5p

isal 1. A sketch of the graph of y = f(x) where f(x) = x> — 6x + 9x is shown below.

The graph has a maximum at A and a minimum at B(3,0).

yﬂ A

y=f(x)

B(3,0) X

(a) Find the coordinates of the turning point at A.

(b) Hence sketch the graph of y = g(x) where g(x) = f(x +2) + 4.

Indicate the coordinates of the turning points. There is no need to calculate
the coordinates of the points of intersection with the axes.

(c) Write down the range of values of k for which g(x) = k has 3 real roots.

Part | Marks | Level | Calc. | Content Answer U1 0C3
() 4 C NC | C8 A(1,4) 2000 P1 Q2
(b) 2 C NC | A3 sketch (translate 4 up, 2

left)
(c) 1 A/B | NC | A2 4<k<8
el ss: know to differentiate ol % - .
.2 pd: differentiate correctly o2 % — 322 _12x 19
04 ss: know gradient = 0 o3 3x2 —12x+9 =0
o* pd: process ot A= (1,4)
5 L . .
° 6 1c. ¥nterpret transformatpn translate f(x) 4 units up, 2 units left
¢ ic: interpret transformation
o > sketch with coord. of A’(—1,8)
o' ic: interpret sketch ® sketch with coord. of B'(1, 4)
o/ 4 <k < 8(acceptd <k < 8)
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2. A function f is defined by the formula f(x) = (x — 1)?(x + 2) where x € R.

(a) Find the coordinates of the points where the curve with equation y = f(x)
crosses the x- and y-axes.

(b) Find the stationary points of this curve y = f(x) and determine their nature.

(c) Sketch the curve y = f(x).

Part | Marks | Level | Calc. | Content Answer U1 OC3
(a) 3 C NC | A6 1990 P2 Q1
(b) 7 C NC | C8
(c) 2 C NC | C10
@ o =1, -2

< (1,0) and (-2,0)
< 02
B o fo=x"-3x+2
¢ fn)=32-3
®  f(x)=0 stated explicitly
o x=1 and -1
-l G R R o I
flx) + 0 - = 0 +
" maxat(-1,4)
% minat (1,0
© o correct shape of sketch
' (orrect annotation of sketch(max, min, 2 axes intersections)




[sSQA] 3. (@) The diagram shows a part of the ¥
curve with equation y = 2x2{x =3). 0 I

Find the coordinates of the 2

stationary points on the graph and

determine their nature. &)
(b) State the range of values of k for

which y = k intersects the graph in

three distinct points. (2)
Part | Marks | Level | Calc. | Content Answer U1 0OC3
(a) 5 C CN | C8 1991 P2 Q1
(b) 2 C CN | A1l

@ ¢ Log-120
&
dx

e b= B

"  max. at(0,0) minat(2,-8)

{b} 15 k<0
. k=-8




[sQa] 4. A curve has equation y = x* — 4x3 + 3.

(a) Find algebraically the coordinates of the stationary points.

(b) Determine the nature of the stationary points.

. =0 stated explicitly
e 4x2(x— 3)

- x=0, 3
6
. y=3,-24
W v ox e e s
% 1] 0
o pt of inflection atx =0

minimum atx =3

Part | Marks | Level | Calc. | Content Answer U1 OC3
(a) 6 C NC | C8 1996 P2 Q1
(b) 2 C NC | C8
(a) =, % -

o 4:’:3 -‘12::2
3
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5. Acurve has equation y = =x*+4x3 -2, An
incomplete sketch of the graph is shown in the
diagram.

(@) Find the coordinates of the stationary points.
() Determine the nature of the stationary points.

(6)
(2)
0]

-~

—

Part | Marks | Level | Calc. | Content

Answer U1 OC3

(@) 6 C | CN | C8

1998 P2 Q2

o) 2 C | CN | C8

1
@ o H_ .

stated or implied by +

. —4x3 + 12:::2

a 4% 11242 =0 or % =0 explicitly stated
o 4x¥(x-3)
x=0 and 3

(accept e (~4x+12)

o y=-2and 25

@  |x 0O o0 0o 3

dx

. - 0 + 0 -

Pl at x=0, max at x=3

6. A curve has equation y = 2x% + 3x% + 4x — 5.

Prove that this curve has no stationary points.

Part | Marks | Level | Calc. | Content

Answer

U1 OC3

2 C NC | C8,C7

1999 P1 Q16

3 A/B | NC | C8,C7

. %: OR o

o 6% +6x+4d o
» E-g- ubz - 4“':" B -
»*  —60 or —15 (from 3x% +3x+2) o

*7 A negative so no st. points .

dy _
E"'u;;;‘-
6x° +6x+4

c.g. complete square......
S= 6(1 +_].z—]2 +2%

§223 sono st. points
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7. Find the coordinates of the turning points of the curve with equation
y = x> — 3x% — 9x + 12 and determine their nature.

ic:  interpret result

¢ max. at (—1,17) and min. at (3, —15)

Part | Marks | Level | Calc. | Content Answer U1l OC3
8 C CN | C8,C9 max. at (—1,17) and min. | 2009 P2 Q1
at (3, —15)
o' ss: know to differentiate o! % = ... (1 term correct)
o pd: differentiate 2 3x2 —6x—9
o3 ss: set derivative to zero o3 % -0
o pd: factorise ot 3(x+1)(x—3)
> pd: solve for x o x=—-lorx=3
o® pd: evaluate y-coordinates  y=170ry=-15
o/ ss:  know to, and justify turning o/ x ‘ cee 1 . ‘ ... 3
points dy/dx | + 0 — | — 0 A
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8. A function f is defined on the set of real numbers by f(x) = (x —2)(x> +1).

(a) Find where the graph of y = f(x) cuts:

(i) the x-axis;

(ii) the y-axis.

(b) Find the coordinates of the stationary points on the curve with equation

y = f(x) and determine their nature.

(c) On separate diagrams sketch the graphs of:

0) v = fx);
(i) y = —f(x).

Part | Marks | Level | Calc. | Content Answer U1 0C3
(a) 2 CN | A6 (2,0), (0, -2) 2011 P1 Q22
() 8 CN | C8,C9 max: (%, —%), min:

(1/ _2)
(c) 2 CN | A8, A7 sketch
(cii) 1 CN | A3 reflect in x-axis

ol ic: interpret x intercept ol (2,0)

o’ ic: interpret y intercept o> (0,—-2)

o3 ic: write in differentiable form o0 X3 2% +x -2

ot ss: know to and start to differentiate ot 3x2...

o> pd: complete derivative and equate o 3x2—4x+1=0
to 0 ® Bx—1)(x—1)

¢® pd: factorise derivative o/ Land1

o’ pd: process for x o —and -2

% pd: evaluate y-coordinates o° x ‘ — = 1 —

o’ ic:. justify nature of stationary (%) ‘ +r 0 — 0 «+
points ¢! max. at (3 — 2J), min. at (1, —2)

¢! jc: interpret and state conclusions

!l sketch

ol ic: curve showing points from (a) 12 letch
and (b) without annotation 13 reflected sketch

e!2 i cubic curve showing all
intercepts and stationary points
annotated

13

ic: curve from (i) reflected in x-axis




sQal 9. The diagram shows part of the graph of the Y4
curve with equation y = 2x® — 7x? + 4x + 4. y=f(x)

(a) Find the x-coordinate of the maximum
turning point.

(b) Factorise 2x3 — 7x? + 4x + 4.

(c) State the coordinates of the point A and A . .
hence find the values of x for which [ O (2,0) *
2x3 —7x% +4x+4 < 0.

Part | Marks | Level | Calc. | Content Answer U2 0C1
(a) 5 C NC | C8 x=1 2002 P2 Q3
® | 3 C | NC | A2l (x—2)2x+1)(x —2)

(©) 2 C | NC | A6 A(—3,0),x < —3
o! ss: know to differentiate ol fl(x)=...
o’ pd: differentiate o’ 6x2 —14x +4
¢’ ss:  know to set derivative to zero o’ 6x2 —14x+4=0
ot pd: start solving process of equation ot (B3x—1)(x—2)
¢ pd: complete solving process o x=1
o® ss:  strategy for cubic, e.g. synth. 2 -7 4 4
division of Ce e
o/ ic: extract quadratic factor X -1 0
o8 pd: complete the cubic factorisation o 2x2 _3y—2
8 (r_ _
¢’ ic: interpret the factors © (x=2)@x+1)(x-2)
! ic: interpret the diagram o’ A(-1,0)
o0 < —%




soa]  10. The diagram shows part of the graph of s A
the curve with equation

fa)=x"+x" -16x-16. /\

\ J
(a) Factorise f(x). 3)
(b) Write down the co-ordinates of the four points where the curve crosses
the x and y axes. @

(c) Find the turning points and justify their nature. ()
Part | Marks | Level | Calc. | Content Answer U2 OC1

(@) 3 C | NC | A21 1992 P2 Q1
(b) 2 C | NC | A6

©) 6 C | NC |[cCs8

(a) ! any linear factor
*2  corresponding quadratic factor
2 flx)=(x+Dx-4)Nx+4)

(») +* Forall3 points on x-axis
*5  (0,-16)

© o f)=32"+2x-16
o use fix)=0

L x=2, and I=-—%

»  y=-36 and y=42(148)

+ | - +

2 2|2
-10]+

-3 -5 -
+ 0

o e

) e

o'' maxat (—-g—,%], min at (2,-36)
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11.

The function f, whose incomplete graph
is shown in the diagram, is defined by
flx)= 2 —2x" w2x-1,

Find the coordinates of the stationary

points and justify their nature. \/ * (8)
Part | Marks | Level | Calc. | Content Answer U2 0OC1

8 C CN | A21,C8 1993 P2 Q1
! for knowing to differentiate

2 f=4x -6 +2

> for putting fx)=0
4 for factorising or checking zeros
5

- x=_%J x=1
.6 E":_"%%r y“':’
7 completed nature table
1 1 1
x <-5 —3 >— <1 1 >1
fx)|-ve 0 +ve | +ve 0 +ve
N — & S —

«*  (1,0) is pt. of inflexion, (—%, -1%) is min t.p.
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12. A function f is defined by the formula f(x) = 4x?(x — 3) where x € R.

(1) Write down the coordinates of the points where the curve with equation
y = f(x) meets the x- and y-axes.

(b) Find the stationary points of y = f(x) and determine the nature of each.

(c) Sketch the curve y = f(x).

(d) Find the area completely enclosed by the curve y = f(x) and the x-axis.

Part | Marks | Level | Calc. | Content Answer U2 0OC2
(a) 2 C NC | A6 1989 P2 Q1
D) 6 C | NC | C8
© 2 C | NC | Cl0
@ | 4 C | NC | Cl6
@ < ©0 (@ o correctshape

2
< G0 ' (0,0),(3,0),(2,~16) annotated
@ N Trad an?
B ¢ fo=122"-24x N

o f{x)=0 stated explicitly o2 area = -—f(tlx:; = 12;,:2 }h
o x= 0, x=2 i 3

. n I , J3 [_xal +413]

v ol e e 2 0

f' I + 0 = -0 + .M‘ 27
o maxat ©,m
*  minat (2,-16)
[END OF QUESTIONS]






