MATHEMATICS

MATERIAL FOR GRADE 12

FUNCTIONS

MEMORANDA




QUESTION 1

111 |x=-2Yv &y=-3v v'v' Answers (2)
11.21 5
(2) <—§+ 3) =tv
. . -5
) (l) _, v'Substituting (O, 7)
2
1122 | p=2v,(2)%+q=3v vp=2
g=-1v v'Substitution
vg=-1 ©)
1.2 x+2)y+3)=1vV
v'Substituting 1
1
y+3=237
1 ¥'Simplification
y= x+2 3V
v Answer (3)
13 v i
w1 1 _3 Equating
X+2
X+2=
X+2
(x+2)? =1 v'Simplification
X+2=+1 v'factors
v’x-values
X=-1lorx=-3
y=-20ry=-4 v'v" y-values
(-1-2) (-3-4) (6)
141 | k<-1 v'v' Answer (2)
142 -1<k<3 v-1&3
v'Notation (2)
151 |D:x€RY,x# -2V orx € (—w;®), x #—20r v x€ER
x<-—2orx>?2 Vx# =2 (2)
152 |Riy=—-1v ,y€eRor/of y € [-1; ) v’ Answer (1)
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QUESTION 2

2.1.1 | v(x) is not a function, v" there are two different v Answer
y —Vvalues for each x. A vertical line test fails: Line v'Reason (2)
cuts the graph at more than one point. v/
212 |y € {(-0;0]U[0;0)}W VY ory>00ry <0 V'Y Ans
)
2131 |y <0V v Answer Q)
2132 o< x <Xy v'Notation
100 v'boundaries (2)
214 |y =x2v xe[0;0) v vy = x*Vxe[0; )
y = x% xe(—o0; 0] v V' y = x? xe(—o0;0] (3)
215 |ye(0;)or0<y<1 v Answer (1)
(-1L;0or-1<y <0
[11]
QUESTION 3
31 ALC; x = —— v x= ——>
2a 2(-1)
e v x value
2(-1)
y=—(-1)2-2(-1)+3 =4 v y value .
coordinated of C are (—1; 4)
3.2 y=20 v y =20
—x?—-2x+3=0
x2+2x-3=0 J
x—Dx-3)=0 x—-Dxx-3)=0
x=1lorx= —3
v
Coordinates are x — values (3)
B(1; 0) and A(=3 ;0)
3.3 0; 3) v answer (¢H)]
3.4 equation of g v substitution
y— 0= _14_‘(83) (x — (=3)) v value of m
y=20x+3) v equation of g
y=2x+6




E is (0; 6) E is (0; 6)
C(—1; 4) substitution in the
CE= J(0— (=12 + (6 4)? distance formula.
N answer (6)
3.5 xX=2y+6 interchange x and y
X 2
y=——3=-x—3 answer (2)
2
accept also
y = mx + c, SO inverse is
xX=my-+c
X
y=_-c
[15]
QUESTION 4
4.1 e =2 e =2
q =2 g =2 )
4.2 glx) = 2*+2
y—int;; let x = 0
g(0)=2°+2 =3 (0; 3) or y — int.
so both graphs pass at (0; 3) subst. (0;3)
3="_142
0_
5 _ 1
0—p p=-3
—p = ap = —3 (3)
4.3 atA: x = =3 atA:x = -3
y =273+2 subst.
=21 answer
8
1 ©)
A(=3; 2 7)orA(=3; 2,125)




4.4 —3<x <0 pr—
x<0 )
45 _ 3
fx) = el
after shifting Subst. x by x — 2
3 answer ()
fx—2)=—=+2

fle—2)=——+2

[12]




QUESTION 5

5.1 Xx=-3 vx=-3
y=2 vy=2 )
5.2 a
= +
X+ p .
a ¥ substitution of p and q
= + 2
X+ 3
__a ¥ substitution of (— 1; 0)
T -1+3
_p_2
2
-4=a va=-4
L f(x) = —4 )
B X+3 (3)
5.3 y=—(Xx+3)+2 v’ substitution
=ox=3+2 v’ answer
=-x-1 (2)
OR
y=—X+¢
2 =—(-3)+c ¥" substitution
c=-1
v’ answer
y=oxd @
5.4 XeR;x#-2 v XxeR
v X#-2 2)
55 ) - —4 .2
-X+3
-4
- (x-73)
_x—3+ v'v" answer
(2)
5.6 -3<x <=1 or x>0 v -3<x<-1
v x>0
OR ()
xe(=3;-1 or xe[0;x) v xe (=3 -1]
v X €[0; )

(2)




57 | g(x)=bx* -2 Ve=—2
2 =b(=3) -2 v substitution (- 3; 2)
4 =b(9)
_4 v b= 4
b= 5 5
4
- 909 =g -2 ©)
5.8 h y = ﬂxz )
9 v h(x) = =x°
h_:L X = ﬂy2 9
9
9 v swop x and y
y* =—x
4
y == %x, x>0
3 v" answer with restriction
5.9
x<0 y
h s y=x v form of h
v form of h 1
" (must fit form of h)
h- v
y

v form of h

v formofh 1
(must fit form of h)

@)




OR
[21]
x>0 iy
//’ y =X
/// h-l
QUESTION 6
6.1 x=0:
y=—(0+1)°+9
=-1+9 v x-coordinate of C
=8 v' y-coordinate of C
-.C(0;8) (2)
6.2 g = 8 (Horisontal asymptote) v q=8
y= 6_1'2 " 8 v’ substitution of
Turning point: D(-1;9) D (- 1;9)
9=a2"'+8
1=-2
2 va=2
2=a 3)
L g(X)=22+8
=2*14+8
6.3 y>8 OR Yye(8;x) v’ notation




v' answer

(@)
6.4 D'(-1; 7) v’ answer
1)
6.5 Reflection about the x-axis, and a translation of 1 unit v Reflection x-axis
left and 18 units up. v 1-unit left
v' 18 units up
©)
OR
Reflection about the line y = 9 and a translation of 1 unit | v'v" Reflectiony =9
left. v 1-unit left
3)
6.6 y = log, X v’ answer )
3
OR
y = — log, v’ answer 1)
OR
y= |0931 v’ answer (1)
X
6.7 1 X
y = (Ej is a decreasing function
.. the bigger the x —value the smaller the y —value
maximum value of f =9
1¢ v substitution of 9
minimum value: y = (gj
1 4
= (gj v’ answer
4
_1 (%) or Sil
81 Accept 0,01
)
OR
y =309
SO
_ QeHy 945 v’ substitution of f(x)
= gr - v answer
- minimum = 3™ (1)4 or L
1 3) 81
Y Accept 0,01
81 ,
)
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QUESTION 7

7.1 [R(-2;9) V-2 V4 )
7.2 B (-4; 0) through symmetry v -4
~.AB = 4 units v 4 units
OR
roots: (x+2)? = 4 OR -x*-4x=0
SX+2=42 X(x+4)=0
~Xx=0or-4
~.AB = 4 units (2)
7.3 m=-2 v m=-2
eqn: y = -2x V' oeqgn 2)
7.4 x<—-2O0R x>0 vVix< -2
vV x>0 (2)
7.5 h(x) = f(—x) = —(—x+2)?+ 4 v h(x)
sym- axis: x = 2 v x=2
Answer Only = FULL | (2)
marks
76 |p)=—-fx)=(x+2)>-4 v p(x)
range: y = —4;y € R OR[—4; ) vy >-—4
Answer Only = FULL | (2)

marks
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QUESTION 8

8.1 x=2; vVix=2
y=1 vy=1 (2)
8.2 y-int: y=0; vy=0
x-int: —=— = —1 v -
xX—2 x—2
X —=2==2 vVx=0 3
fx =0 3)
8.3 v" asymptotes
y v’ xly intercept (3)
v’ shape
! X
8.4 XER;x # 2 vV x€E€R
vVix #£2 (2)
8.5.1 | Graph shifts(translates) 3 units to the left v'v" 3 units to the left
()
8.5.2 | Graph shifts(translates) 2 units down v'v' 2 units down (2)

[14]




QUESTION 9

9.1.1 | A(0;1) v’ Answer (1)
9.1.2 |[fly=logsx v’y = logsx (1)
913 |0<x<1 v endpoints
v notation 2)
914 |y=0 vy=0 1)
9.21 fx) = g OR f1(x) = ax?
va=2
(8: 2): 2:\/§ = a=2 2:8):8=a2? | °
= a=2 v eqgn (2)
X
SIORN"
ftx)=2
f(x): x =2y?
X
-
9.22 | f1(x) = ax?
(2;8):8=a(2°’= a=2 v eqn
o F1(x)= 2x2 (1)
9.23 | (-3;-1) v each value (2)

[10]




QUESTION 10

101] x—2and y=1 Vx=1vy=1 2)
02| 3 _
X—2
32—1(X—2) v x=-1
3=—Xx+2 vy=0
3-2=-X (2)
-1=x
10.3 | 3
X)= 1
g() x+1—2+
3
3 v -2
g(X):ﬁ+l 9(x) x—1+1
XeR x#1 vvXxeR x#1
OR or
(—o0; 1) or (L;00) V(=) or V(o)  (3)
10.4 | y=X+cC . VX
=X 2,1
g +§+f OR 1200 Y|
mATeT 1-2-¢ (2)
=x-1
y=x-1

[9]




QUESTION 11

2

11.1 y= 2X
K:x=2y> vinterchange x and y
X
X v oy=_=
y=\5 ¥=0 y \E
)
11.2 h
v’shape
s y—int.
v'asymptote.
k
5 4 0 2 | V'shape
v'y-intercept (5)
1 4
24
3 4
113 | (0;0) OR y>0; ye IR v (0;0)
(1)
114 | 0<x <057 V0 <x
OR v x<0,57
x € (0;057] )
115|t>1 OR te (1; oo) v/ vanswer (2)
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QUESTION 12

121 | y=6-0
_ vy=6
y=° (1)
12.2 4 4
h(x)=— vh(x)=—
) =-— ()=—"
_ 1)
12.3 4 2 —6_
=6—x ‘/x+1—6 X
x—1
4=(6-0)k-1) v'standard form
=6x—x>—6+x
0=—x%24+7x—6—4 v'both answers
= —x2 4+ 7x—10 (3)
x> —=7x+10=0
(x-5xx-2)=0
x=50rx=2
124 | CD=g(x)- f(x) v g(x)- F ()
4
2)
dcd _,
12.5 W_ \/:0
_ _ -1
6 —x—4x \/_1+i2
4 X
-1+ —=
X’ v xi=4
X% =
x= —20r x=2 Vix=2
X =2 (4)




QUESTION 13

13.1 =-3 AY p value (2)
=2 Av qvalue
13.2 a
h(x)=——+4q. P(4;-4) isapointonh
X+ p
4= a _
4-3
a=-2
CAY subst. p, g and point P
()
CA(negative)v'a value
13.3 -2
h(x) = —— —
(X) 3
-2
h(0)=——-2
=5
1
= _1§ Av’'substituting x =0
025
3
CA(negative)v answer (2)
134 | x=1 CACAV' Y answer (2)
135 | y=—(Xx+p)+g CAY substitution of p and g
y=-(x-3)-2 values
y=-x+1 into equation of line of
~e=1 symmetry
CAVY answer (2)




OR

y=—X+C
Point of intersection of asymptotes (3 ; —2)
—-2=-3+¢C

CAVY substitution of (3; —2)

into equation of line of
symmetry

c=1 (2)
CAV answer
[10]
QUESTION 14
14.1 D(O - 10) A(must be in coordinate (1)
form)v” answer
142 | x*-3x-10=0
X+2)x=5)=0
(x+2)x-5) Av X2 —3x-10=0
X=-2 or x=5
A(-2;0) CAVY factors
B(5;0)
CACA(negative and
positive)v'v” each x — value )
A(-2;0)
B(5;0)
143 |a=2 and g=-10 CA(positive)v'a — value (2
Av' q-value
@Al b _ (Y 3 o, -5 3 b (9 3
2a 2 2 2 2 2a 2) 2
3 (3 49 1
=|2| =32 |-10=-"2/-12,25/-12=
g (zj (zj 4 g |
C(1,5; —12,25)




-2+5_3

CAV x =
2
©)
CAV/substitution
CAv'minimum value
145 | (—1,5; —9,25) CAV x —value CAV'y — 2
value
14.6 ng
CACAY v answer (2)
OR
g’ (x).h'(x)=0
(2x-3).2>0
3 CAY product of derivatives
X2 —=
2
CA(positive) v answer
penalize 1 mark for incorrect
notation
)
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QUESTION 15

151 | y=log,x AAV'V answer 2)
y
15.2 ﬂ‘/ﬂ
/ (1;3)
. s Av'Shape of p and p™*
7 (3;1 )
/// 31 o AY'y —intercept of p
7 /’ AV x —intercept of p?
>‘// 'L S AV point on each graph
0 f 1 X
(4)
153 | log, x=3 MV setting up equation
X=21 CAVx =27
0<x<27
CACAV v'for end points and 4)

inequality

ANSWER ONLY full marks

[10]




QUESTION 16

16.1 y =2x—12 J |m=2
m=2 (1)
16.2 (x —=4)(x+ 2)=2x—-12 v x —4d(x+ 2)
x2—-2x—-8—-2x+12=0 J =2x—12
x2—4x+4=0
(x—2)2=0 v standard form
x =2 factors
y =2(2) —12
A(2; —8) v o |y=8 (5)
OR OR
y=x -4+ 2) v y= x*-2x-8
= x>—2x—8
d
D gx—2 R
dx J dx
since g is a tangent passing through A
ie2x—2=2 2x —2 =
X = 2 \/ X = 2
y=2(2)—-12
= -8
A(2; —8) v y= —8
16.3 h(x) = f(—x) v subst x by - x
=(—x—4)(—x+2) J answer
= (x+4)(x-2) 2)
OR
h(x) = x>+ 2x—8
16.4 (x —4)(x+ 2)(2x—-12)< 0. v
4<x<6 V4 x<6
x> 4 (2
16.5 x =2y —12 v interchange x and y
1 1 2
y=§x+6 v y=5x+6 )

[12]




QUESTION 17

17.1 x = —1 7/ Jx=-1
y=(C1?+2(-1)-3 v |y=(EDP+2(-) -3
®3)
17.2 A(0; =3) J Answer (1)
17.3 y = @ 4 v subst. of p
x+1 o/ | subst. of g
3= ? 4 subst (0; —3 4)
041 v (0 =3)
l=a
v answer
9t = x+1 4
17.4 Before shifting, the points were v
at(1; Dand (—1; —1) 1-11-4)
applying the shift on these points J
yields: (-1-1,-1-4)
1-Lil-4and(-1-1;-1-4) |,
so the points are: (0; =3)
(0; —3) and (—2; —5) )
OR OR | oR (@)
from the point of intersection of v -1+ 1L -4+1)
asymptotes
(-1:-4)wemoveaunitupandtothe |v |[(—=1—-1,—-4—1)
right or a unit down and to the left
sincea = 1
so the points are: v
(-1+1;,—-4+4+1) (=2; -5)

and /or
(-1-1;-4-1)
the points are (0; —3) and (—2; —5)




OR OR |OR
equation of the line of symmetry is
y=(x+1)—4
y=x-3 J equation of the line of
symmetry
1 equating the two
x—3= — v quating
x+1 functions
1
=
x2+2x+1=1
x?+2x=1 v
values of x
x=00rx=-2 v | values of y
y= —30ry= -5
The points are (0; —3) and (—2; —5)
17.5 y< 4;,ye R v | answer
)
[14]
QUESTION 18
18.1 V4 shape
A y
graph passing though
< !’X J the origin (3)
I < v asymptote
\ 4
18.2 5= 37*t1 _3 J substitution
8 = 3—x+1
(—x + 1)log3 = log8 v applications of log
log 8 3
(—x+1) = 5 ®)
log 3
log 8
x=1- log 3 v answer
=-0,89
18.3 graph was reflected about the y —axis | v reflect about y —axis
graph was shifted 3 units up v shift 3 units up
graph was shifted one unit to left. J one unit to the left (3)




OR OR OR
graph was shifted 3 units up v shift 3 units up
graph was reflected about the y axis J reflect about y —axis
graph was shifted to one the left. v one unit to the left
NB reflection should not be mentioned
after horizontal shift
[9]
QUESTION 19
19.1 -3
y= 0—2 +1 v'x=0
=§+1
2
=25 or y:% vy=25o0o y==
5
- (0;2,5 or (O; EJ )
19.2 -3
0= B +1 v y= 0
-1 = 3
X —2
X—2=3
X=5 v .
X =
- (5;0) @)
19.3 N .
fqr v shape
v both intercepts
2,5 : y=1
—_— . v’ both asymptotes
< ! /
0 ; 3




19.4

vyeR;,y=1

OR
y<1l or y>1

‘/y;tl (2)

‘/y<1; ‘/y>1 (2)

OR v ye(—x;1
ye(—wo:D) Uy el o) Viye@; (2)
195 - _
h(x) = =3 3 v =3
X—95 X—=5
v 3
)
19.6 From the graph of h:
y A |
hf !
‘ y §5 -
- ___ i __________________________
-3 i y=-3
; (8; -4)
v | v (8 -4)
X=5
v 5<x
5<x <8 0 xe(5;8] vV x<8
(©)
OR
From translations:
h(x) <-4 .. f(x) <0 (4 units up) Vi) <0
If f(x)<0,then2<x<5 vViX): 2<x <5
- for h(x): 5 < x <8 (3 units to the right) vh(X): s<x=<s8
(©)
19.7 K(x) = 3x -5
X—=1
By dividing x —1into 3x — 5:
) _
k(X)=j+3 v k() =—+3
.. The asymptotes are: x =1and y =3 Vx=1
vy=3

(3)




OR

k()():3x—5 i
x-1 VoK) = —= +3
C3(x-1) -2 -
k() = x—1 vx=1
2 /y:3
k(x) =3 - —— 3
x-1 [17]
.. The asymptotes are: x =1and y =3
QUESTION 20
20.1 x=—1 Vix=-1 (1)
20.2 (-1; —-8) v’ answer (1)
20.3 2(x+1)? -8=0 vy=0
2(x +1)° =8
(x+1)>=4 v (x+1? =4
X+1=+2 Vix+1l=x2
x=1 of x=-3
S PQ=1+3 = 4units v PO = 4 units
4
OR @
2(x* +2x+1)-8=0 vy=0
2> +4x+2-8=0
2x> +4x-6=0
x> +2x-3=0 v’ standard form
(x+3)x -1 =0 v factors
x=1 of x=-3
~PQ=1+3 = 4 units v PQ = 4 units
(4)

20.4

k(x) =2(-x +1)* -8
=2(x* —2x+1) -8
=2x* —4x+2-8
=2x* —4x -6

v’ substituting , by — x
v’ simplification

(x2 -2x+1)
v’ answer

(2x2 -4x-6) (3)




OR
k(X) = 2(=x)* + 4(—x) — 6
=2x* —4x -6

OR
K(X) =2(x —1)? - 8

=2(x* —2x+1) -8

v’ substituting , by — x
v'v" answer (3)

v" substituting (x + 1) by
(x—-1
v’ simplification

=2x —4x+2 -8 (X% —2x+1)
=2x* —4x -6 v answer
(2x° — 4x—6) 3)
20.5 (1jy
X=|—
2
y= |09; X v’ answer (1)
2
OR
y=- |og2 X v’ answer (1)
OR
y = |og21 v’ answer (1)
X
20.6 y v shape
=
g
y v’ x-intercept
<« T .
\‘& -2) v’ point (4;-2) or any
v other point
(©)
2071 |0<x<4 v 0<x
4 X<4 (2)
OR
x € (0; 4] V'Y answer (2)
20.7.2 If x<0andf(x)>0:
X< -3 VY o x<-3
orif x>0andf(x)<O0:
~ O0<x<1 ‘/‘/O<x<1 (4)
OR Vv o(0:1

[19]




QUESTION 21

# SUGGESTED ANSWER DESCRIPTORS M:
k
21.1 | OC =6 units v 0OC=6
A; B: x-intercepts: Lety =0 v Lety=0
W =2x2—4x+6=0
2x2+2x—-3=0 v Factors
~(x+3)(x—1)=0
~x=-30Rx=1 v" Both x-values
A(-3; 0) and B(1; 0) =AB =4 units v answer ©)
212 |, =_b _ _[ —4 ] -1 v substitution (2)
2a 2(-2) v x = -1
OR
OR v derivative
f'(x) =—4x—-4=0=>x=-1 Vo= —1
Answer only = FULL MARKS
213 | Subst. x = —1 in f(x)
ZST=-2(-1)2—-4(-1)+6 v/ Subst. x = -1
= 8 units v answer (2)
214 | mac =221
et v/ Subst. in m
=50 2 v answer )
215 | mg=2;//lines vmg=2
butmg=f'(x) =—4x —4=2 v mg =f'(x)
.. _ 3 vV —4x —4=2
2 LX =g v xe _%
.‘.y=—2(—§) —4(—%)4—6:7% \/y:7%
:>D(—§, 71) ()
21.6 | a = —1 ;the axis of symmetry v a=-1
OR
flat+t)=fla—t) v Subst.
w=2(a+t)>—4(a+t)+6
= 2(a—-t)>’—4(a—1t)+6
~—2a® —4at —2t* —4a— 4t + 6 )
= —2a’+4at—2t>—4a+4t+6
~8at+8t=0
~8tla+1)=0 Va1
~t=oora=-1

[1€




QUESTION 22

# SUGGESTED ANSWER DESCRIPTORS M:
k
22.1 x=1 v answer (1)
22.2 | x-int:Lety=0 vVy=0
X0 =>x = -2 Vx = =2
x—1
~A(=2; 0) )
22.3 |y-int: Letx=0
aRp = -2
-1 Y Y=
- B(0; =2) v B(0; —2)
Area AAOB = ~AO x OB
1 v" Subst. in Area formula
==(2)(2) = 2 units? 3
z (2)(2) = 2 units v’ answer ®)
22.4 2+x x—1+3
f(x)=x—1= Y —1 o 2Hx _ x-143
x—1 3 x-1  x-1
= — 4+ —
x—1 x—1 (2)
3 . . ox—-1 3
=x_1+1 v Simplify to: —+t
225 31 v 3 (CA from 5.2 - shift 2 units to
the right) (2)
v
[1C
QUESTION 23
# SUGGESTED ANSWER DESCRIPTORS M:
k
2311 |y>—-1;y €R vvy>0;y€R 2
23.1.2 g(x) =2* v g(x) =2*
n gty =logyx vy=logyx (2)
2321 | k(x) =3x%2 ;x <0 v k(x) = 3x?
vx<0 (2)
23.2.2 | (0;0) OR origin v'v" Answer 2

[8]




