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1 (a) Solvethe inequality 3x"—12x+16 > 3x+4. [3]

3z> — 15z +12 > 0
2 -5z +4>0
(x—1)(xz—4)>0
r<lorzx>4
(b) (i) Write 3x" —12x+ 16 in the form a(x+b)” + ¢ where a, b and ¢ are integers. [3]
3(z% — 4z) + 16
3[(z — 2)? — 22] + 16
3(z—2)2—3(4)+16
3(z—2)2—-12+16
3(x —2)* +

(ii) Hence, write down the equation of the tangent to the curve y=3x’—12x+16 at the
minimum point of the curve. [1]
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Minimum point (stationary point) will occur when the bracket(z — 2)% = 0,
when that happens, y = 4

So the answerisy = 4

2 Acurve has equation y = 32x° +ﬁ where x # 0.
(a) Find the coordinates of the stationary points of the curve. [5]
dy _ =2
dy 1
de = 047 — 7,3
. . . dy

To find stationary points, dr = 0

1
64 — 13 = 0

1
64x = 13

a1
T T 256
1
1 1 1
T =y —>y:32(z)2—|—T2—>2—|—2:4
8(7)
xz—l —>y:32(—l)2+;1—>2—|—2=4
4 4 8(__)2
4

Stationary points: (0.25, 4), (—0.25, 4)

(b) These stationary points have the same nature. Use the second derivative test to determine whether
they are maximum points or minimum points. [3]
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dy 1
dz = 042 ~ 1,3
d?y -3
dz? = 04~ g
d*y 3
dz? = 04T g,
d?y 3 d*y

Since it is positive, this is a minimum point

z=-—0.25—

d*y 3 d’y
de? =094 T 0257 7 daz =

64 + 192 — 256

Since this is also positive, this is also a minimum point

3 DONOTUSEA CALCULATOR IN THIS QUESTION.

(a) Show that x+3isa factorof —124+23x4+3x" —2x".

Sub x =-3
—12 4+ 23(—3) + 3(—3)? — 2(-3)3
—12—-69+27+54=0

.+ 31isa factor

(b) Thecurve y=-5+33x+3x"—2x" andtheline y= 10x+7 intersect at three points, 4, B and
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(. These points are such that the x-coordinate of 4 has the least value and the x-coordnate of C
has the greatest value. Show that B 1s the mid-point of 4C. 71



Finding the 3 intersection points:
—5+33z+322 -2 =10z + 7
—12 + 232 + 32?2 — 223 =0

We already know x + 3 is a factor, to find the other 2, we can use long division

—22%2 + 9z — 4
z+3) 943 1322+ 23212
—2x3% — 622
92 +23x
922 + 27x
—4r—12
—4r —12
-

Factorising —2z2 + 9z — 4 — (—2z + 1)(z — 4)

Now, we have our 3 x-coordinates for the 3 intersection points: x = —3, = =
1
9, T = 4

Finding respective y values: y = —23, y = 12, y = 47
1

- A(~3,-23), B(3,12), C(4,47)

—3+4 —23+447 1

Here we can see that B has the same coordinates as the midpoint of AC, so
B = Midpoint of AC

Midpoint AC = (

- . P S .
4 Vanables x and y are related by the equation y=2+tan(l—x) where O0=x= ‘E Given that x 1s

increasing at a constant rate of .04 radians per second, find the corresponding rate of change of y when
y=3. [6]
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Don't forget, calculator to radians mode!

dy d d
Rate of change of y = d—:;/, d—?z _ d_ZaJ: % (Cii_i_lt«“

dz _
7 = 0.04

y=3—>2+tan(l—z)=3

tan(l —z) =1
1—:15':;—r
T
a):l—z
d
d—?;:—secz(l—w)
z=1 % d—y— secz(l—l—%)
@_ —1 @_ 2
dr — N

dy_dy  d
dt dxr = dt
dy

dy _

dt = —0.08

5§  Variables P and T are known to be connected by the relationship P = .4h", where 4 and b are
constants. Values of P are found for certain values of time, 7.

(a) Show that a graph of lg P against T will be a straight line. [2]

Take log of both sides
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lg P = lg(AbT)
lgP=1g A+1gb”
lgP=Tlgb+1gA

This is the straight line form y = mx + ¢ so the graph of this function will also
be a straight line

T T T l ='_!-

0 2 4 6 8 10 12 14

The diagram shows the graph of lg P against I The graph passes through (0, 6) and (14, 12).
Find the values of 4 and b. [4]

y-intercept cis 6 so

lgA=6
A=10°
When T =14 and P = 12,
12=141gb+ 6
141gb=16
3
lgb = -
3
b=107

(c) Using the graph or otherwise, find the length of time for which P is between 100 million and
1000 million. [3]

P, =100,000,000, lg P, =8
P, =1,000,000,000, IgP =9
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In the graph, atlg P, = 8, we canseethatT = 4.6 to4.8 andatlg P, =9,
T = 6.8 to 7.2 (depending on how you measured the graph, this range is
accepted).

So the length of time between P, and P, is Ty — T}, which is around 2.2 to 2.4

(Do not answer with a range, simply write the value you got from your graph
measurements.

. 5
6 (a) (i) Find the first three terms in the expansion of (] +%] . in ascending powers of x. Simplify the
coefficient of each term. 2]

143 01(1)(%) +5 Cz(l)(%)2 + ..

5 1022
1—|—7—i— 49 + ...

/ 3
a8 el . Xy . .o . . . . .
(ii) The expansion of 7(I +.1.'}”[ 1 +?) , where n 1s a positive integer, 1s written in ascending

powers of x. The first two terms in the expansion are 7+ 8% . Find the value of n. 2]

Using part (i):

7M1+ CL1) (@) + )1 + 2 1232 b

— 7+ Tz + )1+ 2Z 1)

=7+ 52+ Tnz + 5nz? + ...

First 2 terms: 7 + b5z + Tnx
7+ 5+ The =7+ 89z

Tnr = 84x
n=12
(b) Inthe ex;_}unzw:mn of (k— 2.1'1”._ where & 1s a constant, the coefTicient of x* divided by the coefticient
of x* is % The coefficient of x is positive. Form an equation and hence find the value of &, [5]

(k - 22)° = B +5 CL(k)7(~22) +° C2(k)(~22)? +5 C3(k)*(—22)* +°
C4(k)*(—2z)* + ...
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Taking only what we need:

28(k)%(—2z)? = z? coefficient — 112k°

70(k)*(—2z)* = z* coefficient — 1120k*

x* coefficient 11204 10

x? coefficient ~ 112k6 — k2

10 5
k2 — 8
kzlexg
k2 =16
k=44

The coefficient of x is positive, so 8(k)"(—2) > 0

k must be negative for the coefficient to be positive
Sok=-4

T (a) fix)= '-,-""3 + (4x—2)" where x > 1.

Find an expression for f'(x), giving your answer as a simplified algebraic fraction.

DN —

f(z) =3+ (4z —2)°]
f(@) = g(h(z))

h'(z) = 5(4z — 2)* x 4
1
J(2) = 2h(z) 2 x I'(a)

1
@)= 53+ (o — 2] 2 x 54z — 2)* x 4
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10(4z—2)*

f'(z) =
T) =
\/ 3+(4$—2)5
(h) Variables x and y are related by the equation y= :__:'_‘;:,,. Using differentiation, find the
approximate change in x when y increases from 10 by the small amount 0.01. [4]
!/ /
dy _g9f'—fg
dx g2
=5
g =3

dy  (3z+2)(5)—(5z)(3)
de — (3z+2)?

dy  15z+10—15z

de =  (3z+2)?2

dy 10

dr ~ (3z+2)?

5% 5
3x+2

S5x = 30x + 20

—25x = 20

_ 4
T="5

y=10 — =10

4 d 1
B(Lyr2p
10

=7

25
=62.5

Yy dy o

d
5m%d—z><5y
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5§z ~ —— % 0.01

62.5
_1_
0T ~ 5250
(¢) (i) Differentiate y=x’Inx with respect to x. [2]
dy 2 3
dr = 3z Ilnz + x’ X
dy

dr =322Inz + 22

(ii) Hence find f(

%12+3 In.t}]clr. [3]

Since fti — 3z2Inzx + 22, f3:1c21n:v—|—m2d:1c =z3lnz +c
[z +3z’nzdr=2*Inz+c
[z*(1+3Inz)dz =z’Inz+c

This can be written as,

[z*(2+3Inz) —z?dr=2*Inz+c

[z?(2+3Inz)dz =2’lnz — [2*dz+c
3

[2*(2+3lnz)dz =2’lnz — % +c

Divide both sides by 6

2 3
f%(2+31nm) dx = l(:1331nac— Z +o

6 3
2 3 3
x z’lnz =z
—(2+3lnz)dr = — 5 +ec
/§@+3hz) 6 18"
8 A curve has equation y = cns% where x 15 n radians. The normal to the curve at the point where
x= an cuts the x-axis at the pomnt P. Find the exact coordinates of P. [7]

3

Finding the curves coordinates
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_ Am cos B — s T
T =3 —>y—cosT—0083—05

p 4

_4r ay 1 . 3

T="3 457y

dy 1. m™_ V3

de — 4513 =778

m _ 8
normal—\/g

Using the point slope formula

8 47
y—0.5:%(ac— ?)

Since we know P is an x-intercept,y = 0

8 47
—0.5 = %(w — ?)

V3 4r
16 ¥ 3
4r /3
3 16

S

Therefore coordinates of P is (4% — 16 0)

. . . . . - . . . -1 -
9 A particle travels in a straight line so that, f seconds after passing a fixed point, its velocity, vms ™, 1s

given by i
v=eg? for 0sr<4,
16e

V=— for 4<r=<k.
2

The total distance travelled by the particle between ¢ = 0 and 7 = £ 15 13.4 metres. Find the value of k.

[6]
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distance s = [v dt
Total distance = [ v dt

t
13.4 = f04e1 dt + [ 10

5z dt
13.4 = e} + (- 202
4
13.4 = [ded — 4e0) 4 [—20¢

134—46—4+[—16e—|—46]

13.4—464—4—46:—%

16e
174 —8e = — ¢

k=10
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10

0

C A
The diagram shows a tnangle (248 The point 15 the mud-point of Q4. The point D lies on C8 such
that CD . DB=2 3.

OC=c CB=h

The point E lies on AB such that OF = A0D and AE = ,u'_-{f;' where A and 4 are scalars.
Find two expressions for JF, each in terms of b, ¢ and a scalar, and hence find AE : EB. 8]

. . -
First, the two expressions of OF

—
OFE = \(OC + CD) (Go from O to C, then to D, then to E)

CD = % (CD:DB is 2:3, so CD:CB is 2:5)

OF = A(c+ 2b)

OF — OA + AE (Oto A toE)

@:20+uﬁ

AB — AC + CB

ﬁ:—c—i—b

—
OF = 2c+ pu(—c+b)
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Now, compare the 2 expressions

Ale+ %b) =2c+ p(—c+1b)

Compare ¢
ACc = 2¢c — uc
A=2—pu

Compare b and sub A

2
Agb: b

@—M§:u

4 —2u=>5u
Tu=4

If AE is 4 sevenths of AB, then EB must be 3 sevenths of AB

“AE.EB—4:3
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Additional notes

Websites and resources used:

e Desmos graphing calculator

If you find any errors or mistakes within this paper, please contact us and we will fix
them as soon as possible.

You may download and share this solved paper provided that you credit Cambright.



