a—-06
sin(a — 0) _sin(w — a) M1
a é{ +d
. sina Al
—0) =
sin(a ) R+ d
w w
(iii) d _ (E) (2 + ﬁ) N 1 W :\:11
R _ w 1—cosa R
) 2(1 (1+R)coza)
1 - cosa > >and % is much less than 1, so — is much less than 1. El
(%) sina ¢
sinfl@ — 0) = ———<— M1
1+ (9) R
R
sin(a — @) is much less than 1 and so (@ — @) is a small angle. M1
Therefore sin(a — 8) = a — 6, so & — 8 is much less than 1. E1
(iv) Thelonger lengthis (R + w) X 2a
The shorter length is (R + d) x 268
S=2aR+w)—-20R+d)
S=2R+d+w-—d)a—2(R+d)o
S=2R+d)(a—-60)+2(w—-d)a B1
g~ wsina M1
- R(1—cosa)
cosa w M1
d—w=s——X—
. v (1—cosa) R
wsina cosa w
So§ = Z(R + d) R(1-cosa) -2 ((1—cas a) x E) a
As a fraction of the longer path length:
S R+d a—0 w-—d sina w cose w
= X + = - — M1
2a(R+w) R4+w a R+w a(l—cosa)R (1—cosa)R
- (sina—acosa)z AG Al
- a(l—cosa) /R
. %
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