H2 Mathematics JC 1 Promotional Examination Practice Paper
Answer all questionsin 3 hours

Knowledge from these topics will be necessary for this practice paper:
» Partial fractions

* Binomial expansion

* Inequalities & equations

» Arithmetic and geometric progressions
e Summation of series

* Mathematical induction

* Functions

» Curve sketching

* Transformation of curves

* Applications of differentiation

* Maclaurin’s expansion

* Small angle approximations

» Vectors

Good luck for your actual examination!
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Given thaté is sufficiently small for@* and higher powers of to be neglected,

expressz;ams; as a quadratic expressiondn [4]

4+ 2sin

A small cuboid has dimensioms<bx cunits, as shown in the diagram.

N
a

Three such cuboids can be arranged differentlytm f3 larger cuboids, A, B and
C, as shown in the diagrams below. The sum ef ¢dges of A, B and C are
76.4 units, 54 units and 107.6 units respectively.

By using a system of linear equations involveyg and c, find the volume of a
small cuboid. [5]
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X+3

Solve the inequality ——— > 1. [4]
(x+2)(x-1)
Hence solve— > X <1, [2]
(2-x)(x+1)
1 2
Given thaty =e®" 2, show that(1- 4x* )d—Z - &Y - 4.
dx dx
Find the Maclaurin’s series fgr up to and including the term j. [6]
Showthaty — > =" 2]
o k(k+1) n+1
. or+2 . p q . .
By writing ———— in the form + , find, in terms oN, an
r(r+1)(r +2) rir+1) @+ +2)
o 5r+2

expression forS, =) and deduce the limit 0§, asN - .  [4]

In an infinite series of concentric circles, thdius of the first circle is 12 cm, and

the radius of each circle after the first—é&sthat of the previous circle.

() The radius of the™ circle is less than 1 cm. Find the least valur.of  [4]

(i) Find the total area of this infinite serie§ @oncentric circles, leaving your

answer in terms ofz. [3]
n
Prove by induction tha}_(r +1) 2 = n( 2‘*1). [4]
r=1
n
Hence find > (2r +1) 2 in terms ofn. [3]
r=1

. 6X . .
The curveC has equationy=—————, wherea is a positive constant and
X +ax+1

O<ax<?2.

(i) Explain whyC has no vertical asymptotes, and determine thedauates of
the stationary point(s) o in terms ofa, [5]

(i) SketchC. [2]
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9 The functions f, g and h are defined as follows:

f:x>4-x2, xOR,x<0,

g:xi» €2, xOR x> 0

h:x— Inx, xOR ,x> 0
() Definef™ in a similar form and sketch the graphy#f ™ (x). [4]
(i) Sketch the graph of = hg(x) and find the range of this function. [2]
(iif) Show that hf does not exist. Find the maximamain of f for which hf exists.

[3]
10 The graph below ig=f(X) +2.
A
y
(-1,5)
y=f(x) +2
e
X
/ O |

Sketch, on separate diagrams,
i) y=-2f(x [3]
(i) y=f(x]) [2]
(i) y=f (x) [3]

Indicate clearly any asymptotes, turning pointd axial intercepts.
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1
11 The planed7, and I7,, which meet in the ling , have equationsr,| 2 |=6 and
1
1 -2 0
r=|1{+a|l 1 |+p 1] respectively. Find, in cartesian form, the ecuregiof /7,
2 -1 2
and 71, and hence or otherwise, find a vector equatiothefline ¢ in the form
r=a+Ab. [6]

3

The plane/l, contains{ and passes through the point with position vegtet |.
-1

Find, in cartesian form, the equation 4f,. [3]

12 (a) Lines kand L, have vector equations

9 -1 3 1
r={-2|+A| 1| and r= + U respectively.
15 -2 4 0

Given thatA is a fixed point with coordinates (1, 2, 3), fipdsition vectors of
pointsV on line Ly, such thaAV makes an angle of B@ith line Ly, [5]

(b) The lines; andl, have equations
L ir=A(i —2j+ )
or :i+2j+k+/,1(—%i ¥ —2<j
Show that the lines are parallel and that pBigtl, 6,-7) lies on lind,. [2]

Find the exact value of the length of projectiorQ on linel, [2]
Hence find the exact value of the shortest desdretween linels andl,. [3]
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13 (a) A conical paper cup, with semi-vertical a8, is held with its axis vertical
and its vertex downwards, as shown in the diagiaithe cone is filled with
water which runs out at the rate of 3%, find the rate at which the level of
water in the cone is falling when the depth is 4, gming your answer in
exact form. [4]

P .

A

307

[The formula for the volume of a coneMs= }nzh ]

(b) A pyramid of vertical heightt cm has a square horizontal base with side of
lengthx cm and the vertex is directly above the centrihefbase.

A cnt denotes the total surface area (i.e. the areheobase and the area of
the four sloping faces). The volum¥, cm®, of the pyramid is given by

V=}x2h.
3

By expressingh?® in terms of A and x, or otherwise, show that

A (A-2x*

= AAAZ2). 5]
36

V2
Hence, for fixed, find the maximum value of? in terms ofA and show that

the corresponding value eq is v/2. [5]
X

-- End of Paper --
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