Yr 12 Mathematics (Ext) - Task 4 (2006)

DIRECTIONS TO CANDIDATES
* All necessary working should be shown.

» Start each question on a new sheet of paper.

Question 1 (10 marks)

(a)

(b)

A student is using Newton’s method to calculate an approximate value for

the single zero of the polynomial f (x) =—x" +x? +2x+2(as below).
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1) Use Newton’s method with x, =2, to approximate the zero.

Correct to 2 decimal places.

(ii)  Use the graph above and use it to show why xo = 1 would be a
bad initial approximation to the root (no calculations needed).

A particle’s displacement is x =5-3 sin(2t + %) , in units of
centimeters and seconds

)] In what interval is the particle moving?

(ii)  Write down the period of the motion.

(iii)  Find the first two times after time zero when the particle is
closest to the origin.
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Question 2 (13 marks) Marks

(a)

(b)

The velocity v m/s of a particle moving in simple harmonic motion along
the x axis is given by v> = -5+ 6x —x’, where x is in metres.

1) Between which two points is the particle oscillating? 2
(ii)  Find the center of motion of the particle. 1
(iii))  Find the maximum speed of the particle. 2
(iv)  Find the acceleration of the particle in terms of x. 3

At time ¢ (in minutes) the temperature T (in degrees) of a body in a room
of constant temperature 20°C is decreasing according to the equation

dgtji = —k(T — 20) for some constant k, where k> 0.

) Verify that T =20+ 4e™, is a solution to the above equation. 1

(1)  The initial temperature of the body is 90C and it falls to 70C
after 10 minutes. Find the temperature of the body after a further
5 minutes. 4
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Question 3 (15 marks) Marks

(a) The diagram shows the path of a projectile launched at an angle of 4,
from the top of a building 50 m high with an initial velocity of 40 m/s.
The acceleration due to gravity is assumed to be 10 m/s’.
Take the origin to be the base of the tower.

y

0 <—— 200m ——> x

(1) Given that =0 and y=-10,
show that, x=40rcosd and y=-5¢"+40¢sind + 50 4

(ii) The projectile lands on the ground 200 metres from the base of the
building. Find the two possible angles for 4.
Give your answers to the nearest degree. 4

In a certain chemical process, the amount y grams of a certain substance
¥ gr
at time t is given by the formula y =3+e™.

1) Show that % =—k(y-3). 1
(i‘i) If initially y decreases at the rate of 0.08 grams/hour.

Find the value of k. 3
(iii)  Find the rate of change when y = 3.5. 1
(iv)  What values can y take? 2
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Question 4 (11 marks)

(a) A stone is thrown horizontally with a velocity of 30 m/s from a point O
on the top of a tower 45 m high. (g = 10 m/s°)

(1) Write the acceleration, velocity and displacement equations of
the motion.

(1)  What time elapses before the stone strikes the ground?

(iii) How far from the base of the tower does the stone strike
the ground?

(iv)  Find the acute angle 6 between the path of the stone and the
horizontal at the moment the stone hits the ground.
Question 5 (8 marks)

(@)  Using the fact that (1+x)*(1+x)° = (1+x)", show that

'C,°C,+'C,°C,+'C,°C,+'C,°C,+*C,°C,="C,

(b)  Consider the binomial expansion
(1+x)" =1+"C,x+"C,x* +..+"C x" +..+"C, x"
Prove the following,

()  1+'C+"C, +..+"C, =2"

@) 1-1rc 4ire, -t 4 e 1
2 3 4 n+l n+1
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