vassessment matters

ADDITIONAL MATHEMATICS HIGHER GRADE

SENIOR CERTIFICATE EXAMINATION
NOVEMBER 2007

MEMORANDUM

Time: 3 hours 400 marks

The marking memorandum is a working document prepared for use by examiners
and sub-examiners, all of whom are required to attend a standardisation
meeting to ensure that the marking memorandum is consistently interpreted and
applied in the marking of candidates' scripts.

The IEB will not enter into any discussions or correspondence about any marking
memorandum. It is acknowledged that there may be different views about
some matters of emphasis or detail of a marking memorandum. It is also
recognised that, without the benefit of attendance at a standardisation
meeting, there may be different interpretations of the application of a marking
memorandum.
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SECTION A CALCULUS
QUESTION 1
@ oo BXDex=D _-Gx-D
1=x)(1+Xx) X+1
(1) ling f(xX)=1 v sub v answeror answer only v’ v/ 2)
(i1) linll f(x)= _72 =—1 Vv factorise v' cancel v'v' if answer = +1— 3 marks 4)
% technique + by X* v'v/
(i)  lim f(x)=—2—%* =_3 (4)
X0 L answer v'v' if answer = +3— 3 marks
' (xrhP+1 (¢ +1) v'v' idea of rationalising
Vv idea " h(\/(x+h)2+1+\/x2+1)
v'v' first step
T v
2 e h(\/(x+h)2+1+\/(x2+1)) simplifying
X v
x*+1
(7
17 marks
QUESTION 2 a a
v v
9=4a+b
a a 9-4a=b

v v
—6+15=3ab+3
6 =3ab

ca
2=ab

IEB Copyright © 2007

and

2=a(9-4a) vm
4a’-9a+2=0 v ¢/a
(a-2)(4a-1)=0 Y c/a

a=2a=— vvicha
vV ¢cla

v'v'¥'v' method showing principle of
LH and RH limit

16 marks
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QUESTION 3
6
6 vV _0)= —
(a) 6=arcsin§ cos (/2= 6) 8
vv 0
0 = 0,.848062079 48,59°/0,8 /0,85 /0,848 3 marks
v’ rectangle
b)  Area ABCD=60m’
( ! v' formula 4)
__.2
Area sector 2 r-0 Vv sub
1, .6
area =—(8)" (arcsin—)
v’ ¢/a anSwer
=2714 v method
1 T 6 ymy ey a
AreaAAPD =—(8)(6)sin— arcsin OR  Areaof AAPD = %(@(@)
= 15,8745 ¥ method
ca v acc (10)
[*final area:16,9875m2 v v’ answer
If eating area is found — 8 marks
14 marks
QUESTION 4
sub one into other v/
(a) (3a — 2)2 = 100 let x =a (no mark)
equate to 100 v
3a-2==10
v 2
a=4ora=—g v )
vsub 5 v'sub
(b) (Bb -2y =3b" -2
9b> — 12b + 4 = 3b® — 2 v simplify
6b> — 12b + 6 = 0 v simplify ca
6(b — 1> =0 v c/a
b=1"Ych (6)
10 marks
TEB Copyright © 2007 PLEASE TURN OVER
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QUESTION 5
(@ f'(x) =3ax’ + 2bx + ¢ va va
f"(x) = 6ax + 2b vV cla 4
(b) f’(x) is a quadratic/parabola which may or may not have real roots therefore may
not have stationary values, but f’(X) is a linear function which has to have a
solution for x. v vy 4)
() f'(x)=3ax*+2bx+c=0
x=—-bx+b2-3ac
3a
chooseb=1,a=1,c=1 A<O (6)
y=x+x*+x+1 XX+ D+ (x+1)=0
(x+D)(X*+1)=0
X=-1
v'v sketch graph of this description ?
v'¥'quadratic doesn’t have roots
v’ cubic having integrated
27
3
-1
14 marks
QUESTION 6
v v v v v v vV
L 1 1
@ ' =%(\/6x+12 —&) 2 {%(6“12)‘2 x6—%x ZJ
sub
Y 1 L (1 1
f'(4)==(6-2)2x| ———
@ 2( ) (2 4)
1
-4 T vV c/a (10)
, . v multiply process v’ 7/19 if
v v v v X s1nX—10X+XcosX+10—cosX dor;tF I
/ multi
£1(x) _sinx.x— (120 —coS X) x* X throu%%
(b) R A4 now  =sinx—04S08X 10 cosX g
_ XxsinX—10+cos X X X X X
B X2 =sin X
7. ,
E if don’t multiply through
20 marks

IEB Copyright © 2007
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QUESTION 7
v'v' understanding method
3 5 7 9
(a) i(arctanx):i x- o X XX
dx dx 3 5 7 9
vv
I A
3 5 . g
v

But this is an infinite geometric series with r = —x%/

Formula v'v/

= ! a=1 v
1-r

0

1
=-———(———)V’ﬁd u

b Q) ') =3x—-6x—-9v
v’ solving
f'x) = 3(x + 1)(X — 3) = 0
X=-1;x=3 vV

A

1
—_——— e —

IEB Copyright © 2007
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(10)

(6)
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(ii)  increasing after x=3 v'v' notion

QUESTION 8

f(x)=3x"

a, =32

4 _35. (323327 -93.2)-8 ¥ formula
o 3(3.2)° -6(3.2)-9 v'v derivative

=10,6412

a, =7,727781092
a, =5.944211992
a, = 4,989924854
a, =4,636484093
a, =4,584044293
a, =4,582919183
a, =4,58291867

v
root = 45829 2081l L answer

~acorrect number of decimal places

®)

24 marks

v’ correct form

f'(x)=-13)x> vV
fr'(x)=13)2)x> VY
fr'(x) = =13)(2)3)x~*

f"(x)= (—1)”‘./3.n!x’(”“) v
v vV

QUESTION 9

10 marks

T

@ A+B+C=180 vv (Lsofa 1)

A+ 2I?;[= 180 © v (subc)
A =180 — 2Bn\/ rearrange
cos A = cos(180 — 2B) v
cos A = —os 2B v 6)

IEB Copyright © 2007
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(b)  cosA + cosB = —cos2B + cosB v sub for cos A — - cos 2B
sin2B.2 — sinB =0 Vv
v v v

2sinB cosB.2 —sinB = 0 double angle

v
sinB(4cosB — 1) = 0 factorise

N

v v
sinB = 0 or cosB =

B =0E = or B=13I18116vV

(98]

[1cosA + cosB

— cos2(1,31811..) + cos(1,318116..) v™v'™ sub into correct exp.

Page 7 of 20

9 ca
=2V 14
. (14)
20 marks
QUESTION 10
a a
v v "
|:4X—X3:| =3 v sub 2K v’ subtract
B vVisub-1 v =3
8k —8k*+4-1=3
8k —8k3 = 0 v simplifying
k=0, k=1, k=-1
‘/ca \/ca ‘/ca
10 marks
QUESTION 11
v v ub
v v
i ! lek  w = L+Ux+sv S )
(a) Ej(2x+4)(x-+4x+5) dx e = [ pu) e derivative
(e Faes) 7 e
x* +4x+5
Z%%.\,*C ¥ 4
“ 2 7: dJ/L ” 2(x_+1) €L
(x‘+4x+5) B i "
= - + 2
3 5(3(.%2-)&. du_ v i
v
b x¢0s 2xd: : Xxt2
(b) J-rcols ;su)f) v Sub . L c3 )
=x.Sln .r_'[sm xldx " _L S u du /
2 v 2 o -3
_ x.sin2x 4508 2% 3/2_‘/ "
R £y w L s T )
’ r ) 2. 3 o
§F0)g'G) = Flx)gbe) = § £0). gy 20 saarks
' o 32
= W
o) = ¥ Ff(x.) = 3 3/,

05 2% glu=, 2(x +ux +5) rcy
Sin 2 3

e

{
IEB Copyright © 2007 2(1)
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QUESTION 12

(a) ;—‘;=2cos€ Y de= cse do

I\,@—z&ii/:}j 9)2::053 de (LQ— (2 slﬁ@)1 V.
v
L
- JZJ\/cosfﬁ.Zcosf? de > m/ :

=I4c0:¥9 do | for squase rnoﬁrs ws'e od dher for mulbilying it by coso-
= I(2cos 29\2 2)do

7
=5in20+20+C (14)

hx® dx
®  y=+i6- 4x=-2J4 = ha = SW
(
Area —.,2 \/4 x G{:PJJ! v
Vi -
‘/p& x= A5n0

=2[sin260 + 29] 2

25mO _:- 15;:\?9:;%
=2,46 units® %/ SN = 1 o=% (1)
(-Ia- 6= },E
25 marks

Total: 200 marks

miR

5: sN20 + 2@ +C

I
dg = 0052 +2
de e

= 2 (ros’e —1) +2 &
=, L|.(.OS?'(9 C: g 8 L‘,-J(,z
2
& Ll"x'z sNQ = X
2 2
z . _l__ xz )
(,059 = (2 L= 2

L-X

IEB Copyright © 2007
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SECTION B MATHEMATICS OF FINANCE

QUESTION 1
a

(a) Interest is the return on money invested. v
Inflation is the gradual rise in prices of a cross-section of commodities. (2)

\QJ

(b) 1 vV

v

v

For the first year simple interest is slightly better than compound interest. Thereafter,
compound interest is much better. 4)

() Nominal interest is statedv” with a period of compounding. Effectivev” interest is

the actual % increase in the investment, which is more useful to know. 4)
vV effective
10 marks
QUESTION 2
(a) 53859,23v = v'84676,86(1 — i)’V v
annual rate = 14% v'v/ v (8)
(b) 84676,86v" = v'180000(1-0,14)"v vV
n =5, therefore the car is now 8 years old. )
vv v
16 marks
QUESTION 3
v v v v v'mult
12 60
PA+i)vv =P|1+ 0061 " 01
4 12
12 60
a+ip=[1229 (129
4 12
i=28,83% Vv
10 marks
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QUESTION 4
(@ reff =  (1+L1y2
n
014 =  (1+ )y vV
12
r = 0,1317
v v
—-180
. 1_(1:0,113217j
= vm
750000=x 01317
12
X=9573,36 v
, v (7
-84
Ve 1—[14- 0’113217J
b OBZ my/m_/m
(b) 9573,36 01317 My My
12
= 523577,80 VvV )
(©) During the first half of the term of the loan most of the payments go towards paying
the interest which is large because the O.B. is at its largest. The O.B. reduces
much more quickly during the last half of the period of the loan. 2)
v v v v
(d) 180 x 9573,36 — 750 000
=973204,80 ¥ (5)
v -n
v 1—(1+°’1132”J Vv
=12
(e) 750000=12000 01317
12
n =107 months. Therefore loan is reduced by 73 months. (10)
vvv v
33 marks
QUESTION 5
v v v m
(@  F=150000(1 +0,07)"° v
=R295 072,70 vV (6)
Y qvmymygm ymym
(b) 12 1+ 0095 )" _ 295072,70
0,095 12
12
x=R2093,32 VvV (15)
21 marks

IEB Copyright © 2007
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QUESTION 6

(a8  Ais the no. of years which gives maximum profit. v'v’

B is the number of years which gives maximum revenue. v'v’ )]
(b)  Total profitv'v’, without including fixedv” costs. 3)
(C) A
shape vV

€)

< P
/
v

10 marks

Total: 100 marks
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SECTIONC ALGEBRA
QUESTION 1
a) Prove true forn=1 v

(b)

LHS: 2(1Hh=2 Vv RHS : 1(1+1)! =2 v
Therefore statement true for n-1.

Assume true for n=k

v v
21 +5(2!) +10(3) + ... (k> + DKI= k(K + 1!

Prove true for n = k+1

LHS v

21+ 5(21) + 103 + oo (k* + DK+ [(k +1)% +1](k + 1)!

SkK+EDH(K+D? + D)k +1)!
SKEDIK+(k+1)7 +1]
S(K+DIK + K+ 2k +2]

o (K DIK? + 3K + 2]
Sk+DIKk+2)(k+1)

but  (k +1)!(k +2) = (k +2)!
s k+2)!(k+1)

= RHS

AN N N N

vv

Therefore statement is true forn=1; v'v

Page 12 of 20

(k+1)(k +2)!

and if it is true for n = k , then it is also true for n = k+1 and by induction it is also

true forn=1,2,3,4,5 etc.

S, =7(8!) = 282240

IEB Copyright © 2007

(16)
“4)

20 marks
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QUESTION 2
long division
p(X) = x* +3x° —2x> —12x—8 vV
g0 =x* =7x—-6 v
X+3
x3—7x—6>x4+3x3—2x2—12x—8
x* —7x* —6X
3x* +5x* —6x -8
3x° —21x—18
5> +15x+10 v
1.3 v
5 5
Now5x2+15x+10>x3+0x2—7x—6 v
x* +3x% +2x
—3x*-9%x-6
—3x*-9x—-6

0
5%% +15x+10
Last non-zero remainder is a GCD :5(x* +3x +2)

SXT 4342 VY

QUESTION 3

X*=3x*+mx+24=0and xX*+nx—-6=0.

SOR=a+b+c=3 v and SOR=-a+-b=-n Y
POR=abc=-24 v (a+b)=n v
ab+ac+bc=m v POR=(-a)(-b)=-6 v
ab=-6....... ¥y
now (=6)c = —24(.%) ¥
c=4 v
Ln+4=3 4
n=-1
L —6+c(a+b)y=m o
—6+4(-1)=m
-10=m v

IEB Copyright © 2007
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10 marks

13 marks
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QUESTION 4

(a)

(b)

(i) f(x)=2x>—9x* +8x-2
r=+1, £2
p=%1; £2

;

SL—=%1, £
p

;2 vV

N | —

By factor theorem f szo

(i1) (2x—1) is a factor
SL2X=1)(X* —4x+2) vV

p(x) = x* —6x” +12x> —18x - 36

Tryp=3or2

e pdoes not divide into coefficient of leading term
e pdoes divide into all other coefficients

e p’ does divide into constant

e ..can’t conclude that p(X) is irreducible in Z[x}
No conclusion possible.

QUESTION 5

(2)

(b)

=lim—— X same for X > — o

IEB Copyright © 2007
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(6)

®)

(6)

17 marks

“4)

2

6 marks
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QUESTION 6
33 —12x
(a) p(X)=—7——
X -1
3X
x? —1i3x3 —12x
3x* — 3x
—-9x
3x° —12x 9x
0, =X - 3
X -1 X-—1
9x A B

= +
x>=1 x-1 x+1
9x =AXx+1)+B(x-1

let x=1
9=2A
Now Azg
2
let x=-1
-9=-2B
B=2
2
3_
Now3x 12x:3 9 9

o1 T axmn) 2x4)

(b) 6) vertical asymptotes at x =1 and x =-1
horizontal: none
oblique asymptote at y = 3x

3IX(X=2)(X+2) 20
(i1) (X=D(x+1)

—2<x<-1 or O0<x<l or 2<Xx<ow

IEB Copyright © 2007
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(14)

“)

®)
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(© @@ p')=

(i)

Page 16 of 20

3P +3x3+12
(e -1y

3P +3x7 +12=0

X*+x*+4=0

A =1-4(1)(4)

A<O

.. no real roots

.. no stationary values

4)
4 2 4 2
p'(x)= % but p'(x) = 3()((:_)(1;;4) which is always positive,
X*—1 X" =
therefore Xxe R ; x#+£1 4)
T
note 34 marks

Total: 100 marks

IEB Copyright © 2007
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SECTION D STATISTICS

QUESTION 1

2877 mv’

=35 + 0,79552341
=35,796" or 34,204 V
A =346 B =356
C=34 D=36V

E =355

A\)%/\g get hired

QUESTION 2
v v
(@  0,5-0,09=0.41
H(z)=0,41
7=-134 vV
x—0,8
0,2
0,532=Xx v'v (1,068 in ve Z)

v

~134=
v

Page 17 of 20

11 marks

Therefore maximum height reached by ball classified as rejected is 0,532m. ®)

(b) x=09
0,9-0,8
Z =
0,2

2=0,5

H(z)=0,1915

now 0,41 + 0,1915
=0,6015

60,15% of balls are slow or super slow

IEB Copyright © 2007
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(¢) 0,5-0,1915
=0,3085
0,3085

=0,15425

now 0,15425+0,1915
=0,34575
z2=1,02 v

4 _
1,02 = x—0,8
0,2

x=1,00dm v

v

QUESTION 3

— v
pi1,6451/p(1 P)
n
v v
1,645‘/m<0,05 v
n v

0,78(0.22) _( 0,05 ?
n 1,645

(1,645
>

9

2
j x 0,78 x 0,22

nf/> 185,74

n=186
vvv

v rounding

IEB Copyright © 2007
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®)

20 marks

12 marks
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QUESTION 4
(a) 6 ordinary men; 3 suspects
v v v v

71 x 3!1=30240
& I3 LI Il

6! x 'C, x3!
=151200

QUESTION 5

7 white; 3 green; 10 black

v 7\//13 7\//13
1-0°C (<) (22 15C. () (22 vV
(a) [CGe) G + GG ()]
=0,571585 v
v v v

L) LRI B
B P B P O vy

=0,2194272446 ,

IEB Copyright © 2007
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“4)

(M

11 marks

®)

(10)

18 marks
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QUESTION 6

500

SC
CT

V2

KP

15+ X+217—X+29+X+63—X+X+83-X+40+x=500 vV

447 +x =500
x=53 vV

QUESTION 7

@ () 06 vV
(i)  1v -(0,09+0,06v+0,02) = 0,83 v/
(i) 0,57 VvV
Vv

(b)  1-(0,93)=0,07

P(S)=0,6
P(wind <10km)=0,5 v v v
(c) P(S)x P(wind <10km) = 0,6x0,5
=03
but P(SnW)=0,3 v

So the data suggests that they are independent events.

IEB Copyright © 2007
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12 marks

2)
)
3)

A3)

)

16 marks

Total: 100 marks
Grand Total: 400 marks



