
Timed Practice: Vectors, graphs, functions 2019

1. [RJC 19 MYE]

Points O,A and B are such that abOA = 2i− k and
−−→
OB = 4i + 5j− 4k. The point

C on OA produced is such that OA : AC = 1 : 2, and the point P on BC is such
that BP : PC = λ : 1− λ.

(a) Show that
−→
OP = (4 + 2λ)i + 5(1− λ)j + (−4 + λ)k. [2]

Given that OP is perpendicular to BC,

(b) find the value of λ, [3]

(c) find
area of 4OCP
area of 4OAB

. [2]

2. [NYJC 19 MYE (modified)]
A curve C has equation ax2 − 4y2 − 2abx+ 24y− 36 = 0, where a and b are positive
constants. C passes through (0, 3) and has an oblique asymptote with equation
y = −5

2
x+ 8.

(a) Find the values of a and b. [5]

(b) Find the equation of the other oblique asymptote. [2]

(c) Sketch C, stating clearly the coordinates of the vertices. [3]

3. [RJC 19 MYE]
The lines l1 and l2 have equations

r =

−2
5
−4

 + t

 8
−5
1

 and r = s

 2
0
−1


respectively, where t and s are parameters.

(a) Find the acute angle between l1 and l2. [2]

With reference to the origin O, P is the point on l1 when t = 0. It is given that l1
and l2 intersect at the point Q.

(b) Find the coordinates of Q. [2]

(c) Find the area of triangle OPQ. [3]

(d) It is given that the centroid of any triangle ABC has the position vector
1
3
(
−→
OA+

−−→
OB +

−→
OC).

Find a vector equation of the line that is perpendicular to both l1 and l2 which
passes through the centroid of the triangle OPQ. [2]

4. [RJC 19 MYE]
Functions f and g are defined by

f : x 7→ 1

(x− 1)2
for x ∈ R, x 6= 1,

g : x 7→ ex, for x ∈ R.

(a) Show that f does not have an inverse. [1]
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(b) If the domain of f is restricted to x > k, state the least value of k for which the
function f−1 exists. [1]

In the rest of the question, the domain of f is [2,∞).

(c) Determine whether there are solutions to the equation f−1f(x) = ff−1(x),
showing your working clearly. [2]

(d) Explain why only one of the composite functions fg and gf exists. Find the
range of the composite function that exists. [4]

5. [RJC 19 MYE]
In computer graphics and perspective drawing, objects seen by the eye in the three-
dimensional space are represented as images on a two-dimensional plane. Referred to

the origin O, the eye at E and the point P have position vectors given by
−−→
OE = x0i

and
−→
OP = xi + yj + zj respectively. With a ray from E, the point P is projected

onto the yz-plane as the point P ′.

It is given that
−−→
OP ′ =

x0y

x0 − x
j +

x0z

x0 − x
k.

(a) What can be said about the point P ′ when

(a) x = 0,

(b) x0 →∞? [2]

It is given that
−−→
OE = 4i and the points Q and R are such that

−→
OQ = 2i + j + 2k

and
−→
OR = 5j + 5k. With a ray from E, the points Q and R are projected onto the

yz-plane as the points Q′ and R′ respectively.

(c) Determine if the points O,Q′ and R′ are collinear. [2]

(d) A typical problem for graphics designers involves hidden lines.

The line QR intersects a triangular plate with vertices A(1, 0, 5) and B(0, 5, 2)
and C(3, 4, 4) at the point D. The portion of the line QR behind the plate, DR,
is hidden from the designer’s view.

Find the position vector of D and hence find the length of DR. [5]
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6. [CJC 19 MYE (modified)]
The diagram shows that graph of y = f(x).

On separate diagrams, indicating clearly the equations of any asymptotes, the coor-
dinates of turning points, and the coordinates of any points of intersection with the
x- and y-axes, sketch the graphs of

(a) y = f(1
2
x+ 3), [3]

(b) y =
1

f(x)
. [4]
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