Year 12 Term 2 Mathematics Extension 2, 2009
Question 1
(a) Graph the rectangular hyperbola xy =25 clearly showing the equations of the asymptotes

and directrices, and the location of the foci.

(b) From a fixed point A, a particle P of mass 10 grams is suspended by a light inextensible string
of length 17 cm as shown.
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The particle P rotates with angular velocity o radians per second in uniform circular motion
radius 8cm in the horizontal plane, and has a semi-vertical angle & with point A .

By resolving the forces on the particle P find the angular velocity @ (to 2 significant figures )
when the acceleration due to gravity is is 10m/s?.

(c) A point which is initially at rest at the origin, moves to the right with velocity v m/s.
The displacement x metres is given by :

X=v—tanv

(1) Find x interms of v.
(i) Find an expression for the velocity v in terms of time t.

(d) The region bounded by y=0, x :% and the curve y = tan™ x is rotated about the y axis.

(i)  Using the method of cylindrical shells show that the volume of revolution V is
given by :

V =27 | xtan™ xdx

(i) Hence find the volume of revolution V .



Question 2
From the ground a body of unit mass is projected vertically through a resistive medium.

The resistive force in Newtons is % of the speed of the body.

The acceleration due to gravity is 10m/s?and the initial velocity is 120m/s.
(@) For the upward motion :

(i) Draw a diagram showing all the forces acting on the body.

(i)  Show that :

x=-10 —% where v is the velocity of the body.

(ii1) Show that the maximum height reached is ~ 520 metres .
(iv) Show that the time T seconds to reach the maximum height is ~ 9.4 seconds.

(b) The body now falls for T seconds.
(i) Draw a diagram showing all the forces acting on the body.
(i)  Find the terminal velocity.
(iii) Find the velocity v ( to 2 significant figures ) of the body at T seconds.
(iv) Find the distance ( to 3 significant figures ) the body is above the ground after T
seconds.

Question 3

(@) Asymmetrical dome shown has a height of 20 metres and a regular hexagonal base of side 20
metres. The apex of the dome is directly above the centre of the base.

Each strut is a quarter of a circle starting from the corner of the base to of the apex of the dome.
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(i) For the slice h metres above and parallel to the base, show that the length x of each
side of the slice is given by :

X =4/ 400 —h? metres.

(if) Show that the area A of the slice described above is given by :
A= %(400 —h?)

(i) Hence calculate the volume of the dome.



(b) The point T(ct,%] lies on the rectangular hyperbola xy =c?.

(i) Derive the equation of the normal at T.
(i) The normal at T meets the rectangular hyperbola x*> —y? =a* atQ andR.

For O<t< a show that T is the midpoint of QR .
C

(iii) The rectangular hyperbola xy =c” is rotated %radians anti-clockwise about the origin.

(a) Derive the new Cartesian equation for the hyperbola.
(,B) State the new equations for the asymptotes and directrices.

Question 4
() The region bounded by the x axis, the line x =% and the curve y = tan x is rotated about the
line y =-1.

Find the volume V of revolution.

(b) On a smooth horizontal table a body with a 2 kg mass is attached to a spring which is
pulled to a position x.

The force F Newtons exerted by the spring towards the origin is given by: F = 26x + 6x°
where x metres is the displacement of the mass measured from a fixed point O at time t seconds.

(i) Draw a force diagram showing all the forces on the body.

(if) If the body has a velocity of v m/s and is initially at rest 1 metre to the right of O,
show that : v? =15-13x* — 2x°.

(iii) Find the displacement when the body next comes to rest.
(iv) Find the maximum speed of the body during the motion.

(v) Describe the motion of the body ,showing that the body oscillates between two
points.


















