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1. The curve C has equation y = f(x) where
f(x) = ax® + 15x* - 39x + b
and a and b are constants.

Given
» the point (2, 10) lieson C
» the gradient of the curve at (2, 10) is -3

(@) (i) show that the value of a is -2

(if) find the value of b.
(4)

(b) Hence show that C has no stationary points.

3)

(c) Write f(x) in the form (x — 4)Q (x) where Q(x) is a quadratic expression to be found.

()
(d) Hence deduce the coordinates of the points of intersection of the curve with equation
y = 1(0.2x)

and the coordinate axes.
(2)
()

() ﬂ;.‘L - 34Xt 30x - 39
ar

dq -3 when 2 =1 =) -3: 30[2)i+ 30(2)_3q @
dz 124 = - 24

a--2 (V)

("i) AS '}(1) = |0

=) (-2)(2) v 15(2)"- 39(1) +b < 10 ()
-16 + o -#8 + b = 10

b - 44@

(b) +x) - -6x +30x -39 (7)

b-4ac =) 30-4(-€)(-39) = -3¢ <O
©

Since bl_aac <0, f’(?c) )i 6 S0 ho StatiOnaey point exi SES - ()

e
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¢ () : -2 visx-3G % 4 4y

fee) = (1-4) @(x)

L )
e V¥ -
X-4 )20+ 15T - 39 +4Y

L4

Ty st )

32t -39
- Fxt-2sx
<l x + U4y
- =N X 4 4y

1) (-4) C-an'+ 32 -0) ()

—

d) when x-0, f(0) : £ (0-2x0) - 4y

(o,u4)

when y =0

(0-2%-4)(-2x (02%)" + ?'(D.lx)-ll) =0

=) 0.2% -4 =0

X =20
(20,0)
It term nd fer o\

£(o-2%) - (o-2x-4) (-0.08 Xy -n) =0

X: 20 s the only solution Y0 F(0.2%) <0 since nd term

s <0 whea we put into b gac D14 -4 (~0-08)(-1) = -\ ¢

Flo ) intesecks a¥ _
)‘2 -._—?-._'!{ ! 0) P {(0-11) interseds

Point of intersechion : (0.4¢) and (20,0) ¥ X-aws
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2. (a) Factorise completely 9x — x°

()
The curve C has equation
y=9x-x°
(b) Sketch C showing the coordinates of the points at which the curve cuts the x-axis.
(@)
The line | has equation y = k where k is a constant.
Given that C and | intersect at 3 distinct points,
(c) find the range of values for k, writing your answer in set notation.
Solutions relying on calculator technology are not acceptable.
3)
a) dx-x" = x(qa-2") ()
= x(3+x)(3-x) (1)
b) Y- ‘ix-x"‘ Curve
when %:0, 4 = 9@) - ()= 0 \ N Y -0
. \ /\ W
when Y0, 0= 9 -x \ / \(3.0)
¢3,0) 00) —\
0: X(3+x)(3-2) N/ \
b \v:am-n
:-3,0,3 Ar°
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C) For ling £ to interseck at 3 poinks of wrve G, the Wtersechon
points can only be within 2 turnjng points of the Curve

o 5,655
Turning points - dy -0 - -4~ ---'a
an \ \ within this
\ T
2 (-dr:J-(dr;:;-J Sl ) .
dy H q' - Bx “.yd,,_:o
dx
q-23% =0 @
L - 3
x:=%+13

when 1=J3/‘J:qﬁ-(ﬁ)3= €43 @
T,y AEE) () B

LikER -6 [T k< CJ?}(()
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3. Acurve has equation y = f(x), x>0
Given that
o f'(x)=4x+ av/x + b, where a and b are constants
« the curve has a stationary point at (4,3)
* the curve meets the y-axis at -5

find f(x), giving your answer in simplest form.

PhysicsAndMathsTutor.com

(6

Wheh Ve s at Stabonary point |, fl) = 0 y X=4 oand y-3

F00 - ax v al% b

6 -4(4)tafqg +b

0 :iIc4w+) b :-29-16

To get f(x)  we will integrate §() .

far) - 4+ aJx t b ™

3
fo) = 20+ Zaxt +bx v ()

Y- mtercept 1S -5 so the value of ¢ -5 (1)

A 3

f(x) - lxl*f%al‘fbx -5

from the stationavy point, we know thal F(4) <3

Y L}
3:2(4) +Za(u) + 4b -5

3:30+t 5 q+4b-5

3

o - - -1 g
3
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substitute @O nto @

R

_la+2_a - lo
2

i % b= ()

3
% +Z—2(—I§)x vy -y

£(x)

3 —-

2k -0 KE + g x -5 @

Y
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4. The curve C has equation

y = 5x* = 24x3 + 42x2 - 32x + 11 xeR

(a) Find
dy
() &
.. dzy
(i) —
dx ®3)
(b) (i) Verify that C has a stationary pointat x = 1
(if) Show that this stationary point is a point of inflection, giving reasons for
your answer.
2 (4)
o) () Y= 5%t ~zuzx” + 422~ %7x +]|
N = 0% - F22%+ 842 -32 O
c\x M
Gi) 23 =¢0x™-144Yz «8U4 Q)
Adx?
) (i) 1f C hos onStokonany pornt at 221, fen 99| =g
¢ O\x ’ xX=)
oky = 2000)° - 72(1)% + 8Y4(1) ~32
M 2=

/
=20 ~72+84-392 =0 O
o fhee s o stokhonary powne ok =] ()

@ 4y - 4.2 20 Since £uere (s o chonge
dx%|2=03 A-Sig, 2zl IS o
A Lok O'E infleckon.. N\
LIS] =-72.4<0 @ l U
dx* | xz1g
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Figure 1

Figure 1 shows a sketch of a curve C with equation y = f(x) where f(x) is a cubic
expression in x.
The curve

* passes through the origin

* has a maximum turning point at (2, 8)

* has a minimum turning point at (6, 0)

(a) Write down the set of values of x for which

f'(x) < 0
1)
The line with equation y =k, where k is a constant, intersects C at only one point.
(b) Find the set of values of £, giving your answer in set notation.
(2)
(c) Find the equation of C. You may leave your answer in factorised form.
3)

@) 2<¢x<b © £'(x) <0 means the grdient s neﬁa’dve..
Ne%o&'we %(o.d'\en’r = line 30\«\3 dowdn. \y

() k>R or k<O © tj:k- \s o hon=zonkal Jine +W0\I~3\n

e y-os.
flergd o Seowe0d® Y
\nos'mbe —> l/\u/
ourzide of /I

shoded. { efj\on to
nkecseck on\j once .
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CHooSE ONg OF THESE METHODS -

() Methad 1 - Keco\c}n'\Se cusve has form Y = ox (oc-6)" O ghate

. Porm of ¢
(2,8) > %= 2al2-b)"
3 = 310 Y = 'ILTNCU-’@?-@
o = —
e

Method. 2 : So\\)'m?) Simultonegus EunaHOAS

A
Y= go’ + b+ Cx < o +d. becouse the cwve goes

\tb\fou%\m twe ori%m .

when =12, Y=9:
2= o2+ bl2*) + cl(
Ot = ho+ 2o+ C

when X = b, Y=0:
0= al®) + bl + cle)
® 0 2Uba. + 3bb + be O for L s, &,

n o n

fri) = 30 + 2bx + C

when x=b £'(x)= 0 :
0 = 3alb®) + 2blb) +C
@) 0= 0% + 12b + c

— (b,0) IS & \'wn\ng point

Sohe © O .0 s'\mu\mneou.s\\d'- — use & calcwator of solve

bﬁhondt.
L = bho + 20+ C
0 = 2ba + 3bb + bc
0= 10% + 1b + ¢
(L’;_ltr, b='3, C"'q @—‘Forsolviﬂijs\me@y

3=tac3-3xl+q¢®
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F

Figure 5

A company makes toys for children.
Figure 5 shows the design for a solid toy that looks like a piece of cheese.
The toy is modelled so that

» face ABC is a sector of a circle with radius »cm and centre A

* angle BAC = (.8 radians

» faces ABC and DEF are congruent

* edges AD, CF and BE are perpendicular to faces ABC and DEF
» edges AD, CF and BE have length #cm

Given that the volume of the toy is 240 cm’

(a) show that the surface area of the toy, Scm?, is given b
M g y

1680

r

S=0.8-+

making your method clear.

“)
Using algebraic differentiation,
(b) find the value of » for which S has a stationary point.
“)
(c) Prove, by further differentiation, that this value of » gives the minimum surface area
of the toy.
(2)
Lot -
() LxoBxctxh =240 O 797 = ageq oft seclor
ocen, of Sector he.i%hf volume (uo\r\en & iS wn (i od\ans)

0-4c*h = 240 Q 04
t*h = 600
h = 600 )%(’" Q)

(?.
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nron L areo. (\ﬂ area ol
\L A U) ) R |
l = ector +~ 1% tor \en +  an

S = Q_(‘—;_'G(") + 2(ew) + (B xh)
S

= 0% + 2+ 08cl

S = 08¢+ 20 (B2) + o3¢ (22)
S - 0B+ . A2
S 0-%c* + lb:w 0
(b) S = 08c%+ 1RO Tlv‘: = X
%u? = 0327+ (D= 0¢7
= Jbr -80r ™ @
O = b - l‘%‘l — %‘?—=O afs\nﬁo«xag pom*‘
Lbe = —2—
\ ')xrz
Lbe® = 1680 <
~1:6
2 = 1050
3
c = 3J1050
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() = = be - 16800"
"2 = L le™ - (-D) % 16307
o
= 1'b + 33b0r7°
- - B0
when € = 10-1b : < from poct (), stofionany poni- ab
VUr=00b
b+ ——= = 430 ()
(10:1o)
d*s

> 0 when [=10-1b therfore this is & minimum value of S 0,

N

L
-






