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An ant (A) and a beetle (B) move in a Cartesian plane so that at any time #20 their b.
position vectors are

ry=A+y

1y =(8—8sin(at))i +8eos(aet) j, where ¢ is a positive constant,

i is a unit vector in

the positive x direction and ; is a unit vector in the positive y direction.
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Find the speeds of both insects, A and B. ( Y e h \\
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Find the coordinates of the point(s) where the paths of the insects intersect.
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Find the Cartesian equations of the paths of both insects and sketch the paths on
the same set of axes, clearly indicating their starting positions and direction of

motion.
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Given that the insects collide, find the distance travelled by each insect until the
collision occurs. Give your answer correct to one decimal place. (2 ., h¢)
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A basketball player aims to throw a basketball through a ring, the centre of which is at a horizontal
distance of 4.5 m from the point of release of the ball and 3 m above floor level. The ball is released
at a height of 1.75 m above floor level. at an angle of projection u to the horizontal and at a speed
of I'ms™". Air resistance is assumed to be negligible.
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The position vector of the centre of the ball at any time. ¢ seconds. for ¢ > 0. relative to the point of
release is given by 1(7) =77 cos(a)i+(Vlsin(a)—J.Qtz)j, where | is a unit vector in the horizontal

direction of motion of the ball and j is a unit vector vertically up. Displacement components are
measured in metres.

a.  For the player’s first shot at goal. "= 7 ms™ and « = 45°,

i Find the time. in seconds. taken for the ball to reach its maximum height. Give your

n\-’b

answer in the form . where a. b and ¢ are positive integers. M " 2 marks
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iii. Find the distance of the centre of the ball from the centre of the ring one second after
release. Give your ansaer in metres, cgrrect to two decimal places. 2 marks !
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b.  For the player’s second shot at goal. "= 10 ms™!. “L
Find the possible angles of projection, «. for the centre of the ball to pass through the centre ‘
3 marks

of the ring. Give your answers in degrees. correct to one decimal place.
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A skier accelerates down a slope and then skis up a short ski jump. as shown below. The skier leaves the

jump at a speed of 12 1ns~! and at an angle of 60” to the horizontal. The skier performs various gymnastic
twists and lands on a straight-line section of the 45° down-slope T seconds after leaving the jump.

Let the origin O of a cartesian coordinate system be at the point where the skier leaves the jump. with i

a unit vector in the positive x direction and i aunif vector in the positive )’ direction, Displacements are
measured in metres and time in seconds.
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2. Show that the initial velocity of the skier when leaving the jump is 6i + (nﬁj 1 mark
: o\ ; o) ; :
£(0) = 2 onlpo’) & £12s-lbg°T2
\ AW
=03+ (32
2|6t ¢6/35] (Shown)
b.  The acceleration of the skier. 7 seconds after leaving the ski jump. is given by

f)=—01ri~(g-01r)j.02r=T

Show that the position vector of the skier. 7 seconds after leaving the jump. is given by
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c.  Show that T=L(\/§+l .
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