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3 UNIT MATHEMATICS
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1998

Time Allowed: 2 hours - five minutes for reading

Directions to Candidates

* Attempt all questions.

* All necessary working must be shown.

* Marks may be deducted for careless or badly arranged work.
* Show your candidate number on each page of your work.

* Begin each question on a new page.

*

All questions are of equal value.




Question 1

@@ @ For what value of & is the polynomial P(x) = x* +2x*> — x+ & divisible (3)
by (x - 2)?

(ii)  Show that P(x) = 0 has only one root for that value of &.

(b)  Find the derivative of y = ¢****. (23

() Iff(x)= —i—g, find the inverse function, ™' (x). (2
x

A (3)
Given that PQ = PR and AB is a tangent to
the circle PQR at P, prove that RQ // BA.

(d) Q

()  Use the substitution » =2x’ -5 to find S 2)
V2x* -5




Question 2 (Start a new page)
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(b)

(©

(d)

()

Solve x—-5 < -li
x

Differentiate y = Stan™

N ¥

Find the coefficient of x* in the expansion of (3x + 2)’

Find the coordinates of the point which divides the interval joining A (3,-2) and
B (-1,1) externally in the ratio 3:2.

. 0
Prove _51_1_1_2_14_ = cot A and hence obtain an exact value for cot 67—;— in

1-cos2

simplest surd form.

Question 3 (Start a new page)
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I 1

If @,p,6 arethe roots of 2x* — x> —x—2 = 0, find the value of —1—+-ﬂ—+g.
a

Use one application of Newton's method to solve f(x) = cosx —Inx given that
there is a root near x = 1.

If the volume of a cube is increasing at the rate of 25 mm* /s, find the increase in
its surface area when its side is 12 mm.

Sketch the graph of y =3cos™ 2x (at least one third of a page). Indicate the
domain and range clearly on your axes.

The curves y = sin x and y = cos x intersect at x = IL . If § is the acute angle

between the tangents to the curve y = sin x and y = cos x, at the point of
intersection, find 6(to the nearest degree).
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Question 4 (Start a new page)

(a) r(?——-dx using the substitution u = 3x - 4.
x -—

(b)  Solve the equation cosx — sinx=2for 0<x<27.

(c) The velocity vem/s of a particle moving in Simple Harmonic Motion along the x
axis is given by v? = 72~ 12x - 4x”.

) Between which two values of x is the particle oscillating?
(ii)  What is the amplitude of the motion?
(iii)  Find the acceleration of the particle in terms of x.

(iv)  Find the period of the oscillation.
(d)  What is the general solution for tan¢g = 37

lim sin2x
x—0 4x

(e)  Find

(2)

(3)

4)

(2

u)




(b)  The graph of the function y = log, (x — 1) meets the line y = 2 at P and the x axis at )
Q. From P perpendiculars are drawn to the x axis and y axis meeting them at R
and S respectively.

4 __ y=log,(x~1)
F
\\\ Khe
N _ Diagram not to scale

\ .
| /Q R

@) Show that the coordinates of P are (e?+ 1, 2)and write down the
coordinates of the points R, S and Q.

(ii) Show that the shaded area enclosed by the arc PQ, the y axis and the lines
y =2 and y = 0 divides the rectangle OSPR into 2 portions of equal areas.

(iit)  Show that the area enclosed by the arc QP and the straight line interval QP
equals the area of triangle OSQ.




Question 7 (Start a new page)

(@

(b)

Mr Ryan hits a golf ball from a point O with an initial velocity of vm/s so that it
rises at an angle of 30° to the horizontal.

. NE) , 1
6)) Show that x = 7vt, and y=-5t° + —zfvt, where x and y are the

horizontal and vertical displacements of the ball in metres from O, ¢
seconds after the ball has been hit. Take g = -10m/s>.

The ball lands on a horizontal green 24 metres below O, after a flight of 4
seconds. '

(ii) Show that v =28 m/s
(iii)  Find the greatest height reached by the ball
(iv)  Find the cartesian equation of the trajectory of the ball

(v)  Find the horizontal distance that the ball travelled.

See over for part (b)

(1)




Question 6 (Start a new page)
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2n
£ i {1, _‘\2" — < (2n\.-k
Ulven tidt \I'I".X:} = : k)x
k=0

. . 2n 2n
6 Show that Z( . ] =4"
k=0

2n 2
(i) By differentiating both sides show that Zk( :} = n4"
k=t v

Evaluate J: % sin’x cosx dx using the substation u = sinx

A meteorite, soon after impact had a temperature of 2,520°C, and cooled to
1,950°C in 20 minutes when the surrounding temperature was -20°C. How long
would the meteorite take to cool to 0°C? (Give your answer correct to the nearest
minute).

In order to calculate the height of a mountain peak, a surveyor measured the angle
of elevation from a certain stake and found it to be 18°40’ . He then walked 780 m
over a level plain towards the mountain and set a second stake from which the
angle of elevation was found to be 22°8’. Find the height of the peak.
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Question 5 (Start a new lﬁage)
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(a)  P(2ap,ap’) is a point on the parabola x* = 4ay . Tangent PT is drawn

A straight line is drawn, parallel to this tangent and through the origin O. This
cuts the parabola again at Z.

(i) What is the equation of the line OZ?
(i)  Show that Z is the point (4ap, 4ap*)
(iii)  Find the coordinates of the point, M the midpoint of PZ

(iv)  Find the equation of the locus of M as P moves around the parabola.

y
4

(b)  Prove by Mathematical Induction that 8" — 5" is divisible by 3 for all positive )
integers n.

5
(¢)  Find the term which is independent of x in the expansion of (2x3 + 3 ! 2) ) (2)
x




2.
ga) ;L'x3--?< -~2C "2 = O

1 Lo (o
&~ l3 Ty = 2 113),/ F
b) le a|~ i‘i‘)—
‘ fl@a)

PO = cod>x — Lnac

Rosevr(le 3 Tracl (1958 24)%— S £ —L,% x F O
. G (x-S) < 14X
/a)’) Pé‘)i' 134 17(2- x+ R 7£3-(— 5‘7()’—_/47(40
)= §45-a+R=0 .7 k= -/4 o (x 7)(9(41,) <o
W& 4hx 47
X-2a | x3 425 2= 14 A of ‘[(,_ CN_/"
3 - 2.
pLe 27CL ‘)(7'4'47(‘{'7 x <~ Z) O <2 LT
e = 16-2¢ '
Ly -F = —ue b - stan!t -
Tx~l4 reol y/
c 42) Te- Cq (3¢ 2t
. W IS/RO
b) _ se~n 3¢ sen3X co
y-= y = 3emndxe
A (32 B(-1,1 '
)y Y= -J?.l-?B 'F'"QL) x = 3'-'\73 d) @j 2 ( )3
A X = M: ——————3?‘+3'—Z:"ﬁ|
X = 443 y==%-3 3-2 '
MYLAAY) - 342 o
) ] RS
4&96 4 PRQ 22 P 67}7)
R ‘*g "”“’“’“‘ |
<P R= <Q e) Preve sch2A = cof2A
A /-5 2R
<cnPﬂ« <PQR x - ~ :
LM-SZAMANADA _ 3 ADA
PR/ B4 (alf<s W‘W/) I =(co2A- ) 1=ty At anh
\ 1
o) [E eaxts |2 A0 o ot et
Var-S ot 4 e Sraly
A 4 aud 24X et e\'= s L w0
e 4/“ ol = 43 Jufr 4 C N \—c 1350 Ve
b oA . . V.
- / — = V‘L/ﬁ:‘ = VL*T*‘ LA
Alaxis e o N - Tl A
T il Yasi - T

160 = —rel ¢ — ':>L(
Ay = |~ /-6
Ml —]
| - ] - 0.5‘403023
i ~l-SLt47/
| =/-19 340€
oot = 129 (&"('/’)-)
Yv=st Fl= 3¢T dedi- w25
[} ~+
A= Gs> AR = ias. SngE
lssms 45 = 26 - olg scrsen
R PR RS
\,J—@_p.h S = . \
GUEE%— — X2 y28 = ?éML‘/j
IR — e
d) i
\ i Aot — 54 X8

\ v ar~ge 043<3Tr

o=



e Yz an X y'T emx 1?)-é~4>c='4<z‘i+x)-’n=.ﬁ,=z
TR o= AT = Trgeco
. —= T V3 A\t~ b =-T3 - - -7
tane = A) 4 $: :Tr. 4=
Ll 235 o o oo | /3
I-o-5 i . .
————— e Z‘-f\, " - * )
| ) 1> 6 /w;;;x_ ‘,f__‘;’; %,m’“—i%i
¢
aay [T xBusr = xxl= %
> X=4u=g
_J,_; -—5(" LN W= 32¢-4¢ | S5a :)/tw, og_p") 70_.-;4.:,3 .
3 W L / - A 2.2x409
_l[ @'\]g/ @c =3 da = Za ™ =~"aa =
= W+ alau W4l = 2C | | | <
9 3 3 - WV%W 'to.
e R T I P e i
"9 (,‘_tQ'ﬁ«\ll-} = \-lké\d.p) A= Bepx Q= ~ hopx
% (%~ Hap) . sz Oova i
l‘)) LN ~ \r’;/u‘r’\x:l. P?(:y-l 9C‘-"P/y 4&7.: 31‘9?-
&ﬁ*f?)(wn@d\%){:—%‘:‘ 40.{)2:1-:, 3 R yl—-#afly:—ol
o> I AK) = | , (:7- Y =0.lv=0or
ooy 3|92 T g A
wn Sy k| T (223kep, Apiny)
¢) 't) AT =L (2% — 4%t V): (3;'1° ) {“/-"") sef
O:4(19’32(-)(’):4(6*79(3—-7() ! xX= af /3-* 3a
L o="C ancf+3 j:"isjaf S A fa'%LL
1) Gernpaltuele = fie a3 g= EECal 1Reeny= S
i) aceed > FE-E (6o RS b
= =G -bx .

|7

Sb) frove §7-S$ " diencble by 3

{ml alll podorr noo

Q- Tedt for =1, g'-s'=3 vlot L
ol f,u'@e,,,e,_,13

© Qarierne o phee for n=k

te, gl-sk= 3P wlene ”@GLAL;\_‘L?J

() Toeed for n =D+l

gH_ck¥= ¢ g¥- 5. K

= 8.8 g5k 3ol o (g sk) sk

= %3P+3.5K - 3(3—r’+gl<) il rs

0&4)4/»5&6..7 3 - Mﬂynslz_f—/

g')‘«u&ﬁvnzé
%u#@m%«n;//%bf

@Mf’(.n=/+/=1/ 24(=3 Qmﬁ\/

A peniirne n .
) (22+ $2) Toure (o) T’
CA)T x5

(185 -3, "an-;-.(a 1S ~S$7N ::O,,'ﬂ:}
3
¢C; e Q,CL S= /0v¢ . 4o

o~
—

2C

-
—

7 T 37
. 27 (an
- K
ba) (9= kéo(k)x
E~O\ k
f { ox=/ .
Lus = (142 227= 47
= 210 [2n| _ “ d
Rts = A kroC‘)
n oRSY
2 )= 4"




éa) Il) W\"(’“&% LA Q0 _ £ %-‘-‘ -\10 . lj: f—,odj’ = -0l Cy
L-H-S. ;'Ln /+:x =/ AS40 q;tf;:o) 8: _\L,’_(d:..lot.x,\?/./
RS = GA>AQ_(:_A))C+;L 5) s v > t1+\/'6 +4c
+- .. 4 am(z'\) o .t 'j:f-tot-\-—;dk: -stiagt tes
2N O.f t =0, tl__—;-o_ .(,]:—St +ﬁ't
Lt e = ' 6d) —
.lh n - e
Lws = :lv\)g\(-*\ —-3. (3_}) n> n: - t— ..rZL,t 4-(1 «)_(,L
(;M) = , “24 = -$-Ib +4v
" A0 1522°%!
kees . ")\13—>l'\‘ 3( )l*l:lk)? 180w —w:«-?Ott'z\\ﬁ“ 2¢m [§
SL=2v--V*=
2A ) = 150
é‘ K LK> SCA 1EP40 a_3°2¢! 4.') W W ety pfixn
1o n 160 ¥ M y = O
T KQQ) = Y\q- X = M- 30 g/ = 4[2%‘(’3“ (a—;_ “lOt - ‘\{; =0
\.) Tl’//(. K:A&:-K o . \/\ “Ot +1;‘i){:b
)fmkgc,&tc&( f—"’%“"c:mzc' Mm—22°§ 40156 et =14 L€ = (-4 Al
v . 20, M=00 W= 12’8 XA12E4=1STE S 4
g LS T no:To = = STt AT 3
, W ol.uy N e A bz—_l ) y g wlen t = - @ J= -s(t 4) .,,4{(,#)
uC-J 2 - (s 8 " - ) -
= Lede T 3w \/-\\ ’“g 7€
&) = o°=..? - - - T
¢y T=-20 + Ae Kt ~24 \, X EVeR3e% 3V l/) x-"_’_E‘A&TQ) 4= <t 14
2520= -20 + A” D) X =o Fom®© t = /‘?}J‘i ek et @
1SL{-—k:): A Kt % = fgd;t: o-tC L’f‘ﬁ"(}
T = —20 4 Ls40e s adt=0, x = ,‘2:3: v (/qd}. T4 0%
\4$0 = 20 ‘*r'lS‘L(-E—Q . s = JS/L = - S2& V3
{ -0 2 _
:::735 = < altt =0 (=0 . ¢=0O V) W = ——?V‘L_ = __g 24
ac = BV ,
Ks0-012706526 = 2 97




Th) § 7 oLl 1)
Q= -Ca?{@("’)

e = x-/ o0 = ey /9(6*1) 01)

K=+, s (6,2 @@-O)
""> Y= féadq,;(kd)

ed = xX=l . o= eI+
{1(4,3'*’)6%1 - (o9 4 ]L
o - L ao
= (e‘-@z) ..<¢°-e9.=- e 1 = @lﬂ)d’
e e K/()’c»ﬂ»géa Ds rR ':2..7(.@14"1) ut
W%&(Jiwm% ,
)8 RRP = F xa (er—2)= -l
Gt cc @/ 40/574«\1,(\]’: (2,1—1-9 - (Cl'f)
= ol (/.2*
ey 47AOS©:- S' X2 K2 = 2l
L Bre éyﬂ(-gfman./: A os® = At




fa) ) A 2 3{.+u,g+o}/
3 =2
= %([ +;")’3> aar ks
= .17 ks
\\> 2 <
V5 m if‘é“"l> OQX— ‘/
-2
2
= 20 4_110(1
G

&)

\

)
¢

.
= 0| 4n-=
0
= U
= g—-—% —(o-0
£(-5-(+9)
= 8T s
3
A= "zﬁ’Oe:o‘m‘s.e
‘) e':.. {O ) A:-.' wO é‘o"z“; /
= G.z.’sg
\\) _[,‘;J'la;{ OLM'/' - “5025_
//a(p /:re ___’9 ((.0
40 = woe O0E /S
) _ —o.0256€
3"
Aot =~0.025€ v
a2
L
5 = A2 /
-0-025

\
—
-

27 23 L)aea,fS
C

9.9 /I [ 7l
2 Ly {
XL e
N/ !
E N
{ {
-2 ( |
( | |
'Q TL‘V‘L"‘"" S solubiows e /

Q,Sl;\'n_-:: Yo C"wawcszl\l

e 1-31»\.74,: ’\'OLV\'7(—
A S = Sua K

JaiaiR R

cOD X

= s.l.v—

/

AsnAoedX

2etax corx —Star = O

S‘Lm(mmx—( =0
‘V) Sive =0 Reowxn - =0
z2= O, IT ,2il codx = ) v
/ ! -3
xz I ST
37 3

. Selns awe 7—--‘——0,_\'),.;’}7) f{,zr\'

v
) ‘) A shows He greaker ace™

e

clw czm;(;,
Yoo %ro.c’.\e:»\—s Q—x HAMSQ(B
iz
1) Bote A & B have Mo sare
Vb\ac‘d—‘s ok tee | lowever
B & accelemdiog anct
S W . S
N

R

A

4 Z{Q/‘:/ e accelerodio

i!//{ﬁj: = 0 >«—9.025"“€‘—0.ozg'é-
-0. 025 €
= Qe /
= oAA - -0
¢ = - Re =

l- 6l g fyer

ol A
LS

(or

AT TRAL 2000 poge L
\O
/
a)QOK—:——x, .
AR e,"b

. Bezee PRRS = R = e " /

e =
Lz ©
2
Qew(l——lx}')f"—o v
kR
2e” #£0 (2% =0
22,7—:/
7!/1:-—'/
al
v
x =+_L
. . \/—-
But lr\\hqlld = >0 . el
Cleecte vmese Va

<

2z
= Qo e
z
~—
= 27L><—2_x’€ + 2‘6”7’1

v

2z 2
2 - -
—Q—W.e,w 2. P

= 2 (1)

h*a "
— = - - xR
cAxr ~ e ( Lw')*' bz
é"}m;’)
B 87";»— Qxa-x:_ %‘3 i
T hme (2 s)
UJLM =
= e :27_ -3 = 2, _
V) 3 2
=-1l<p
b S .
Voo Elver g

b) 9@(1): l—\ogevL

€D =L "2 0 Gor
v

((1ogex only exisbs G-
@(7‘-> D “’L‘-‘-’C‘as Jar&

W % wdarapt ) 8(2) =0
& O = - /
/evx.'x_—:.z
= et S

- W-WLWFf =

9@("’)

g = R.r,ev\,';(,
Lt = 1-—2
2 = .&2—






