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- 1. The equation kx? + 4kx + 3 = 0, where £ is a constant, has no real roots.
Prove that

0<hk< =

£ K=O , then O0x2+4L(0)x +3=0
<=0
‘which gives no real oW
Oisceiminant, b2—Yac = (4u)?-(4)(W)(3)
So, (Lk)? -(t)(K)(3) O
16k? - 12k¢ O
s Foc (6w -1R2k=0
G(br-3) =0
Eibhec K=0 or k=3

4 &Choase Yre\

. | | / valves 'ondet’ |
Oc¢ck c’_Z_ - | [ the x-axis,
4 S | cince 16xtizic0

Togeu\er with K=0 givirg
an onveal Ssolution,
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PA

P =100 — 6.25(Xx — 9

i 4

Figure 1

A company makes a particular type of children’s toy.

The annual profit made by the company is modelled by the equation
P =100 — 6.25(x — 9)

where P is the profit measured in thousands of pounds and X is the selling price of the toy
in pounds.

A sketch of P against X is shown in Figure 1.
Using the model,

(a) explain why £15 is not a sensible selling price for the toy.

Given that the company made an annual profit of more than £80000

(b) find, according to the model, the least possible selling price for the toy.

The company wishes to maximise its annual profit.
State, according to the model,
(c) (1) the maximum possible annual profit,
(i1) the selling price of the toy that maximises the annual profit.
6) P=100-6-25 (15-9)°
=-115
negative piofil S0 company will make a 1083
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b) P>80 :

100 - 6-25(n-9)"> 80

(x-1)*2 3.2

, n79-

w7721

- min price : wsL1.11

i) (w-9)20

P =100

Max. profit : £100000

ii' n-9=0

we 9

Sering price : &9

J
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3. A company started mining tin in Riverdale on 1st January 2019.

A model to find the total mass of tin that will be mined by the company in Riverdale is
given by the equation

T=1200—3(n —20)
where 7 tonnes is the total mass of tin mined in the »n years after the start of mining.

Using this model,

(a) calculate the mass of tin that will be mined up to 1st January 2020,

1)
(b) deduce the maximum total mass of tin that could be mined,

1)
(c) calculate the mass of tin that will be mined in 2023.

(2)
(d) State, giving reasons, the limitation on the values of n.

(2)

a) n=\ : T = lz,bo—’s(l—u)\’
= |

“+onnesS

b) (200 - ((./UI'\C'\ T =20 +4the Zﬂé "("Q(W\>
diSa ?PWS

O Tg-T,= [)2,00 —Xs-zo)}ﬁ'um —i(q..'z_o)ﬁ
- @l

d) As obgeied i Imv’l‘:(b), Twmar

15 reached whem n=20, hince
e wode| is onln valid for n £20.

T dotn| mag of fn cannot deceue.
RN 00 0 A
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In this question you should show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(a) Using algebra, find all solutions of the equation

3x}-17x*-6x=0
(3)

(b) Hence find all real solutions of

3(y-2)°-17(y-2)*-6(y-2)°=0
(3)

™ 2% - 1Fx*-(a=0

A3 -7 -0) =0 (U

K (3e+)(x-6) =0 @

U
<

=0 or Zu+l =0 or x-6

x:—-L x:é

3

Lo =0, -_'/’3 . b )‘! (]T)

() 3(9-2)* -13(y-2)¥-C0y-2)* -0 |
onvect Hhic o the

J equotion in (a)

3 y-23")" - 13 ((y-2)")"- €l(y-2Y") - o

PaN

By Companng the equotion to (a) , we can condude that x =(QJ-1)"U)

(y-2)*= 0, -f3 ,{ > we real saukons from (a)
(p0'- 0 o (g7 e (y) -
U v
y-12 =0 -'-hoS“]'luo'"el"Oﬂ"' y-2 =46
j= 2 for naaal'-'\fe numbess, 3 = J—i"’f

hence Hus has no

real solutions

©»

= real solutions of y : 2,2 td¢ X 0]
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5. Acurve C has equation y = f(x) where
f(x) =-3x*+12x + 8
(@) Write f(x) in the form
a(x +b)>+c

where a, b and ¢ are constants to be found.

3)
The curve C has a maximum turning point at M.

(b) Find the coordinates of M.
()

YA

20

<V

Figure 3

Figure 3 shows a sketch of the curve C.
The line | passes through M and is parallel to the x-axis.
The region R, shown shaded in Figure 3, is bounded by C, | and the y-axis.

(c) Using algebraic integration, find the area of R.

2 (5)
(@) - 3x>+12xt 8 = —3(x-yx) + 9 @

]
|
W
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N
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+
TS
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I
p—
|
—
\
=
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N

{l
|
w
—
=
{
»>
| —
N
|
P
-+
o0
S

= -3 (x-2)" 41218
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6. An archer shoots an arrow.
The height, H metres, of the arrow above the ground is modelled by the formula
H=18+0.4d - 0.0024°, d>0
where d is the horizontal distance of the arrow from the archer, measured in metres.
Given that the arrow travels in a vertical plane until it hits the ground,

(a) find the horizontal distance travelled by the arrow, as given by this model.
(b) With reference to the model, interpret the significance of the constant 1.8 in the formula.

(c) Write 1.8 + 0.4d — 0.002d? in the form
A—B(d-C)

where A, B and C are constants to be found.

It is decided that the model should be adapted for a different archer.
The adapted formula for this archer is

H=2.1+0.4d - 0.0024°, d>0
Hence or otherwise, find, for the adapted model
(d) (i) the maximum height of the arrow above the ground.

(i1) the horizontal distance, from the archer, of the arrow when it is at its maximum height.

0-) H = '-3"‘0-“4.-0.003&1-

Hzo =) ‘0.0oadq:l-o.hd-(-l,? =0 @

Quedrabh  Formwa @ - b (b™ hnc
FR

=> -0.h ij‘(:‘"')%’l* ("0-0'04)()5) =) +ve -‘v

d=-L.Lhos d=w%.ho3
2(0.002) ®© 2 Not vord => o = 204 m

onee d 0.
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b)

Hz 1.3 +0.ud - 0.002d" .

d=0 =) H=)8 => 1% 5 e inkd hu'awb oy e  awows
obove the 8Nunol. @

c) 1.8+ 0.1bd, - 0.00ad™
"L% z
=) -0.00a(d™ 200d) +1.3 @ % (d-100) - 10,000

- - o.ooa[(i-loo)l— Io,oooi\ +1.3 O

=9 -0‘003(0\-!00)14- A0 + 1.8 => A=2.%
=3 -0.00a(d-tos) + 218 @ B = 0.008
C= loo
d3) H=2l+oud-o.0cad" previsusly H=1% 3 O-kd _ofez.,t‘
=) Y-Goovdinak 4\ Fhe }mning = 2l+20 and H= —0.002 (d-100) +213
=> Max Ht.talnt = ng;lm ® =2 ’fum;na Point,
- (100, 218)
d,ii) 2] + 0.bd - 0.002d ™" = 22.1 I3 +20
=) -0.00ad +0.kd -20 =0
2> -ohzx [lom) 4 Coood)(-20) =) +ve -Rr
3.(-0'0031) d = 0o d= )00

=) d = 10om

—
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Figure 1 is a graph showing the trajectory of a rugby ball.

The height of the ball above the ground, H metres, has been plotted against the horizontal
distance, x metres, measured from the point where the ball was kicked.

The ball travels in a vertical plane.

The ball reaches a maximum height of 12 metres and hits the ground at a point 40 metres
from where it was kicked.

(a) Find a quadratic equation linking H with x that models this situation.

€))

The ball passes over the horizontal bar of a set of rugby posts that is perpendicular to the
path of the ball. The bar is 3 metres above the ground.

(b) Use your equation to find the greatest horizontal distance of the bar from O.

3

(c) Give one limitation of the model.

0\) /\:ODCIJF loocw“C (O'O>
B (40,12)
O:@\(O\\Lf L')(Dhc_ - -0 (40/ 0)

[0 = a(20)+ b(20) 0= a(40)* + L(40)

\A = 4000 + 20b 0~ 600a + 40l

2= 400(- %l |+ 20b 600 - - 40),

A= - lob+ dob o~ 4ol

2= 1ob - - tx 12 ~0. 05
b~ \-2 H= 0 odx r 19 - xl0om 1) /

M

|
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The ball passes over the horizontal bar of a set of rugby posts that is perpendicular to the
path of the ball. The bar is 3 metres above the ground.

(b) Use your equation to find the greatest Lorizontal distance of the bar from O.
~ ~——" 3)

v e

bl H- -0 0% 1| 2x
L= 0 0%+ |- dx
O 0% - V'dxr -0
x" - 40x + l00-0O
(b - 201" -40" 100 - O
(- 30)" = 300

- 207 300

x= 20" 4200 /. J0+ 300 7 O 300

005"

c = AOT A0

-
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(c) Give one limitation of the model.

1)

C’ /l
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f(x)=2x*+4x+9 xeR
8. (a) Write f(x) in the form a(x + b)* + ¢, where a, b and c¢ are integers to be found.
3)

(b) Sketch the curve with equation y = f(x) showing any points of intersection with the
coordinate axes and the coordinates of any turning point.
3)

(c) (1) Describe fully the transformation that maps the curve with equation y = f(x) onto

the curve with equation y = g(x) where

gx)=2(x—-2)+4x-3 xeR
(i) Find the range of the function
h(X) = 222—419 xeR
X"+ 4ax + (4)

o) Sl%)”lxz+ux+q b) D:’Z(x.”)?qq
=2 )+ 9 () Y tnbecepl when =0

= 2] 1-1]4 9 ) Digz(f);n"f?

= 2UA+1)%-2 + 9 =g Y inkecepb (09)
2x*+ 7 O X becel wsher =
O=2(x410%+ 7

y,0 2UA 1) 57
(A1) %= = F & (wve den’t

(0,9 2 rteceph x axos
(no read @obs)

> Twrwa ok
G hmunﬁpowb (a,b)
Ssz(x—-n)ﬂ 7 5 by pont (-, 7)

-, O



michellewright
Text Box
8.


PhysicsAndMathsTutor.com

<) © j(%)=’2%2+h—x+q 3(%-&) lycnsta,emba
3(%%2(1-2)‘4 bx-3 veclor (%)

X(x-z)= 2(x-2)*+ W(X-2)+9
= 2(1-2)% bx -8+ 9 j(?c)*rb (wmsla;&mej
= 2(A-2)° 4 b+ | vecky (g)
§-2)-u - 2%+ () +a-U
= UKD 44x-8:9-4
= 2n-2)*+bx-3

(W= §(X-2)-b4 .. The brorsprrmakion
% ‘Y Ra %b tj‘:(f(ou) onbo 33%% Q)

ranQlsukoon Vecko™ :Zq)
) i
) Y hin)= 21
2% +U+9
(0,9
M volue = 21
-1, ‘\‘MW%) > 8(@
- x
J?(x) — 00
hix)— O

O<hin) ¢z O
Maxmum  h(w)

when () os ok s
o

2.3 @
‘4
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Figure 3

Figure 3 is a graph of the trajectory of a golf ball after the ball has been hit until it first
hits the ground.

The vertical height, H metres, of the ball above the ground has been plotted against the
horizontal distance travelled, X metres, measured from where the ball was hit.

The ball is modelled as a particle travelling in a vertical plane above horizontal ground.
Given that the ball

* is hit from a point on the top of a platform of vertical height 3 m above the ground
» reaches its maximum vertical height after travelling a horizontal distance of 90m

* s ata vertical height of 27 m above the ground after travelling a horizontal
distance of 120m

Given also that H is modelled as a quadratic function in X

(@) find H in terms of x

()
(b) Hence find, according to the model,
(1) the maximum vertical height of the ball above the ground,

(i1) the horizontal distance travelled by the ball, from when it was hit to when it first
hits the ground, giving your answer to the nearest metre.

®)

(c) The possible effects of wind or air resistance are two limitations of the model.
Give one other limitation of this model.

1)
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»n

i
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300 v

n= 'gq" 86!:. , ”4'969 "

S = 185 m ([ nearest metre) ®

\\1}
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10. Find, using algebra, all real solutions to the equation

(i) 16a>=2+a

@
(if) b* + 76— 18 = 0 "
V) \bar - 28a =0
¢ 3/ _
oT| lba * -2,:] =0
3 3/
se a* =0 oc lba -—2=

W) \ex b=y,
3”—4——'-1-5-—\% = O
(%—\'ﬂ\(ﬁ“?w) =0

=) 8:-0\ S:’L
L= -4 Lt=1

[z\b resd 'L\o =+ {1 |

sSbwhong

P 5 8 3 5 1 A 0 4 4 4
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11. 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.
(b) Hence show that C has no stationary points.
(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.

(4)

3)

)

)

(D flx) = ax’+ 5x*— 392 +b

f'(x)= 3ax*+30% -39

£(1) = 3a(2)*+30(2)-39

120 + 60 - 39

§(2)

12a + 2

Y

Gnce we were qiven qmdi@ﬂf is —3,substitute this with f(2)-
v v

£(2) = 120+

-3 = (2a+ @
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1

ax3 ¢ 15 - 391+ b

= -2 415 —¥n + b

~2(2)? v 16(2)*-39(2) + b @

S
M

16 + 60 -~ 18 +b

=3
1

o = - 34 +b

b= 4% (1)

(b flx)= -2%*+ 159> - 9% + 44

dy - —bn+ 0% -39 (V)

b*-gac = (30)* -4 (-6)(-39)

P

1]

-36 (1)

Asb*—tac = -36 ¢ 0, f'(x) {0 .Ths means that §(x)

has no real roatfe- kence, £(v) has no fumingy points. /M
| )\ oy

(€) - 214 15%*-39% + 44 = (X-4)(ax*+br+ )

= a3 tbx®4cn - fax’- ybx —4¢

r

A+ b —4ax’ 4 cu-Ybhx - Y

1}

ax® + (b-ta)n*+ (C-4b) % - 4c

Ga=-2 (Ob-4a=1g @-lkc - 4k (1)

b-4(-2) =I5 ¢ = -\l

b+¢=15

b=t

D
1

Hence, £(x) = (x-4)(-22”+ Fx-n ) L;{){

AT RO A IS0 O Turn over »
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() The curve intersects Hhe y-axis when %=0 - S0, substitute x=0 info the

v

Q‘I'/Mﬂ‘hon :
£0) = (o-w)(-2(0) t Ho- n)
= -4 (-n)
= 44

Points of infersechon with Y- awus = (0,44)

=4

The turve ntesects the 2 - axas when Yy=0.5%0"

U/ﬂ 5olvim) Hais usinq

f(rv)=0 — (x-4) (-27™+ Fx-1) =0 calowlator will not

giVe us real roofs

=4 «the only real solutian

flu)=0 — (4,0)

The quection asks for f(0.22) - f(x) to F( Y5 %) has o ccalar fachr

of & in the a-dicechon. Lo, (4,0) needs to be mulplied by &

(4,0) x5 = (20,0)

© @

~ Hence, dhe poinks of nteseoone are (0,44) and (1(}"0))41E

/ |
where £(02%) whee $00.2%)
infersects y-axs ntosechs w-aus
v
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