§ il
3 1& basic education

\N//

b Department:
YA1)!  Basic Education
; REPUBLIC OF SOUTH AFRICA

NATIONAL
SENIOR CERTIFICATE

GRADE 12

TECHNICAL MATHEMATICS P2

NOVEMBER 2021

TIME: 3 hours

This question paper consists of 15 pages and 2 information sheets.

Copyright reserved Please turn over




Technical Mathematics/P2 2 DBE/November 2021

NSC

INSTRUCTIONS AND INFORMATION

Read the following instructions carefully before answering the questions.

1.

2.

This question paper consists of 11 questions.
Answer ALL the questions in the SPECIAL ANSWER BOOK provided.

Clearly show ALL calculations, diagrams, graphs, etc. that you used to determine
your answers.

Answers only will NOT necessarily be awarded full marks.
If necessary, round off answers to TWO decimal places, unless stated otherwise.
Diagrams are NOT necessarily drawn to scale.

You may use an approved scientific calculator (non-programmable and
non-graphical), unless stated otherwise.

An information sheet with formulae is included at the end of the question paper.

Write neatly and legibly.
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QUESTION 1
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In the diagram below, A KLM with vertices K(—2 ; 4), L(— 4 ;—4) and M(6 ; 0) is given.

The angle of inclination formed by the positive x-axis and KM is 6.

P is the midpoint of KM.

"
K(-2:4)
;"f. Hx_““:“—_____
/ | TN s
I M(6,0)
_."!I | i I
L(-d;-a)b—" i

Determine:
1.1 The gradient of KM
1.2 @ (give your answer to the nearest degree)
1.3 The coordinates of P
1.4 The length of LM (in simplified surd form)
1.5 The equation of the line parallel to KL. passing through P in the form y= ...
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QUESTION 2

2.1

In the diagram below, O is the centre of the circle with points

B(~4 ; 10) on the circumference.
AOB 1s the diameter of the circle.
BC is a tangent to the circle at point B(—4 ; 10) :

Point C(1; 7) is on both BC and AC.

B(-4:10)

2.11 Determine the equation of the circle.
2.1.2 Write down the coordinates of A.
213 Show that the gradient of BC is %
2.14 Hence, determine the equation of BC in the form y = ...
2.1.5 Calculate the value of .
x2 2
2.2 Sketch the graph defined by: * X
49 4
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QUESTION 3

3.1 Given: R =15,8° and K =74,1°

Determine the following using a calculator:

3.1.1 cosR —cos2K (2)
R
3.1.2 3cosec(Z + 84°j 3)
3.2 If sin43° =¢, express the following trigonometric ratios in terms of #:
3.2.1 cos43° ()
3.2.2 sec47° (1)
323 tan317° 3)
3.3 Solve for x:
Tcosx —tan56° =0 for x e[180°; 360°] 4)
[16]
QUESTION 4
4.1 Complete: tan’B —sec’B = ... )
4.2 Simplify the following to one trigonometric ratio:
c0s(360° + x)-tan *(180° + x) + cos(180° — x)-sec’ (360° —x) (7
4.3 Show that: cot(z +8) — sec’@-cotd = —tand 4
[12]
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QUESTION 5

Given: f(x)=sinx+1 and g(x)=cosx for x e [0°;360°]

5.1 Draw sketch graphs of f and g on the same set of axes on the grid provided in the
ANSWER BOOK. Clearly indicate ALL turning points, end points and intercepts
with the axes. (7
52 Write down the range of f. )
5.3 Write down the period of g. ¢))
5.4 Determine the values of x for which:
54.1 g(x) — f(x)=0 for xe[180° ; 360°] 2)
5.4.2 f(x).g(x)<0 2)

[14]
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QUESTION 6
6.1 The picture and diagram below show a double-storey building with L, the foot of the
building.

Two security cameras are to be installed on the side (KL) of the double-storey
building at points K and N. The cameras are to focus at the gate at M, 9 m from

the building.
M and L lic on the same horizontal plane. The angle of elevation of N from M
is 22°
LKM=54°
= e .. 1I o |
=g

ﬁ..‘!"‘l
Ll

g
P S
Fedwd ",
. {_., bt}

=34

Jrbati® L"...I..1

ey v T

9m ‘

Determine, correct to ONE decimal place if necessary:
6.1.1 The length of LN (2)

6.1.2 KN, the distance between the two cameras 3)
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6.2 In the diagram below, RS represents a vertical tower. A man is standing on top of the
tower observing two cars, T and Q.

The two cars are equidistant from S.
S, T and Q are on the same horizontal plane

FAN
TRQ = 36°
RQ = 67,3 m

Determine QT, the distance between the two cars. @)

9]
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QUESTION 7
7.1 Complete the following theorem:
Two tangents drawn to a circle from the same point outside the circle ... (1)
7.2 In the diagram below, O is the centre of circle MVS.

EM and EV are tangents at M and V respectively. MOS is a diameter.
Tangent EV and diameter MS are produced to T.

E =520
M e
/f;f‘/‘i/\. = ~.
"/ 2\
//// / \\
/ . /'/ \\‘ \
— / \
/'/ !If \ \
= [ \ \
E ~ 52 k 220 J
/\
TS | \ /
“\\\_ \\\:\ 2 \\ /
.‘\\];“r 3 2\ 5 g
v H%\S/
_ \
~_ \
.\
T
7.2.1 Give a reason why EMO = 90° (1
7.2.2 Determine, stating reasons, the size of EACH of the following angles:
@ Vi @)
®» S @)
© O 3)
@ V. 3)
(© T 2)

[14]
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8.1 Complete the following theorem:

LN || RM
Py=11°

DBE/November 2021
NSC
The exterior angle of a cyclic quadrilateral is equal to ...
8.2  The diagram below shows a circle PRLNM with centre O.
ROM is a diameter and NL is produced to K.
/// S - T __R\
fz 1;__,,&.;;-*'3:?. P
:'::’ N, : e - ‘r' [ \

N\ // N n ‘\

NfL — . \
L /'kﬂrffj,_‘ h \\
| ‘: R ks Il
{ N g ‘
l ™~ \\'“x_ e 'O / ‘
| Ol N\ / |
\". S~ ) ' Ny [ /
\ I / /

.I'. v . | -'rl

\ o h‘\‘- ’ ‘lr.r
{3 '

8.2.1

822

823

824

8.2.5
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Give areason why MPR = 90°

Determine, giving reasons, THREE other angles each equal to 11°.

Give a reason why LR = NM
Determine the size of M.

Determine the size of L.
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QUESTION 9
9.1 Complete the following theorem:

A line parallel to one side of a triangle ... (D
9.2 In the diagram below, AABC is drawn with AE 1 BC

F and T areon AB and H and Q are on AC.

FH || TQ || BC

AB=AC and BE=EC

BC=8mand FB=3,25m

A
E R G H

ol

O
(®

3.25m
/ 1] & ]_ 1 '
B Ld E ] C
' 3 m :
9.2.1 Give a reason why AABE = AACE (1)
9.2.2 Write down the length of BE. ¢))
. : AP 2 . .
9.2.3 If it is further given that AE =3 m and Ezg , determine, stating
reasons:
(a) The length of AB 2)
(b) The length of AT 3)
924 Hence, determine the length of FT. 3)
[11]
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QUESTION 10

10.1 The picture below shows an angle grinder cutting through a granite slab. The
diameter of the rotating disc is 115 mm and it is set at a rotational frequency of
2 700 revolutions per minute. The diagram below the picture models the situation.
T is the centre of both circles which represent the rotating disc and the disc lock nut
respectively.

Rotating

Disc lock nut disc

Cutting
guide rail

Rotating disc
Disc lock nut
\_L_/
Cutting S
guide rail
Determine:
10.1.1 The angular velocity (in radians per second) of the rotating disc “

10.1.2 The length of PS (the height of the minor segment of chord RQ) if the
length of chord RQ is 55 mm (round off your answer to the nearest
millimetre). 4
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10.2 The picture below shows two gears meshed together. The diagram alongside the
picture models the two meshed gears. As the larger gear (centre A), with a radius of
30 cm rotates, it causes the smaller gear (centre B) to rotate in the opposite direction.

The two gears are in contact at point C after a 150° rotation of the larger gear.

D
l
|
/
10.2.1 Convert 150° to radians. (D
10.2.2 Calculate the area of the minor sector, DAC. 3)
10.2.3 Determine the length of the minor arc, DC. (3)

10.2.4 Determine the length of the radius of the smaller gear if a 150° rotation of
the larger gear causes the smaller gear to make 1% revolutions. @)
[19]
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QUESTION 11

11.1 The diagram below shows a rectangular garden with an irregularly shaded patch to be
covered with grass.
Grass is sold in the form of rectangular pieces with breadth of 0,4 m and length of
2,3 m.
The straight side of the irregular patch is divided into 4 equal parts of length 0,4 m
and the ordinates are 2,3 m; 1,6 m; 1,8 m; 1,4 m and 1,3 m.

23 m

f L6m {

0,4 |
L N

}:8 m /
14m
\
1.3m
11.1.1 Calculate the area of the irregular patch that must be covered with grass
by using the mid-ordinate rule. 4)

11.1.2 The grass is sold at R106,80 per square metre. Determine the money that
will be wasted if the cut-offs are thrown away. 4)
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11.2 A 25 litre container of hand sanitiser is allocated to a classroom. A cylindrical bottle

is then filled from this 25 litre container.

e The height of the cylindrical bottle is 20 cm and the radius is 3,46 cm.
e The cylindrical bottle has an opening at the top with a surface area of 0,45 cm®.

25 litre container

_ r 3AGa,

20 cm|

S

Cylindrical bottle

Volume of a cylinder = nr’h
1 litre = 1 000 em*

Total surface area of a closed cylinder = 2ar*+2zarh

11.2.1 Calculate the total surface area of the cylindrical bottle.

11.2.2 If one cylindrical bottle is used until it is empty, determine how many
times the bottle can be filled with sanitiser.
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INFORMATION SHEET: TECHNICAL MATHEMATICS

—bi\e'b2—4ac b dac—-b?
X = X =-—— y= -
2a 2a 4a

a*=bo x=1log,b, a>0,a#1land 5>0
A =Pl + ni) A=P(l-ni) A=P(+i)" A=P(l-i)"

iejf =(1+#)m -1

flx+h)- f(x)

/ T
1) = fim,

h
xn+l xn+1
[x"dx = +C,n#-1 [kx"dx =k +C,n#-1
n+1 n+l
1 k
[ —dx=Inx+C, x>0 | —dx=klnx+C, x>0
X X
a* a™
f[a*dx="—+C,a>0 fka™ dx =k +C,a>0
na nlna
; — X, +X, Y, +y
d=\f(x2_x1)2+(y2_J’1)2 M| = 1; 2 .
2 2
y=mx +¢ y—y1=m(x—x1) m:ul tan 8= m
Xy, — X%
2 2
E—‘I'l—:l
a b
In AABC: —%— = 5 ¢ a® =b* +¢? - be.cosA

sinA sinB sinC

area of A ABC = —;— ab.sin C

sin’@ +cos?d =1 l+tan’0 =sec* @ 1+cot?d = cosec?@
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mwrad =180 °
Angular velocity = w =2zn where n = rotation frequency
Angular velocity = @ = 360°n where »n = rotation frequenc

Circumferencial velocity = v =z Dn where D = diameter and » = rotation frequency

Arc length s =8 where r = radius and @ = central angle in radians
rs .
Area of a sector =—2— where r = radius, s = arc length and
r* o
Area of a sector = - where r =radius and é = central angle in radians

4h* —4dh+x* =0 where 4 = height of segment, * o = diameter of circle and
x = length of chord

0, +0
A, =a(ml +m,+my+.+ mn) where a = equal parts, m, = %
and » = number of ordinates

OR

o,+o : .
A; :a(—l——i+ 0, + 0, + ..+ oH] where a = equal parts, o; =" ordinate

and » = number of ordinates
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