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This question paper consists of a cover page, 18 pages and a formula sheet.
INSTRUCTIONS TO CANDIDATES

Read the following instructions carefully before answering the questions:
1. This paper consists of 11 questions. Answer ALL the questions.

2. Clearly show ALL the calculations, diagrams, graphs, etc. you have used in determining
the answers.

3. An approved calculator (non-programmable and/or non-graphical) may be used, unless
stated otherwise.

4. If necessary, answers should be rounded off to TWO decimal places unless stated
otherwise.

5. Graph paper is NOT required in this question paper.

6. Number the answers EXACTLY as the questions are numbered.

7. It is in your own interest to write legibly and to present the work neatly.

8. An information sheet containing formulae is provided.

9. Diagrams provided in this question paper are not necessarily drawn to scale.

QUESTION 1

Determine ALL real solutions of each of the following:

.1 97Xy X2 = 1 4)

12 1ex*+1=0 )

1.3 Ji-x—x=1 (6)

1.4 2|x-5|>7 4

15 22X 82%=15 ©)

1.6 3X X+l _ o 4)

1.7 -2, (6)
I-x

[32]



QUESTION 2

2.1 Prove that the roots of a®x? + abx + b? = 0 are non-real for all real values ofa  (3)
and b, aand b = 0.

2.2 If m and n are integers such that m < n < 0, state whether each of the following is TRUE or
FALSE. Write down 'true' or 'false' next to the applicable question number and in each
case justify the answer:

2.2.1 m-n < -n 2

2.2.2 m? < n? (2)

223 mn>n? )

[
QUESTION 3
3.1
AY
£
N

0 3 * x
In the sketch, the graphs of the functions given by f(x) = x%- 2x - 3 and h, an absolute value
function, are represented. Answer the following questions with the aid of the sketch:

3.1.1 For which values of x is f increasing? 3)

312  what is the maximum value of _-x> + 2x + 3? 4)

313  For which value(s) of pwill _x°-2x-3=p have:

@ Equal roots @

(b) No real roots 2

3.14 For which value(s) of ¢ will the roots of
x2 - 2x + ¢ = 0_have the same sign? (3

3.15 Determine bifh(x)=[x|+b (6]

3.1.6 For which values of x is_h(x) > |f(x)? 3

3.2 Determine the points of intersection of the graphs of

f(x) = x° - 2x - 3 and the function defined by y =-4x +5 (6)
[23]



QUESTION 4
Carlo manufactures eight-sided wall clocks, all the sides being of equal length. To create the face
of the clock, he cuts the corners from a square sheet of glass of sides 16 cm.

e
AN

5
D\ 2

Calculate:
4.1 The length of a side of the clock (8)
4.2 The area of the face of the clock 3
[11]
QUESTION 5
5.1 In the sketch, the following functions are represented:
* f, with equationy = x>
. g, the reflection of f in the liney = x .
. h, the reflection of g in the x-axis.
AY
(0,1
0
o
."'-..-'l--l
- B
y—-x

5.1.1 Determine the defining equations of g and h in the form.

Y= s (@)
5.1.2 Determine, with the aid of the sketch, the value(s) of x for which:
(@) 3Xs0 1)
(b) log 1 x=0 )

3

5.2 Solve for x:

(logax)? - 2 > logx 8)

[15]
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QUESTION 6
Given: f(x) = ax® - 5x% + bx + 6
f (x) is exactly divisible by x - 2 and leaves a remainder of -3 when divided by 2x(6)
-1. Determine the values of a and b.

Given: f(x) = "+ yn

For which value(s) of n is (x + y) a factor of f ? (@)
[10]
QUESTION 7
o (1 )k+2 4)
8l
Calculate: * =2

In a geometric sequence, the third term is 5m + [, the fifthtermm + 1, and the ~ (7)
seventh term m - 2. If all the terms are positive, calculate the value of m.

A man was injured in an accident. He receives a disability grant of R4 800 in the first year.
This grant increases by a fixed amount each year.

What is the annual increase if, over 20 years, he would have received R143 500 (4)
altogether?

His initial annual expenditure is R2 600 and increases at a rate of R400 per year. (6)

In which year will his expenses exceed his income?

[21]
QUESTION 8
Calculate the derivative of f from first principles, if.
f(x) = x - x* )
dy
Determine & if:
y=0E-1) ®)
R @
X

Given: f(x) = X3+ 6X2-9x + 4

Draw a neat sketch graph of f, showing the coordinates of the intercepts with the (17)

axes, as well as the coordinates of the turning points. (Show all your

calculations.)

Determine the equation of the tangent to the curve of f at the point (2 ; 2). 5)
[34]

QUESTION 9

8y y2 =8, not drawn to scale, is represented alongside for the interval 0

The graph of x



<x<2
P(x ; y) is any point on the graph.

A
Plx ; v)
0 X
9.1.1  Determine OP2 in terms of x and y. (1)
912  ghowthat OP2=-x>+x*+8 1)
9.1.3  Determine the maximum value of OP2. (%)
9.14 Calculate the shortest distance from the origin to the graph. 3
9.2 The equation of the tangenttoy =f (x) atx =-1isy =-3x + 4.
Determine f (-1) and f'(- 1) 2
9.3 The accompanying sketch represents the curve of f '(x).
9.3.1 what is the gradient of f at x = 0? (1)
9.3.2 f has a maximum at a. Determine the value of a. 2
9.3.3 For which values of x is f increasing? 2
[17]
QUESTION 10

An entrepreneur manufactures two types of furniture pieces: chairs and tables.

The costs are R250 per chair and R200 per table. He sells each chair for R300 and each table for
R400. He makes x chairs and y tables each month, so that the points (x ; y) he only in the shaded
(feasible) region below.

10.1 Write down the inequalities which describe the feasible region. (6)
10.2 Determine the coordinates of P and T. (6)
10.3 Determine the minimum total cost. 3
10.4 Determine the maximum profit. 3
10.5 If the production cost for a table increases to R500, what would the minimum  (2)
cost be?
[20]
QUESTION 11

Black and white dots are packed as shown in the arrangements below:



00000
0000 @8000
®00 0000 ©0800

® O ® e . B N Be L N N N NS
Arrangement 1 Arrangement 2 Amangement 2 Arrangement 4
111 If T, is the total number of dots in the nth arrangement, determine:
1111 Te )
1112 Ty @
1113 T, @3)

11.2 Use the answer in QUESTION 11.1.3 to write down a formula for the sum of  (2)
the first n natural numbers.
[8]

TOTAL: 200

Mathematics Formula Sheet (HG and SG)
Wiskunde Formuleblad (HG en SG)
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Mathematics - HG - Nov 2001 National Paper 1 Memorandum
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11 277w =1
33:\*32?{—4 — 30
LaAx+2x—-4=10

Lx=445

1.3 S r—x=1
"\EZI+1

L S5—x=(x+D?
x4+ 3x-4=0
(+D(z-1=0
x=—10F x=1

Check both answers using first

eq.
Solution: x =1
[Xx = -4 is not a solution]

15  23¥_g2¥=15
[Multiply by 27]

L22¥_B-1527=0
L 2a®-15a-8=0
(2a+1(a—-8)=0
La=—-Yaora=8
L2 =Y or 2V =8
ontrL. _23

Lx=3

1.2

1.4

1.6

lard+1=0

Soxd==1716

Mo solution in B

20x=9)=27
(x=3)=35
If x-5=0, OF as x—5<0
=5 x<s
then x-5235 then -(x-2)=35
Lx=82 L—x=-=15
Lx=15a

Solution - x =15 OF x=825

375" =20
35" 5=20

L 15% =4 [How take logs]
zlog 15—-log 4

.= (log 4) flog 15)
= 0,51



1.7 I 2-x=>0 OF F3-x<0
X3 x >3
then x—223—-x then x—2=3—-=x
2x=25 2x=5
L x225 LEE2.5
no solubion
Solution - 25=x <3
21 aix? =abx+b* =0 221
=a'b® —4a® —da* b*
= —3g*b*
a2 en b2 is positive and multiplied
by -3.
Thus) <0
..Roots non-real.
2.2.2
2.2.3
3.1.1 turning point: x = -b/l2a=-(-2)/2= 3.1.2
1
fincreasing for x > 1
3.1.3 (a) 3.14
Move the graph upwards 4 units.
The y-
intercept is then 1.
p=-4
(b)
p<-4
[Hint: Check by taking p to LHS.]
315 b=-3 3.1.6

TRUE [Add n to both sides]

FALSE [*m * n *]

TRUE [Divide by n; negative]

Turning point of f: (1; -4)
The maximum of the mirror image of f in
the X-axis will be 4.

Move the graph upwards slowly.

If ¢ =0, the roots will be 0 and a positive
number.

If c = 1, the graph touches the X-axis.
Solution: 0<c<1

0=x=3
Lx=—-4 OF =x=2
en y=21 v - -3[replace]

Points of intersection: (-4;21) en (2;-3)



4.1 Let AB=AD =x D A

then BC =16 — 2x | W]
N XIr =
and BD = X [Pythagoras]
B
X
AN

Eight equal sides:
L N2x=16-2x
2x® = 25664 x+4x°
x2-32x-128=0

324./32% —4(128)

2
= 4,686

[The other answer not acceptable]
Length of side: 16 — 2x = 6.63

X

4.2 Area of face: 16 - 4) ABD = 16 — 4 (0,5x2) = 212,1

511 g y=log;x 5.1.2 (@) All real values of x.

hoy==logsxof y=log, x (b)x=1

3

5.2 {log 3x)* -2 = log 3x
ad-a-2%0
Lla-20a+11 D0
a=z-10Razxl
~log3x £-10R Iog 3x 22
PR -k
¥E1i3x 20
but x > 0, definition
Solution: 0<x<1/30Fx>9



6.1 flx)=ax’ -5z +bx+6 (i) x4: 16a +4b = 28
F(2)=8a—20+2b+6=0 (i) a+4b=—62
Ha+ 20 =14 subtract :  15a =90
da+b=T . () a=6
en &=-17
1 s b
—|==—=+=-4+6=-3
Enf[z] 2 2
a—10+4db+48=—24
Catdb——62 (i)
6.2 (x +y)is afactor of fif f(-y) =0
(y)"+y" = 0 ifnis an odd number
[We know it is true for n = 3].
7.1 w 1 ] 1
o3 ;
é E So=_2% 2 _q
1-r 1_1
T1:1/2 2
To=Ys
T3=1/8
2 LT sm’+2m+1=5m" - 9m -2
T4 4m? —11m-3=0
cmm2 mtl (m+1)m-3)=0
mt+l Smt+l = 14 OFm=3

NO

Solution (i = 3



7.3.1 Arithmetic series with

a =4800 and Spg = 143 500.
d is required.
7

5 = 5[2a+(3z—1).:f]

7.3.2

143500 = ? [9600+194 ]

14350= 9600+154
d =250

8.1 f(X) = X_X2

a=4800 and d=250
Expenses - a= 2600 and 4 =400
When will T, be equal?

Income .

Tn—a+n-1)d
24800+ (n —1) 250 = 2600+ (n — 13400
4800+ 250n — 250 = 2600 +400n — 400
150n = 2350
n=157
The expenses will exceed the income i the 16th year,

S - ()

1 =1
S0 =

_h.mr;x+hj-r;x3+2hx+hf*j-x+x3

k=0 h

 x4h-x - 2hx-h?- x4+t h-2hx-h%  hl-2x-R)
= litn = lim = lim

Py i | h k=0 h

821 y=(x*-1%=x"-2x"+1
d_y =6x —6x°
dx

8.2.2

=lim(l-2x-H
nﬂ“u[: ¥-H

=1-2x
2 1
3 3 313
 +afx x4 xd =
¥= = =z +x2?
x x
d 1 2 1
A PRI =2xt—
ax 2 z

2xd



.}
\ (0;4) ot

(+:0)

~
O (1,0) X

831  Flx)=-x"+6x'9x+4
JU=-1+6-5+4=0, Thus :(x—1) 15 'n facter of F(z)
D =x=-Di-x+4
X —mtercepts : f(x) =10

Dus: x=10R x=4
Turning points © f(x)=10
L=3xt 4+12x-9=0

' —4x43=0

(x-=3(x-1=0

Lx-30R x=-1
y=4y=10



8.3.2  Tangent :m =1{2)

fig) =-3x* +12x -9

P iy ==3(H+12(2H-9
=3

Eq:y=3x+4¢

L 2=3(2 e

Le=-4

Tangent : v =3x4¢ deur (2: 2)

L 2=32)4e

Le=-4

Tangent (v = 3x -4

911 op2=x2+ y2 9.1.2 OP? = % 4853
==z +x2+8

9.1.3 For mawmin wvalues f'(x)=0
L =3x'4+2x=0
x(-3x+2)=0 Thus : x=0 0K x =213

Substitute - x=0: v=04+04+8=8
Substitute © x = 273

A A
=—|=| +|=| +8
d [3] [3]
S T S Y B
27 9 27

Maximum of OPZ2 s 8,15.

9.14 If the question refers to the graph in 9.1:

The Y-intercept of the graph is 2 2 and the X-intercept is x = 2.
Calculate different lengths of OP by substituting values for x and y.
The minimum value is found where y = 0 and x = 2.

The minimum length of OP is 2.

[The graph of OP2 can also be considered but is more complicated.]



9.2

10.1

10.2

Die raakpunt 18 op die raaldyn sowel as op
0

f-1) - -3 [gradient of tangent)

fi-1) is die y- value of the point of tangenecy.
Loyl +4m T

RN =7

2y = x+1000 10.3
2y 2 —x+ 2000

500 =y <1500

x = 2000

¥ and ¥ positive integers.

Coordinate s P Solve equations

sttnultaneo usly.

2y —x=1000
2y +x=1000
Lo =2x=-1000
x =500
en y= 750 P(500,750)
Coordinate s of K :
x4+ 2y =2000
x+1000 = 2000
S x=1000
and y = 300

[subst. ¥]

T(1000 : 500)

931 m=40

932 a=30

9.3.3 fincreases if f (x) is positive.
0<x<30

Cost: £ —250x4+ 200y

ot K
YT T 500

Min by P: K = 250(500)+ 200(750)

= 275000

Profit . ¥ =50x+ 200y
L F= _—lx +—
4 200
Miakes. at Qr2000,1500)
W= 50020003 + 200( 1500%
=400
[The dotted line at Q) may indicate that
the mumber of tables should beless than
1500,1 e 1498, The Profit will then be

reduced by F200.]



10.5 Cost: £ =250x+ 500y

LyE—xt—
Y= 50

Gracient of this line 15 - %2

Gradient of PT is also -12

Any point on PT (integers) wall give a minmmum  cost
At P K =2500500) +5000750% = 500 000

At T E =25001000)+500{500) = 5000

11.1.1 Tg =30 of (5 x 6); Each number is the product of two consecutive numbers.
11.1.2 T10=10x11 =110

11.1.3.  Tp=n(n+1)

11.2 S a2l +1)

oz




