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Question 1
(a) Differentiate sin~? (xz).
() Find, to the nearest degree, the acute angle formed by the lines 5x~y +1=0
and x-3y-2=0.
"
{c} It J 7 dx = 0-9, find t correct to two decimal places.
o 1+x%
(d) Provethat, if x¥ - x4+ ko — 4 has a factor of {x+1), then it also has a factor
of {x—-2).
(e) Putu=1-2x toevaluate J2 2x+f1-2x dv.
0 -
() Solve x+26 > 1 and graph the solution on a number line.
Question 2
s hat ——-2—— =sin2x.’
. {a) Provethat ColrimnT sin
(b) _

PT'is the common tangent o the circles which touch at 7.
PA is the tangent to the smaller circle at 0.

) Bxplain why PT? = PA.PB.

(iy T PT=t, QA = aand OB = b, provethat 1 = aa—bb'
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(c) Four couples sit at a round table for a séance. How many different seating
arrangements are possible if

(i) there are no restrictions?
(ii} each person sits next to their partner?

Question 3

(2)

A pole, OT, of length £ m, stands on horizontal ground. The pole leans
towards the east, making an angle of & with the vertical.

From P, ¢ m south of O, the elevation of T'is &,

(i) Find expressions, in terms of £ and @, for OAf and MT.

(i) Prove that PM = £cosd cotx.

a?

cos* O cot’ @ sin@”

(i) Prove that £* =

(iv) Find the length of the pole, to the nearest m, it
=25 6=20° and ¢ =24°

(b) Two particles move on 2 number plane, A on the x axis and & on the y axis.
They begin simultanzously and move so that, at time ¢, their positions are

x = ~f3cost (for A) and y = sint (for B).

() Show that, when their positions are the same on their respective
axes, so also will be their accelerations,

(i) Find, in general, the times at which they wilt have the same
velocity, and their positions when this occurs.

(i) At time ¢ the distance between the patticles is z. Express 22 as a
funetion of either cost or sint {net hoth) and hence
1. find the times, 0 < f < 27, for which z = 42

2. prove that the particles will never collide.
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Question 4
{a) (i) Find the domain of the function sin"l(l -x)..

(i) Sketch a graph of 2y = sin™'(1- x), indicating the scales on both axes.

{b)

[
A 0 B

AB is the diameter of a semicircle, radivs r, ZPAB = 8 radians and PQ
is a circular arc, centre A.

(i) Prove that AP = 2rcos8. (Join PB.)

(iiy Prove that, it 8 is variable, the are PQ will have maximum length
when ftané = 1.

(iii) Taking 1 as a first approximation to &, use Newton’s method to find
an approximation to one decimal place.

(c) Itis suspected that one of the functions
fln) = Z(n+1)(dn~1)
or- gn)= —‘%(n +2)3n - 1)

will sum the series 1.2+3.445.64 --- +(2n—1}(2n) for all positive
integers .

State, with justification, which is the only one that could do so, and
investigate, by induction, whether it does or not.

Questicn 5

(a) Aparticle is projected from P, on horizontal ground with speed ¥V m 57!

at an elevation of & tadians, where 6 < %

(i) Beginning with relevant accelerations, find expressions for its
horizontal and vertical displacements from P atter # seconds.
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(i) Prove that the time of flight, T's, is given by
L. 2Vsing
e

{(iii) Itis found that, by increasing the projection angie by z radians, the time of
flight is doubled. Find & correct to 2 decimal places,

T

(b) Box A contains five balls, two of which are red.
Box B contains five balls, one of which is red.

Players draw, at random, three balls from each box and win a prize if they draw
the same number of red balls from both boxes (including zerc).

(i) Show that the probability of winning a prize is 0-4.
@iy IfPeter piaysA the game four times, find the probability he wins

1.  eoxactly one prize

2. more than one prize.

Question 6

@ (i) Prove that J4sin2x dr =
i}

ooy
!
-h])-—t

(i) Prove that H%(xsinz x)—sinzx = xsin2x.

) i . 4
(iii) Hence, or otherwise, prove j xsin2x dx = 21{
' 0

(b} A paricle moves in a straight line so that, when x m from an origin, its acceleration
is =9 m 5% Initially, it is at the origin where it is given a velocity of 3m s,
(i) Determine its velocity as a function of x, justifying any choice you may

have to make, -

(ii) Determing x as a function of #, where 1 is the number of seconds since it
left the origin.

(i)  Find the particles velocity and acceleration 3 seconds after leaving
the origin.
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Question 7
(a) When (1+ axf+ {1+ bx)® is expanded in ascending powers of x, the expansion begins

2430 +220x%+ -

(i) Showthat a+b = 6 and a*+b> = 22,
(if) Deduce the vatue of ab.

(iii) Find the coefficient of x.

®  flx) =4-x
(i) Explain why the domainof f(x}is 0 < x <16,
(ii} Prove that f(x) is a decreasing function and find its range.
(iii) Since F(x) is monotonic, an inverse function exists. What is the domain
and range of £1(x)?
iv) Find F7'(x).

(v) By considering the graphs of y = f(x) and y = f~'(x), prove that

16
=17L
. Na-fx de =175
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Question 1
@ £ = 2=
d1-x?
) m=35 mz=%:
tand =
1+32
3
g =+ 60°
Y ST
© jo 14122 dx = [la]_ll I]o
= tan~¢
tan"t ¢ = Q-9
t=tanl9
=126
@ (-(1)y-k-4=0
k=2
2427 3(2)~4 = 16-8-4-4
. =0
& (x—-2) is afactor =
(&) wu=1-2x
dit=-2dx

1 - o
J‘lz-‘-'(l”'zi)% dr = —%‘[ (l—u)u% du
a 1

13 2
= 2—,] (u7~u?] du
o
3 s
= %[%uz u%u’j‘:L
Y
_2(3 5)
=2
15
) x-l;6 -1
X

x+6> 22 (x20)

ex-6<0
(x-3}x+2)<0 \.

—2<x<3 x=0 ”\/i

-2 0 3

Question 2
2 2
(a) = .
cotx+lany O8I sSmE
sinx ' cosx
_ _2sinxcosx
cos x+sin’x
= sinl2x

(b (i) The squarenn the tangent is equal 1o the

rectangle contained by the segments of
the chord.

(i) PT=PQ (tangs. to a circle)
~ PQ?=PA.PR  (pani(i}}
ie. 1= (t+a)(t-b)
12 =12+ H{a—b)-ab

{© ) 2=5040

(i) ‘The couples may be aranged 31 ways.
Each couple can be arranged 2| ways.

Total = Ax(2))*
. ) =96
Quesiion 3
@ @ -Q:—[ = sind; -‘%T- = cosB
OM = Isinf; MT = fcosd
o PH
(i) FY; el
PM = MTcotex

= feost cotiy
(i) PM*-OM*=a® (Pythag)
cos?gcator-- 2 5in%0 = o7
fz(coszf?cotza—sinzﬂ) =qa?
2 a*
cos?8 cot?c—sin? @
252
vy £2=
v cos? 20° cot? 24° —sin? 20°
312

) @  x=+Fcost y = sing
vA=~J§sint Vg = Cosf

ay= ~f3cost  ap= -sinz
= - =~y
Whenx =y a,= az

) —+3sinr = cost

tant = —71_3—
, t =mvr—%
For n=1, t= -5?3-,
) x=ﬁ(—~.‘§], ¥=05
=-1-5
lix

For n=2, t=

x= Ji(-‘-?—-]. y=-0-5
=15 .
{Further n will repeat the ahove.)
) =ty
= 3cos?t+sin’s
= 3cos?t +1-cos?;

= 2cos?t+1
1. 2cos?t+i=2
coszrn%
L 1
COST = —= = ——
'UFZ- . or cosf JE
=Z & . 3
=g f=-41,14§
2. Tocollide, z=0
2eos?t = 1

which has no solutions, -




Question 4

@ @ -1<1-xrz<1
-2 -x 50
L2z2zx20

(i "y

k]

5 AP
®) 0 S5 =cod (L4Ps=90)

@) f£=A4r.8
= 2rficos@

B 0 Oi
20 r{cos 8 Esm‘a)
When cos@-@sind =0
d-Qang =0
gtand =1

As8—0, £—~)Danda59~+-2—, £—0.

Hence stationary point is a maximum.
G 6} = Brma-1

{0) = anb+8sec?

Apgroximation = I— __tanl;lg

© ® =34 20 =20N2)

=2 =2
3‘(2) =3007) 2@ = 2(4)9)
- 1t # 14
Heace f{r} could do so.

" Letkbe an Integer for which the result is true.
0. 124 - + (2 - 1{2K) = £ e+ ax-1)
Then 1.2 + - +(2k —1}(2k) + (2k +1)(2k + 2}

= e+ Y4k -1+ 2R+ 1Y2E42)

= Bl kr6(2k+1))
Eri(ait+ 11k +6)

= Elerafaery
"aLl[(k+1)+1][4(k+1)H1]

II

and the result s also true for the integer (k+1).

Since it is true for the integer 1, it is therefore
true for 2 and therefore trua for 3, elc.

Question 5
@ () x=Vicosd 1
y = Visind-2*  (Bookwork)
@) Wheny=0, Visino—L1g?=0
Vsina—lgr =0 {20}
7= -2Vsing
4

. 7
2"5‘”(" +4 ] 4Vsing
(iii) . P)

( +%) = 25ind
sing cos%+ cos@sin %vs 2sing

sin 9[:15]+0056[7%) = 2sind
sin §+cosf = 242508
tan@+1 = 241’_- tan@

tan 3(2«4'— ) =

1

T 221
0-50

3¢, = 10

P(no red andno red) = ——x-—fo— = 0-04.
T x3G e x4e,

P(1 red and 1 red) = m m
A = (36
P(same number) = 0-04 +0-36 = 04
() 1. Prob. = 4C{0-4Y0-6) = 0-3456
2. P(n0 prize) = {0-6)"
P(more than.one prize)

- (03456 +0-6%)
= 0-5248
Question &
= 5
(a) (& %j‘(y«cosz.r) e = %[x—%sinh]g i
o
“3F-4)-0]
7 1
=377

(i) -%(xsinzx) = sin?x+x.2sinx cosx
= sin*x+xsin2x

- . d ) .2
ili) xsin2x = —|xsin“x}—sin*x
) xsi - (wsin’x)

. X
o 3[4 fx 1
xsin 2x dx = [xsm x:[— ==
qu. (&-%

® O (5] = oo
2

Smca v 0 for any x, the particle must
maintain its original direction of metion,
which was positive.
Hencg v = 2e7*,
- dr -
iy —=37
@ @
—_= 1 &
d,, 3
t= — e* dy
= 731-:‘+c
Whent=0,x=0 0=

]m&l&

(i) ¥

H

b

+

i:

+1
‘3mst
3+ 1)

I
2O

)
]
Sl

= —3{3r +1)‘2(3)

Question 7
@ o ¢+ ax)’+ {1+ be)
= (1-+5ax +10a%52+ )
+ {1+ 5br +1062x%+ )
= 2+5[a+b]x+10(a2+b1)xl+—u
% Sa+b) =30 and 10{a?+b?) = 220
ath =6 a+bh*=2n
i (a+5) = a’+ b2+ 2ab
36 = 22+ 2ab
ab =17
Glf) Coeff. of 5 = 10{a*+ 5}
= 10(a+ 6Ya?+ b*- ab)
= 16(6Y22—7)

=

@y For J.;mexist,.rz 0.
For J4—+x toexist, 4-Jx 20
424x
x 516
L 0Lx<16 ’

x4 —x
<0
flo)y=2 fl6=0
0<sflx)<2

(i) Domain: 0<x<2
Range: 0<fYx)<16

(iv} X

sxlsa-Jy  0sgx<2 -

Hr=4-22 o0z2x<2
y={4-2) os<xs2




