QUESTION 11

Part (i

A :(a+utcosa,utsina),B :(vtcosﬂ,b+vtsin,8)

If 4 and B collide at time T then:-

a+ul cosa =vT cosf a=T(vcosﬂ—ucosa)
=
ul'sina =b+vTsin

b=T(usina—vsin f)

Let & be the acute angle such that tan 6 = b
a

cosf vcosff—ucosa
Then cotf = = B

sinf usina—vsin f
= vsinfcos f—usinfcosa =ucos@dsina —vcosfsin

= v(sin&cos S+ cosPsin ) =u(cosfsina +sinfcos )
= vsin(0+ B)=usin(6+a)

Part (ii
: 1, : |
Now A4 = a+utcosa,uts1na—5gt ,B = vtcosﬂ,b+vtsm,8—5gt
If 4 and B collide at time 7' then:-
: | : | I : :
uTsma—EgT =b+stmﬂ—5gT = b=T(usina—vsin )

b
usina —vsin

Hence the time to any collision is:- T =



Using s =ut+%gt, the time of flight 7' of 4 is 0 :uT’sinoz—%g(T')2

_ 2u sinx
g

=T

. 2usina b
For an actual collision 7' > T = >

g usin@ —vsin
= 2usina (usina —vsin f) > bg

: : u sin
This inequality implies that usina —vsin >0 = — > — p
v sina

Despite the differences indicated at the beginning of this part, the analysis of
part (i) still applies and we have:-

u sin(6’+ﬂ)
v sin(6+a)

Sil’l(@—i—ﬂ) S sin

sin(0+a)  sina = sin(0+ f)sina >sin(0+a)sin B

Hence

—~

= (sin @ cos B+ cosPsin f)sina > (sin @ cos a + cos @sin ) sin
= sin Q(Sinacosﬁ—cosasinﬂ) >0
= sin@sin(a—-4)>0
Now & is acute = sin € > 0 = sin(a — £) > 0 = & > B(since they are both acute)

Therefore the target can only be hit if a > f.



