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Key dates

Core 1 exam: 13" May 2013 am

Term dates:

Term 1: Monday 3 September 2012 - Wednesday = Term 4: Monday 18 February 2013 - Friday 22
24 October 2012 (38 teaching days) March 2013 (25 teaching days)

Term 2: Monday 5 November 2012 - Friday 21 Term 5: Monday 8 April 2013 - Friday 24 May

December 2012 (35 teaching days) 2013 (34 teaching days)
Term 3: Monday 7 January 2013 - Friday 8 Term 6: Monday 3 June 2013 - Wednesday 24
February 2013 (25 teaching days) July 2013 (38 teaching days)
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Scheme of Assessment Mathematics
Advanced Subsidiary (AS)
Advanced Level (AS + A2)

The Scheme of Assessment has a modular structure. The A Level award comprises four
compulsory Core units, one optional Applied unit from the AS scheme of assessment, and
one optional Applied unit either from the AS scheme of assessment or from the A2 scheme
of assessment.

For the written papers, each candidate will require a copy of the AQA Booklet of formulae
and statistical tables issued for this specification.

All the units count for 331/3% of the total AS marks
162/3% of the total A level marks
Written Paper
1hour 30 minutes
75 marks

Grading System

The AS qualifications will be graded on a five-point scale: A, B, C, D and E. The full A level
qualifications will be graded on a six-point scale: A*, A, B, C, D and E.

To be awarded an A* in Further Mathematics, candidates will need to achieve grade A on the
tull A level qualification and 90% of the maximum uniform mark on the aggregate of the best
three of the A2 units which contributed towards Further Mathematics. For all qualifications,
candidates who fail to reach the minimum standard for grade E will be recorded as U
(unclassified) and will not receive a qualification certificate.

CORE 1 subject content

Algebra
Coordinates geometry
Differentiation
Integration
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Core 1 specifications

Candidates will be required to demonstrate:

a) construction and presentation of mathematical arguments through appropriate use of
logical deduction and precise statements involving correct use of symbols and appropriate
connecting language;

b) correct understanding and use of mathematical language and grammar in respect of

terms such as "equals", "identically equals", "therefore", "because", "implies", "is implied

by", "necessary", "sufficient" and notation suchas .., = , < and <.
Candidates are not allowed to use a calculator in the assessment unit for this module.
Candidates may use relevant formulae included in the formulae booklet without proof.

Candidates should learn the following formulae, which are not included in the
formulae booklet, but which may be required to answer questions.

uadratic equations _b++/p? —
Q E ax” +bx+c =0 has roots b+ ; 4ac
a
Circles A circle, centre (a,b) and radius r, has equation
(x—a)*+(y—b)*> =r?
Differentiation if y—ax" then dy _ anx™
dx
: dy , :
if y="f(x)+g(x) then Vi f'(xX)+9'(x)
X
Integration it & _ax' then y=—2 X"
dx n+1
if %: f'(x)=g'(x) then y=f(x)+g(x)+c
X
b
Area Area under a curve :I ydx (y=0)
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Algebra

Use and manipulation of surds.

To include simplification and rationalisation of the denominator of

1 232 e
a fraction.e. .\/E+2\/E:8\/§ : —:\/E+1;—:_
’ 1—\/5 3\/E+\/§ 3

Quadratic functions and their
graphs.

To include reference to the vertex and line of symmetry of the
graph.

The discriminant of a quadratic
function.

To include the conditions for equal roots, for distinct real roots and
for no real roots

Factorisation of quadratic
polynomials.

E.g. factorisation of 2x*+x-6

Completing the square.

e.g. X2 +6x-1=(x+3)"-10 ; 2x* —6x+2=2(x~-15) -2.5

Solution of quadratic equations.

Use of any factorisation,

~b ++/b? - 4ac or
2a

completing the square will be accepted.

Simultaneous equations,
e.g. one linear and one quadratic,
analytical solution by substitution.

Solution of linear and quadratic
inequalities.

e.0.2x*+x>6

Algebraic manipulation of
polynomials, including expanding
brackets and collecting like terms.

Simple algebraic division.

Applied to a quadratic or a cubic polynomial divided by a linear
term of the form (x + a)or (x - a) where a is a small whole number.
Any method will be accepted, e.g. by inspection, by equating
x*—x*—5x+2

X+ 2 '

coefficients or by formal division e.g.

Use of the Remainder Theorem.

Knowledge that when a quadratic or cubic polynomial f (x) is
divided by (x — a) the remainder is f (a) and, that when f (a) =0,
then (x — a) is a factor and vice versa.

Use of the Factor Theorem.

Greatest level of difficulty as indicated by X -5x*+7x-3,i.e.a
cubic always with a factor (x + a)or (x — a) where a is a small whole
number but including the cases of three distinct linear factors,
repeated linear factors or a quadratic factor which cannot be
factorized in the real numbers.

Graphs of functions; sketching
curves defined by simple
equations.

Linear, quadratic and cubic functions. The f(x) notation may be
used but only a very general idea of the concept of a function is
required. Domain and range are not included. Graphs of circles are
included.

Geometrical interpretation of
algebraic solution of equations and
use of intersection points of
graphs of functions to solve
equations.

Interpreting the solutions of equations as the intersection points of
graphs and vice versa.

Knowledge of the effect of
translations on graphs and their
equations.

Applied to quadratic graphs and circles, i.e.y= (x - a)’+b as a
translation of y = x* and (x - a)2 +(y- b)2 = r? as a translation of
xX2+yi=r.
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Coordinates geometry

Equation of a straight line, including
the forms
y—y,=m(x—-x)andax+by+c=0

To include problems using gradients, mid-points and the distance
between two points. The form y = mx + c is also included.

Conditions for two straight
lines to be parallel or perpendicular
to each other.

Knowledge that the product of the gradients of two
perpendicular lines is -1.

Coordinate geometry of the circle.

Candidates will be expected to complete the square to find the
centre and radius of a circle where the equation of the circle is
for example given as x* + 4x + y> -6y -12=0.

The equation of a circle in the
form
(x-a)*+ (v- b)*=r%

The use of the following circle properties is required:

(i) the angle in a semicircle is a right angle;

(ii) the perpendicular from the centre to a chord bisects the
chord;

(iii) the tangent to a circle is perpendicular to the radius at its
point of contact.

The equation of the tangent
and normal at a given point
to a circle.

Implicit differentiation is not required. Candidates will be
expected to use the coordinates of the centre and a point on the
circle or of other appropriate points to find relevant gradients.

The intersection of a straight
line and a curve.

Using algebraic methods. Candidates will be expected to
interpret the geometrical implication of equal roots, distinct real
roots or no real roots. Applications will be to either circles or
graphs of quadratic functions.

Differentiation

The derivative of f(x) as the gradient
of the tangent to the graph of y =
f(x) at a point; the gradient of the
tangent as a limit; interpretation as
a rate of change.

dy

The notations f '(x) or d—will be used.
X

A general appreciation only of the derivative when interpreting it
is required. Differentiation from first principles will not be tested.

Differentiation of polynomials.

Applications of differentiation to
gradients, tangents and normals,
maxima and minima and stationary
points, increasing and decreasing
functions

Questions will not be set requiring the determination of or
knowledge of points of inflection. Questions may be set in the
form of a practical problem where a function of a single variable
has to be optimised.

Second order derivatives.

Application to determining maxima and minima.

Integration

Indefinite integration as the reverse
of differentiation Integration of
polynomials.

Evaluation of definite integrals.
Interpretation of the definite
integral as the area under a curve.

Integration to determine the area of a region between a curve
and the x-axis. To include regions wholly below the x-axis, i.e.
knowledge that the integral will give a negative value.

Questions involving regions partially above and below the x-axis
will not be set. Questions may involve finding the area of a region
bounded by a straight line and a curve, or by two curves.
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The formulae booklet

Mensuration

. ~ a
Surface area of sphere =4mw”
Area of curved surface of cone = wr x slant height

Arithmetic series
up=a+(n—1)d
S, =%n(a+!) =%n[2a+ (n—l}d]

Geometric series

u,=ar"" !
a(l—r")
K

,S'ﬂ.?:ﬁ for |r|{:1

Summations

" )
dor= %n(n +1)
r=1

H
Srt= %n(n +1)(2n+1)

r=1

i
= =%n‘(n +1)?

L[]

b
||
—

Trigonometry — the Cosine rule
a’=b>+ ¢* — 2bc cos 4
Binomial Series

| 1

(a+b)" =a" +[

i

!
where | |="C . =_L
r rlin—r)!

-1 m—1)..(n—r+1) ,
(1+x)" =1+m—+n(n )xz+___+m‘n )-.(n =1 }x' + ..
1.2 1.2 .r
Logarithms and exponentials
ax _ exlna
Complex numbers
{r(cosf +1sm @)} =r" (cosné +1sinnd)
e =cos# +isind
Ikl
The roots of z" =1 are given by z=¢ " . for k=0,12,....n—1
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Maclaurin’s series

f(x) = f({}}+1f({])+ fu]}+ + X {”'(a)+

2 F'

e’ —elp(;x}—l+x+—+ +—1+ forallx
2! ¥
2 3 r

In(l+x) = x =5+ - __+(—1)”+“T+___ (-l<x=<1)
smx:J.:—£+L—_._+(—1)TL+_._ for all x

31 Al (2r +1)!
cosx = —£+L—._+(—1}r + for all x

n o4 (2r)!

Hyperbolic functions
cosh? x—sinh? x =1

sinh 2y =2smh xcosh x

2 - 2
cosh2x=cosh” x+sinh” x

cosh ' x=1In {x +x -1 } (x=1)

sinh T x=1In {J: 4/ x> +1 }

tanh? x =1 ln[ Lex } (|x| <1)
—x

Conics
Ellipse Parabola Hyperbola Rectangular
hyperbola
Stﬂlldal‘d x: .1!] B l s xl I}JZ B 1 ,
form PEIA T Yo =dax 2 B xy=c
Asymptotes none none x_ i% x=0,y=0
a

Trigonometric identities
sinfA+ B)=sm AcosB+cosAsin B

cos(AxB)=cosdcosBFsindsm B

A+
tan(4+ B)= oA bl kL)
lrtan Atan B ' =

. . . A+B A—B
sind+smB=2sn ——Ccos

2 2
. . A+B . A-B
sin A —sin B=2cos . 8111
cr:rsA+msB:2msA+Bcns 4-5B
2 2
. A+8F  A-FB
cosA—cosBE=-2s51n 5 si1 .
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Differentiation

f(x) fx)
sin ' x 1_

M1—x"
cos ' x -

*-.,."l —-X

tan x 1 -

1+x
tan fx ksec? kx
COSeC X —cosecxcot x
secy sec xtan x
cotx —cosec” x
sinh x cosh x
coshx sinh x
tanh x sech” x
sinh ™ x !

*-..'I1+ JCE
cosh ' x !

y’x‘:’ -1

1 1

tanh — x .

1-x
f(x) £'(x) glx) - f(x) g'(x)
g() (2(x))”

Integration

(+ constant; a >0 where relevant)
f(x) [#(x) ax
tan x hﬂsec x‘
cotx ]nlsiu Jr|
cosecx —]_n|msecx+ cot x| :1n|tan(%x}|
secxy hﬂse-:x+tanx| :1n|tan(%x+%n}|
sec ko %t:mkx
sinh x cosh x
cosh x sinh x
tanh x Incosh x

AQA —Core 1



le Slﬂl[i} (|.v:|-:a]
S
=1fan -
a +x a a
I ‘1 cosh '[E} or hl{x+mr —-a } (x>a)
AN —a o)
1 sinh"[t] or ]11{x+-ut +a’ }
2 a
Wva + X .
% 1 latx =ltalﬂ1_1(£] l[|.1’|-::a}
a’ —x° Za |a—x| a a

X—a
% 5
¥t —a” 2a |x+a

Iuﬁdx:uv—'[vﬁdt
dx dx

Area of a sector

:é [rj d¢  (polar coordinates)

Arc length

5= I.\I|1+[ J dx (cartesian coordinates)

SICECK

Surface area of revolution
2

S,=2|y ‘|,'|1+( } dx

(parametric form)

(cartesian coordinates)

Numerical integration

...

The trapezium rule: |

-

i . b
The mid-ordinate rule: J
a

b
Simpson’s rule: I ydx
a
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vV dx;:h(yl +J.'i +"'+.},
2 il L

J dt (parametric form)

| d 2 d;l" 2
Sy ZEHI}J\{dt] +[dr

b—a
7

]E

h{(yo+3,) +2(y+y,+...+y,,)}. where h=

. Fare b P—a
+1n_12_).*ﬂll€l¢ h==—

|
(] [F¥)

= %h{(}’o + )+ 4(.V1 + 3 +"'+.]"'n—1)+ 3(’«’2 R T P o )}

b—a .
where h= and n 1s even
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Algebra

Indices and surds

KEY POINTS

Definition: for nintegeranda =0, a" =axaxa...xa (n factors)
a'=a and a’=1
(a is called the base)

Multiplication ca"xafl=a""
an
Division cg'egP=2_—_g""
ap
. . 1 a -Nn b n
Negative index ra"=— and (_j :(_j
a b a
Power of a power (a”)p =a™?
1 n )
Fractional index ca"=1%a and af=va" :(5’/5)
: " a" (a)
Different bases : a"xb" =(ab)" and o
KEY POINTS
2
Definition : for a>0, Vais the positive number so that (\/5) =a

Multiplication - Jab =vax+b
in particular Rzﬁxﬁz(ﬁf =a (for a>0)

o a +a
Division D —=— fora=0,b>0
ﬁ b )
Difference of squares: (x+y)(x—y)=x*-y?
hence (\/5+\/5)(\/§—\/5)=a—b

Ja ++/bis called the conjugate (expression) to Jazb
Rationalise the denominator:

a_a Jb_ah

" b b b
L L 1 Jazvb_Jazvb
Jazb Jazib Jazb  a-b

(Multiple numerator and denominator by the conjugate expression)

AQA —Core 1
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Surds - exercises

Question 1:
Simplify the following as far as possible

a)v/28 b)\/63 c)+/32 d)+/150

Question 2:

Expand and simplify

a)v2(VB-2v3) b)V3(v6—v27) )(v5-1) d)(v3+6)

Question 3:
Rationalise the denominator and simplify

2 1 J2 9, 1-2

10
V5 Vma 962 Y- Y Vs

)\/EX\/_ )3—2\/5 i)\/ﬁ—\/ﬁ
V2448 T @+2)2 T 12443

Question 4: Exam June 2006

a) Express(4\/§ —1)(\/§+ 3) in the form p+q+/5, where p and qare integers.

J75-+27

b)Show that ——————— is an integer and find its value.
) N g

Question 5: Exam Jan 2006

a) Simplify (J§+2)(J§—2).
b) Express J8++/18 in the form nv/2, where n is an integer

Question 6: Exam June 2007

V63

a) Express T+£in the form n+/7, where n is an integer.

J7
J7+1

b) Express N in the form pﬁ +(, where p and qare integers.

Question 7: Exam Jan 2007

\/§+3

a) Express

b)i) Express\/4_5 in the form n+/5, where n is an integer.

i) Solve the equation  x+/20 =7+/5 —/45

giving your answer in its simplest form.

AQA —Core 1

in the form \/§+ ,wWhere p and g are integers.
J§—2 P q p q g

(E+2)(5-2

(3marks)

(3marks)

(2marks)
(2marks)

(3marks)

(4 marks)

(4 marks)

(Imark)

(3marks)
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Surds - exercises' answers

Question 1:

a)N28 =\4xT7 =4x[T =27
0)v32 =4/16x2 =42

Question 2:

a)V2(V8-213) =16 -2V6 =4-2/6

b)V/3(v/6 —/27 ) =18 —B1 =32 -9

¢)(v5-1) =(V5-1)(v5-1) =55 -v5+1=6-215
d)(V3+6) =(v3+V6)(V3+6)=3+1B+I8+6=9+218
e)(J§+2)(J§—2)=5—2J§+2J§—4:1

b)v/63 =9x7 =Ox7 =37
d)+/150 =+/25%6 =56

Question 3:
10 +5_1045
R

2 2 3-1_2(/3-1)
b)«/§+1 B+1 B-1 31 =31
1 1 N5+2_5+2 _ 2
f 2 5-2 \5+2 5-2
9) V2 V2 VB+V6 _Vi6-V12 _4-243
J8-6 B—6 BB 86 2
39 39 4+V3 _156+39y3
Vo i a3 a3 6.3 ot s
1-2 1f2\/§+32\/§+343fﬁ1
2J2-3 22-3 24243 8-9
JExJ_ 6V2 _6v2_,
f+xf \/—+2\/— 32
3-22 3-22 (3-2V2))  9+8-12\2
G2 3122 GraG-292) 98 12:/2
Y300 -/75 _10V3-5V3 543 _5
V2443 2J3+43 33 3

=2-3

f)

h)
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Question 4: June 2006

a) (45 -1)(\5+3) =4x5+125-+/5-3
=20-3+125-/5

—17+11/5
b)\/ﬁ—ﬁZM—M
3 3
=5\@—3\/5= 2\@:2
V3 NE]

Question 5: Jan 2006

a)(v5+2)(v5-2)=5-25+2\5-4=1
b) /8 + 18 =4x2 +19x2 =22+ 32 =52

Question 6: June 2007

J_14J9714J_3J_14J_
T 73 s T
=7 +27 =37
\/_+1 \/_+1 J7+2 7+2\/_+\/_+2
-2 J1-2 J1+2 7-4
9437
-3
Question 7: Jan 2007

V5+3 543 5+2 5+25+3J5+6
)I2I2£+2 5-4 =11+5/5
b)i)+/45 =/9x5 =3./5
i) x+/20 = 74/5 - /45
xx 25 =7/5-3/5
. a5 4
25 2

b)

=2
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Quadratic functions

VOCABULARY
e A quadratic function can be written f (x) = ax” +bx +c, where a,b, and ¢ are 3 real numbers.
e The graph of a quadratic function is called a PARABOLA
if a > 0, the parabola is w-shaped
if a <0, the parabola is m-shaped
e The maximum or minimum point of the parabola is called the VERTEX.

e The parabola is symmetrical around the 'vertical’ line going through the vertex.
COMPLETED SQUARE FORM

eax’ +bx +c can be re-arrange into a(x + p)* +q.
This is the completed square form
e The vertex of the parabolais V (-p,q).
e The axis of symmetry of the parabola has equation x = —p.

eTransformation: y = x*is mapped onto y = (x+ p)* +q by a translation with vector E p}

QUADRATIC EQUATIONS

A quadratic equation can be written ax* +bx+c =0
e The discriminant is the value of the expression b® —4ac.

if b” —4ac <0, there is no solution.
if b” —4ac =0, there is a repeated/double root.

—b++/b?*—4ac

if b> —4ac > 0, there are two solutions/roots:

2a
e The roots are the values of x, where the parabola crosses the x — axis.
b?—4ac >0 b*-4ac=0 b? —4ac <0
F(X) =ax? +bx+c fog=ax+bxre F(x) = +bx+c

f(x) =a(x—a)’
The parabola is TANGENT
to the x - axis

f(x) can't be factorised
The parabola does not
cross the x - axis.

f(x) =a(x-a)(x-p)

7 axis of symmetry J axis of gymmeatry

3 B 4
4 Vetex 4 v
T T T T T T T 1 Vertex
[

Veftex

a>0 a>0

axis of $ymmetry

| axis of smmetry T T T
axis of gymmetry
Vertex b

A 4

a<o0

a<o0 a<o0

15
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Quadratic functions - exercises

Question 1:

Find the coordinates of the points where the curve with equation y = x* —6x+5

intersects the coordinate axes.

Question 2:
The curve with equation y = x> —2x —8 cuts the x-axis at the point A and B.
Calculate the distance AB.

Question 3:
a) Find the coordinates of the points where the parabola

with equation y = 4x*> —8x crosses the x - axis.
b)i) Write 4x* —8xin the form a(x+ p)*+q wherea, p and gareintegers
i) Hence, work out the coordinates of the vertex.
iii)and give the equation of the axis of symmetry of this parabola.

Question 4:
a) Write x> —4x + 6 in the form (x— p)? + qwhere p and q are integers.

b) Hence find
i) the vertex of the parabola y = x* — 4x +6,
ii) the equation of the axis of symmetry of this parabola.

Question 5:
The equation kx* +8x + (k —6) = 0 has equal roots.

Work out the possible values of k.

Question 6:
Calculate the possible values of k, if (k +1)x* + kx+ k +1= 0 has equal roots.

Question 7:
a) Factorise 7x* —12x —64

b) The equation kx* — (k +8)x + 2k +1=0 has a repeated root.
Find the possible values of k.

Question 8:

a) Write x* —6x+8 in the form (x— p)* +q.

b) Describe the geometric transformation that maps
the graph y = x® onto the graph of y = x* —4x +8.

Question 9:
Find the equation of the graph of y = x* after it has been translated

by the given vectors. Give your answer in the form y = x* + bx +c.
1 0 2 -3
a b C d

AQA —-Core 1
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Quadratic functions — exercises’ answers Question 6:

Question 1: (k +1)x* +kx + (k +1) =0 has equal roots
Intersection with the y-axis. means the discriminant = 0

Substitute x by 0:  y=0*-6x0+5=5 (0,5) k*—4x(k+1)x(k+1)=0 k®—4k* -8k -4=0
Intersection with the x-axis. 3k?+8k+4=0 (Bk+2)k+2)=0

Solve the equationy =0: X*—6x+5=0 k:_g or k=_2

(x-5)(x-1)=0 (5,0) (1,0)
Question 2:
Solve the equation y=x*-2x-8=0
(x-4)(x+2)=0 X=4 or x=-2
A(4,0)and B(-2,0) The distance AB=6.
Question 3:

Question 7:
a)7x* —12x—64=(7x+16)(x—4)

b) kx* — (k +8)x + 2k +1=0 has repeated root so
the discriminant =0

2) 4" —Bx =0 (~(k+8))2 =4k x (2k +1) =0

IX(x—2) =0 <=0 and x=2 K? +16K + 64 —8k? 4k =0 7k +12k +64 =0
The parabola crosses the x-axis at (0,0) and (2,0). 7k? -12k -64=0 (7Tk+16)(k—4)=0
b)i) 4x* ~8x = 4(x? —2x) = 4((x~1)* 1) = 4(x~1)* 4 ke-16 o koa

ii) the vertex is VV (1,—4) and the axis of symmetry of the parabola is x =1.
Question 4: Question 8:
8) X2 —4x+6=(x-2) —4+6=(x—-2)"+2 a)x’ —6x+8=(x-3)"-9+8=(x-3)" -1

b)i) The vertex V(2,2)

3
.. . ) b) The transformation is a translation of vector
i) The axis of symmetry has equation x = 2. -1

Question 5:

kx* +8x + (k —6) = 0 has equal roots Question 9:

means the discriminant = 0 a)y-0=(x-1)° y=x"-2x+1
8 —4xkx(k-6)=0 64—4k? 124k =0  (+—4) b)y‘3:(x‘°)z V=Xz+3
k?-6k-16=0 (k—8)(k +2)=0 )y-5=(x-2) y=x*—4x+9
k=8 or k=-2 d)y+6=(x+3)*  y=x"+6x+3
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Quadratic inequalities

The purpose of this part is to solve inequalities of the form

ax’+bx+c>0(=0) or

ax> +bx+c<0 (<0)

b?—4ac >0
f(x)=ax® +bx+c

f(x) =a(x-a)(x-p)

b? —4ac=0
f(x)=ax’ +bx+c
f(x) =a(x—a)?
The parabola is TANGENT
to the x - axis

b?—4ac <0
f(x)=ax’ +bx+c
f(x) can't be factorised
The parabola does not
cross the x - axis.

a>0
y>0 \ y>0
o 1 5 y _1'DO 0 - . \y‘r =1|D0
y < 0 N y < O
ax’ +bx+c for ax’ +bx+c for
ax? +bx+c for ax® +bx+c < 0 has no solution ax’ +bx+c >0 for all x

ax’ +bx+c=0 for x=a orx=p

ax’*+bx+c=0 for x=«

AQA —-Core 1

a<0
y>0 y>0 y>0
Y =.0 0 /.“ Y= 0 o : =
y<0 y<0 y<0
ax +bx+c - 0 for , I _ ax® +bx+c <0 for all x
ax? +bX 4 for ax“ +bx+c has no solution

ax’+bx+c=0 for x=a orx=2

ax®*+bx+c for

ax’*+bx+c=0 for x=¢
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Quadratic inequalities - exercises

Question 1:
Solve the following inequalities for x.

(Ineach case, support your answer with a sketch).

a)(x—3)(x+4)<0 b) (x-1)(x+3)>0

c)(3—-x)(x+1) <0 d)x*+3x+2>0

e)2x* —3x—-2<0 f)6—4x—2x*<0

Question 2:

Find the range of values for k that give each of these equations no real roots
a) x> —2x+k b)3x* +kx +7 c)kx* =2x—k

Question 3:

Calculate the possible values of k,if (k +1)x* +kx +k +1= 0 has two distinct roots.

Question 4:
Calculate the possible values of k, if (k +1)x* + 4kx+9 =0 has no real roots.

Question 5:
The equation x* —3kx + 7 —k has two distinct roots.

Find the possible values of k.

Question 6:
Find the condition of k for the equation (x +1)(x* + kx+4) =0

to only have one real root.

Question 7:

a) Simplify (k +5)* —12k (k + 2)

b) The quadratic equation 3(k + 2)x* + (k +5)x +k = 0 has real roots.
i)Show that (k —1)(11k +25) <0
ii) Hence find the possible values of k.

Question 8:
The quadratic equation (2k —3)x* +2x+(k-1) =0
where Kk is a constant, has real roots.

a)Show that 2k* -5k +2<0. (3marks)
b)i) Factorise 2k* —5k + 2. (L mark)
ii) Hence or ortherwise, solve the quadratic inequality 2k® -5k +2<0 (3marks)

AQA —-Core 1
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Quadratic inequalities — exercises’
answers

Question 1:
a)(x=3)(x+4)<0 for —4<x<3

b)(x-D)(x+3)>0 for x<-3or x>1
c)(3—x)(x+1) <0 forx<-lor x>3

d)x*+3x+2=(x+2)(x+1) >0 forx<—-2or x>-1

e)2x’ —3x—2=(2x+1)(x-2)<0 for f%< X<2

f)6—4x—2x> <0

2x°+4x-6>0  (2x=2)(x+3)>0 for x<-3 or x>1

Question 2:
a)x* —2x+k has no real roots:
the discriminant < 0
(=22 —4x1xk <0
4-4k <0 k>1
b)3x? + kx+7 has no real roots:
the discriminant < 0

k?-4x3x7<0
k?-84<0  (k++/84)(k—~/84)<0
—/84 <k </84
—2J21<k <2421

c) kx? —2x+k = 0 has no real roots:
the discriminant < 0

(-2)°-4xkxk <0

4-4k* <0
k?-1>0 k+)(k-1)>0
k<-1or k>1

AQA —Core 1

Question 3:
(k +1)x* + kx+k +1=0 has twodistinct roots:
the discriminant >0
(k)>—4x(k+1)*>0
-3k? -8k -4>0
3k?+8k +4<0
The roots of this quadratic exp ression are

T TV S - R
3

6 6 3
—4-7 —4+:7
<k<

3 3

so 3k*+8k+4<0  for

Question 4:
(k +1)x* + 4kx +9 =0 has noreal roots:
the discriminant =0
(4k)? —4x (k+1)x9=0
16k —36k —36=0
4k*-9k-9=0
(4k +3)(k-3)=0
k= 3 or k=3
4
Question 5:
x? —3kx + 7 —k has two distinct roots:
Discriminant >0
(=3k)? =4x1x(7-k)>0
9k?*+4k-28>0
9k -14)(k+2) >0

k <-2 ork>%

Question 6:
(x+1)(x* + kx+4) =0 has only one real root.
This root is —1.

This means that x* + kx + 4 has no real roots:
discriminant < 0
k?—4x1x4<0
k*-16<0
(k+4)(k-4)<0
—4<k<4

Question 7:
a) (k +5)* —12k(k +2) =
k? +10k + 25—-12k* — 24k =
~11k* —14k + 25
b) the discriminant >0
(k+5)* —4x3(k+2)xk >0
(k+5)*—12k(k +2) >0
~11k* -14k +25>0
11k® +14k —25<0
11k +25)(k-1) <0

SO —Eskgl
11
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Simultaneous equations

SET OF LINEAR EQUATIONS

Consider the line L, :ax+by =c
and the line L, :dx+ey = f
To work out the coordinates of the point of INTERSECTION,
solve the equations SIMULTANEOUSLY.
Solving by combination / elimination:
ax+by=c (xd) X+hbdy =cd
{dx+ey:f (x—a) { X —aey = —af

Then add the equations to find the value of y. Use any other equation to find the value of x.

Solving by identification:

Make y the subject in both equations and identify the values of y :
L:y-mx+c

L,:y-mX+¢c, this gives (v =)mx+c, =m,x+c, and solve.

Solving by substitution:

Make y the subject in one of the equation then substitute y by this expression
in the second equation:

L,:y=mx+c

L,:dx+ey=f this gives dx+e(mx+c)= f then solve.

SET OF QUADRATIC AND LINEAR EQUATIONS

A parabola C has equation y = ax® +bx +c ,
a line Lhas equationy =dx +e (make y the subject if itisanimplict equation)

To work out the coordinates of the points of intersection
of the parabola and the line, solve these equations simultaneoulsy

Solving by identification:
(y=) ax*+bx+c=dx+e then re-arrangeinto
ax’+(b—d)x+c—e=0and solve.
Let's re—write as Ax*+Bx+C=0
if B>—4AC >0 if BZ—4AC =0 if B2—4AC <0
Two points of intersection ~ The line is tangent to the parabola There is no intersection

\

104

T T
5 [} g
a
o 5

o
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Simultaneous equations - exercises

Question 1:
Solve these simultaneous equations
N 3X+2y=7 b 4x+3y=5 c 4x -5y =1
S5Xx+y=7 3x+2y=4 2x—-3y =1
Question 2:
Solve these simultaneous equations
=3x-4 =4x+1 =x>—6Xx+5
a)]’ = 0y Y = ey T TR
y=X"—-4x+6 y=2x"-3x+4 y=x-1
Question 3:

a) Solve simultaneously
X+y+3=0 and y=2x*+3x-1
b) Interpret your solution graphically

Question 4:
Find the points of intersection of the curve y =7 —x*and the line 2x+y = 4.

Question 5:
The line L has equation y + 2x =12and the curve C has equation y = x* —4x+9.

i) Show that the x-coordinate of the points of intersection of L and C satisfy the equation:

x> -2x-3=0
i) Hence find the coordinates of the points of intersection of L and C.

Question 6:
Find the value of k such that the line y = 2x + k is a tangent to the curve y = x> +1

Question 7:
A line has equation y = mx +1, where mis a constant.

A curve has equation y = x* —3x+10.
a) Show that the x-coordinate of any point of intersection of
the line and the curve satisfies the equation
x> —(M+3)x+9=0
b) Find the values of mfor which the equation
x> —(M+3)x+9=0 has equal roots.

c¢) Describe geometrically the case when mtakes either of the values
found in part b).

d) Find the set of values of m such that the liney = mx +1
intersects the curve y = x* —3x+10 in two distinct points.

AQA —-Core 1
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Simultaneous equations — exercises’answers

Question 1:
3x+2y=7 3x+2y=7

a) ey =3 Xr ey By adding, we have
5x+y=7 -10x-2y=-14

—7x=-7, x=1 and y=7-5x=7-5x1=2
The solution is (1,2)
4x+3y=5 8x+6y=10
) =
3x+2y=4 -9x-6y=-12
—-X=-2,x=2 and 3x2+2y=4 gives y=-1
The solution is(2,-1)
4x-5y=1 4x-5y=1
c) =
2x-3y=1 —4Xx+6y=-2
y=-1 and 2x—3x-1=1 gives x=-2
The solution is (-2,-1)

Question 2:

a){y=3x—4

) by subtraction,
y=X"-4x+6

we obtain x> —7x+10=0
(x=2)(x-5)=0
x=2 and y=3x2-4=2 or x=5and y=3x5-4=11
The solutions are (2,2) and (5,11)
y=4x+1 .
b { ) by subtraction,
y=2x"-3x+4
weobtain 2x* —7x+3=0
2x-D)(x-3)=0

x:% and y=4x%+1=3 or x=3and y=4x3+1=13
The solutions are (%,3) and (3,13)

c){y =X -6x+5 by subtration ,
y=x-1
we obtain x> —7x+6=0
(x=-D(x-6)=0
x=1and y=1-1=0 or x=6 and y=6-1=5
The solutions are (1,0) and (6,5)
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Question 3:

X+y+3=0 and y=2x*+3x-1

By substitution, we obtain

X+2x2+3x-1+3=0

2X* +4x+2=0

X2 +2x+1=0 (x+1)*=0

x =-1 (repeated root) and y =-2
The solution is (-1,-2)

b)The linex+y+3=0is TANGENT

to the parabola y = 2x? + 3x —1at the point (-1,-2).

Question 4:
y=7-x% and 2x+y=4
By substitution, we have
2X+7-x>=4
x?—2x-3=0
(x=-3)(x+1) =0
x=3 and y=7-9=-2
or x=-1land y=7-1=6
The solutions are (3,-2) and (-1,6)

Question 5:
y+2x=12 and y=x*-4x+9
by substitution, we have
X2 —4x+9+2x =12
x*—2x-3=0
(x-3)(x+1) =0
x=3 and y=12-2x=6
or x=-land y=12+2=14
The solutions are (3,6) and (-1,14)

Question 6:
y=2x+kis tangenttoy = x* +1
by subtraction, we obtain, x> —2x+1-k =0
Because the line is tangent to the parabola,
the discriminant of this equation must be 0:
(-2)* —4x1x(1-k)=0
4-4+4k=0 k=0
Question 7:
a)y=mx+1 and y=x*-3x+10
By subtraction, we obtain x? —(3+m)x+9=0
b) The equation has equal root when the discriminant=0
(- (3+m))? —=4x1x9=0
9+6m+m®-36=0
m’+6m-27=0
(m+9)(m-3)=0
m=-9 or m=3
¢) Two distinct points of intersection when the discriminant > 0
(3+m)?-36>0
(3+m)?>36
3+m<—6 or 3+m>6
m<-9 or m>3
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Polynomials
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Algebraic division

We use algebraic division to divide algebraic expression:
(x* +3x* =5x+2)+(x+2)

X' 4+x —7
x4+ 2\ L3 —5x + 2
el el I

v
x —b5x

— .\':—1—2)'_ <
— 7x+2

— e T
16 Conclusion: X* +3x* =5x+2 = (x+2)(x* + Xx—7) +16
The remainder and factor theorem.
a) The remainder theorem.

| The remainder of the division of f (x)by (x—a) is f (a).|

Example : f (x) = x* +2x-5x+3
o If we divide f (x) by (x—2),the remainder is f(2)=(2)®-2x2-5x2+3=-3
3 3 33

o If we divide f (x) by (2x —3), the remainder is f(%) = (%)3 —2><§—5><E+3:—E

The remainder of the division of f (x)by (ax—b) is f (Ej
a

b) The factor theorem.

The following statements are equivalent:
e a isaroot of f
e f(a)=0 (The remainder of the division by (x—a) is 0)
e (x—a)isa factor of f(x).

Example : f (x) = x*+2x—-6x+3
Show that (x—1) is a factor of f.
f1)=1+2x1-6x1+3=1+2-6+3=0
lisarootoff , (x-1)isa factor of f.
Factorising cubic expressions

To factorise a cubic expression, f (x),
1) you need to find or be given a factor or a root of f, for example "a".
2) Use the algebraic division to factorise f by (x—a)
f(x) = (x—a)(bx* +cx+d)
3) Factorise the quadratic expression bx* +cx +d.

Example :a) Showthat 2isarootof f(x)=2x>+3x*-11x—-6

b) Factorise fully f (x).
a) f(2)=2x22+3x22-11x2-6=16+12-22-6=0  (x—2)isa factor
b) f(x) = (x—=2)(2x* +7x+3) = (x—2)(2x +1)(x + 3).
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Polynomials - exercises

Question 1:
Use the long division to divide the cubic below.

In each case state the quotient and the remainder.
a)x* —x*=3x+3 by (x+3)

b) x* —3x* =5x+6 by (x—2)

c) x* +2x* +3x+2 by (x+2)

Question 2:
Find the remainder when the following are divided by

i) (x+1) i)(x-1) i) (x-2)
a) f(x) =6x>-x*-3x-12
b) f(X)=x*+2x*—x*+3x+4
c) f(x)=x>+2x*-3
Question 3:
The remainder when x* + cx? +17x—10 is divided by (x +3) is 16.

Use the remainder theorem to the value of c.
Question 4:

f(X)=(x+5)(x—2)(x-1) +k.
If (x+2)is a factor of f (x), find the value of k.

Question 5:
Factorise fully x®—3x*+3x—1,given that (x —1)is a factor.
Question 6:
f(x)=x*-2x"-4x+8
a) Factorise f (x)
b) Find the solutionsof f(x)=0

Question 7:
Find the roots of the cubic f (x) = x* —x* —=3x+3
Question 8:
f(x)=x*>—px*+17x-10 and (x-5)is a factorof f(x).
a) Find the value of p.
b) Factorise f(x).

c) Find all solutions of f(x).
Question 9: exam question — Jan 2006

The polynomial pix) is given by
plx) = x> — 10x+8
(a) (1) Using the factor theorem, show that x — 2 is a factor of p(x). (2 marks)
(i1) Hence express p(x) as the product of three linear factors. (3 marks)

(b) Sketch the curve with equation y = x° 4+ x* — 10x + 8, showing the coordinates of the
points where the curve cuts the axes.

(You are not required to calculate the coordinates of the stationary points.) (4 marks)

AQA —-Core 1
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Polynomials — exercises’answers

Question 1:

a) x> —x?=3x+3=(x+3)(x* —4x+9)-24
b) x® —3x* —5x+6=(x—2)(x* —x—7) -8
C)X*+2x* +3x+2=(x+2)(x* +3) -4

Question 2:
a)i)f(-1)=-6-1+3-12=-16

i) f()=6-1-3-12=-10

i) f(2)=48-4-12-12=20
b)i) f(-1)=1-2-1-3+4=-1

i) f()=1+2-1+3+4=7

i) f(2)=16+16-4+6+4=38
oi)f(-)=-1+2-3=-2

i) f()=1+2-3=0

i) f(2)=32+8-3=37

Question 3:

f(x)=x*+cx* +17x-10

the remiander of the division by (x+3)is f (-3)
f(-3)=-27+9c-51-10=16

9c =104
104
c="r
9
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Question 4:
f(X)=(x+5)(Xx-2)(x-D+k
(x+2)is afactor of f,means f (-2) =0
f(-2)=3x-4x-3+k=0

k=-36

Question 5:

X2 —3x2 +3x—1= (Xx—-1)(x* —2x +1)

(using the algebraic division)
=(x-1(x-1)° = (x-1)°

Question 6:

f(x)=x*-2x*-4x+8
a)f(2)=8-8-8+8=0 so

(x—2) is a factor of f

X} —2x* —4x+8=(x-2)(x* -4)
f(X)=(x=2)(x+2)(x=2) = (x—2)*(x+2)
b) f(x)=0 for x=2 or x=-2

Question 7:
f(x)=x*-—x*-3x+3
f(1)=1-1-3+3=0

so (x—1) is a factorof f
f(x) = (x=1)(x* -3)

f(X) = (x=D(x+V3)(x~/3)

Question 8:
f(x)=x>—px* +17x-10
(x—>5) is a factor of fso f (5) =0
f(5)=5"-25p+85-10=0
p=38

b) f(x) =(x=5)(x* =3x+2)

=(x=5)(x-2)(x-1)
c0f(x)=0 for x=50r x=2or x=1

Question 9:
a)i) p(x) = x> +x*-10x+8
(x—2) is afactor of pif p(2)=0
p(2)=8+4-20+8=12-20+8=0
(x—2)is a factorof p
i) p(x) = (x—2)(x* +3x—4)
=(X=2)(x+4)(x-1)
b) The graph crosses the x-axis at
(2,0), (-4,0) and (1,0)
The graph crosses the y-axis at (0,8)
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Coordinates geometry

Straight lines

Gradient of a line
Two points A(x,, y,) and B(x,,Yy,) form a line AB

The gradient of the line AB is |m _YomH
Xz - X1

Equation of a line

An equation of the line going through A(x,, y,) with gradeint m is

y=Yi=m(x-x)
After re-arranging this equation, you could have the forms:

y=mx+c explicit eqaution
or ax+by=c implicit equation

Parallel and perpendicular lines

Consider two linesL, :y=mxXx+c, andL,:y=m,X+c,
el and L, are parallel when m =m,

el and L, are perpendicular when m xm, =-1
m=——t
1 m2

Mid-point of a line segment

The mid-point of A(x, y,) and B(x,,Y,)Iis

2 2

,(&+& m+wj

Distance between two points

The distance between A(x,, y;) and B(X,,Y,)Iis
AB=d =% - %)" + (¥, - )’

27
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Straight lines - exercises

Question 1:

Give the equation for the following straight lines AB in the formy =mx+c

a)A(4,1) B(0,-3) b) A(12,-3) B(14,1) c)A(5,7) B(-2,5)
Question 2:

Write the following equations in the form ax+by + ¢ =0wherea,b and c are integers.

a)y=5x+2 b)3y:%x+3 c)4y-1=2(x-1) d)y—B:%(x+2)

Question 3:

Give the equation for the following straight lines AB in the form ax+by+c=0

a)A(5,2) B(3,4) b) A(9,-1) B(7,2) c)A(-6,1) B(4,0)
Question 4:
For each of the following,

i) find the distance AB

ii) find the midpoint | of AB.
a) A(3,4) B(-2,6) b) A(6,2) B(-3,-2) c)A(2,-4) B(-6,-3)
Question 5:
A line L, has equation y = 2x—3. Consider two points A(3,2) and B(-1,4).

a) Work out the equation of the line parallel to L, going through A.

Give your answers in the formy = mx +c.

b) Work out the equation of the line perpendicular to L, going through B.

Give your answers in the form ax+by + ¢ = 0.
Question 6: exam question
The triangle ABC has vertices A (1, 3), B(3, 7) and C(—1.9).

(a) (i) Find the gradient of 45.
(ii) Hence show that angle 4ABC is a right angle.
(b) (i) Find the coordinates of M, the mid-point of AC.

(ii) Show that the lengths of AB and BC are equal.

(ii1) Hence find an equation of the line of symmetry of the triangle ABC.

Question 7: exam question

The point 4 has coordinates (1, 1) and the point B has coordinates (5, k).
The line AB has equation 3x + 4y = 7.
(a) (1) Show that k = —2.
(i1) Hence find the coordinates of the mid-point of 45.
(b) Find the gradient of AB.
(c) The line AC is perpendicular to the line AB.
(i) Find the gradient of AC.
(it) Hence find an equation of the line AC.

(ii1) Given that the point C lies on the x-axis, find its x-coordinate.
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(2 marks)
(2 marks)
(2 marks)
(3 marks)

(3 marks)

(1 mark)
(2 marks)

(2 marks)

(2 marks)
(1 mark)

(2 marks)
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Straight lines — exercises’answers

Question 1:
aym _3L
AB 0_4

Question 2:
a)bx—y+2=0
c)2x—-4y-1=0

Question 3:
a)m _4-2_
AB 3_5
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1

-1

y_yA:m(X_XA)
y-1l=x-4
y=x-3
y_yA:m(X_XA)
y+3=2(x-12)
y=2x-27
y_yA:m(X_xA)
2
-7==(x-5
y - (x=9)
)2,

7 7
b)x-6y+6=0
d)x-3y+11=0
y_yA:m(X_XA)
y—2=-1(x-5)
X+y=7
y_yA:m(X_XA)

3
+1=——(x-9
y+1=-7(x~9)
3x+2y—-25=0
y_yA:m(X_xA)

1
-1=——(x+6
y 10%+6)
Xx+10y—-4=0

Question 4:
a) AB = (X —X,)? + (Y — ¥,)? =52+ 2% =29

Mid - point | XatXy ,7y"+y3):[l,sj
2 2 2

b) AB =~/9? + 47 = /97 |@,0j
) AB=+/87 + 1% =65 | [_2,;27j

Question 5:

a) The gradient of L, is 2

the line parallel to L, has gradient 2

Its equation is  y—y, =2(x—X,)
y—-2=2(x-3)
y=2x-4

b) The line perpendicular to L, has gradient —%
N 1
Its equation isy — y; = _E(X —Xg)

1
—4=—=(x+1
y > D)
X+2y-7=0

Question 6:
. 7-3
aiym,, =——=2
WM =377
. . . 9-7 1
ii) the gradientof BCism,. =——=—-=
ytheg T 1-3 2

1
Mg X Mg :2X_E:_l
the line AB and BC are perpendicular,
the triangle ABC is a right-angled triangle.
b)i)M (0,6)
i) AB =22 +42 =20 =2./5
BC=+v42+22 =20=25
AB =BC
iii) The triangle ABC is a right-angled isosceles triangle,
Its line of symmetry is the line AM

The gradient of AM=m,,, = % =
The eqaution of AM isy —y,, =-3(x—Xy,)
y—-6=-3x y=-3x+6

Question 7:

a)3x+4y=7 and B belongs to the line so
3x5+4xk =7 15+4k =7
k=-2

ii)AL,1) and B(5,-2) M (3, —%)

-2-1_ -3
5-1 4
. 1 4
c)iymy, =—=—
AC mAB 3

b) My =

ii) The equation of AC is:y—1= g(x—l)

3y—3=4x-4 gives 4x-3y-1=0
iii)C(x,0) belongs to the line AC so 4x-0-1=0

1
X==
4
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Circles

Equation of a circle.
Consider a circle C with centre (2(a,b) and radius r.
Any point M (x, y) on this circle satisfies QM =r.

This is equivalent to QM? =r?
(x—a)’+(y-b)y’=r’

In particular if the centre is (0,0), the equation becomes x* + y* =r?.

Re-arranging circle equations
In its factorised form, it is easy to read centre and radius from the equation of a circle:
(x=3)2+(y+1)?*=9 is the eqaution of the circle centre (3,-1) radius 3.

But an equation can be given in its expanded form: x* + y* + 2ax + 2by + ¢ = 0.
To re-arrange this equation, use the complete square form with x* + 2ax and y? + 2bx.

example : X° +y°+6x+4y—-3=0
X2 +6Xx  + -3=0
(x+3)*-9 + -3=0

(x+3)*+(y+2)* =16
This is the circle centre (-3,-2) radiusr =4

Circle properties
a) Any point joined to the extremities of a diameter v
form a right-angled triangle.

b) The perpendicular bisector of a chord goes through
the centre of the circle. -
) A tangent to the circle is perpendicular to the radius
at its point of contact.

Work out exercise: Tangent to a circle
The circle C has centre O(2,1) and radius 25.
The point A(6,4) belongs to the circle.

Work out the equation of the tangent to the circle at A.

oThe tangent at A is PERPENDICULAR to the radius OA.

The gradient of OA is m, =E =i The gradient of the tangent is therefore _1.4
2-6 -4 m,
The equation of the tangent is :y—4 :g(x—G)
3y-12=4x-24
4x-3y-12=0
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Circles - exercises

Question 1:
For each of the following circles find the radius and the coordinates of the centre.

a) x> +y’ +2x—-6y—-6=0

b)x* +y®>-2y-4=0

C)x*+y’—6x—4y=12

d)x* +y*-10x+6y+13=0

Question 2:

A circle has the equation (x +1)° + (y — 2)* =13.

The circle passess through A(-3,-1).

Find the equation of the tangent at A in the form ax+by +c =0.
Question 3:

A circle has the equation (x—3)° + (y —4)* = 25.

The circle passess through A(7,1).

Find the equation of the tangent at A in the form ax+by =c.
Question 4:

A circle has the equation x> + y* +2x -7 =0.

Find the equation of the tangent to the circle at (—3,2).
Question 5:

A circle has the equation x> + y? + 2x +4y =5.

Find the equation of the normal to the circle at (0,-5).

Give your answer in the form ax + by =c.
Question 6: exam question

A circle with centre C has equation x> + y% — 10y + 20 = 0.

(a) By completing the square, express this equation in the form

Pt (y— 6)2 =k (2 marks)

(b) Write down:
(1) the coordinates of C; (1 mark)
(11) the radius of the circle, leaving your answer in surd form. (1 mark)

Question 7: exam question

A circle with centre C has equation x? +y2 —6x+ 10y+9=0.
(a) Express this equation in the form
x—a)P+(y=byP =+ (3 marks)
(b)  Write down:
(1) the coordinates of C;

(i1) the radius of the circle. (2 marks)
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Circles — exercises ‘answers

Question 1:
a)X2+y?+2x-6y-6=0
(x+1)?—1+(y-3)°-9-6=0
(x+1)°+(y-3)’=16=4°
The circle has centre (—1,3) and radius 4
b)x*+y*—2y—-4=0
(X +(y-1)*-1-4=0

(9 + (Y- =5
The circle has centre (0,1) and radius J5
C)x2+y*—6x—-4y=12
(x=3)2-9+(y-2)*-4=12
(x=3)* +(y-2)* =5
The circle has centre (3,2) and radius 5
d)x*+y?-10x+6y+13=0
(x=5)*-25+(y+3)*-9+13=0
(X=5) +(y+3)* = /21"
The circle has centre (5, —3) and radius J21

Question 2:

The centre of the circle is 1 (-1, 2).
The tangent to the circle at A(—3,-1)
is perpendicular to the radius IA
Gradientof IA = m,, = 1-2.3
-3+1 2

. . 1 2
The gradient of the tangentism=—-——=——
m,, 3

The equation of the tangent isy —y, =m(x—x,)
y+1= —%(x+3)

3y+3=-2x-6
2x+3y=-9
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Question 3:
The centre of the circle is Q(3,4)
The radius AQ has gradient m,, = % = —g

The tangent to the circle at A is

perpendicular to the radius: its gradient is %

The equation of the tangentisy —1= %(x -7)

3y-3=2x-14
2x-3y=11
Question 4:
X2 +y*+2x-7=0
(x+1)*+y* =8
The centre of the circle is Q(-1,0)
0-2
143

The gradient of the radius AQis m,, =

The gradient of the tangent is 1
The equation of the tangent isy —2 =1(x + 3)
y=X+5

Question 5:

X*+y>+2x+4y=5 and  A(0,-5)
(x+1)?+(y+2)* =10

The centre of the circle is Q(-1,-2)
The normal is the radius AQ and

its the gradient is m,, = —2+5_
-1-0

The equation of the normal is

y+5=-3(x-0)

3X+y=-5

Question 6:

X +y°-10y+20=0
a)x*+(y-5)*=5
b) The centre has coordinates (0,5)
The radius is r =/5

Question 7:
X* +y>—6x+10y+9=0

a) (x—=3)>-9+(y+5)°>-25+9=0
(x—3)>+(y+5)* =25

b)i) The centre is (3,-5)
i) Theradiusisr =5




Transformations of graphs

Translations of graphs

A curve C, has equationy = f (X).

a"is a positive number.

0
eThe curve with equation y = f (x) —b is the translation of C, by vector ( bj

—-a
eThe curve with equation y = f (x+a)is the translation of C, by vector EO ]

Combined translations

—-a
e The curve with equation y +b = f (x+a)is the translation of C, byvector( bJ
Examples : The curve with equation y = (x—3) + 2 is the translation of

3
the curve y = x* by vector (2}

The circle (x—3)+(y +1)* =9 is the translation of the circle x* + y* =9

3
by the vector ( J.

Parabolas

All parabolas of the form y = x* + bx + ¢ are the image of the parabola y = x*

To work out the vector of this translation, use the completed square form:
y=x*+bx+c=(x+ p)2 +q

The vector of the translation is (_ p}
q

Note : This vector is the vector OV, where V (= p, q) is the vertex of the parabola.

y=(x- 67 +2
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Transforming graphs - exercises

Question 1:
(a) Express x> + 8x + 19 in the form (x + p)2 + ¢, where p and ¢ are integers. (2 marks)

(b) Hence, or otherwise, show that the equation x2 + 8x + 19 = 0 has no real solutions.
(2 marks)

(c) Sketch the graph of y = x? + 8x + 19, stating the coordinates of the minimum point and
the point where the graph crosses the y-axis. (3 marks)

(d) Describe geometrically the transformation that maps the graph of y = x? onto the graph
ofy:x2+8x—|— 19. (3 marks)

Question 2:

(a) Express x> — 3x+4 in the form (x —p)2 + g, where p and g are rational numbers.
(2 marks)

(b) Hence write down the minimum value of the expression X2 —3x+4. (1 mark)

¢) Describe the geometrical transformation that maps the eraph of y = x? onto the graph
g p grap ¥y grap

of y= x> —3x+4. (3 marks)

Question 3:
(a) Express (x—5)(x —3)+2 in the form (x —p)? + ¢ . where p and g are integers.
(3 marks)

(b) (i) Sketch the graph of y = (x — 5)(x — 3) + 2, stating the coordinates of the
minimum point and the point where the graph crosses the y-axis. (3 marks)

(i)  Write down an equation of the tangent to the graph of y = (x — 5)(x —3) +2
at its vertex. (2 marks)
(¢c) Describe the geometrical transformation that maps the graph of y = x? onto the graph
of y=(x—-5)(x—3)+2. (3 marks)

Question 4:

(a) (i) Express x? +2x+ 5 in the form (Jc—l—p)2 + ¢ . where p and ¢ are integers.

(2 marks)
(ii) Hence show that x% +2x+ 5 is always positive. (1 mark)
(b) A curve has equation y = x> +2x +5.
(1) Write down the coordinates of the minimum point of the curve. (2 marks)
(11) Sketch the curve, showing the value of the intercept on the y-axis. (2 marks)

¢) Describe the geometrical transformation that maps the graph of y = x* onto the graph
g p grap y grap

of y=x%+2x+5. (3 marks)
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Transforming graphs — exercises ‘answers

Question 1:
a) x> +8x+19=(x+4)*+3
b) x* +8x+19=0
(x+4)*+3=0
(x+4)>=-3
No solution
(a squared number is always positive)
¢) The minimum point is (-4, 3)
The graph crosses the y-axis at (0,19)

—4
d) Translation vector [3 j

Question 2:

3 9
a) X" —3x+4=(x-=)"——+4
) ( 2) 2

Sk
X——=| +—
2 4

b) The minimum point is (g%)

¢) Translation vector

NN DN W

Question 3:
a)(x—5)(x-3)+2=x"-8x+17 = (x—4)2 +1
b)i) Minimum point (4,1)
The graph crosses the y-axis at (0,17)
iy=1
¢) Translation vector G]

Question 4:
a)i)x’ +2x+5:(x+1)2 +4
ii)Forall x, (x+1)>°>0
(Xx+1D>+4>4
y>4>0
b)) Minimum point (—-1,4)
ii) The graph crosses the y-axis at (0,5)

-1
c) Translation vector (4 j

35
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Calculus

Differentiation

Notation
¢ The function you get from differentiating y with respect to x

is called the DERIVATIVE of y and it's written %
X

. g—yis the rate of change of y with respect to x.

X
It is the gradient of the curve/the tangent to the curve.

e The notation f '(x) (f primeof x)is sometimes used instead of

Differentiation from first principle.

Consider two points on a curve A(x, f (x))and a point B close to A

B(x+h, f(x+h)) where H is"small". v

The chord AB has gradient e =10g _ Fx+
X+h-x

When B get closer and closer to A, h tends to 0. for + h)

If w has a value when h tends to 0,

this value is the gradient of the curve at A: f '(x).

dy

dx

Example: f (x) =x°
Let's work out the gradient of the curveat x =3.

*A(3,3?) and B(3+h,(3+h)?)

2 a2 2
the gradient of AB: m:(3+h) 3 :9+6h+h 9:6+h
3+h-3 h

When htendsto0, m tendsto 6:
Conclusion :%(X =3)=1'(3)=6

Differentiating polynomials

o |if y=x" then ﬁznx”’1
dx
oif y=x"+x" then ﬂznx”‘% pxP!
dx
- n dy n-1
oif y=kxx" then —=kxnx where k eR.
dx
Example: y = x* ﬂ=4x3
dx
y =5x° ﬂ=5x6X5=30X5
dx
4 3 dy 3 2
y=3x"+5x"+X d—=12x +15x° +1
X
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Differentiation - exercises

Question 1:

Differentiate the following functions

a) f(x) =4x>-x* b) f(x)=x+1 c) f(x)=x"—x

d) f(x)=3x"+x-5 e) f(x) =—2x>+4x-6

Question 2:

Find the gradient of each of the following curves

a)y=x"-x*+2 when x=3 b)y=2x>+4 when x=-2
C)y=x(x-1)(x-2) at (4,24) d)y=5(x*-1)+x at (-1,-1)
Question 3:

For each of the following functions, find the coordinates of the point
or points where the gradient is O

a)y=x"-2x b) y =3x* + 4x c)y =5x* —3x d)y=9x-3x°
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Differentiation — exercises ‘answers

Question 1:
a)£:12x2—2x b)izl c)£:4x3—1
dx dx dx
d)£=6X+l e)£:—4x+4
dx dx
Question 2:

a)ﬂ:4x3—2x d—y(x:3)=4><3‘°’—2><3=102
dx dx

dy 4 dy 4
b)—L =10x —Z(x=-2)=10x(-2) =160
)dx dx( ) X( )
c)y =x>—3x +2x ﬂ=3x2—6x+2 CI—y(x=4)=26
dx dx
2 dy dy
d)y=5x"+x-5 —=10x+1 —(x=-1)=-9
dx dx
Question 3:

a)ﬂ:ZX—Z:O for x=1
dx

y=12-2=-1
1-1

b)ﬂ:6x+4:0 for x:—g
dx 3

sl 3ol
(44

c)ﬂzlox—3:0 for x=i
dx 10

3_9
10" 20

d)ﬂzg_gﬁ =0 for x*=1
dx

9

)

x=-1or x=1
y=—60rx==6
(_1’_6) or (11 6)
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Using differentiation

AQA —-Core 1

Tangents and normals

e A tangent to a curve is a straight line that touches the curve

Tangen

The gradient of the tangent is the same as the gradient of “
the curve at the point of contact.

e A normal to a curve at a point A is a straight line which _|NoroaH
is perpendicular to the tangent to the curve at A. |
Consequence' mtangent X mnormal = _l or mnormal =
tangen

Second order derivatives

. : . ... d
o If you differentiate y with respect to x, you get the derlvatlved—y.

X

. o dy . o dPy

e If you differentiate d—W|th respect to x, you get the second order derivative —-.
X X

¢ The second order derivative gives the rate of change
of the gradient of the curve with respect to x.

2
o Ify = f (x), we usethe notation (; 2/ = f "(x).
X
Stationary points
Stationary points occur when the gradient of the curve is zero: % =0
X

Maximum

When the gradient
changes from ‘ T
positive to negative.

There are three kinds of stationary points:

Point of inflection
When the graph
briefly flattens out;

To work out the coordinates of a stationary point:
1) Work out f '(x)
2)Solve the equation f '(x) =0
3) Substitute the x-values found into the
original equation to find y-values.
Minimum and maximum points

Minimum

When the gradient
changes from
negative to positive.

If the point A(x,, f(x,))is a stationary point of the curve y = f (x),
The nature of the point A is determined by the sign of the second order derivative:
d’y

X2

If (x=x,) <0, Ais amaximum point

2

If fixz (x=x,) =0, Ais point of inflection

2
i 4

2 (x=x,) >0, Aisaminimum point

39



Using differentiation - exercises

Question 1:
Find the equation of the tangent to each of these curves at the given point.

Give your answer in the formy = mx+c
a)y=9x-x> (1,7) b)y=x*-2x+3 (2,7)
0)y=(x+2)(2x-3) (2,4)

Find the equation of the tangent to each of these curves at the given point.
Give your answer in the form ax + by + ¢ =0 where a,b and c are integers.

d)y=3x*—-4x+2 (2,6) e)y=x*(x+4)-5x (-1,8)

Question 2:
The curve with equation y = x> + x* + x +5 passes through the point A(1,8).

a) Work out the equation of the tangent to the curve at A.
(give your answer in theform y = mx +c)
b) Work out the equation of the normal to the curve at A
in the form ax+by +c=0.

Question 3:
Find the stationary points on the graphs of the following functions

and say if they are maximum or minimum turning points.
a) f(x) =8x° +16x* +8x+1

b) f (x) =2x* +x

c) f(x)=x*-3x*+4

Question 4:
The curve given by the function f (x) = x* + ax® + bx + ¢ has a stationary point

with coordinates (3,10). Iff "(x) =0at (3,10),finda,b and c.

Question 5:
Given that the curve with equation y = x* +kx® + x> +17 has only one stationary point,

show that k? <%.

Find the coordinates of the stationary point and say if it is a maximum or a minimum point.

Question 6:
A ball is catapulted vertically with an initial speed of 30m/s.

After t seconds the height h of the ball is given by h = 30t — 7.5t°.
Use calculus to find the maximum height the ball reaches.
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Using differentiation — exercises ‘answers

Question 1:
a)d—y:9—2x d—y(x:l):9—2:7
dx dx
The equation of the tangentis y—7=7(x-1)
y=7x
b)d—y:3x2—2 d—y(x:Z):lo
dx dx

The equation of the tangent is y—7=10(x-2)
y=10x-13
c)y=2x*+x-6 d—y:4x+1
dx
dy
—(x=2)=9
dx( )
The equation of the tangent is y—4=9(x-2)
y=9x-14
d d
Y —6x-4 Yix=2)=8
dx dx

The equation of the tangent isy —6 =8(x—2)
8x-y-10=0

e)ﬂ:3x2+8x—5 d—y(x:—l):—lo
dx dx

The equation of the tangent isy —8 =—-10(x +1)
10x+y+2=0

Question 2:

a)%=3x2+2x+1 %(x:l):G

The equation of the tangent isy —8=6(x—1)
y=6X+2

b) The gradient of the normal is —%

The equation of the normal isy —8= —%(x -1

6y—-48=-x+1
X+6y—-49=0
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Question 3:
a)£:24x2+32x+8:0
dx
32 +4x+1=0
(Bx+1(x+1) =0
x:—1 or x=-1
3

f (-%) - -2_57 or f(-1)=1

The stationary points are A(—% , %) and B(-11).

2
d I = 48x+32
dx
2
z—:(X=—%)=16>0 A is a minimum
X
d?f ] )
e (x=-1)=-16<0 B isamaximum
Question 4:

f(x)=x*+ax’ +bx+c
£:3x2+2ax+b
dx

ﬁ(x=3)=27+6a+b=0
dx

6a+b=-27
d?f

;- =6x+2a
dx
d2

o (x=9)=18+2a=0  a=-9

and b=-27-6a=27
f(x)=x3-9x* +27x+cC
f(3)=27-81+81+c=10

c=10-27=-17
Conclusion: f(x)=x*—9x*+27x-17

Question 5:

ﬂ:4x3+3kx2+2x:0
dx

X(4x* +3kx+2) =0

so x=0and y=17 give
THE stationary point
This means that 4x? + 3kx + 2
has noreal roots:
The discriminant is <0
(3K)* —4x4x2<0
9k*-32<0

k? <2.
The stationary point is (0,17)
d—22/:12x2 +6kx+2
dx
d?y
dx?
The point (0,17) is a minimum.

(x=0)=2>0.

Question 6:

%:30—1&:0 for t=2
dt

fort=2, h=60-30=30
The maximum height reached
is 30m at t = 2 seconds
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Integration

Indefinite integrals

Integration is the "opposite™ of differentiation.
If y= f(x)isagiven function, to integrate f means finding a function F (x)

so that d—F =f
dx

F is called an INTEGRAL of f and it is noted j f (x)dx

Note : An integral is not unique. If F(x) is an integral, then F(x) + c is also one.

j f(x)dx = F(x)+c where ¢ is a constant

Integrating x"
The formula tells you how to integrate powers of x.

1
X"dx =——x"" +¢ for alln=-1
n+1

Rules of integrations

f(x) and g(x)are two functions , ais a constant

[ axfeyde=ax| f(x)dx
j f(x)+g(x)dx:f f(x)dx+j g(x)dx

Examples:j x3dx:%x4+c : I(3x2—3x)dx=3x%x3—3x%x2+c:x3—gx2+c

Integrating to find the equation of a curve

A curvey = f (x) is going through the point A(x,, y,) and g—y = f'(x)is given.
X
To find the equation of the curve,
eintegrate f '(x) :I f'(x)dx=F(x)+c

e find the value of the constant c using the coordinates of A.

Example:The curve y = f (x)goes through A(2,9)and % =3x°.
Find the eqaution of the curve.
-J' 3dx=x’+c S0 y=x'+C
e A(2,9) belongs to the curve so 9= (2)° +¢ c=1
ethe eqaution of the curve isy = x* +1
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Integration - exercises

Question 1:
Find the following

A ¥ax b max o gdx 0) —%xdx
e)j (x® + X)dx f)j (10X? + 4x +1)dx g)j X(X + 2)dx
h) | hxd'xzdx i) [ %x3+2X—)§5dx

Question 2:
For each of the following, the curve y = f (x) goes through

the given point. Find f (x)

a) f'(x) =4x® (0,5)
b) f '(x) =3x*—4x+3 (1,-3)
c) f'(x)=6x(x+2) (=11

9x® +2x?

) 100 =" (-12)

Question 3:
Consider 3—3: =(t —3)2 .

Given thaty =9 when t =4,find y as a function of t.

Question 4:

The curve y = f(x) has derivative f '(x)= x> +§+3and passes through (1,-1).

Find the equation of the curve.
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Integration - exercises

Question 1:

1
a)| x¥dx==x*+c
)| :
X 1
c)| =dx="x"+c
)] Z9=,
1 1
)| (X6 +x)dx==x"+=x*+c
)] ¢ +x)dx=—x"

1
2)dx ==x" +x*+cC
g)j X(x +2)dx 2x + X+

7

b) | 7x*dx=—x"+c
)| :

1 1
d)| —=xdx=-=x"+c
) =g

2 10 5, 5,2

f)J. (20x +4x+1)dx:§x +2X°+X+cC

3 2
h)j @dx:'[ (2x° +4x)dx:§x3+2x2+c

|)'[ =x* +—dx I—x +2x3dx—1x splys +C
8 2

Question 2:
a)f(x)=x"+5

b) f(X) = x*—2x° +3x+-5
c) f(x)=2x*+6x*-3

d) f(x)=3x"+x*+4

Question 3:

ﬂ:(t—3)2=t2—6t+9
dt

y:%t3—3t2 +ot+c

fort=4,y=9s0
9=6—4—48+36+c
3
1
C=—=
3

1 3 2
=03t 4+0t-=
Y73

Question 4:

y = f(x):1x4+£x2+3x+c
4 4

for x=1, y=-1so0

—1:—+1+3+c
4
C=——

2

f(x):lx“jtix2+3x—g
4 4 2
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Integration and area

Definite integrals

Definite integrals have numbers,a and b, next to the integral sign.
They indicate the range of x-values to integrate the function between.
a is the lower limit, b is the upper limit a<b

J': f (x)dx = [F(x)]: =F(b)-F(a) where F is an integral of f.

Example:

2
‘[szdx:[lxﬂ :(£x23)—(1x13):§_321
1 3 4 \3 3 3 3 3

Area under a curve
The value of a definite integral represents the area between

the curve of the function, the x-axis and the line x=a and x =b.
y = flx)

LV
=

E Curve of the function
i you're integrating.

area = fhf(x)(i\c

a b‘
Lower limit. <% ~ Upper limit.

£ 3

Be careful:if the curve is below the x-axis, i.e if f (x) <0,
the integral will give a negative value.

In this case, Area= —J: f (x)dx

a b X
| area = — f'f(x} dx

Area between two curves

f (x) and g(x)are two functions and a and b are two numbers.
when a<x<b, f(x)>g(x).

The area between the two curves and the linesx=a and x=b is

j:f(x)dx—j:g(x)dx or I:(f(x)—g(x))dx

900 = 1)+ 1

Area = jlz—xz +3x—((x—1)2 +1) dx = Jj—sz +5% —2dx “ T\[09 = 3x
2 I
=[—zx3+Ex2—2x} 1 !
3 2 ) : :
Area:(—g+10—4j—(—z+§—2)=E o : :
3 3 2 6 0 1 2
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Integration and area - exercises

Question 1:

Work out
3) _[:SXde b) j°2 4 +2x)dx  ©) joz(x3 +x)dx d) _[j(x +1)%dx

Question 2:

Given that J': x3dx = 4, work out the value of a, where a > 0.

Question 3:
Calculate the shaded area in the following diagram:
/
i) =%+ 2u

04
0| _—]

[u} 2| f
Question 4:

Find the area between the graph of y = x* + X, the x-axis and the linesx =1 and x=3

Question 5:
Find the area between the graph of y =5x°, the x-axis and the lines x =—2 and x =—1.

Question 6:
Find the area enclosed by the curve y = x> + 4 and the line y = x + 4.

Question 7:
Find the area enclosed by the curve y = x* + x+1,

the line y =4 —x and the x —axis for x > 0.

Question 8:
Work out the shaded area in the following diagrams:

204 .
\ ffx?':h“*“/ N f) =

y="16
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Integration and area — exercises ‘answers

Question 1:

a) fozdx =[x =3-1=26

b) j°2 (@ +20)dx=[x* +x* ] =0~ ((-2)* +(-2)?) =20
c)joz(x?’ +x)dx:[%x“ +%X2:|2 =(4+2)-(0)=6

-2
d)Jﬁz(XJrl)de:J‘fzx2 +2x+1dx:[1x3 +x? +x}
-5 -5 3 5
:[—§+4—2j—(—%+25—5j =21
3 3

a

jaXSdX: 1x4 :la“ _4
0 4 4

0

Question 2:

Thisgives a*=16 a=4%16=2
(because a > 0)

Question 3:
3

Area = f X3+ 2xdx = B x* + xz}

Area:(§+9j—(i+lj: 28
4 4

Question 4:

1

3

Area:_“:x2 erdx:Bx3 +%x2}

Area:(9+gj—(l+lj:§
2 3 2 3
Question 5:

1e.3 S 4 B
I=I 5x°dx =| —=x

-2 4 >

5 75
l=|—=|—-(20)=——

(3)-0)--2

The area is » =183
4

1

AQA —-Core 1

Question 6:
We need to find where the parabola

and the line intersect:

{y:x2+4 this gives:
y=x+4
X +4=Xx+4
x*—x=0
Xx(x-1)=0
x=0or x=1

I :Iol(x+4)—(x2 +4)dx:'[:x—x2dx

1
|=|:1X—1X3:| :(l_lj_(())zi
2 3 1 2 3 6
.1
The area is =.

Question 7:
2
) = 1
We solve smultaneously{y XX
y=4-X
X2+ x+1=4-x
x> +2x-3=0
(x+3)(x-1)=0
Xx=-3or x=1
But we want x >0 so we work out
I :jl(x2 +x+1)—(4—x)dx:jlx2+2x—3dx
0 0

1
I :Fxs +x° —3x} = [£+1—3]—(0) _2
3 o \3 3
The area comprised between the curve is g
Question 8:

a)l = [ 16-(3x" +4)dx= [ 12-3xax

| =[12x- x3]: —(24-8)—(—24+8) =48

b) I :I022x—x2dx:[x2 —%xs}

| :(4_2}(0):%

The area is i

0

47
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1 (a) Simplify (V35 4+ 2)(V5 = 2). (2 marks)

(b) Express /8 + /18 in the form n\ﬁ, where # is an integer. (2 marks)

2 The point 4 has coordinates (1, 1) and the point B has coordinates (5, k).

The line 4B has equation 3x +4y=7.

(a) (i) Show that k= -2. (1 mark)
(i) Hence find the coordinates of the mid-point of AB. (2 marks)
(b) Find the gradient of AB. (2 marks)

(¢) The line AC is perpendicular to the line 4B.

(i) Find the gradient of AC. (2 marks)
(i) Hence find an equation of the line AC. (1 mark)
(1i1) Given that the point C lies on the x-axis, find its x-coordinate. (2 marks)

3 (a) (i) Express x> —4x +9 in the form (x —p]2 + g . where p and g are integers.
(2 marks)

(i1) Hence, or otherwise, state the coordinates of the minimum point of the curve
. . 2 1
with equation y =x~ — 4x + 9. (2 marks)

(b) The line L has equation y+ 2x = 12 and the curve C has equation y = x> —4x +9.

(i) Show that the x-coordinates of the points of intersection of L and C satisfy the
equation

2

¥ =2x—-3=0 (1 mark)

(i) Hence find the coordinates of the points of intersection of L and C. (4 marks)



4 The quadratic equation 2 4 (m+4)x+ (4m+ 1) = 0, where m is a constant, has

(a) Show that m*—8m+12=0.

(b) Hence find the possible values of m.

5 A circle with centre C has equation x% + 32 — 8x+ 6y = 11.
(a) By completing the square, express this equation in the form
(x—a)*+ (y—b)* =12
(b)  Write down:
(1) the coordinates of C;
(i1) the radius of the circle.
(¢) The point O has coordinates (0,0).

(i) Find the length of CO.

equal roots.
(3 marks)

(2 marks)

(3 marks)

(1 mark)

(1 mark)

(2 marks)

(ii) Hence determine whether the point O lies inside or outside the circle, giving a

reason for Your answer.

6 The polynomial p(x) is given by

plx) = X 4x2—10x+8

(a) (i) Using the factor theorem, show that x — 2 is a factor of p(x).

(i1) Hence express p(x) as the product of three linear factors.

(2 marks)

(2 marks)

(3 marks)

(b) Sketch the curve with equation y = x* + x> — 10x + 8, showing the coordinates of the

points where the curve cuts the axes.

(You are not required to calculate the coordinates of the stationary points.)

AQA —Core 1

(4 marks)

7 The volume, V'm’, of water in a tank at time ¢ seconds is given by

v=L6_2/ 132, fort=0

(a) Find:
(1) .
1 E.
(ii) &y
il e

(b) Find the rate of change of the volume of water in the tank, in m

(c) (i) Verify that I has a stationary value when ¢ = 1.

(ii) Determine whether this is a maximum or minimum value.

8 The diagram shows the curve with equation y = 3x% —x° and the line L.

3

The points A4 and B have coordinates (—1,0) and (2,0 respectively. The curve touches the
x-axis at the origin O and crosses the x-axis at the point (3,0). The line L cuts the curve at the

point D where x = —1 and touches the curve at C where x = 2.

(a) Find the area of the rectangle ABCD.

®) Findjfzx?-—ﬁmn

(2 marks)

(3 marks)

(ii) Hence find the area of the shaded region bounded by the curve and the line L.

(¢c) For the curve above with equation y = 3x? — 3

d ’
() find I;

(4 marks)

(2 marks)

(ii) hence find an equation of the tangent at the point on the curve where x = 1;

(i) show that y is decreasing when 2 —2x>0.

(d) Solve the inequality X2 —2¢>0.

(3 marks)
(2 marks)

(2 marks)

(3 marks)

(2 marks)

s whenr=2.

(2 marks)
(2 marks)

(2 marks)



AQA - Core 1 - Jan 2006 — Answers

Question 1:

Exam report

a)(\/§+2)(\/§—2):5—2\/§+2\5—4:1
b)8++18 =4x2 +4/9x2 =22 +3J2 =52

Many candidates earned full marks on this introductory question.
(a) Most candidates multiplied out the two brackets to obtain four
terms. The most common error occurred in the last term, which
was sometimes seen as -2 instead of -4. Very few candidates
recognised that it was the difference of two squares.

(b) This part was less well done. Some candidates had problems

simplifying \/5 and /18 and wrote 2\/2 and 2\/§, for example.
Some, having correctly converted both surds, added them
incorrectly and so 6\/6 was quite common. A few candidates

thought /8 ++/18 were equal to/26 .

Question 2: Exam report

A(]_, ]_) B(5, k) (a)(i) Candidates used various methods to prove that
=-2. Some used the most direct method of

AB: 3x+ 4y =7 substituting x = 5 into the given line equation and

a)i) B belongs to the line so its coordinates satify the equation: | sClVing fory; some chose to verify thatx = 5 andy =-

3x5+4xk=7 15+4k=7 k=-2

ii)|£xA+XB’yA+yBJ=|[3’_£j
2 2 2

Yo —Ya _—2-1_ 3

b)ym,; = = =——
)Mas Xe—X, 5-1 4
: 1 4
C)iymy =——=—
)My =~ =2
i) AC:y -y, =M, (X—X,)
4
—-1=—(x-1
y-1=5(x-1)
3y—-3=4x-4
4x-3y =1
i) C belongs to the x-axis so C(x.,0)
1
4x. -3x0=1 XC:Z

2 satisfied the equation of the straight line. Others
took a longer route; they found the gradient using
(1,1) and (5,-2) and then found the equation passing
through one of the points and proved it to be the
given one.

(a)(ii) Most candidates knew how to find the
midpoint of a line. A few made a simplification error

1 1
and wrote (3,—) instead of (3, ——j .The
2 2

common error amongst the weaker candidates was
to subtract the coordinates instead of adding them.
(b) Many candidates gave fully correct answers here.
—2-1 3
wrote —

5-1 4

X — X,

Y. Y,
(c)(i) Most knew the gradient rule for perpendicular
lines. However, not all could implement it since it
involved the reciprocal of a fraction.
(c)(ii) At least half of the candidates found the
equation of the line passing through the midpoint of
AB instead of through C.
(iii) Most realised the need to substitute y = 0 into
their AC equation and solve for x, so they at least
earned the method mark. Even those with the
correct equation did not always earn two marks.

1 4
Some had difficulty in simplifying —+—
3 3

However, some, having obtained

as a final answer. A few candidates used

AQA —-Core 1
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Question 3:

Exam report

i)x2—4x+9:(x—2)2—4+9:(x—2)2+5
ii)forall x,(x—2)>>0 so (x—2)°+5>5
The minimum y value is 5, obtained for x = 2
Min(2,5)
b) Solvethe equations simultaneously: V= —22x 12
y=Xx"—-4x+9
This gives (y =) x* —4x+9=-2x+12
x*—2x-3=0

ii)x* —2x-3=(x-3)(x+1)=0

x=30r x=-1

y=12-2x=6o0r y=14
(3,6) and (-1,14)

and

(a)(i) Most candidates were familiar with the idea of .completing
the square. and answered this part satisfactorily. There were
occasional sign errors and +9-4 was not always evaluated
correctly.

(a)(ii) There were several correct answers although some wrote
(5,-2) instead of (5,2). Some did not recognise the link between
parts (i) and (ii) and chose to differentiate instead. This was a
satisfactory, though more time-consuming, alternative method.
Some earned no marks here as they wrote comments such as “.5
is the minimum”, with no link to the y-coordinate being 5.

(b)(i) This simple proof was usually well done. Occasionally the
mark was lost due to the omission of “=0"...

(b)(ii) Many scored full marks here. Most factorised the equation
and obtained the correct x-values. Some made no further
progress, while a few substituted into the given quadratic
equation and obtained

y =0, instead of using the equation of the line or curve to find
the values of y. It was encouraging to see

many factorising the quadratic correctly. Those who used the
quadratic equation formula or completion of

the square often made more errors than those who factorised

Question 4:

Exam report

a) X* +(m+4)x+(4m+1) = 0 has equal roots
so the discriminant =0:

(m+4)? —4><1><(4m+1):0
m? +8m+16—-16m—-4=0

m’>-8m+12=0
b)m* -8m+12=0
(m-6)(m-2)=0

m=6 or m=2

(a) There were several completely correct proofs here. Some lost
the last mark by concentrating on the discriminant but failing to
equate it to zero. There was a little fudging by some; for example,
some who wrote -4(4m+1) = -16m+4 still managed to obtain the
correct printed equation.

Some of the weaker candidates found b*-4ac using numerical
values from the equation they were supposed to establish.

(b) Almost all candidates found both values of m successfully. A
few spotted just one answer and some factorised correctly and
then wrote m = -2, m =-6, but they were in the minority.

Question 5:

Exam report

a) X’ +y*-8x+6y=11
(x—4)"-16+(y+3)°-9=11
(x—4)°+(y+3)°=36

b)i)Centre C(4,3)

ii) Radius r = /36 =6

c)O(0,0) C(4,3)

i) Length CO = /(% —%¢)? + (Yo — ¥e )’

CO=+42+3 =25=C0=5

ii) Because CO < 6,0 lies INSIDE the circle.

(a) Completion of the squares in the circle equation was carried
out well once more. The most common error was a sign slip
usually in the second term. Another error lay in combining the
constant terms, so answers such as -14 and 11 were seen for .

(b) Most earned the mark for the coordinates of the centre of the
circle as this was a follow through mark. The mark for the radius
was not always earned as some failed to take the square root or
had an inappropriate answer such as a negative value for .

(c)(i) Most found CO to be 5. However, a few neglected to square -
3 and 4 before adding and some subtracted 9 from 16.

(c)(ii) This part was answered well with most realising the need to
explain, using both lengths, why O lay inside or outside the circle.
Some accompanied their explanations with diagrams, although
this was not necessary.
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Question 6:

Exam report

a)i) p(x) = x* +x*-10x+8
P(2)=2°+2?~10x2+8=8+4-20+8=0

2is aroot of pso(x—2)isa factor of p.

i) X+ x* 10X +8 = (X —2)(X* +3x—4) = (x - 2)(x + 4)(x - 1)

x> +3x—4

X +x*-10x+8

X3 —2x?
3x? —10x
x—2  3x*—6x

—-4X+8
—4x+8
0
b) The graph cuts the axes at (2,0), (-4,0), (1,0) and (8,0).

.f//‘_h‘\\ B .IIII

(a)(i) It was good to see that almost all candidates started
correctly by evaluating p(2), though a few thought they needed
to find p(-2) and others wrongly assumed that long division was
the “factor theorem”. It was necessary to write a conclusion or
statement after showing that p(2) =0, in order to earn the
second mark.

(a)(ii) The most successful approach here was by using a
quadratic factor (ax*>+bx+c), though long division also worked
well for many. A surprising number who found the correct
quadratic then factorised it wrongly. Those who tried the factor
theorem again rarely spotted both factors. A few lost the final
mark by failing to write p(x) as a product of factors.

(b) Although there were many correct sketches, many lost a mark
by failing to mark the point (0,8) on the y-axis. Candidates were
expected to draw a cubic through their intercepts, to use an
approximately linear scale and to continue the graph beyond the
intercepts on the x-axis. It was common to see the negative
values in the factors wrongly taken to be the roots and hence the

intercepts on the x-axis.

=10t* —24t* +6

i
) dt?

b) The rate of change is dd_\t/

50 (:j_\t/(t:2):2><25—8><23+6><2:64—64+12:12m3/5
. adv 5 3
C)I)E(t:]-):ZXl —8x1°+6x1=2-84+6=0

V has a stationary point whent =1

L dAV
”)d7

The stationary point is a MAXIMUM.

(t=1)=10x1"-24x1°+6=10-24+6=-8<0

] 2 3
Question 7: Exam report
dv 1 s 3 s 3 (a)(i) The differentiation was generally well done, though some
a) ')E = §>< 6t —2x4t° +3x 2t =217 - 8t" + 6t candidates found the fractional coefficient problematic. Those
6.
da who wrote —t~ were not penalised in this part but writing

1
6.— generally led to errors later in the question. Some tried to

avoid the fraction by considering 3V throughout the question,
making errors, and suffered a heavy penalty.

(a)(ii) Again, most applied the method correctly and here
simplification of coefficients was necessary. A few failed to
differentiate 6t or omitted it altogether.

(b) This part was poorly done with many not recognising that

\
the rate of change was —— and substituted t = 2 into the
dt

2
Quite a lot of candidates made

expression for V or a

dt
arithmetic errors. A few found two values of the expression and

averaged them.

(c)(i) Again, many failed to evaluate ——in order to verify that a
dt

stationary point occurred, but those who did generally obtained
a value of zero. It was essential to include a relevant statement
to earn both marks.

(c)(ii) This required evaluation of the second derivative at t = 1
or an appropriate test. Candidates who tried to test the gradient
on either side of 1 almost invariably failed, as the values used
were too far away from the stationary point. A surprising
number evaluated
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10 -24+6 to be -20 thus losing the accuracy mark. Some
appeared to be guessing and drew wrong conclusions about
maxima or minima after evaluating the second derivative.

Question 8:

Exam report

y=3x"-x°

A(-1,0) B(2,0)

a)y(2)=3x2*-2*=12-8=4
The area of the rectangle is 3x4 =12

b)i)j (3x* —x*)dx = x3—%x4+c

C(2,4) D(-14)

2
ii) Area :12—.|._21(3x2 —x%)dx :12—[x3 —%x“}
-1

Area=12—-(8-4)+ (—1—%)

c)i)d—y: 6x — 3%
dx

ii)ﬂ(x:l):6—3:3
dx

y()=3-2=2

6

INy[3N)

Equation of thetangent:y—2=3(x-1)

y=3x-1

iii) y is decreasing when ™ <0
X

(+-3)

d) x> —2x=x(x-2)>0

dy
6x—3x%><0
x2=2x>0

for x<0Qor x>2

(a) Not everyone recognised that the height of the rectangle
was the value of y when x = -1 or x = 2. Some who did made
numerical errors. Even having found the height 4, some
obtained the wrong area by taking AB as 4 or 2 (sometimes
using Pythagoras’ .Theorem) or by finding the perimeter
instead.

(b)(i) The integral was generally correct, though sometimes
incorrect simplification occurred subsequently. A few integrated

Xto —x' anda surprising number misread the integrand as

3x%- X%
There were also candidates who confused integration with
differentiation or whose process was a hybrid of the two.

(b)(ii) Almost everyone recognised that they should firstly
evaluate the integral from -1 to 2 , but most stopped there,
instead of going on to subtract the value of the integral from
the area of the rectangle.

There were a lot of sign errors in the work with some adding
instead of subtracting or putting the two parts the wrong way
round. A few wrongly substituted in the original function. Those
who chose to work with the differences of two integrals seldom
completed it correctly.

(c)(i) Differentiation was done well on the whole.

(c)(ii) Many substituted x = 1 into the derivative to find the
gradient of the tangent and went no further. Most did not find
the y coordinate of the point and so made no attempt at the
equation of the tangent. A few non-linear equations were seen
with a .gradient. of 6x - 3x2.

(c)(iii) Very few candidates completed this part. Many made no
attempt, and those who did tended to test a few values of x or
to find the second derivative, which was of no value.

Only the strongest candidates realised that % < 0 was the

X
condition for y to be decreasing and that, after a couple of lines
of algebra, the given inequality could be obtained.
(d) Although most made an attempt at the quadratic inequality,
few obtained both parts of the solution. It was imperative that
candidates wrote x> 2, x <0 and not 0 > x > 2 as many
incorrectly stated.
It was disappointing to see how many candidates at this level
could not solve the equation x*>-2x = 0, obtaining values such as
-2,V2, 1+V2. Using the formula or completing the square
sometimes led to 1+V1, which many candidates failed to
simplify.

GRADE BOUNDARIES

Component title

Max mark

A

B C D E

Core 1-Unit PC1

75

61

53 45 38 31
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Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method

m or dM mark is dependent on one or more M marks and is for method

A mark is dependent on M or m marks and is for accuracy

B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

Jorftor Foo follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
Cs0 correct solution only RA required accuracy
AWFW anything which falls within FW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD eiven benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2.1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G graph
NMS no method shown c candidate
P1 possibly implied st significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used. we must usually see evidence of
use of this method for any marks to be awarded. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no
marks,

Where a question asks the candidate to state or write down a result, no method need be shown for full
marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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MPCl

Q Solution Marks | Total Comments
1(a) [J;] FEN TN S M1 Mulhpb-mg()ui or difference of two
squares attempted
Al 2 Full marks for correct answer /no working
() | 8= Ji8=32 M Fither correct
Answer = S\E Al 2 Full marks for correct answer /no working
Total 4
2)) | 1544k =7 =4k=="8 =k=-2 Bl 1 AG (condone verificationor y=-2)
(ii) %{_.\', +x,)or %{_.v, +v,) Ml
Midpoint coordinates (3-*5) Al 2 One coordinate correct implies M1
(b | Attempt at Ay/Ax or _v:—%x+% M (Notx over y)(may use M mstead of 4/B)
radic _.3
Gradient A5 = 4 Al 2 ~0.75 etc any correct equivalent
(€)@ | mm, =—1 used or stated 1
. L4 Follow through their gradient of AB from
Hence gradient AC = 3 AL 2 part (b) =
iy | v 4 . o ) Follow through their gradient of AC from
,\-—l_g(_r—lj or 3y =4x -1 etc B1S 1 part (¢) (i) must be normal & (1,1) used
(i) | y=0 o3 M1 Putting ¥ = 0 in their AC equation and
y=0 =x-l= i attempting to find x
_1 1
= 4 Al 2 CSO.  has coordinates [ 2__0]
Total 10
3)i) [ x—2Y Bl p=2
+ B1 2 g=>3
(ii) | Minimum point (2, 5) or x=2, y=5 B2/ 2 B1 for each coordinate correct or i
Alt method M1, Al sketch,
differentiation
(b)) | 12 —2x =x* —4x+9 Or x* —4x+942x=12
2 _
=¥ -2x-3=0 Bl 1 AG (be convinced) (must have = 0)
(i) | (x=3)x+1)=0 M Attempt at factors or quadratic formula or
one value spotted
x=3, -1 Al Both values correct & simplified
Substitute one value of x to find y Ml May substitute into equation for L or €
Points are (3. 6)and { —1. 14) Al 4 v-coordinates correct linked to x values
Total 9
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MPCT (cont)

MPC1 (cont)

Q Solution Marks [ Total Comments
4@) | (m+4V =m' +8m+16 B1 Condone 4m + 4m
b —dac =(m+4° =4{(4m+1)=0 M1 b — 4ac (attempted and involving m’s
nt +8m+16—16m—-4=0 and no x’s) or b* —4ac =0 stated
=m —8m+12 =0 Al 3 AG (be convinced — all working correct-
=0 appearing more than right at the end)
(b) | (m=2)(m—6)=0 M1 Attempt at factors or quadratic formula
m=2,m=6 Al 2 SC BI for 2 or 6 only without working
Total 5
S@) | (x—4) +(p+3) B2 B1 for one term correct
(11+16+9=36) RHS =6° B1 3 Condone 36
(b)(i) | Centre (4.-3) B1S 1 Ft their a and b from part (a)
(ii) | Radius = 6 BIV | Fttheir » from part (a)
(©) | co*=(—-)" +3* M1 Accept + or — with numbers but must add
CO=3 AlS 2 Full marks for answer only
(ii) | Considering C'(? and radius M1
CO<r = (s inside the circle Al 2 Ft outside circle when “their CO "> r
or on the circle when ‘their CO "= »
SC BIVY if no explanation given
Total 9
6(a)(i) | p(2)=8+4-20+8 M1 Finding p(2) MO long division
=0,= x-2 isafactor Al 2 Shown =0 AND conclusion/ statement
about x -2 being a factor
(ii) | Attempt at quadratic factor M1 or factor theorem again for 2™ factor
xF43x—4 Al or (x+4) or (x-1) proved to be a factor
plad={x=2)x+4Nx=1) Al 3
(b) y B1 Graph through (0.8) 8 marked
B1J/ Ft “their factors” 3 roots marked on x-
axis
M1 Cubic curve through their 3 points
|4 5 X Al 4 Correct including x- intercepts correct
Condone max on y-axis etc or slightly
wrong concavity at ends of graph
Total 9

AQA —Core 1

Q Solution Marks | Total Comments
T(a)iy | dV 25— 8 16 M1 One term correct unsimplified
T = rtor Al Further term correct unsimplified
Al 3 All correct unsimplified ( no + ¢ etc)
(ii) d*v . 5 Ml One term FT correct unsimplified
ar 1067 =247 +6 Al 2 CSO. All correct simplified
1)
(b) | Substitute £ =2 into their M1
=64-64+12) =12 Al 2 50, Rate of change of volume is
12m? s~
- dr . . . dy
@i} | r=1= e 2-846 M1 Or putting their— = 0
0 = Stationary value Al 2 CS0O. Shown to =0 AND statement
. (If solving equation must obtain 7 = 1)
. d'r M1 Sub r =1 into their second derivative or
m) | j=]1=-—— 8§ - ~anivalent fi -
ar equivalent full test.
Maximum value AlS 2 I't if their test implies minimum
Total 11
8(a) | yp,=3+1=4 or y-=12-8=4 M1 Attempt at either y coordinate
Arca ABCD =3x4=12 Al 2
4 Srease - - r
o6 | o o M1 [ncrease one power h.} 1
1 Al One term correct unsimplified
Al 3 All correct unsimplified (condone no +C)
(ii) | Sub limits —1 and 2 into their (b) (i) ans M1 May use both =1, 0 and 0.2 mstead
1] 1 Al
B-4]-|-1-—| = 5—
4] 4
Shaded area = “their” (rectangle— integral) | M1 Alt method: difference of two integrals
S 3
=12-3-=6, Al 4 | €SO, Attempted M2, A2
(©)(i) | dv —6x—3x M1 One term correct
R Al 2 All correct ( no +C ete)
(ii) | When x =1, y =2 when x = 1, Bl May be implied by correct tgt equation
Y _3 a their’ grad of
P therr grad of tgt M1/ Ft their derivative when x = 1
l'angenti1s y =2 =3(x—1) Al 3 Any correct form vy =3x -1 elc
o dy : . Watch no fudging here!! May work
(iii) | Decreasing when o 6x—3x" <0 M1 backwards in proof.
I2x—x")<0 = -2x>0 Al 2 AG (be convineed no step incorrect)
(d)y | Two critical points 0 and 2 M1 Marked on diagram or in solution
=2 x<0 ONLY Al 5 orMlI AOfor 0 =x<=2o0r 0 >x>2
SCBlforx 2 (orx<0)
Total 18
TOTAL 75
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MPCA1

Answer all questions.

The point 4 has coordinates (1,7) and the point B has coordinates (5, 1).

(a)

A curve has equation y =7 — 2x~.

(a)

(b)

(c)

(a)

(i) Find the gradient of the line 4B . (2 marks)
(i) Hence. or otherwise, show that the line 48 has equation 3x+ 2v = 17. (2 marks)

The line 4B intersects the line with equation x — 4y = 8 at the point C. Find the
coordinates of C. (3 marks)

Find an equation of the line through 4 which is perpendicular to 4B . (3 marks)

Express x2 4 8¢+ 19 in the form (x —|—,€Jr]2 + ¢. where p and g are integers. (2 marks)

Hence, or otherwise, show that the equation x2 + 8x 4+ 19 = 0 has no real solutions.
(2 marks)

Sketch the graph of y = x2 + 8x + 19, stating the coordinates of the minimum point and
the point where the graph crosses the y-axis. (3 marks)

Describe geometrically the transformation that maps the graph of v = x2 onto the graph
of y = x> + 8x+ 19, (3 marks)

3

. dy

Find —. (2 marks)
dx

Find an equation for the tangent to the curve at the point where x = 1. (3 marks)

Determine whether y is increasing or decreasing when x = —2. (2 marks)

Express (4\/'5 - 1) (\/'% +3) in the form p + gV/3, where p and g are integers.
(3 marks)

75 — 27
Show that % is an integer and find its value. (3 marks)
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5 The curve with equation y = x3 — 10xZ 4+ 28x is sketched below. 7 A circle has equation x2 + y2 —d4x — 14 = 0.

v a (a) Find:
A3, 21) (i) the coordinates of the centre of the circle; (3 marks)
I
I
i (ii) the radius of the circle in the form pv/2, where p is an integer. (3 marks)
I
I
0 g (b) A chord of the circle has length 8. Find the perpendicular distance from the centre of
* the circle to this chord. (3 marks)
(c) A line has equation v = 2k — x, where k is a constant.

(i) Show that the x-coordinate of any point of intersection of the line and the circle

N - . _ s o ] : ol Ly o . . .
The curve crosses the x-axis at the origin O and the point 4(3, 21) lies on the curve. satisfies the equation

dy .
(a) (i) Find ‘f‘ (3 marks) X220k + )x+2k*-7=0 (3 marks)
X

. . . (ii) Find the values of & for which the equation
(ii) Hence show that the curve has a stationary point when x = 2 and find the

x-coordinate of the other stationary point. (4 marks) W22k + x4+ 2%2-7=0
(b) (i) Find [(x3 — 10x% +28x) dx. (3 marks) has equal roots. (4 marks)
. (iii) Describe the geometrical relationship between the line and the circle when & takes
3 3 2 i either of the values found in part (c)(ii). (1 mark)
(ii) Hence show that [ (x7 — 10x° + 28x) dx = 567 (2 marks)
J0
(iii) Hence determine the area of the shaded region bounded by the curve and the END OF QUESTIONS
line OA. (3 marks)

6 The polynomial p(x) is given by p(x) = x> — 4x? + 3x.
(a) Use the Factor Theorem to show that x — 3 is a factor of p(x). (2 marks)
(b) Express p(x) as the product of three linear factors. (2 marks)

(¢) (i) Use the Remainder Theorem to find the remainder, r, when p(x) is divided by x — 2.

(2 marks)
(ii) Using algebraic division, or otherwise, express p(x) in the form
(x—2)(x%+ax+b)+r
where a. b and r are constants. (4 marks)
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AQA - Core 1 -June

2006 — Answers

Exam report

Question 1:
a)i)Gradient of AB=m,, _YeoYa 177 _6_ 3
Xg = X -1 4 2
if) Equation of AB:y—-y,=m,(X—X,)
3
—7=——(x-1
y-7=-2(x-1)
2y—-14=-3x+3
3x+2y =17
3x+2y=17 2
b)solve simultaneously{ tey 2)
X—4y=38
6x+4y =34
x—4y=8 (add)
This gives x =42
X=6
AND Xx—4y =38
6-4y=8 y=—-
. . 1
The lines intersect at (6, _E)
. . . . 1 2
¢) The gradient of the line perpendicular to AB is ———=—
My 3
Equation of the line : y -7 =§(x—1)
3y—21=2x-2
2x—-3y=-19

Part (a)(i) Although most obtained the correct gradient, some
omitted the negative sign (particularly those who relied on a
sketch for their evaluation) and some had a fraction with the
change in x as the numerator which immediately scored no
marks. Quite a few found mid-points (possibly since that had
appeared on previous examinations) and others added the
coordinates instead of finding the differences in their quotient
expression for the gradient.

Part (a)(ii) The use of their gradient to obtain the given equation
was the most successful method. Those using

y = mx + ¢ had a tendency to introduce a new ‘c’ by doubling
both sides but then substituted their

value back into the original equation. The most successful
candidates used the formula y - y; = m(x - x; ). Some re-
arranged the given equation to check the gradient then checked
one set of co-ordinates; others checked two points and indicated
that a straight line has the form

ax+by=c.

Part (b) Those using substitution often began by using an
incorrect rearrangement of one of the equations. If they
attempted elimination, sometimes only part of an equation was
multiplied by the appropriate constant. Many added the
equations instead of subtracting. Of those who wrote 14y = -7,
just as many obtained an incorrect answer of y = -2 as the
correct answer of

y=-1/2.

Part (c) The condition for perpendicularity was generally known
but some were unable to evaluate —1 divided by

—1.5. A few omitted the — sign while some referred to the
equation 3x + 2y = 17 and gave a gradient of -1/3. Once again,
those determined to use y = mx + ¢ often made errors in the
constant due to the fractional coefficient of x. Quite a few did
not use the point A as instructed, choosing to use the point C
instead.

Question 2:

Exam report

a) x? +8x+19:(x+4)2 ~16+19=(x+4)*+3
b) x* +8x+19 =0 is equivalent to (x+4)*+3=0
(x+4)*=-3
For all x real, (x+4)® >0, so this equation has no solution.
¢) The minimum point is (-4, 3)
The graph crosses the y-axis at (0,19)

translation—4
unitsin x—direction

tranlation 3
X+4 f unitsin y—direction ‘(X+4)2 +3

d)x (x+4)?

-4
Tranlationvector {3 }

Part (a) Many candidates began by finding the correct values
of pand g . A few wrote (x — 4)? and some added 16 instead
of subtracting 16 so g = 35 was sometimes seen.

Part (b) Very few chose to consider the expression they had
in part (a). Practically all candidates decided to find the
discriminant instead but its evaluation was often incorrect.
Not everyone quoted the expression for the discriminant, b
- 4ac, correctly. Some attempted to refer to the fact that the
curve was completely above the x-axis but did not, in general,
complete their argument.

Part (c) The graphs here were disappointing. Although most
drew a quadratic shape, there seemed to be little reference
to their part (a) and many just tried to plot a few points. Most
were able to state the intercept on the y-axis. However,
sometimes the point (0.19) was shown as the minimum point
or a straight line intercept. Several curves were drawn only in
the first quadrant, regardless of whether the quoted
minimum point was (—4.3) or (4.3).

Part (d) This was not well answered. The term translation
was required but generally the wrong word was used or it
was accompanied by another transformation such as a

8

stretch. The most common incorrect vector stated was[
-19

]
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Question 3:

Exam report

y=7-2x

a)ﬂ:0—2><5x4 =-10x"
dx

b) Gradient of the tangent is —(x 1) =-10x1* =

for x=1, y=7-2x1*=5
the equation of the tangent is :y —5=-10(x-1)
10x+y=15

-160<0

c)%(x =-2)=-10x(-2)"

yis decreasing

Part (a) Most candidates answered this part correctly. A few
included the 7 or thought the derivative of the first term was 7x
and the — sign was sometimes lost.

Part (b) Many substituted x = 1 correctly, though it was
apparent that they did not recognise this value of —10 to be the
gradient of the tangent. Many correctly found y as 5 but
stopped there. Again, some correct attempts at the tangent
equation using y = mx + ¢ foundered and quite a large number
attempted to find the equation of the normal.

-10

dy
Part (c) Use of the value of — was the only acceptable
dx

method here. Evaluations of y at different points or finding the
second derivative were common but earned no marks.

Question 4:

Exam report

a) (445 -1) (/5 +3) = 4x5+12J5-/5-3
=20-3+12J5-+/5
=17+11/5

_\/25x3-/9x3

J3

_5/3-33

J3

b)ﬁ—x/f
V3

23

R

=2

Part (a) Almost everyone recognised that multiplication of the two

brackets was required but there were numerous errors with 7\/5

instead of 12/5 being common and —2 or —4 instead of —3. Although
most dealt with the first term correctly and obtained 20, many added

12\/5 and \/E wrongly to get —11\/—

Part (b) This part was answered more successfully with , ’ = /

being the neatest method. Some failed to complete correctly from

@

to 2 and gave an answer of \/5 . A few went ‘all round the houses’ but
got there eventually. Some tried to cancel out \/g but only considered
one term in the denominator. Multiplying top and bottom by \/5 caused

some problems. A few attempted to combine the 2 terms in the

numerator and wrote T which of course is also an integer!

3
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Question 5:

Exam report

a)i)d—y:3x2 —20x+28
dx

ii)ﬂzo 3x2—20x+28=0
dx

(3x-14)(x-2)=0

X:Eorx:Z
3

There are two stationary points: x =2 and x = %

b)i) [ (x° ~10x° +28x)dx=%x4 _%xs 14 4
3

ii)-[s (X3 —10x* + 28x)dx = ‘:E x* _EX?* +14X2}
0 4 3 .

4
225 _
4

:(1x34—%x33+14><32J—(0—0+0)

56

INITE

iii) Area shaded = 56%—Area of thetriangle

99

:56%—1x3x21:— 243
2 4

Part (a)(i) Most candidates differentiated correctly. However a
few made a slip or misread one of the terms.

Part (a)(ii) Although most managed to substitute 2 into their
derivative some made numerical errors and some used y or the
second derivative. Most who realised that they should equate
their derivative to zero (or at least showed their intention though
never inserting the = 0) then tried to factorise or use the formula
(though it was clear that some did not recognise the quadratic
equation as such). It was disappointing that the bracket (3x—14)
often produced the solution x = 14 instead of 14/3, and the
solution of x = 2 did not always appear.

Part (b)(i) The integration was also completed correctly by most
candidates, although the 28x was occasionally wrong and some

20

‘hybrid’ processes led to terms such as ——.

In part (b)(ii) almost everyone attempted to substitute 3 into their
integral but their problems with the ensuing fractions often took
pages to resolve, and although most ended ‘magically’ with the
required answer there were many errors en route. A few
substituted into the original expression for y instead of the
integrated expression.

Part (b)(iii) This part was quite well done although again there

1
were errors in evaluating both —x 21x 3 and 56 ——-31—.

4
Some candidates confused length with area and merely used
Pythagoras's Theorem to find the length of the hypotenuse of the
triangle. Those who chose to integrate the equation of the
straight line were sometimes successful but many made
arithmetic errors.

Question 6:

Exam report

p(x) = x® —4x® +3x
a) p(3) =3 —4x3?+3x3=27-36+9=0
3is aroot of p so (x—3) is a factor of p
b) x* —4x* +3x = x(x2 —4x+3): X(x=1)(x-3)
C)i)r=p(2)=2°-4x2°+3x2=8-16+6= 2
X —2x-1

x*—4x* +3x+0

x® —2x°

i) —2x% +3x
X—2 —2x° + 4x

-x+0

=X+2
-2

x3—4x2+3x:(x—2)(x2—2x—1)—2

Part (a) Although many candidates showed that p(3) = 0, many
lost a mark for failing to include a statement of the implication.
Some candidates appeared ignorant of the Factor Theorem and
used long division and therefore earned no marks in this part.
Part (b) Only about half of the candidates were able to complete
this part, although most made an attempt. The term X2 —x
confused some. A few failed to write a product of factors even
though this was requested.

Part(c)(i) As the question requested the use of the Remainder
Theorem, finding p(2) was the only acceptable method here.
Many attempted long division and scored no marks.

Part (c)(ii) There were many full solutions either by multiplying out
and comparing coefficients they are both valid methods or by
using long division. The majority of candidates showed poor
algebraic skills and were unable to find the correct values of a and
b. No credit was given for stating the value of r obtained in part (i)
unless the values of a and b were correct. Full marks were earned
by able candidates who simply wrote down the correct values of
a, b and r by inspection.
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Question 7:

Exam report

X2 +y?—4x-14=0
a)i)(x—2)"—4+y*-14=0
(x-2)" +y*=18
The centre C has coordinates (2,0)
ii)the radius is r = V18 =9x2 =32
b) Call the chord AB and the mid-point of the chord |

then the triangle CIA is a right-angled triangle.
The perpendicular distance is the length CI.
Using Pythagoras' theorem, CI? = CA? — IA?
—r2_g?
Cl =2
¢)i) By solving the equations simultaneously:
y=2k-x : -
. we obtain, by substitution
X“+y —4x-14=0
X* +(2k —x)* —4x-14=0
X% +4k? + x* —4kx—4x-14=0
2x* —4(k +1)x +4k* -14=0
x> =2(k+1)+2k*~7=0
ii) This equation has equal roots when the discriminant =0
(—2(k +1))* - 4x1x(2k* ~7)=0
4(k*+2k +1)-8k* +28=0
—4k* +8k +32=0
k?-2k-8=0
(k-4)(k+2)=0
k=4 or k=-2
iii) The line will be tangent to the circle when k =4 ork =-2

(+2)

Part (a)(i) It was apparent that some candidates had
not covered this part of the specification and they
made no progress. Most who had done so, earned
the marks here. However a few wrote (x+2)? or even
(x=2)% and then gave the centre as (- 2,0) Some
managed to incorporate the 7 with the y term so
wrote the coordinates of the centre as (2,-7).

Part (a)(ii) Most candidates were successful in
finding the correct radius. However some forfeited
one mark by ‘meddling’ with their equation and

putting 182 or \/18 on the right hand side of the

equation.

Part(b) This part was rarely attempted. Even where a
correct diagram was drawn, few recognised that the
chord would be bisected. Many assumed that the
triangle was right-angled at the centre of the circle.
Others drew tangents instead of a chord.

Part (c)(i) Many made little progress here. However,
it was good to see more able candidates coping well.
A few fell at the final line writing (k—1) instead of
(k+1); a few lost a mark by not introducing ‘= 0’ as
part of the equation of the circle and simply added ‘=
0’ at the end of several lines of working so as to
match the printed answer. Many made a slip in
squaring (2k—x) and some made gross errors such as
writing this as

4Kk* + x* or 4k* — x* . Others ‘simplified’ the equation

to (x=2) + (2k—x) = \/E .

Part (c)(ii) Those candidates who made progress
here needed both knowledge and algebraic skills and
only a small minority completed this part correctly.
However more earned some method marks. Use of
the correct condition on the discriminant was
required but some just tried to solve the equation
using the quadratic formula or used ‘ > 0’ instead of *
=0’. A few attempts at completing the square were
seen but most failed to equate the expression to
zero.

Part (c)(iii) Many candidates who had made no
progress in the rest of the question stated that the
line would be a tangent to the circle; however
several candidates wrote at length about various
transformations and completely missed the point.
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Key To Mark Scheme And Abbreviations Used In Marking

M mark is for method
m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation
Jor ftor F o follow through from previous

incorrect result MC mis-copy
CAO correct answer only MR mis-read
CSO correct solution only RA required accuracy
AWFW anvthing which falls within FwW further work
AWRT anything which rounds to ISW ignore subsequent work
ACF any correct form FIW from incorrect work
AG answer given BOD given benefit of doubt
SC special case WR work replaced by candidate
OE or equivalent FB formulae book
A2.1 2 or 1 (or 0) accuracy marks NOS not on scheme
—x EE deduct x marks for each error G oraph
NMS no method shown C candidate
Pl possibly implied sf significant figure(s)
SCA substantially correct approach dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of
use of this method for any marks to be awarded. However, there are situations in some units where part
marks would be appropriate, particularly when similar techniques are involved. Your Principal Examiner
will alert you to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no
marks.

Where a question asks the candidate to state or write down a result. no method need be shown for full
marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.

AQA —Core 1

Q Solution Marks | Total Comments
1(a)(i) | Gradient 4B = L_—? Ml Must be 3 on top and subtr'n of cords
- 6_ 3_ 15 Al 2 correct equiv
4= 7k 2 Any correct equivalent
(ii) o . 3
y=T=m(x=1) or y—l=m(x-35) M1 Verifying 2 points or y:—jx+c
leading to 3x+2y =17 Al 2 AG (or grad & 1 point verified)
(b) | Attempt to eliminate x or y : Tx =42 etc M1 Solving x —4y=8, 3x+2y=17
x=06 Al
)..=_L’ Al 3 C'is point (6._7%}
(¢) | Grad of perp=—1/ their gradient AB M1 Or nym, =—1 used or stated
2
= § Al ft their gradient A8
: _ « i i .
y=T=Z(x=1)or 3y - 2x=19 Al 3 CSO Any correct form of equation
2
Total 10
2(a) (x+4)? Bl p=4
+3 B1 2 qg=3
(b) | (x+4)>==3 or “theit” (x+ p)’ =—¢ M1 Or discriminant = 64 -76
No real square root of -3 Al 2 Dise < 0'so no real roots (all correct figs)
"
(c) 19
Minimum (- 4,3) | BIJ* ft their -p andg  (or correct)
3 graph Bl Parabola (vertex roughly as shown)
- x
Ty Bl 3 Crossing aty = 19 marked or (0, 19)
stated
(d) | Translation {and no additional transf™n) E1l Notshift, move, transformation, etc
—4 M1 One component correct eg 3 units up
through 3 Al 3 All comrect —if not vector —must say 4
. units in negative x- direction. to left etc
Total 10
3a) | & 10x* M1 Jx' condone extra term
d Al 2 Correct derivative unsimplified
(by | Whenx =1, gradient=-10 B1S FT their gradient when x= 1
Tangent is M1 Attempt at y & tangent (not normal)
y=5==10(x~1) or y+10x=15etc Al 3 CSO Any correct form
dy i . dy
() When x=-2 b —160 (or=0) B1S Value of their g when x= -2
dx dx
dy . . i e A
(= <0 hence) yisdecreasing F1J/ 2 ft Increasing if their —=> 0
dx dx
T'otal 7
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Q Solution Marks | Total Comments Q Solution Marks | Total Commenis
4(a) . Multiplied out 6(a) | p(3)=27-36+9 Ml Finding p(3) and not long division
—1(\1'%)_ +1245-5-3 M1 At least 3 terms with /5 term p(3)=0 = x-3is afactor Al 2 Shown =0 plus a statement
\2
1{\"!;) =4x5 (=20) BI (b} | x(x? =4x+3) or (x=3)(x* = x) attempt Ml Orp(1)=0 = x -1 is afactor atiempt
Answer =17+115 Al 3 plx) =x(x-1)(x-3) Al 2 Condone x + 0 or x — 0 as factor
(b) | Either -4!?_' —J?__\\E or 27 _JGJI MI Or multiplying top and bottom by \ﬁ (€)1 pm—_s ]6_ I\G MI Must use p(2) and not long division
sV3-343 JI35 Bl (Remainder is) -2 Al 2
. 543340 225—
Expression T Al or —s or V259 or 53
3 ) o (i) | Attempt to multiply out and compare M1 Or long division (2 terms of quotient)
=2 Al 3 CS0
Total 6 cocfficients a=-2 Al 22y
Sta)(i) | dy 32— 201+ 28 MI One term correct h=-1 Al 1
v X TLUxrTe Al . Another term correct r=-2 Al 4 Withhold final A1 for long division unless
Al 3 All correet ( no + ¢ etc) SC Bl forr = -2 if M0 scored written as (x—2)(x* —2x—1)-2
l'otal 10
(i) | . . dv . . . T a)i . z ¥ N e sauare for v
[heir —= 0 for stationary point Ml Or realising condition for stationary pt (@) | x-2) . 5 Mi Au"_mpl .lu R'_U!"p]"l" square forx
centre has x-coordinate = 2 Al M1 implied if value correct or -2
(x=2)3x-14)=0 ml Attempt to solve using formula/ factorise and y-coordinate = 0 BI 3 Centre (2,0)
=x=2 Al Award M1, Al for verification that
of x _14 Al 4 Yo JE—U then mav carn mi later (i) | RHS =18 Bl Withhold if circle equation RHS incorrect
3 ' T T A o ) Radius = /18 Ml Square root of RHS of equation (if > 0)
Radius = 332 Al 3
(b)) | q0x° ) Ml One term correct unsimplified by | Perpendicular bisects ¢l - _ 4
7 3 t 4x" (+c) Al Another term correct unsimplified (b) l'rpl'”d“'.l_l ar bisects chord so need to use
- 3 - . . Length of 4 Bl
Al 3 All correct unsimplified L s
{condone missing + c) d: = (radius)” — 4~ Ml
d = 18-16 J18
(i) | T8 ] so perpendicular distance = J2 Al 3
’VIJ)UHE(’ | (=0 MI Attempt to sub limit 3 into their (b)(i)
: . _ o iy | ¥+ (2k-x) —4x-14=0 Ml
= 56% Al 2 AG Tntegration, limit sub’n all correct (e (2k (J_]z — 4K — Aoy + 2 Bl
= 207+ 4k — o —4x-14=0
(1) | Areq oftrianale = 311 . o _ (=" +26% 2k —2x-7=0)
Area of triangle = 31 3 Bl Correct unsimplified 5213 o Z2(k+ 1)+ 26— 7=0 Al 3 AG (be convinced about algebra and = 0)
Shaded Area = .‘_\ﬁl triangle area M1 . N . N . o
4 %9 (ii) | 4k+1) 42k -T) Ml “b° —dac” in terms of & (either term
= 24% Al 3 Or equivalent such as — N N correct) ) )
4 A" ~8k=32=00r k" -2k-8=0 Al b* —dac = 0 correct quadratic equation in &
Total 15
(k=4)k+2)=0 ml Attempt to factorise, solve equation
k=-2.k=4 Al 4 SC B, Bl for =2 , 4 (if M0 scored)
(iii) | Line is a tangent to the circle El 1 Line touches circle at one point ete
Total 17
TOTAL 75
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January 2007

1 The polynomial p(x) is given by
pilx) = 2 —axr x4k
where & 1s a constant.
(a) (i) Given that x+2 is a factor of p(x), show that &£ = 10. (2 marks)
(i) Express p(x) as the product of three linear factors. (3 marks)

(b) Use the Remainder Theorem to find the remainder when p(x) is divided by x —3.
(2 marks)

(¢) Sketch the curve with equation y = x> — 4x% — 7x + 10, indicating the values where

the curve crosses the x-axis and the y-axis. (You are not required to find the
coordinates of the stationary points.) (4 marks)

2 The line AB has equation 3x + 5y = 8 and the point 4 has coordinates (6, —2).
(a) (i) Find the gradient of AB. (2 marks)

(i1) Hence find an equation of the straight line which is perpendicular to 48 and
which passes through A. (3 marks)

(b) The line 4B intersects the line with equation 2x + 3y = 3 at the point B. Find the
coordinates of B. (3 marks)

(¢) The point C has coordinates (2,%) and the distance from 4 to C is 5. Find the two

possible values of the constant £. (3 marks)
/543

3 (a) Express A 7 s 5 in the form py/S + ¢, where p and g are integers. (4 marks)
V5 -2

(b) (1) Express /45 in the form nv/5 . where » is an integer. (1 mark)

(ii) Solve the equation
020 = 7v5 — 45

giving your answer in its simplest form. (3 marks)

AQA —Core 1

4 A circle with centre C has equation x> +y? +2x — 12y + 12 = 0.
(a) By completing the square, express this equation in the form
(x—a)’ +(y—b) =r?
(b)Y  Write down:
(1) the coordinates of C;
(1) the radius of the circle.

(¢) Show that the circle does not intersect the x-axis.

(d) The line with equation x + y =4 intersects the circle at the points P and Q.

(i) Show that the x-coordinates of P and Q satisfy the equation
¥ 43x—10=0
(i1) Given that P has coordinates (2, 2), find the coordinates of Q.

(iti) Hence find the coordinates of the midpoint of PQ.

Turn over for the next question

(3 marks)

(1 mark)
(I mark)

(2 marks)

(3 marks)
(2 marks)

(2 marks)
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5 The diagram shows an open-topped water tank with a horizontal rectangular base and
four vertical faces. The base has width x metres and length 2x metres, and the height of the
tank is /s metres.

h .

The combined internal surface area of the base and four vertical faces is 54 m?.

(@ ()
(i)
(iii)
(b ()
(i)

when x = 3.

AQA —Core 1

Show that x* + 3xh = 27. (2 marks)

(1 mark)

Hence express /i in terms of x.

Hence show that the volume of water, ¥ m?, that the tank can hold when full is
given by

2; 3
V'=18x ——~ (1 mark)
dv
Find —. (2 marks)
dx
Verify that V" has a stationary value when x = 3. (2 marks)

d2v
>} Find
(c) mn 2

and hence determine whether F* has a maximum value or a minimum value

(2 marks)

6 The curve with equation y = 3x° + 2x+ 5 is sketched below.

Y A

5

A
(—-1.0) I.' (0] X

Y

The curve cuts the x-axis at the point A(—1, 0) and cuts the y-axis at the point 5.

(a)

(b)

(a)

(b)

(i) State the coordinates of the point 8 and hence find the area of the triangle A40B,
where O is the origin. (3 marks)
(11) Find J(?urﬁ +2x +5) dx. (3 marks)

(iti) Hence find the area of the shaded region bounded by the curve and the line 4B.
(4 marks)

(i) Find the gradient of the curve with equation y = 3x5 +2x+ 5 at the
point 4 (—1,0). (3 marks)
(i) Hence find an equation of the tangent to the curve at the point A. (I mark)
7 The quadratic equation (k + 1)x2 + 12x + (k — 4) = 0 has real roots.
Show that k2 — 3k —40 < 0. (3 marks)
Hence find the possible values of k. (4 marks)
END OF QUESTIONS
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AQA - Core 1--1Jan 2007 — Answers

Question 1:

Exam report

p(x) = x® —4x* —7x+k
a)i) (x+2)is a factor of p(x)
This means that p(-2) =0
P(=2) = (-2)° —4x(-2)* - Tx(-1) +k =
=-8-16+14+k=0
-10+k =0 k=10
i) x> —4x* = 7x+10 = (X + 2)(x* =6X +5)
=(x+2)(x-5)(x-1)
b) The remainder of the division by (x—3) is p(3)
p(3) =3°—4x3% -7x3+10
=27-36-21+10=-20

c¢) The graph crosses the x-axisat (—2,0), (5,0)and (1,0)

crosses the y-axis at (0,10)

Part (a)(i) Most candidates found p(-2) but often failed to
convince examiners that they had really shown that k = 10.
Many substituted

k = 10 from the outset and then drew no conclusion from the
fact that p(-2) = 0. Those using long division often made sign
errors.

Part (a)(ii) Factorisation of a cubic seems well understood and,
apart from those who could not factorise X -6x+5 )
candidates usually scored full marks. Some still confuse factors
and roots.

Part (b) Many ignored the request to use the Remainder
Theorem and scored no marks for long division. A few who
correctly found that p(3) = -20 concluded that the remainder
was +20.

Part (c) The sketch was generously marked with regard to the
position of the stationary points but it was expected that
candidates would indicate the values where the curve crossed
the coordinate axes and often these values, particularly the 10
on the y-axis, were omitted.

Question 2: Exam report
a)i)3x+5y =8 A(6,-2)
- 3 8
Make y the subject: y =—=Xx+—
5 5
. 3
The gradientis m,, = T
i) The gradient of the line
. . 1 _ 5 Part (a)(i) It was disappointing to see many candidates unable to
perpendlCUIar toABIs — Mg - 5 rearrange 3x + 5y = 8 to make y the subject in order to find the

The equation of the lineis :y —(-2) = g(x —6)

3y+6=5x-30
5x -3y =36
3x+5y=8 (x2)

b) Solve simultaneousl
) y 2x+3y=3 (x-3)

6x+10y =16
This gives Xy by adding,y =7
—6x-9y=-9
then 3x+5y =8 3x+35=8 x=-9
B(-9,7)

c)C(2,k)and A(6,-2)
AC = \/(2-6)°+(k+2)’ =5
SOAC?=16+(k+2)? =25
(k+2)*=9
k+2=3 or k+2=-3
k=1 or k=-5

gradient. Some were successful in finding a second point on the
line such as (1, 1) and then using the coordinates of A to find the
gradient of AB.

Part (a)(ii) Most candidates knew how to find the gradient of a
perpendicular line, but those using y = mx + ¢ made more
arithmetic slips than those using the more appropriate formy -y,
=m(x-x;).

Part (b) Apart from those who used the wrong pair of equations,
this part was usually answered correctly.

Part (c) Although this part was meant to be challenging, there
were many successful attempts, particularly by those who used a
sketch and reasoned on a 3, 4, 5 triangle. It had been intended
that candidates would have formed an equation such as 16 + (k +
2)2 =25, but more commonly something such as 16 + y2 =25 was
seen, resulting in the incorrect values of 3.

AQA —-Core 1
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Question 3:

Exam report

V543 _5+3 V5+2 5+2J5+3V5+6
5-2 J5-2 5+2 54
b)i)v/45 =+/9x5 =35

i) xo/20 = 7/5 —/45

xx2:/5 = 7/5 =35

a)

~11+55

Part (a) It was not uncommon to see the denominator and
numerator multiplied by different surds and the usual
errors occurred as candidates tried to multiply out
brackets. This part of the question did not seem to be
answered as well as in previous years.

Part (b)(i) was usually correct but very few were
successful in solving the equation in part (b)(ii), even
though they reached forms of the correct equation such

X:ﬁ:i:2 asZ\/gX=4 50rx=£.
2J5 2 25
Question 4: Exam report

X +y*+2x-12y+12=0
a)(x+1)°-1+(y-6)*-36+12=0

(x+1)%+(y—6)>=25
b)i)The centre C(—1,6)

ii)r =+/25 =5
¢) On the x-axis, y =0,
The equation becomes (x+1)° +36 = 25
(x+1)° =-11
No solution as (x+1)> >0 for all x.

d) Consider simultaneously
y=4-X

by substitution, we have x* + (4—x)*+2x-12(4—x)+12=0
X? +16+ x> —8X+2Xx—48+12x+12=0

2x*+6x-20=0
x*+3x-10=0
i) x> +3x-10=0
(x=2)(x+5)=0 X=2 or x=-5
and y=4-x : y=2or y=9

P(2,2) and Q(-5,9)

Xp + Xy Y+ Yo

iii) The mid-point of PQis i

(2

X2+ Y2 +2x-12y +12 =

0

1
2

Part (a) The + 2x term was ignored by many who
wrote the left hand side of the circle equation as (x
—1)2 +(y- 6)2 but most candidates were able to
complete the square correctly. The right hand side
was often seen as 49 and since this was a perfect
square it did not cause candidates to doubt their
poor arithmetic.

Part (b) Many who had the correct circle equation
in part (a) wrote the coordinates of the centre with
incorrect signs. Generous follow through marks
were awarded in this part provided the right hand
side of the equation had a positive value.

Part (c) Almost all candidates reasoned correctly by
considering the y-coordinate of the centre and the
radius of the circle, although a number were
successful in showing that the quadratic resulting
from substituting y = 0 into the circle equation does
not have real roots. Some simply drew a diagram
and this alone was not regarded as sufficient to
prove that the circle did not intersect the x-axis.
Others using an algebraic approach found a
guadratic that they said did not factorise and
concluded incorrectly that the equation had no real
roots.

Part (d) The algebra proved too difficult for the
weaker candidates and many who had shown good
algebraic skills rather casually forgot to include "=
0" on their final line of working. Sadly, many were
unable to factorise the quadratic or wrote the
coordinates of Q as (-(-5, 2). It was good, however,
to see more candidates being able to find the
correct mid-point, where in previous years too
many had found the difference of the coordinates
before dividing by 2.

)
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Exam report

Question 5:
a)i) Surface area:xx2x+2hx+2hx2x =54
2x% +2h(x+2x) =54 (=2)
x? +3xh =27
2
ii)h:ﬂ_ng_ﬁ
3X X 3
3
i)V = xx 2xx h = 2x2 (3—5j=18x—2i
X 3 3
b)i)d—vzls—gxsx2 =18-2x°
dx 3
ii)d—V:O means 18—2x*=0
dx
x*=9
x=3o0r x=-3(xmust be positive)
2
c)d \2/ =-4x and for x=3, ﬂ=—12<0
X dx
This point is a maximum.

Part (a) Candidates did not seem confident at working on this kind
of problem and algebraic weaknesses were evident. Many worked
backwards from the result in part (a)(i) and did not always
convince the examiner that they were considering the surface area
of four faces and the base. The inability of most candidates to
rearrange the formula to make h the subject in part (a)(ii) was
alarming. Consequently few, without considerable fudging, could
establish the printed formula for the volume.

Part (b) Basic differentiation is well understood and most

candidates found —— correctly. Some tried to substitute x = 3
dx

into the expression for V in order to show there was a stationary
point, but usually this part was answered well. Part (c) It was not
uncommon to see the second derivative as 4x even though the first
derivative was correct. A generous follow through was given here
provided candidates could interpret the value of their second
derivative.

Question 6:

Exam report

a)i)B(0, y;) belongs to the curve
S0y, =3x0°+2x0+5=5
B(0,5)
AreaAOlexle:E
2 2
. 5 36 2,
||)J.(3x +2x+5)dx:gx +EX +5X+C

1
§x6+x2+5x+c

iii) Area of shaded region = .[i(3x5 +2x+5)dx—g

0
:Fx6+x2+5x} —E:(O)—(EH—SJ
2 L, 2 2
_r.5,
2 2
b)i) the gradient of the curve at A is %(x =-1)
X
dy 4
d—:15x +2 and for x=-1, m=17
X
I1) The equation of the tangent at A is
y—0=17(x+1)
y=17x+17

Part (a)(i) Some candidates ignored the request to state
the coordinates of B even though they were using the
height of the triangle as 5. The negative x-coordinate of
A caused quite a few to

feel that the triangle had a negative area. Far too many
when finding

—x1x5 wrote the answer as 3.

2

Part (a)(ii) Practically every candidate found the correct
integral although some made errors when cancelling
fractions.

Part (a)(iii) It was necessary here to have the lower limit
as .1 and the upper limit as 0. Many reversed the order
and by some trickery arrived at a positive value. This
was penalised and so very few, even though many had
an answer of 1 for the area, scored full marks for this
part of the question.

Part (b) Most candidates differentiated correctly but,
because of poor understanding of negative signs, many
wrong values of -13 were seen for the gradient. There is
obviously confusion for

many between tangents and normals and several

1

thought the gradient of the tangent was ——.
17

5
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Question 7:

Exam report

(k +1)x*> +12x + (k —4) =0 has real roots
means the discriminant>0

2)12% —4x (k +1)x (k—4) >0
144 —4k* +12k +16>0
—4k*+12k+160>0 (+—4)

Part (a) The condition for real roots was not widely known and the
form of the printed answer caused many to write the condition as

b’-4ac < 0.

Part (b) It was disappointing to see many unable to factorise the
quadratic correctly. Far too many guessed at answers and an

approach using a sign diagram or sketch is recommended.

kz —-3k-40<0 Candidates also need to realise that the final form of the answer
cannot be writtenas "k > -5"or"k < 8"
b) (k—8)(k+5)<0
-5<k <8
GRADE BOUNDARIES
Component title Max mark A B C D E
Core 1 - Unit PC1 75 59 51 43 35 28

AQA —Core 1
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Q Solution Marks | Total Comments
q‘r‘? +3 ﬁl 2 |
p — Ml Multiplying top & bottom by + \E+2
3(a) -\,E 2 i & ( )
Numerator = 5+ 33+ 245 +6 M1 Multiplying out (condone one slip)
+(v5+3)(v5+2)
55 +11 Al
Final answer = 545+ 11 Al 4 With clear evidence that denominator
1
(M) | J15=345 Bl 1
(i) | 20 ﬁJg ot -1-\[5 \,f_x 0 MI Both sides
or attempt to have equation with NS
or 420 only
[x25=75-35 |oras/20=2420 | Al or x=+4
x=12 Al 3 50
Total 8
4a) | (x+17 4 (v —6)° B2 B1 for one term correct or missing + sign
(1+36 -12=25) RHS =35° BI1 3 Condone 25
(by(i) | Centre (—1.6) BIJ 1 FT their @ and b from part (a) or correct
(i) Radius =5 B1JS 1 FT their » from part (a) RHS must be = 0
(¢) | Attempt to solve “their” x* +2x+12=0 M1 Or comparing “their” y_=6 and their
r=3
may use a diagram with values shown
(all working correct) so no real roots r < ¥,50 does not intersect
or statement that does not intersect Al 2 { condone + lor + 6in centre for Al
(d)(i) d-x)7 =16-8x+x° Bl Or (-2—-x) =4+4x+x°
V(A -x)T 231204 - x) +12=0 Ml Sub y=4-x incircle eqn (condone slip)
or (x+1) +(-2—x)" =25 or “their” circle equation
=2¢ +6x-20=0 =x’+3x-10=0 | Al 3 AG €SO (must have = 0)
(i) | (x+50x-2)=0 =x=-5x=2 M1 Correct factors or unsimplified solution to
(? has coordinates (-5, 9) Al 2 quadratic
(give credit if factorised in part (1))
SC2 if @ correct. Allowx=-5 y=9
(iii) | Mid point of “their” (=5,9) and (2,2) MI Arithmetic mean of either x or y coords
( ]%,5';] Al 2 Must follow from correct value in (ii)
lotal 14

Q) Solution Marks | Total Comments
La)i) | p=2)=-8-l6+14+ Kk M1 or long division or (x+2)(x’ —6x+5)
p=2)=0=-10+k=0 =k=10 Al 2 AG likely withhold if p(=2) =0 not seen
Must have statement if &=10 substitute
(i) | p(x)=(x+2)(x" + 5) M1 Aftempt at quadratic or second linear
p(x) = (x+2)(x" —6x+5) Al factor (x—1) or (x—35) from factor theorem
= p(x)=(x+2)x—1)}x—-35) Al 3 Must be written as product
(b) | pi3)=27-36-21+4% M long division scores M0
(Remainder) = A-30 = =20 Al 2 Condone & -30
¥
Bl Curve thro™ 10 marked on y-axis
(c) 10 )
x BIS FT their 3 roots marked on x-axis
- o | 5 - . .
5 M1 Cubic shape with a max and min
Al 4 Correct graph (roughly as on left) going
bevond -2 and 35
(condone max anywhere between x =-2
and 1 and min between 1 and 5)
Total 1
200 | p= ig_ . Gradient AB 3 Attempt to find y = or Ay/Ax
s T 5 Ml .
o1 l or 3x/5
5
Al 2 Gradient correct — condone slip in y= ...
(ii) | mm, =1 M1 Stated or used correctly
Gradient of perpendicular = 3 ALS ft gradient of 45
5 5
=¥+ 2_5(4 6) Al 3 €SO Any correct formeg y==x-12,
2
Sx—3y=3b6etc
(b) | Eliminating x or y (unsimplified) Ml Must use 3x+5y=8 2x+3y=3
x=-9 Al
v=7 Al 3 B(-9.7)
© P (k+2)? (=25 or 16+d? =25 M1 Diagram with 3.4, 5 triangle
: =1 Al Condone slip in one term (or k+2=3)
or =-5 Al 3 SC1 with no working for spotting one
correct value of k. Full marks if both
values spotled with no contradictory work
Total 11
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() Solution Marks | Total Comments
S | 25 + 2xh +4xh (=54) M1 Attempt at surface area (one slip)
=x"+3xh=27 Al 2 AG (SO
)| po2=% 0 a2 2% e Bl 1 Any correct form
3x x 3
(i) | p=24*p = 18.\'—£ Bl 1 AG (watch fudging) condone omission of
3 brackets
.| odl 2 g
(b)(i) | —=18-2x" M1 One term correct their™ |
dx Al 2 All correct unsimplified 18 — 6% /3
- . o . odV L dr
(i) | Subx =3 into their — MI Or attempt to solve their—=0
dx dv
fslmv.cn 1o u:]u_u] 0 plus statement l_hul this Al 2 CS0O  Condone x=+3 orx=3if
implies a stationary point if verifying solving
[ : . dY
©)d ‘\ =—4x B/ FT their —
dx dx
(=-12)
I . . .
I 0 at stationary point = maximum | pjp 2 FT their second derivative conclusion
I "their" d '11. > (0 = minimum etc
2
lotal 10
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Q Solution Marks | Total Comments
6(a)(i) | B(0.5) Bl
Area AOB= Lx1x5 M1 Condone slip in number or a minus sign
= 2L Al 3
(ii) 3 | 2 -5y or X Fxt 4 Sy Ml Raise one power by 1
6 2 2 Al One term correct
( may have + ¢ or not) Al 3 All correct unsimplified
(iii) | Area under curve = .[[-[--"\J dv Bl Correctly written or F(0) — F(=1) correct
-1
[0] \‘l F1-51 M1 Attempt to sub limit(s) of =1 (and 0)
2 1 Must have integrated
Area under curve = 31 Al S0 (no fudging)
Area of shaded region = 31 -2L1=| Bl 4 FT their integral and triangle (very
generous)
iy | dv 4, MI One term correct
o 1527 +2 Al All correct ( no +cetc)
when x =-1 _ gradient=17 Al 3 cs0
{ii) v ="their gradient"(x +1) Bl 1 Must be finding tangent — not normal
any form eg.  y=17x+17
Total 14
T(a 2 o Ad . ; 3
@ 5 - dac 144 Ak + 1)k - 4) MI Clear attempt at »” —4ac
Condone slip in one term of expression
Real roots when 5° —4ac =0 Bl Mot just a statement, must involve k
36-(k*-3k-4=0
>k =3k—40<0 Al 3 AG  (watch signs carefully)
(h) | (k=8)(k+3) M1 Factors attempt or formula
Critical points § and -5 Al
Sketch or sign diagram correct, must have tve | -ve | Ve
§and -5 M1 | |
—S< k=8 Al 4 5 8
Al for—5< k<8 or two separate
inequalities unless word AND used
Total 7
TOTAL 75
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The points 4 and B have coordinates (6,—1) and (2,5) respectively.

(a)

(b)

(a)

(b)

(a)

(b)

3
(i) Show that the gradient of AB is -5 - (2 marks)
(ii) Hence find an equation of the line 4B, giving your answer in the form
ax + by = ¢, where a, b and ¢ are integers. (2 marks)
(i) Find an equation of the line which passes through B and which is perpendicular to
the line A8 . (2 marks)
(i) The point C has coordinates (k, 7) and angle ABC is a right angle.
Find the value of the constant k. (2 marks)
/63 14
Express A +7? in the form ny/7, where n is an integer. (3 marks)
A",

T+1 . . .
Express A in the form p+/7 + g, where p and g are integers. (4 marks)

&l
Vv7-2

(i) Express x>+ 10x + 19 in the form (x + p)2 + g, where p and ¢ are integers.
(2 marks)

(ii) Write down the coordinates of the vertex (minimum point) of the curve with
equation y = x2 + 10x+ 19. (2 marks)

(iii) Write down the equation of the line of symmetry of the curve y = x>+ 10x+ 19.

(1 mark)
(iv) Describe geometrically the transformation that maps the graph of » = x2 onto the
graph of y = x4+ 10x+ 19. (3 marks)
Determine the coordinates of the points of intersection of the line y =x + 11 and the
curve y = x2 4+ 10x+19. (4 marks)
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4 A model helicopter takes off from a point O at time =0 and moves vertically so that its
height, ycm, above O after time ¢ seconds is given by

(a)

(b)

(c)

(d)

y=10' =262 +96r,  0<1<4

Find:
. dy
1) —: (3 marks)
dr /
@ (2 marks)
i) —5. 2 marks
dr? ' /
Verify that y has a stationary value when ¢ = 2 and determine whether this stationary
value is a maximum value or a minimum value. (4 marks)
Find the rate of change of y with respect to r when ¢ = 1. (2 marks)

Determine whether the height of the helicopter above O is increasing or decreasing at
the instant when ¢ = 3. (2 marks)

5 A circle with centre C has equation (x + 3]2 +yv— 2]2 =125.

(a)

(b)

(c)

Write down:

(1) the coordinates of ' (2 marks)
(i1) the radius of the circle. (I mark)
(i) Verify that the point M0, —2) lies on the circle. (I mark)
(i1) Sketch the circle. (2 marks)
(iii) Find an equation of the normal to the circle at the point N. (3 marks)

The point P has coordinates (2, 6).
(i) Find the distance PC, leaving your answer in surd form. (2 marks)

(i) Find the length of a tangent drawn from P to the circle. (3 marks)

AQA —Core 1

6 (a) The polynomial f(x) is given by f(x) = x> +4x—5,
(i) Use the Factor Theorem to show that x — 1 is a factor of f(x). (2 marks)

(ii) Express f(x) in the form (x — 1){x% + px + ¢), where p and g are integers.
(2 marks)

(iti) Hence show that the equation f{x) = 0 has exactly one real root and state its
value. (3 marks)

(b) The curve with equation y = x* 4+ dx — 5 is sketched below.

h |

B(2,11)

=V

0 /// A(1,0)

—

The curve cuts the x-axis at the point A4 (1,0) and the point B(2,11) lies on the curve.

(i) Find J(Jr3 +4x — 5)dx. (3 marks)
(ii) Hence find the area of the shaded region bounded by the curve and the line AB.
(4 marks)
7 The quadratic equation
(2k =3+ 2+ (k—1)=0
where & is a constant, has real roots.
(a) Show that 242 — 5k+2<0. (3 marks)
(b) (i) Factorise 2k% — 5k + 2. (1 mark)
(ii) Hence, or otherwise, solve the quadratic inequality
2 —Sk+2<0 (3 marks)

END OF QUESTIONS
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AQA - Core 1 --June 2007 — Answers

Question 1: Exam report

A(6, _]_) B(Z, 5) Part (a)(i) Most candidates were able to show that the

a)iym,, = Ye = YA 5+1 _ i _ _g gradient was —— . However, examiners had to be vigilant
oxg—x, 2-6 -4 2

ii) Equation of AB: y+1:—%(x—6)

2y+2=-3x+18
3x+2y =16

b)i) the line perpendicular to AB has gradient 1 =

AB
The equation of this line : y—5= %(x—z)

3y-15=2x-4
2x—-3y=-11
i) C(k,7).the angle ABC is a right angle so
the point C belongs to the perpendicular to AB.
By substituting : 2xk -3x7=-11

2k =10 k=5

since fractions such as —and — were sometimes equated

4
3

to ——.

2
Part (a)(ii) Many candidates did not heed the request for

E integer coefficients and left their answeras Yy = ——X+8.

Many who attempted to express the equation in the
required form were unable to double the 8 and wrote their
final equation as3x + 2y = 8.

Part (b)(i) Most candidates realised that the product of the
gradients should be -1. However, not all were able to
calculate the negative reciprocal. Others used the incorrect
point and therefore found an equation of the wrong line.
Part (b)(ii) Many candidates made no attempt at this part of
the question. The most successful method was to substitute
y =7 into the answer to part (b)(i) or to equate the gradient

to —. There were also some good answers using a

3
diagrammatic approach. Those using Pythagoras usually
made algebraic errors and so rarely reached a solution.

Question 2:

Exam report

L34 _NexT 14 VT 3T 147
3 J7 3 J7 47 3 7
=J7+2J7=3J7
ﬁ+1_\/7+1 ﬁ+2_7+2\/7+\/7+2
-2 T-2 i+2 7-4
L 943J7
3

a)@ £: /9xT1

b)

Part (a) Some candidates found this part more difficult than part
(b) and revealed a lack of understanding of surds. Some managed
to express the first term as \/? but were unable to deal with the

second term. Those who attempted to find a common
denominator often multiplied the terms in the numerator and/or
added those in the denominator. Very few obtained the correct

answer of 3\/; .

Part (b) Most candidates recognised the first crucial step of

multiplying the numerator and denominator by \/7 +2 and

+3\/?

many obtained , but poor cancellation led to a very

common incorrect answer of 3\/; +3.
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Question 3:

Exam report

a)i)x’ +10x+19:(x+5)2 —25+19:(x+5)2 -6
i) The minimum point has coordinates (-5, —6)
iii) The graph is symmetrical around the line x = -5

translation-5 2
iV) X unltsmx—dlrectlon% X + 5 f /(X + 5)

translation—6

unitsin y—direction /(X +5)2 —6

) -5
Translation vecto{ 6}

. y=x+11
b) solve simultaneously ,
y=x"+10x+19
by identifyingthey's
(y =)x* +10x+19 = x +11
x*+9x+8=0
(x+8)(x+1)=0
X=-8 or x=-1
and y=x+11 gives y=3 or y=10

The points of intersection have coordinates (-8, 3) and (—1,10)

Part (a)(i) The completion of the square was done
successfully by most candidates, although occasionally +
44 was seen instead of .-6 for q.

Part (a)(ii) Most candidates were able to write down the
correct minimum point, although some wrote (5, -6) as
the vertex. A few chose to use differentiation but often
made arithmetic slips in finding the coordinates of the
stationary point.

Part (a)(iii) Although there were correct answers for the
equation, the term . line of symmetry. was not well
understood by many; typical wrong answers were y = -6,
the y-axis and even

y= x> +10x+19 or other quadratic curves.

Part (a)(iv) The more able candidates earned full marks
here. The term translation was required but generally
the wrong word was used or it was accompanied by
another transformation such as a stretch. The most

10
common (but incorrect) vector stated was [ . Part
19

(b) There were a number of complete correct solutions
here. The errors that did occur usually stemmed from
sign slips in rearranging the equations. Some candidates
found the x-coordinates and made no attempt at the y-
coordinates. A few candidates wrote down the
coordinates of at least one point without any working.

Question 4:

Exam report

a)i)%=%x4t3—26><2t+96=t3752t+96

d’y
dt?

i)Y =32 52

b) Let's verify that for t = 2, 3—¥ =0

%(t =2)=2°-52x2+96=8-104+96=0
There is a stationary point whent = 2.
2

Let's work out ‘itf(t =2)=3x2"-52=12-52=-40<0

The stationary point is a Maximum.
¢) The rate of change is Z—i’(t =1)=1-52+96=45cm/s

d) The sign of %att =3

will indicate if the height is increasing or decreasing.
ﬂ(t =3)=3-52x3+96=27-156+96=-33<0

dt
The height is decreasing whent =3

Part (a) Almost all candidates were able to find the first and
second derivatives correctly, although there was an occasional
arithmetic slip; some could not cope with the fraction term,
others doubled 26 incorrectly.

d
Part (b) Those who substituted t = 2 into d_y did not always
t

d
explain that —y =0 is the condition for a stationary point.
dt

Many used the second derivative test and concluded that the
point was a maximum. Some assumed that a stationary point
occurred when t = 2 and went straight to the test for maximum

Yy
or minimum and only scored half of the marks. A few tested —

dt
on either side of t = 2 correctly, but those who only considered
the gradient on one side of the stationary value scored no marks
for the test.
Part (c) The concept of .rate of change. was not understood by
many. Approximately equal numbers of candidates substituted

into t = 1 into the expression fory, —yOI’ —2/ and so only
dtdt

about one third of the candidates were able to score any marks

on this part. Those who used —y often made careless
dt

arithmetic errors when adding three numbers.

Part (d) As in part (c), candidates did not realise which expression
to use and perhaps the majority wrongly selected the second
derivative. It is a general weakness that candidates do not realise
that the sign of the first derivative indicates whether a function is
increasing or decreasing at a particular point.
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Question 5: Exam report
(x+3)°+(y-2)=25 _ .

] Part (a) Most candidates found the correct coordinates of
a) I) C (—3, 2) the centre, although some wrote these as (3, -2) instead of

i) Radius r =~/25 =5
b)i) N belongs to the circle
if its coodinates satify the equation
(04+3)*+(-2-2)"=3"+4*=9+16=25
N (0,-2) belongs to the circle
i)
iii) The equation of the normal is the equation
of the line CN
_2-2 4

M~ = =
N 0+3 3

Equation: y+2:—%(x—0)
3y +6 =-4x
4x+3y =-6
c)P(2,6) C(-3,2)
i) PC = |/(-3-2)" +(2-6)" =+/25+16 = /41

i) If we call T the point of contact of the tangent from P
then the triangle PTC is a right-angled triangle.

2
PT2 = PC2 _TC? :(m) ~r2=41-25=16
PT =16 =4

(-3, 2). Those who multiplied out the brackets were often
unsuccessful in writing down the correct radius of the
circle.

Part (b)(i) Most candidates were able to verify that the
point N was on the circle, although some, who had perhaps
worked a previous examination question, were keen to
show that the distance from C to N was less than the radius
and that N lay inside the circle.

Part (b)(ii) Most sketches were correct, though some were
very untidy with several attempts at the circle so that the
diagram resembled a chaotic orbit of a planet. Some
candidates omitted the axes and scored no marks.

Part (b)(iii) The majority of candidates found the gradient
of CN and then assumed they had to find the negative
reciprocal of this since the question asked for the normal at
N. Reference to their diagram might have avoided this
incorrect assumption.

Part (c)(i) Most wrote PC? =52 +4%, provided they had the
correct coordinates of C. However, the length of PC was

often calculated incorrectly with answers such as /31 and
V36 =6 seen quite often.

Part (c)(ii) Although there were many correct solutions
seen, Pythagoras’ Theorem was often used incorrectly. A
large number of candidates wrote the answer as a

difference of two lengths such as /41 —5. Candidates
need to realise that obtaining the correct answer from
incorrect working is not rewarded; quite a few wrote

\/H —4/25 = \/E =4 and scored no marks. Many who

drew a good diagram realised that a tangent from (2,6)
touched the circle at (2,2) and so the vertical line segment
was of length 4 units.
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Question 6: Exam report

a) f (X) =x*+4x-5 Part (a)(i) Most candidates realised the need to
i . find the value of f(x) when x = 1. However, it was
i) Let's work out f (1) also necessary, after showing that f(1) = 0, to

f()=L+4x1-5=1+4-5=0
lisaroot of f so (x—1) is a factor of f.
i) f(x) = (x=1)(x* + x+5)
iii) The discriminant of x* + x+5is 1> —=4x1x5=-19<0
x* +X+5 has no real roots
The only real root of f isl.

b) i) (° + 4x ~5)dx =%x4 +2X2 —Bx+C
ii) Mark the point C(2,0).
Avrea of the shaded region is Area of ABC — _[12 f (x)dx

2

11

Azlxlxll—[lx“ +2x2 —5x}
2 4 A
11, 11 22-8-11 3

2 4 4 4

A

i)

write a statement that the zero value implied that
x -1 was a factor.

Part (a)(ii) Those who used inspection were the
most successful here. Methods involving long
division or equating coefficients usually contained
algebraic errors.

Part (a)(iii) This section seemed unclear to some
candidates. Many tried to find the discriminant
but used the coefficients of the cubic equation.
Many who used the quadratic thought that in
order to have one real root the discriminant had
to be zero, no doubt thinking the question was
asking about equal roots. Some correctly stated
that 1 was the only real root but many were
obviously confused by the terms "factor" and
"root" and stated that "x-1 was a root".

Part (b)(i) Most candidates were well versed in
integration and earned full marks here.

Part (b)(ii) The correct limits were usually used,
although many sign/arithmetic slips occurred
after substitution of the numbers 1 and 2. Very
few candidates realised the need to find the area
of a triangle as well and so failed to subtract the
value of the integral from the area of the triangle
in order to find the area of the shaded region.

1

Question 7:

Exam report

(2k —3)x* + 2x+(k —1) =0 has real roots
This means that the discriminat >0
22— 4x(2k—3)x(k-1)>0
4-8k*+20k-12>0
—8k?+20k-8>0 (+—4)

2k* -5k +2<0
b)i)2k® -5k +2=(2k -1)(k - 2)

i) (2k —1)(k—2) <0

critical values : % and 2

ESKSZ
2

Part (a) Only the more able candidates were able to complete this
proof correctly. Many began by stating that the discriminant was
less than or equal to zero, no doubt being influenced by the printed
answer.

Part (b)(i) The factorisation was usually correct.

Part (b)(ii) Most candidates found the critical values, but many then
either stopped or wrote down a solution to the inequality without
any working. Many candidates wrongly thought the solution was

1
k <—,k < 2. candidates are advised to draw an appropriate
2

sketch or sign diagram so they can deduce the correct interval for
the solution.

GRADE BOUNDARIES

B

Component title

52 44 37 30
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(8] Solution Marks | Total Comments
. Y —1-5 5—-1 6 . .
Lia)i) | Gradient A5 - or - M1 +— implies M1
6-2 2-6 4
63 Al 2 |AG
4 2
()| 5 3 [(x=2 :
: —'—l( ) M1 or y= i). ko and attempt to find ¢
yl ] 2|(x-6) 2
=3x+2y=16 Al 2 OFE; must have integer coefficients
. 2 .
(b)(i) | Gradient of perpendicular = = Ml or use of mym,=—1
2 . .
=y-5 —i(;,-_ 2) Al 2 3v=2x =11 (no misreads permitied)
. . . , -5 -3
(i) | Substitute x=4k, y =7 into their (b)(i) MI or grads Sx—== 1
2 3 2 2
:E—E{k—E} =k=5 Al 2 or Pythagoras (k—2) =(k-6) +8
Total 8
3 3 (J7J63 +14%3)
2(a) "{f_'_ﬁ or ‘ﬁ BI nr(-i}
3 3 37
Ehi 247 or ﬂ B1 or ﬁ( ) Ml
V7 7 V7
5 Sum = _J,ﬁ Bl 3 = correct answer with all working
correct A2
(b) | Multiply by J7+2 MI
«ﬁ+2
Denominator = 7 — 4 = 3 Al
Numerator = (ﬁ)_ FNT 2T 42 ml multiplied out (allow one slip) 9437
Answer = ﬁ+.’> Al 4
Total 7
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Q) Solution Marks lotal Comments
() | (x+3) BI p=s
6 Bl 2 g=-6
(i) | Hrerex = 5 {or their —p) Bl may differentiate but must have x=-35
Vyeriex = —0 (or their g) B1/ 2 and y=-6. Vertex (-5.-6)
(i) | x=-5 BI 1
(iv) | Translation (not shift, move etc) El and NO other transformation stated
5] . Ml either component correct
I | Slef v
throvgh'| g foraleft § down) Al 3 M1, Al independent of E mark
(b) | x+11 =x7+10x+19 quadratic with all terms on one side of
equation
=3 +9x+8=0 or *—13y+30=0 Ml
(x+8)(x+1)=0 or (y-3)(y-10)=0 ml attempt at formula (1 slip) or to factorise
-1 '> or x _3‘; Al both x values correct
y=10] y=3 ] Al 4 both y values correct and linked
SC (~1,10) B2, (-8.3) B2 no working
Total 12
Ha)i) | 1 -52r+96 Ml one term correct
Al another term correct
Al 3 all correct (no + ¢ etc)
(i) | 37 =52 Ml ft one term cormrect
ALV 2 ft all “correct™
dy d
(b) v 8 —104+96 M1 substitute r=2 into their —
dr dr
=0 = stationary value Al CSO: shown=0 + statement
Substitute 1 =2 into j ), (=-40) MI any appropriate test, e.g. (1) and »'(3)
1
&y ax vahoe ,
d!_' 0 = max value Al 4 all values (if stated) must be correct
(¢) | Substitute £ =1 into their & M1 must be their b NOT d—‘
dr de dr-
Rate of change = 45 {cms " AL 2 ft their »'(1)
. . dy L dy
(d) | Substitute r = 3 into their d_ Ml interpreting their value of @
f 1
(27-156+96=-33<0)
=» decreasing when 1 =3 EIS 2 allow increasing l[‘lhrlr% >0
s
Total 13
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Q Solution Marks | Total Comments
5(a)(i) | Centre (-3, 2) Ml £3 or £2
Al 2 correct
(ii) | Radius = 5 Bl 1 accept /25 but not ++/23
(b)) | 3% +(-4) =9+16=25
= N lies on circle Bl 1 must have 9+ 16 =25 or a statement
(i)
M1 must draw axes;
ft their centre in correct quadrant
i
Al 2 correct (reasonable freehand circle
enclosing origin}
(iii) | Attempt at gradient of CN M1 withhold if subsequently finds tangent
4 .
grad CN= —— Al CSO
4 ) . .,
y=-=x-2 (orequivalent) AlLS 3 ft their grad CN
3
(e)(i) | P(2.6) Hence PC* =57 +4° M1 “their” PC*
= PC =441 Al 2
(ii) | Use of Pythagoras comrectly M1
PT? = PC? —p? =41-25, s )
) ) AL ft their PC* ¢ .
where T'is a point of contact of tangent ‘ Utheir PCT and 1
> PT=4 Al 3 Alternative
sketch with vertical tangent M1
showing that tangent touches circle at
point (2. 2} Al
hence P =4 Al
T'otal 14
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Q Solution Marks | Total Comments
o)) | f(1)=1+4-5 M1 must find (1) NOT long division
=T1(1)=0=(x—1)is factor Al 2 shown =0 plus a statement
(i) | Attempt at Y Ax+5 M1 long division leading to ¥ Ayt or
equating coefficients
fx)=(x-1)(x"+x+ 5) Al 2 p=1, g =5 by inspection scores B1, Bl
(iii) | (x =) 1 isreal root Bl
Consider b* —dac for their ¥° +x+5 M1 not the cubic!
b —dac=1" —4x5=-19<0
Hence no real roots (or only real root is 1) Al 3 CSO; all values correct plus a statement
. ¥ ., Ml one term correct unsimplified
(b)(i) | ol T"’z"_ —5x(+c) Al second term correct unsimplified
Al 3 all correct unsimplified
1 correct use of limits 1 and 2
ii 44+8—10|—|—+2-5| /
iy | [ ] L | Ml F(2) - F(1) attempted
3
=4= Al
4
. 1 1 o
Areaof A 7% 11 5; Bl correct unsimplified
. shaded area _5l 4§ c-nml)mcldi.mcgra] of 7x—6—x" scores
2 4 M1 for limits correctly used then
_3 Al 4 A3 correct answer with all working
correct
Total 14
T(a) b —dac=4- Hk—1)(2k -3) M1 (or seen in formula) condone one slip
) ) must involve f(k) =0 (usually M1 must
Real roots when »° —4ac =0 El ‘ ( ) i
be earned)
4-4(24% -5k +3) =0
=2k +5k-3+1=0 at least one step of working justifying <0
=2k —5k+2<0 Al 3| AG
(b)) | (2h=1)(k-2) Bl !
. R O ft their factors or correct values seen on
() | (Critical valucs) 2 and 2 BlS diagram, sketch or inequality or stated
o ) i
H N M1 use of sketch / sign diagram
=05<k<2 Al 3 MIAD for 05<k <2 or k=05, k<2
Total 7
TOTAL 75
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The triangle 4BC has vertices 4(—2, 3), B(4, 1) and C(2, —5).

(a) Find the coordinates of the mid-point of BC'. (2 marks)
(b) (i) Find the gradient of 4B, in its simplest form. (2 marks)
(i1) Hence find an equation of the line 48, giving your answer in the form
x + qv = r, where g and r are integers. (2 marks)
(iii) Find an equation of the line passing through C which is parallel to 4B.
(2 marks)
(¢) Prove that angle ABC is a right angle. (3 marks)
The curve with equation y = x* — 32x + 5 has a single stationary point, M.
. dy
(a) Find —. (3 marks)
dx
{(b) Hence find the x-coordinate of M. (3 marks)
) - dglv )
(¢) (i) Find —. (1 mark)
dx<
(ii) Hence, or otherwise, determine whether M is a maximum or a minimum point.
(2 marks)
(d) Determine whether the curve is increasing or decreasing at the point on the curve
where x =0. (2 marks)
i 6 . X - . .
(a) Express 5v'8 +—7 in the form n+/2, where n is an integer. (3 marks)
V2
X v242 . = .
(b) Express W, in the form ¢v/2 + d, where ¢ and d are integers. (4 marks)
V2 —
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4 A circle with centre C has equation x% +yZ — 10y +20 =0,

(a) By completing the square, express this equation in the form

(b)  Write down:

(i)

(ii)

x4+ (v— b)2 =k (2 marks)
the coordinates of C; (1 mark)
the radius of the circle, leaving your answer in surd form. (1 mark)

(¢) A line has equation y = 2x.

(i)

Show that the x-coordinate of any point of intersection of the line and the circle
satisfies the equation x> —4x+4=0. (2 marks)

(i1) Hence show that the line is a tangent to the circle and find the coordinates of the
point of contact, P. (3 marks)
(d) Prove that the point Q(—1, 4) lies inside the circle. (2 marks)
5 (a) Factorise 9 — 8x —x2, (2 marks)
(b) Show that 25 — (x + 4)2 can be written as 9 — 8x — x2. (1 mark)
(¢) A curve has equation y =9 — 8x —xZ,
(i) Write down the equation of its line of symmetry. (1 mark)
(i1) Find the coordinates of its vertex. (2 marks)
(ii1) Sketch the curve, indicating the values of the intercepts on the x-axis and the

AQA —Core 1

V-axis. (3 marks)

6 (a)

(b)

The polynomial p(x) is given by p(x) = x> — 7x — 6.

(i) Use the Factor Theorem to show that x + 1 is a factor of p(x). (2 marks)
(i) Express p(x) = x> — 7x — 6 as the product of three linear factors. (3 marks)
The curve with equation y = x> — 7x — 6 is skeiched below.

VA
4 B c /
-1\ O 3 x
The curve culs the x-axis at the point 4 and the points B(—1,0) and C(3, 0).
(i) State the coordinates of the point 4. (1 mark)
3
(ii) Find J (J(3 —Tx—6) dx. (5 marks)
1

(iii) Hence find the area of the shaded region bounded by the curve y =x3 —7x — 6

and the x-axis between B and C. (1 mark)
(iv) Find the gradient of the curve y = x° — 7x — 6 at the point B. (3 marks)
(v) Hence find an equation of the normal to the curve at the point B. (3 marks)

7 The curve C has equation y = x2+7. The line L has equation y = k{3x+ 1), where k is a
constant.

(a)

(b)

(c)

Show that the x-coordinates of any points of intersection of the line L with the curve C
satisfy the equation

=Sk +T-k=0 (1 mark)

The curve C and the line L intersect in two distinet points. Show that
9k2 + 4k — 28>0 (3 marks)
Solve the inequality 9k% + 4k — 28 >0. (4 marks)

END OF QUESTIONS
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AQA - Core 1 --Jan 2008 — Answers

Question 1: Exam report
A(_21 3) B(4,1) C(Z, _5) In part (a), apart from a few sign errors, it was pleasing to see
5 that most candidates were able to find the correct mid-point.
. . 4+ 1-5 However, those who insisted on subtracting the coordinates
a) M |d-p0|nt of BC( 2 ! 2 = (3’ _2) before dividing by 2 would do well to learn the formula in the
first bullet point above. Quite a few candidates found the
) 1-3 2 1 mid-point of AB instead of BC, and this was generously
b) I) My = ) = _E = _g treated as a misread.
+ In part (b)(i), many ignored the request to simplify the
.. 1 gradient, but most were successful in writing the gradient of
i) Eq: y—3=—§(x+2) ABas-1/3.
In part (b)(ii), almost all candidates managed to write down a
3y —-9=-—x-2 correct equation for the line AB, but careless arithmetic
revented many from obtaining the required form of x + 3y =
X + 3y =7 p y g q y

iii) this line has the same gradient—%

Eq: y+5:—%(x—2)

3y+15=—-x+2
Xx+3y=-13
c) Let's work out the gradient of the line BC:
Mg X Mg :—%x3:—1

Conclusion :the line AB and BC are perpendicular
the triangle ABC is a right-angled triangle.

7 . Some were content to give a final answer that was not in
the required form, thus losing a mark.

In part (b)(iii), some candidates immediately used m1 xm2 =
-1 to find the gradient of the parallel line and scored no
marks. Many who used the formula y = mx + ¢ for the
equation of the straight line through C parallel to AB made
arithmetic slips and did not obtain a correct final equation.
In part (c), the most common approach, and the one
expected, was to use gradients in order to prove that angle
ABC was a right angle. Some simply assumed the result,
stating that since the gradient of AB was -1/3 then BC had
gradient 3. It was necessary to show, by considering the
differences of the coordinates that BC had gradient 3. Far too
many simply found the two gradients and wrote “therefore
the lines BC and AB are perpendicular”. Since this was a
proof, it was expected that the product of the two gradients
would be shown to equal —1 before a statement was made
about angle ABC being a right angle. Some were successful in
proving the result using Pythagoras’ Theorem, but many
attempts were incomplete with several candidates writing

V40 ++/40 =+/80 or other inaccurate statements. Others

used the cosine

rule, and one or two used the scalar product of two vectors in
order to prove the result. A surprising number confused
“isosceles” with “right-angled” and, having found two equal
sides, stated that the result was proved.

Question 2:

Exam report

y=x"-32x+5

a)ﬂ =4x*-32
dx

b) M is a stationary point.

dy

Let's solve 0

4x*-32=0

X% = X=2

8
. d?y
C)l
))dx2
2
ii)z Y (x=2)=12x2? =48>0
X

=12x?

M is a minimum

d)ﬂ(x=0) =-32<0
dx

The curve is decreasing.

dy
In part (a), most candidates were able to find the correct expression for —,
dx

although there were some who left + 5 in their answer or added +C.
In part (b), It had been expected that candidates would solve the equation

0 and obtain the equation x* = 8 and hence deduce that x=2 . It

dx
seemed, however, that many were unable to formulate an appropriate
equation, but merely spotted the correct answer: x = 2. This was not penalised
on this occasion, provided that the candidate stated clearly that the x-
coordinate of M was equal to 2.

d 2
In part (c)(i), the expression for F was usually correct.

X

In part (c)(ii), although the method was left open, most candidates found the
value of the second derivative when x = 2 and correctly concluded that M was a
minimum point.
In part (c)(iii), some candidates were not aware of the need to find the value of
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d
dx

— when x = 0 in order to ascertain whether the curve was increasing or

decreasing at that point.

Question 3:

Exam report

a)5v/8 + — =54 x

J2
5%
—52f+\/—

:10ﬁ+3\/§=13ﬁ
V2+2 242 3«/§+4 6+4/2+612+8

6
N

b
)3J— 4 3V2-4 32+4  9x2-16

:14+20J§:7+5ﬁ

Candidates did not always approach part (a) of the question with

confidence. Several wrote 5\/5 =5vV4x2 =742 or 5+ 2\/5

’

6
others tried to rationalise T by simply multiplying the
2

denominator by \/E . Consequently, it was quite common to see

only one of the two terms expressed correctly in the form k\/E .
It was quite strange, though, to see many obtaining an answer of

13+/2 from completely wrong working; clearly this was not given
any credit. Some combined the two terms with a common
denominator but often with an incorrect numerator.

In part (b), it was not uncommon to see the denominator and
numerator multiplied by different surds and the usual errors
occurred as candidates tried to multiply out brackets. A few
multiplied top and bottom by the conjugate of the numerator.
Nevertheless, this part of the question seemed to be answered
much better than similar questions in previous years, despite the
fairly difficult denominator.

Question 4:

Exam report

x*+y?—-10y+20=0

a)x*+(y-5)?-25+20=0
x*+(y-5)°=
b)i)C(0,5)
iyr =5
c)y=2x
y =2X

i)solve simultaneously 1°
X“+y -10y+20=0

Substitute y by 2x:
5x* —20x+20=0
X —4x+4=0
i) x> —4x+4=(x-2)" =
X = 21is a repeated root
The line y = 2x is tangent to the circle.
d)Q(-1,4)
X* +y?—10y+20 = (-1)* +4* —10x 4+ 20
=1+16-40+20=-3<5
Q is inside the circle

X2 +(2x)* =10x(2x)+20=0

In part (a), it was only necessary to complete the square for
the y-terms. As a result, there were probably fewer errors this
year expressing the left-hand side of the equation of the circle
as (y— 5)°. However, the right hand side was often written as

\/g, -5 or — 45 instead of 5.

In part (b), quite a number who had the correct circle
equation in part (a) wrote the coordinates of the centre as (5,
0) or (0, -5). Generous follow through marks were awarded
for the radius provided the right-hand side of the equation
had a positive value. The wording in the question reassured

most, though, that the radius was \/g

In part (c)(i), those with poor algebraic skills, often writing 2x*
instead of (2x)2 , struggled to establish the given quadratic
equation. Also, quite a few made errors in their working but
miraculously wrote down the given equation on their final
line. A surprising number derived an equation in y. Quite a few
simply solved the given quadratic equation in this part and
thus failed to show an understanding of what was required.

In part (c)(ii), it was necessary to state that the equation had a
repeated root of x = 2, or to use the zero value of the
discriminant to show that the equation had equal roots, and
hence to conclude that the line was a tangent to the circle.

In part (d), far too many simply substituted the coordinates of
the point Q into the equation of the circle obtaining a
nonsensical statement such as “—3 = 0 so the point lies inside
the circle”. It was necessary to see that the distance CQ was
being calculated and then concluded that this distance was
less than the radius of the circle, and hence the point Q must
lie inside the circle.
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Question 5:

Exam report

a)9-8x—x* =(9+x)(1-x)
b) 25— (x+4)" =25—(x* +8x +16)
=-x*-8x+9
C)y =25—(x+4)*
i) Line of symmetry : x = -4
ii)Vertex (—4,25)
iii) The graph crosses the x-axis at (—9,0)and (1,0)
the y-axis at (0,9)

Candidates did not seem confident working with a quadratic
expression where the coefficient of x* was negative. Throughout
this question, candidates chose instead to work with the
expression

x> +8x-9 , or the equation x> +8x-9= 0, and lost quite a lot of
marks.

In part (a), a large number of candidates could not factorise the
given quadratic correctly, a few clearly not even recognising what
was required.

In part (b), those who kept brackets in their working were usually
successful in proving the identity. Some able candidates started
with 9 -8x - x* and showed their skill in completing the square.

In part (c), quite a large number of candidates seemed unfamiliar
with the terms “line of symmetry” and “vertex” and certainly failed
to see the link with part (b) of the question. Some stated that the
coordinates of the maximum point were (-4, 25) and then wrote
the coordinates of the vertex as something entirely different. The
sketches were somewhat varied: some found the wrong x-
intercepts and drew a curve through these points; those who had
completely changed the question intoy = x* +8x - 9 had a U-
shaped graph. Those who drew a graph with the vertex in the
correct position and with the correct shape usually had the y-
intercept marked correctly as 9. However some drew their curve
with a maximum point on the y-axis.

Question 6:

Exam report

a)p(x)=x*-7x-6

i)Work out p(-1):
(-1)°-7x(-)-6=-1+7-6=0

—1 isaroot of p, so (x+1) is a factor of p

i) p(x) = (X+1)(x* —x—6) = (X +1)(x —3)(x+2)

b)i) A(-2,0) (root of p)

3 1., 7 ’
ii)j_l(x3 —7x—6)dx = [Z x* - X? —GX}
=]

= §_§_1g _(E_ZJFGJ
4 2 4 2
:(20%—31%—18)—(%—3%+6)
=20-28-24=-32
iii) Area shaded =32

iv) The gradient of the curve at B is %(x =-1)

X

d—y=3x2—7 and for x:—l,ﬂ=3—7=—4
dx dx

v) The normal has gradient . —i4 =
. _

The equation of the normal at B: y—-0=

1
== (x+1
y 4(x+)

In part (a)(i), a few candidates ignored the request to use the
factor theorem and scored no marks for using long division. It was
necessary to make a statement that “ x + 1 is a factor”, after
showing that f(—1) = 0, in order to score full marks.

Part (a)(ii) was not answered as well as similar questions in
previous years. Perhaps the sketch lured some into trying to write
down three factors without any further working, rather than using
the intermediate step of showing that p(x) = (x +1)(x2 -X-6)
before writing p(x) as a product of three factors. Many who tried
long division were flummoxed by there being no x? term.

In part (b)(i), those who had the correct linear factors in part (a)(ii)
usually wrote down correctly that A had coordinates (-2, 0),
although some carelessly wrote the point as (0,-2). Many
candidates simply found an indefinite integral in part (b)(ii) and
then a definite integral in part (b)(iii). The two parts were
generously treated holistically when candidates did this. The
fractions once again caused problems to most candidates who are
so used to having a calculator to do this work for them. It was
very rare to see the correct answer of — 32 for the definite
integral.

In part (b)(iii), many lost out on an easy mark because they rolled
their two sections into one: those who wrote “integral = -32 =32”
gained full credit for part (b)(ii) but did not score the mark in part
(b)(iii). It was necessary to give a positive value for the area of the
region and to make this explicit. In anticipation of a lot of wrong
answers in part (b)(ii), a follow through mark was awarded in part
(b)(iii): for example, if a candidate’s answer in part (b)(ii) was —20
and they concluded that the area was 20 in part (b)(iii), they
scored the mark.

In part (b)(iv), most candidates differentiated correctly, but quite
a few thought that 3(-1)> -7 was equal to —10 and thus obtained
the wrong gradient of the curve.

In part (b)(v), a large number of candidates found the correct
equation of the normal but some still confused tangents and
normals and consequently thought that the gradient of the
normal was equal to —4. It was quite common for weaker
candidates to either negate their gradient or take the reciprocal
but to fail to do both.
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Question 7:

Exam report

Curve C:y=x"+7
LineL: y=k(3x+1)
a) By identification, (y =)

X* +7=k(3x+1)

x* —3kx+7-k=0
b) There are two points of intersection

which means that discriminant >0
(=3k)* —4x1x(7-k)>0
9k*+4k -28>0

C)9k?® +4k —28=(9%k -14)(k+2)>0

critical values :% and —2

solutions: k<—-2or k >%

In part (a), some weaker candidates did not realise how to derive
the given equation, and others made algebraic slips when proving
the printed result, or failed to write “= 0”.

In part (b), the condition for two distinct points of intersection
required candidates to use the condition that b? - dac >0 at any
early stage of their argument. Those who simply wrote “> 0”

on their final line of working, without any previous reference to the
discriminant being positive, failed to convince the examiners that
they deserved full marks.

In part (c), quite a number were unable to factorise the quadratic
correctly and many resorted to using the quadratic equation
formula to find the critical values. Where this was done correctly
but left in surd form, it was given due credit except for the final
mark. Very able candidates can write down the answer to the
inequality once they have factorised the quadratic but far too many
guessed at answers and an approach using a sign diagram or sketch
is recommended. Candidates also need to realise that the final

form of the answer cannot be writtenas — < k < —2.

GRADE BOUNDARIES

Component title Max mark

A

Core 1 - Unit PC1 75

59

51 43 36 29

AQA —-Core 1

88




Key to mark scheme and abbreviations used in marking

M
m or dM
A
B
E

Jor fiorF

CAO
CSO
AWFW
AWRT
ACF
AG

SC

OFE
A2.1
—x EE
NMS
Pl
SCA

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy

mark is independent of M or m marks and is for method and accuracy

mark is for explanation

follow through from previous
incorrect result

correct answer only

correct solution only
anything which falls within
anvthing which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied
substantially correct approach

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of

MC
MR

FW
ISW
FIW
BOD
WR
FB
NOS

L]

dp

mis-copy

mis-read

required accuracy
further work

ignore subsequent work
from incorrect work
given benefit of doubt
work replaced by candidate
formulae book

not on scheme

graph

candidate

significant figure(s)
decimal place(s)

use of this method for any marks to be awarded. However, there are situations in some units where part
marks would be appropriate. particularly when similar techniques are involved. Your Principal Examiner

will alert vou to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers. however close. earn no

marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full

marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly.
the correct answer without working eams full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme. when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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() Solution Marks | Total Comments
1(a) | Mid-point of BC =(3, -2) Bl Either coordinate correct
Bl 2 Both cords correct. Acceptx=3.y=-2
LAy 33— 2
b —= M1 +— OF implies M1
(b)(i) R 5 p
:_é Al 2
]
(i) | ¥ — 3 ="their grad™(x + 2) or M Or y=mx +¢ and correct attempt to
y— 1 ="their grad”(x — 4) find ¢
Hence x+ 3y=7 Al 2
(iii) | y + 5= "their grad AB"(x - 2) M1 Or “their x + gy = ¢ and attempt to find ¢
y+5:—%(.r—2)or x+3p+13=0 Al 2 OF
- I, Ay 1+5 Or 2 lengths correct:
(¢) | Grad BC = 3 (from e OF) Bl :IB:M;B(‘:@;;I(‘:@
mym, =—1 stated or
= y = 1
grad 5C=3 and grad 4B 3 or M1 Or attempt at Pythagoras or Cosine Rule
- 1
grad BC x grad AR (ZBX_E}
Product of gradients = -1 Al . AC* = AB* + BC* = ZABC =90°
. P . 10 . 0 2
Hence AB and BC are perpendicular S0 Completing proof and statement
Total 11
dy ‘ M1 Reduce one power by 1
2(a) — =4y =32 Al One term cormrect
&y Al 3 All correct (no + ¢ etc)
e . dy
(b) | Stationary point = —=0 M1
dx
-y =8 ALS x" =k following from their %
=x=2 Al 3 CsO
2 5
@ | L2opoy BIJ | FT their &
dv” dr
. . L dy . I, . dy
(i) | Whenx=2, o considered M1 Or complete test with 2 + £ using pe
—>minimum point E1/ 2
P dy
(d) | Putting x = 0 into their — (=-32) M1
dx
dy - Lo dY
e < = decreasing ALS 2 Allow “increasing” if their & =0
x :
Total 11
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() Solution Marks | Total Comments Q Solution Marks | Total Comments
) 516 +6 6(a)(i) | p(-1)=-1+7-6 M1 Finding p(-1)
3a) | 58 =102 Bl Or 5 gets Bl =0 therefore x + 1 is a factor Al 2 Shown to =0 plus statement
. o2 (=3v2) M1 then M1 for rationalising; and A1 answer (ii) | p() =(x+D(x* —x =6) Ml Long division/inspection (2 terms correct)
2 2 Al Quadratic factor correct
Answer = ]3\5 Al 3 n=13 s 4 N May earn M1,A 1 for correct second factor
PR)=(r+D(x+2)x-3) AL T3 L then Al for (v +)(x+2)(x—3)
V242 34244 . .
(b) pX M1 Multiplying top & bottom by +(3v2 +4 al A=20 > N
W2—1 3244 & [ ] (b)(i) ( ) Bl 1 Condone x = -2
\'lum:rz%lur= (,_,_(W(E_f_,-lﬁ +8 ml Multiplying out (condone one slip) (i) i_i_m (+0) M1 One term correct
Denominator= 18 — 16 (=2) Bl 4 2 Al Another term correct
Final answer = 5\5_'_—,, Al (may have + ¢ or not) Al All correct unsimplified
Total 7 81 63 |
dia) | X +(y=3) Bl h=5 \‘—1 5T ,‘{———‘H’ i ml F(3) - F(~1) attempted in correct order
=35 2 —
RHS =S Bl S E ) Al 5 | SO 0F
(b)(i) | Centre (0, 5) BIJ/ I FT their b from part (a) (iii) | Area of shaded region =32 BIV 1 FT their (b)(ii) but positive value needed
(ii) | Radius = JE B1S 1 FT their & from part (a); RHS must be > 0 . d_l_ 3 7 M1 One term correct
iv) dr * Al All correct (no + ¢ ete)
(©)(i) | x* +4x* —20x +20 =0 M1 May substitute into original or “their (a)” When x= -1, gradient=— 4 Al 3 CSO
=x —dx+4=0 Al 2 CSO; AG
. 1
i (v) | Gradient of normal = — BIV
(i) | (x=2)y =0o0rx=2 M1 hei . 4 |
X » &y 3 . . ”» + T A ~ 11 N - 1
Repeated root implies tangent El Or b* —4ac shown =0 plus statement ) ]l ieir gradient” (x +1) M Must be finding normal, not tangent
Point of contact is P(2. 4) Al 3 y=—(x+1) Al 3 CSO; any correct form eg 4y —x = 1
4
~ 2 2 2 T'otal 18
d) | (CO"=) 1 +1 MI FT their C \ \
(@1 ! Al Ta) | ¥ +7=k3x+l)=x —3x+7-k=0 Bl 1 AG
V2 <5 = O lies inside circle C'SO 2 CQor CQ’ OF must appear for Al
Total i (b) | B —dac=(=3k) —4(T—k) MI E':]L”“é "‘“‘“"]’.’“ at b —dac Fexoress
) | 9 0l —1) M 0Tt n N ) ‘ondone slip in one term of expression
; ~ Wt Factare (2 distinct roots when) b —4ac =0 Bl Must involve k
Al 2 Correct factors N
Ok* +4k =280 Al 3 CSO; AG
25— (x* +8x+16)=9-8x—¥ AG . .
(b) {-‘ * ) e Bl ] AG () | (9k =14)(k +2) M1 Factors or formula correct unsimplified
- . 14
(e)(i) | x=—4 is line of symmetry Bl | Critical points -2 and ry Al
L. . +ve ve +ve
Fartaw e 2 &
(ii) | Vertex is (4, 25) B1.BI 2 Sketch ' or sign diagram correct M 2 14
(iii) ¥ Ml General [ shape 9
Bl 9 and 1 marked on x-axis or stated k<=2 k >E Al 4
. Al 3 O marked on y-axis and maximum to the 9 -
left of y-axis Total 8
Must continue below x-axis at both ends FOTAL sl
lotal 9
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The straight line L has equation y = 3x — | and the curve C has equation
y=(x+3)x-1)

(a) Sketch on the same axes the line L and the curve C, showing the values of the
intercepts on the x-axis and the y-axis. (5 marks)

(b) Show that the x-coordinates of the points of intersection of L and C satisfy the
equation x* —x—2=0. (2 marks)

(¢) Hence find the coordinates of the points of intersection of L and C. (4 marks)

It is given that x = +/3 and y = /12,

Find, in the simplest form, the value of:

(a) xv; (1 mark)
v

(b) ; . (2 marks)

(¢) (x+y ']2 . (3 marks)

Two numbers, x and yp, are such that 3x +y =9, where x =0 and y = 0.
It is given that V = xp2.

(a) Show that ¥V = 81x — 54x2 4+ 9x3 (2 marks)

dv -
(b) (i) Show that T = k(x~ —4x + 3), and state the value of the integer k. (4 marks)

X
.. . . . dV .
(i) Hence find the two values of x for which — = 0. (2 marks)
X
d2v
(¢) Find —. (2 marks)
dx=

a4

(dy (i) Find the value of 00 for each of the two values of x found in part (b)(ii).
2

(1 mark)
(i) Hence determine the value of x for which ¥ has a maximum value. (1 mark)
(111) Find the maximum wvalue of V. (1 mark)
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4

5

(a) Express x> —3x+4 in the form (x — p)2 + g, where p and ¢ are rational numbers.
(2 marks)

(b) Hence write down the minimum value of the expression xP—3x+4. (1 mark)

2

(c) Describe the geometrical transformation that maps the graph of y = x~ onto the graph

of y=x%—3x+4. (3 marks)
The curve with equation y = 16 — x* is sketched below.
VA
16
C(1,15)
i1
A \B
) .‘II 0 2| X
The points 4(—-2, 0), B(2, 0) and (1, 15) lie on the curve.
(a) Find an equation of the straight line AC . (3 marks)
l
(b) (i) Find J (16 — x*) dx. (5 marks)
2

(i1) Hence calculate the area of the shaded region bounded by the curve and the
line AC. (3 marks)

The polynomial p(x) is given by p(x) =x3 +x% — 8x — 12.

(a) Use the Remainder Theorem to find the remainder when p(x) is divided by x — 1.

(2 marks)
(b) (i) Use the Factor Theorem to show that x + 2 is a factor of p(x). (2 marks)
(i1) Express p(x) as the product of linear factors. (3 marks)

(¢) (i) The curve with equation y = x* +x% — 8x — 12 passes through the point (0, k).
State the value of k. (1 mark)

(ii) Sketch the graph of y = x3 4+ x% — 8 — 12, indicating the values of x where the
curve touches or crosses the x-axis. (3 marks)

AQA —Core 1

7 The circle § has centre C'(8,13) and touches the x-axis, as shown in the diagram.

Va
L~ _"\
| (8, 13)
| |
— / >
0 X

(a) Write down an equation for S, giving your answer in the form
(x—a)* + (v =b)* =1
(b) The point £ with coordinates (3, 1) lies on the circle.

(i) Find the gradient of the straight line passing through P and C.

(2 marks)

(1 mark)

(i1) Hence find an equation of the tangent to the circle § at the point P, giving your

answer in the form ax + by = ¢, where a, b and ¢ are integers.

(4 marks)

(iti) The point @ also lies on the circle S, and the length of PQ is 10. Calculate the

shortest distance from C to the chord PQ.

8 The quadratic equation (k+ 1)x% + 4kx + 9 = 0 has real roots.
(a) Show that 42 -9k —9 =0.

(b) Hence find the possible values of k.

END OF QUESTIONS

(3 marks)

(3 marks)

(4 marks)
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AQA - Core 1 —June 2008 — Answers

Question 1:

Exam report

Line L:y=3x-1
CurveC:y=(x+3)(x-1)=x*+2x-3

a) The line crosses the y-axis at (0, —1)and the x-axis at (%, 0)

The curve crosses the y-axis at (0, —3) and the x-axis at (—3,0) and (1,0)

b)Solve simultaneously{y - by identification

y=x"+2x-3
(y=)x*+2x-3=3x-1
x*—x-2=0
c) X*—x—2=(x-2)(x+1)=0
Xx=2or x=-1
and y =3x-1 y=50r y=-4
The line and the curve cross at (2,5) and (—1,—4)

Question 2:

Exam report

x=+/3 and y=\/1—2
a)xy=«/§><\/1—2=«/%=6

y 12 243 _
=" =tr =2

c)(x+Y)? :(\/§+x/l_2)2 =3+12+24/36 =27

Question 3:

Exam report

3Xx+y=9 x20,y>0
V =xy?
a)y=9-3x so V =xy’=x(9-3x)*
V = x(81+9x* -54x)
V =9x® -54x° +81x
b)i)((jj—\;:9><3X2—54><2X+81=27X2 —-108x +81

dv
&=27(x2—4x+3)

ii)d—V:O when x*—4x+3=0
dx

(x=3)(x-1)=0
x=3o0or x=1
C) dv = 27(2X—4)=54X—108
dx?
d)i) iz\zl (x=3)=27(2x3-4)=27x2=54>0
X
ZXZ\Z/ (x=1)=27(2x1-4)=27x-2=-54<0

ii) There is a maximum for x =1
iii)For x=1,V =81-54+9=36
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Question 4:

Exam report

2 2 2
a)x2—3x+4:(x—§j —(Ej +4:(x—§J +
2 2 2
2 2
b) For all x, (X—E] >0 so (x_gj +
2 2

The minimum value is %

N~

(\Y4
N~

!
4

translation

translati 2 Tnitsiny—di 2
O ranslation sy _E AN _E Junitsiny—dir « § N Z
2 2 2 4

y = x* is mapped intoy = x* —3x +4

by the translation vector

NN DND|w

Question 5:

Exam report

y=16-x*
A(-2,0), B(2,0) and C(1,15)
a)Gradient of AC =m,. :H:S
1+2
Equation of AC:y—-0=>5(x+2)
y =5x+10

b)i) [/, (16 -x"Jox = [wx—%xﬂ: - [16-3_(_32%)

_ag-B_4g_pzos12
5

ii) Call the point H (1,0)
the area of the shaded region is
(areabeneaththecurve)—(area of triangle AHC)

41%—%>< 3x15=412-221 =187
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Question 6:

Exam report

p(x) = x>+ x* —8x—12
a) The remainder of the division by (x—1)is p(2)
p(l) =1+1-8-12=-18
b)i) p(-2)=(-2)° +(-2)* -8x(-2)-12
=-8+4+16-12=0
—2 is aroot of p, so (x+2)is a factor of p.
i) x* + x> —8x-12 :(x+2)(x2 —x—6)
=(x+2)(x-3)(x+2)
:(x+2)2(x—3)
c)i) By substituting x by 0, we have
p(0) =-12
The curve passes through the point (0,-12)
il) The curve crosses the x —axis at (3,0) and it is tangent
toitat (—2,0).
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Question 7:

Exam report

Circle S has centre C(8,13)and touches the x-axis
The radius is 13 ( y-coordinate of C)
a)Equation of S (x—8)" +(y—13)" =13
b) P(3,1) lies on the circle
_183-1 12
©"83 5
i) The tangent at P is perpendicular to the radius PC
5

the gradient of the tangent is — 1>
Mo 12

i) gradient =m

The equation of the tangentis 1y —-1= —%(x -3)

12y -12=-5x+15
5x+12y =27
iii) Call I the midpoint of PQ. The triangle PIC
is a right-angled triangle and the shortest distance
from C to the chord PQ is the distance CI.
Using pythagoras' theorem: CI> = CP? — PI?
=13*-5°=169-25=144

Cl =144 =12

Question 8:

Exam report

(k +1)x* +4kx+9 =0 has real roots
which means that the discriminant > 0.
a) (4k)> —4x(k+1)x9>0
16k*> —36k-36>0  (=4)
4k* -9k -9>0
b)4k® -9k -9>0
(4k +3)(k-3)>0

critical values —% and 3

(4k +3)(k—3) >0 for kg—% or k>3

GRADE BOUNDARIES

Component title

Max mark

A

B

Core 1-Unit PC1

75

59

51

43

35

28
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() Solution Marks l'otal Comments
lia) | L: straight line with positive gradient and B1 Line must cross both axes but need not
negative intercept on y-axis reach the curve
cutting at (1.0} and (0.-1) Bl Condone 0.33 or better for 4
{intercepts stated or marked on sketch)
C: attempt at parabola ' or M Bl
through (=3.0) and (1,0) or
values —3 and 1 stated as intercepts
0N X-aAxis
 shaped graph — vertex below x- 1
axis and cutting x-axis twice Ml
— 3
through (0,-3) and minimum point Al -
r. 3
to left of y-axis (y-intercept or coordinates marked)
(b) | (x+3)x=1)=3x-1 Ml
¥ 43y —x—3-3x+1=0
= x'—x=2=0 Al 2 AG: must have “= 0" and no erors
)| (x=2)x+1)=0 M1 (xx1)(x+2) or use of formula (one slip)
=x=2 -1 Al correct values imply MI1AI
Substitute one value of x to find y ml
Points of intersection (2, 5) and (—1.-4) Al 4 May say x =2,y =5 ¢l¢c
SC:(2,5) = B2
(—1.—4) = B2 without working
lotal 11
2ia) | xp =6 Bl 1 B0 for +/36 or +6
v 243 12 4 NI12 A3
(b) X \‘c or ,(— or . (— or x\r M1 Allow M1 for £2
x B V3 1 B3 B
=2 Al 2
(© | ¥ +2w+1* or (\3+23)" correct M1 or (3 +312)(V3++/12) expanded as
4 terms — no more than one slip
Correet with 2 of x%,37, 2xy simplified Al Correct but unsimplified — one more step
342436412 or  3x3or (33)
=27 Al 3
Total 6

AQA —Core 1

Q Solution Marks | Total Comments
3(a) | 1 =x(9 =3x)* M1 Attempt at Fin terms of x (condone slip
when rearranging formula for y =9 - 3x)
or (Q—B.Y}E = 81— 54x+9x°
V =x(81=54x+9x%)
= 8Ly —54x" + 0y Al 2 AG: no errors in algebra
. dr 3 M1 One term correct
(b)@) E_S]—]i}81+2?1 Al Another correct
Al All correct (no + ¢ etc)
=27(x* —4x+3) Al 4 CS50; all algebra and differentiation
correct
(i) | (x=3)x—1) or (27x -8 x —1) etc M1 “Correct” factors or correct use of formula
=x=13 Al 2
SC:BLBI forx=1,x = 3 found by
inspection (provided no other values)
v ) dv
(c) i— =-108+54x  (condone one slip) M1 ft their rm (may have cancelled 27 efc)
X v
Al 2 CSO: all differentiation correct
v ] o
(d)(i) | x=3= d —=54; x=l= d —=-54 Bl | ft their d — and their two x-values
X dx” dx”
" . . . il
(i} | (x=) 1 (gives maximum value) El | Provided their —- <0
(i) | Ja =36 Bl 1 CAO
Total 13
da) | [ 2 Bl Must have ( ¥ p=1.5
1\ 2)
7 i
7 Bl 2 g=175
- .7 y
(b) | Minimum value is 1 BI1V/ | ft their ¢ or correct value
(¢) | Translation El (not shift, move, transformation etc)
(and no other transformation stated)
3] M1 M1 for one component correct
5 or ft their p or g values
through ‘?‘ | {or equivalent in words)
n Al 3 CSO; condone 1.5 right and 1.75 up etc
Total 6
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Q) Solution Marks | Total Comments () Solution Marks | Total Comments
= . . T(a) _8)? r—13) i< wi 4
5(2) | Grad AC B_s B OF ( (x —8)" +(y—13) Bl Exactly this with + and squares
3 =13 Bl 2 Condone 169
Equation of AC: y =m(x+2) M1 Or use of y =mx +c¢ with (-2, 0) or b 12 _12
) . hy orad PC = = implify —=
or (y=15)=m(x-1) (1. 15) correctly substituted for x and y (D)) | grad P( 5 Bl ! Must simplify -5
y=35x+10 Al 3 OF eg y—-15=5(x=1). y=5(x+2) = _ 5 1
(i) | grad of tangent =————— = —— Bl Condone —— etc
E . grad P( 12 74
¥ Ml Raise one power by 1
(b)(i) l6x— < | Al One term correct 5 M f dient but MO if us dPC
N Al All correct tangent has equation y—1= ——{x-3) y l gra ‘unl ut MO using era . [‘
P 0/ 12 12 Al Correct — but not in required final form
'l ]6—? |—‘ -32 +T ml F(1)—F{=2) attempted
. R - Sx+12y =27 OE Al 4 MUST have integer coefficients
207 y Q) e
=412 = oete Al 5 CSO; withhold if + ¢ added
415 (ordld, 5 cte) ‘ (iii) half chord =5 Bl Seen or stated
)| Area A = Lxax15 or 221 0r225 BI Or [ (5x+10)dx =225
(ii rea A = —x3x15 or 22 or22.5 r | (5x+ x =225 d? = (their )? — 52 ) o
2 B "‘ ) Fdilr_r__] 5) M1 Pythagoras used correctly d° =13 —5°
Shaded.ﬂre;}—“ ) . M Condone “difference” if A > | (provided r = 5)
“their (b)(i) answer” — correct triangle ’
) ) e . Distance = 12 Al 3 Cs0
= shaded area =18 Al 3 CS50; OFE (189 etc) Total 10
Total 11 S(a) | p* —dac =16k* =36(k +1) Ml Condone one slip
6(a) | Remainder =p(l)=1+1-8-12 M1 Use of pi1)  NOT long division Real roots: discriminantz 0 Bl
=-138 Al 2 = 16k =36k —362 0
. . 0k —9= : 3 (watch sig
(b)) | p(2)=—8+4+16-12 M1 NOT long division = 4" -9%-920 Al 3 | AG (vatchsigns)
- . i Fae 2 -2) 5§ m =10 : stateme P B " fi 1 ifi
0 = (x+2) is factor Al - p(=2) shown =0 and statement (b) | (4k +3)(k =3) Ml Or correct use of formula (unsimplified)
(ii) Qllﬁ'dd factor by comparing coefficients or i Or full long division or attempt at Factor I 3, . . .
[_\__- oy iﬁ] by inspection ! Theorem using (£3) critical points (k=) -2 3 Al f\_ul in a form uwulv%ng‘ surds B
- b WValues may be seen in inequalities etc
p(x) = (x+2)X & x—6) Al C'Urreafl quadmll.c factor or (x—3) shown
to be factor by Factor Theorem ketel M1 o d
4 sKeLCn [ T s1Zn diagram
plx)=(x+2)({x-3) or Al 3 CSO; SC:BI for(x+2)(x***){x —3) by shele sigh diagra
(x4+2)x+2)x-3) ’ i inspection or without working
k=3, k< 3
(e)i) | (k=) =12 Bl 1 Condone y =—12 or (0.-12) S Al 4 NMS full marks
(i) e M1 Cubic shape (one max and one min) Condone use of word “and” but final
Al Maximum at (—2,0) and through (3. 0)— . . P
X answer ina formsuch as 3< k<< —=
at least one of these values marked 4
- 3 Al 3 “correct” graph as shown scores AD
— - ‘= (touching smoothly at -2, 3 marked and Total 7
J i minimum to right of y-axis) TOTAL 75
Total 11
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The points 4 and B have coordinates (1, 6) and (5, —2) respectively. The mid-point of 4B

is M.

(a) Find the coordinates of M.

(b) Find the gradient of 4B, giving your answer in its simplest form.

(¢) A straight line passes through M and is perpendicular to AB.

(i) Show that this line has equation x — 2y + 1 = 0.

2 marks)

-

2 marks)

-

(3 marks)

(i1) Given that this line passes through the point (k, £+ 5), find the value of the

constant k.

(a) Factorise 2x2 — 5y + 3.

(b) Hence, or otherwise, solve the inequality 2xZ — Sx+3<0.

=
. V3 . .
(a) Express 7 in the form m + n+/5, where m and n are integers.
+ 45
20 . N . .
(b) Express \--"’E—7g n the form k+/5, where k is an mteger.
W3

(2 marks)

(1 mark)

(3 marks)

(4 marks)

(3 marks)

(a) (i) Express x2+2x+ 5 in the form (x —p]2 + g, where p and g are integers.

(ii) Hence show that x2 +2x + 5 is always positive.

(b) A curve has equation y = PRI, N

(i) Write down the coordinates of the minimum point of the curve.

(ii) Sketch the curve, showing the value of the intercept on the y-axis.

(2 marks)

(1 mark)

2 marks)

-

(2 marks)

(c) Describe the geometrical transformation that maps the graph of y = x* onto the graph

. 2
of y=x"+2x+5.

(3 marks)
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5 A model car moves so that its distance, x centimetres, from a fixed point O after
time ¢ seconds is given by

(a)

(b)

(c)

(d)

6 (a)

(b)

vt 20 w66, 0<r<4

Find:
0 & (3 marks)
i) —: marks
dr : /
iy & (2 marks)
i) —. 2 marks
de? ' /
Verify that x has a stationary value when ¢ = 3, and determine whether this stationary
value is a maximum value or a minimum value. (4 marks)
Find the rate of change of x with respect to r when = 1. (2 marks)
Determine whether the distance of the car from (0 is increasing or decreasing at the
instant when ¢ = 2. (2 marks)
The polynomial p(x) is given by p(x) =x* +x—10.
(i) Use the Factor Theorem to show that x — 2 is a factor of p(x). (2 marks)
(11) Express p(x) in the form (x — 2)(_1(2 +ax + b), where a and b are constants.
(2 marks)
The curve C with equation y = X3+ x =10, sketched below, crosses the x-axis at the
point Q(2, 0).
V4
0 0(2.0) ¥
-
-
(i) Find the gradient of the curve C at the point Q. (4 marks)
(11) Hence find an equation of the tangent to the curve C at the point Q. (2 marks)
(111) Find J(_r3 +x—10) dx. (3 marks)

(iv) Hence find the area of the shaded region bounded by the curve C and the
coordinate axes. (2 marks)

AQA —Core 1

(a)

(b)

(c)

(d)

7 A circle with centre € has equation x2 +y% —6x + 10y +9 = 0.

Express this equation in the form
(x— 0)2 +(yv— b)2 =72 (3 marks)
Write down:
(1) the coordinates of ('
(i1) the radius of the circle. (2 marks)
The point D has coordinates (7, —2).
(1) Verity that the point D lies on the circle. (1 mark)

(ii) Find an equation of the normal to the circle at the point D, giving your answer in
the form mx + ny = p, where m, n and p are integers. (3 marks)

(i) A line has equation y = kx. Show that the x-coordinates of any points of
intersection of the line and the circle satisfy the equation

(2 + 12 4+ 2(5k=3)x+9=0 (2 marks)
(ii) Find the values of k for which the equation
(2 + 12 +2(5k=3)x+9=0
has equal roots. (5 marks)

(i1i) Describe the geometrical relationship between the line and the circle when k takes
either of the values found in part (d)(ii). (1 mark)

END OF QUESTIONS
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AQA - Core 1 - Jan 2009 - Answers

Question 1:

Exam report

a) A(L6) B(5,-2)

The mid-point M(5+1 2+6j =M (3,2)
. -2-6
b)Gradient of AB=m,; =——=-2
5-1
¢)i)The gradient of the perpendicular to AB is L =
rnAB
The equation of the perpendicular bisector is :
1
-2=—(x-3
y-2=2(x-3)
2y-4=x-3
X—2y+1=0

ii) Substitute x by k and y by k +5 in the equation:
k—2(k+5)+1=0
k—2k-10+1=0
k=-9

In part (a) most candidates were able to find the correct
coordinates of the mid point, although a few transposed
the coordinates and others subtracted rather than adding
the coordinates before halving the results.

Full marks were only awarded in part (b) for a gradient of —
2 and quite a few candidates did not give their answer in
this simplest form.

In part (c)(i) most candidates realised that the product of
the gradients should be —1. However, not all were able to
calculate the negative reciprocal. Others used an incorrect
point such as A

or B and therefore found an equation of the wrong line. The
most successful used an equation of the form y - y;=m(x -
x1) as flagged above. The printed answer helped most
candidates to be successful in finding the correct equation
of the line.

In part (c)(ii) most candidates made an attempt at this part
of the question, but the failure to use brackets for the
second term caused the majority to find an incorrect value
for k. Others foolishly tried to substitute x=kandy =k +5
into their own incorrect line equation rather than using the
printed answer from part (c)(i).

1

Question 2:

Exam report

a) 2x* —5x+3=(2x-3)(x-1)

b) Critical values % andl

2x* —5x+3<0 for l<x<g

In part (a) it was quite alarming to see the number of candidates
who were unable to factorise this quadratic.

Most candidates scored only a single mark in part (b) for
attempting to find the critical values.

Many would benefit from practising the solution of inequalities of
this type by drawing a suitable sketch or by familiarising
themselves with the technique of using a sign diagram as indicated
in previous mark schemes

Question 3:

Exam report

)7+f 7+f 3-+5 21-75+3J5-5
3145 3+v5 3-5 9-5
:%:4_\/_

5

20
b)JE+E

:\/9x5+¥=3\/§+4\/§:7\/§

In part (a) it was pleasing to see that most candidates were
familiar with the technique for rationalising the denominator in
this type of problem and, although there were some who made
slips when multiplying out the two brackets in the numerator,
most obtained the correct answer in the given form.

In part (b) the term /45 was usually expressed as 3\/€ , but the

20
term T caused far more difficulties than expected.

5
Consequently, the final correct answer was only obtained by the
better candidates.
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Question 4:

Exam report

a)i)y =x* +2x+5=(x+l)2 —1+5=(x+1)2 +4
ii) For all x, (x+1)? >0 so (x+1)° +4>4
y is always positive.
b)) The minimum point is (-1,4)
ii) The curve crosses the y-axis at (0,5)

translation translation
nitsiny—dir

C) X

summary:Translation vector

“unitinx-dir o q_f \(X+1)2‘“‘—>(X+1)2+4

In part (a)(i) the completion of the square was done
successfully by most candidates, although occasionally
the value 6 was seen instead of 4 for g.

In part (a)(ii) it was necessary to comment on both
parts of the expression; (x +1)2 > 0 and hence adding 4
implies that (x +1)2 +4 >0 for all values of x. Because of
the word “hence”, an argument based on algebra
rather than the features of a curve was required; for
instance, an answer explaining that (x +1)2 +4 hasa
minimum value of 4 was acceptable, but a statement
about the curve having a minimum point at (-1, 4) was
not.

In part (b)(i) most candidates were able to write down
the correct minimum point. A few chose to use
differentiation but sometimes made arithmetic slips in
finding the coordinates of the stationary point.

In part (b)(ii) those with the correct minimum point
were usually able to produce a correct sketch, although
the value of the y-intercept was sometimes missing.
Some credit was given to candidates with an incorrect
minimum point, usually (1, 4), provided their graph was
consistent with this minimum point.

The more able candidates earned full marks in part (c).
The term translation was required but generally the
wrong word was used or it was accompanied by
another transformation such as a stretch. A very

2
common (but incorrect) vector stated was |: .
5

Question 5:

Exam report

1

X=Et4—20t2+66t 0<t<4

a)i)%=l><4t3—20x2t+66
dt 2

%:2t3—40t+66

dt
Ldix
i)—-=06t"-40
)dtz
b) Verify that %(t=3):0

%(t:3)=2x33—40x3+66

=54-120+66=0
There is a stationary point when t = 3.
2
%(t =3)=6x3—40=54-40=14>0

This point is a MINIMUM.

¢) The rate of change is %(t =1)=2-40+66=28

d)%(t=2)=2><23—40x2+66=16—80+66=2>0

The distance is INCREASING when t = 2.

In part (a) almost all candidates were able to find the first and
second derivative correctly, although there was an occasional
arithmetic slip and some could not cope with the fraction term.

dx
Those who substituted t = 3 into d_ in part (b) did not always
t

X
explain that — is the condition for a stationary point. Some
dt

assumed that a stationary point occurred when t = 3 and went
straight to the test for maximum or minimum and only scored
half the marks. It was advisable to use the second derivative test

X
here; those who considered values of — on either side of t =3
dt

usually reached an incorrect conclusion because of the
proximity of another stationary point.

In part (c) the concept of “rate of change” was not understood
by many. Approximately equal numbers of candidates

dx  d’x

substituted t = 1 into the expression for — or — and so only
dt
about half of the candidates were able to score any marks on

X
this part. Those who used — often made careless arithmetic
dt

errors when adding three numbers.

In part (d), as in part (c), candidates did not realise which
expression to use and many wrongly selected the second
derivative. It is a general weakness that candidates do not
realise that the sign of the first derivative indicates whether a
function is increasing or decreasing at a particular point.

AQA —-Core 1

102




Question 6:

Exam report

a) p(x)=x*+x-10
) p(2)=2°+2-10=8+2-10= p(2)=0
2 is aroot of p,so (x—2) is a factor of p.
ii)x3+x—10:(x—2)(x2+2x+5)

b)i) The gradient of the curve at Q is g—y(x =2)
X

ﬂ=3x2+1 and for x:Z,%zmQ =13

dx X
I1) The equation of the tangentat Q is :
y—0=13(x—2)
y =13x—-26

1 1
i) [ G +x=10)dx == x* + =x* —10x+c
) [ ( Jox =+

iv) The curve is below the x-axis,

so the area of the shaded part is
2
—J.Z(x3 +x-10)dx = [—i N +10x}
0 4 2 0

=(—4—2+20)—(O) =14
Area =14

In part (a)(i) the majority of candidates realised the need to find the
value of f(x) when x = 2. However, it was also necessary, after showing
that f (2) = 0, to write a statement that the zero value implied that x —
2 was a factor. It was good to see more candidates being aware of
this.

In part (a)(ii), those who used inspection were the most successful
here. Methods involving long division or equating coefficients usually
contained algebraic errors.

In part (b)(i) a surprising number of candidates failed to see the need
to differentiate in order to find the gradient at Q. Those who

y
attempted to find — sometimes wrote it as 3x* +x, but usually
dx

were aware of the need to substitute x = 2.

In part (b)(ii) those who had the correct gradient in part (b)(i) were
usually successful in finding the correct equation of the tangent, and
most obtained at least a method mark here.

In part (b)(iii) most were well drilled in integration and earned full

4 2
marks, although some wrote — +——10 and others gave
x' x* 107
— +— ——— as their answer.
4 2 2

For part (b)(iv) the correct limits were usually used, although many
sign/arithmetic slips occurred after substitution of the numbers 0 and
2 and it was incredible how many could not evaluate 6 — 20 without a
calculator. Very few candidates realised the need to show clearly that,
although the integral from 0 to 2 gave a value of —14, the area of the
shaded region was 14. A separate statement was needed and those
who simply wrote 4 + 2 — 20 = —14 = 14 did not score full marks. Those
more able candidates who made a statement about the region being
entirely below the x-axis and who subsequently evaluated the integral
from 2 to O correctly scored full marks.
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Question 7:

Exam report

X* +y?—6x+10y+9=0
a)(x—3)*~9+(y+5)" -25+9=0
(x=3)"+(y+5)" =5°
b)i) The centre C(3,-5)
ii)radius r=5
c)D(7,-2)
i)Substitute x andy by 7 and —2:
(x—3)2+(y+5)2
=(7-3)" +(-2+5)" =16 +9 =25
D belongs to the circle.

ii) The normal to to circle at D is the line CD
245 3

®° 7-3 4

The equation of the normal: y+2 = %(x—?)

4y +8=3x-21
3x—4y =29
y =kx

d)i)Solve simultaneously (x—3)2 +(y+5)2 _ 6

by substitution, we have (x—3)2 +(kx+5)2 =25
X* +9—-6X+k°x* +25+10kx = 25
(1+k*)x* + (10k —6)x+9=0
(1+k*)x*+2(5k —3)x+9=0
i) This equation has equal roots
if the discriminant =0.
(10k - 6)° —4x(1+k*)x9=0
100k* +36—120k —36k* —-36=0
64k> 120k =0
k(64k —120)=0
120 15

k=0or k=—=
64 8

iii)When k =0 or % the line is tangent to the circle.

In part (a) most candidates found the correct values of a and
b, but correct values for r’ were not so common. Some
sloppiness was again evident with candidates failing to write
squared outside the brackets or omitting the plus sign
between the terms on the left hand side. It was common to

see things such as 25 = 25 = 4/25 = 5° and this could be
penalised in the future.

In part (b) the coordinates of the centre, C and the radiusrr,
although not always correct, usually gained full credit when
following through from part (a).

In part (c)(i) most candidates attempted to verify that the
point D was on the circle, although some, who had obviously
worked a previous examination question, were keen to show
that the distance from C to D was less than the radius and
that D lay inside the circle. This verification was marked fairly
strictly and the argument had to be correct including a final
concluding statement. Those who simply wrote 4% +3%=25,
for example, did not earn the mark.

In part (c)(ii) many candidates found the gradient of CD and
then assumed they had to find the negative reciprocal of this
since the question asked for the normal at D. Reference to a
sketch might have prevented this incorrect assumption.

In part (d)(i) most candidates made errors by not using
brackets; the expression kx* was seen almost as often as the
correct form k’x” after substituting y = kx into their circle
equation.

In part (d)(ii), although there were some correct solutions
seen, the discriminant often contained algebraic slips and the
condition for equal roots was rarely stated. Often it was
several lines into the working before an “= 0” appeared and
many times this was omitted entirely. The value k = 0 was
often ignored in otherwise correct solutions, but it was more
common to see a three term quadratic because of previous
algebraic errors.

In part (d)(iii) several candidates realised that the line would
be a tangent for each of the two values of k, but many
completely missed the point and talked about
transformations, often giving vectors in their answer.

GRADE BOUNDARIES

Component title Max mark A

B C D E

Core 1 - Unit PC1 75 62

54 46 39 32
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() Solution Marks | Total Comments 0] Solution Marks | Total Comments
L(a) | M(3.2) B1 Bl 2 B1 for each coordinate ) | (x+1) Bl p=1
4 B 2 | a=4
Gradient AB —2-6_(-8) '
mradent A = = — ; Aav o . o - - . 7 ¥ 9
(b) 5-1 14 Ml 21::\(1}.1;; i::g's;;}f'” instead of A or B (i) (x+1) 20 =(x+1)" +4 >0 El 1 Condone if they say (x+1)"  positive
L ! ! -
=-2 Al 2 CSO Answer must be simplified to -2 (=% +2x+5 >0 forall values of x) and adding 4 so always positive
(c) (i) | Gradient of perpendicular ]E B1S/ ft “their” —I/gradient 48 (b)(i) M1 fitheir x=—p or y=g
2=1(x-3 N A thei d A ?
= y- —E(.r— ) MI attempt at perp to A5 ft their M coords (i) BI Sketch roughly as shown
s> 2y—d=x-3 = x-2y+1=0 AG Al 3 CSO Must write down the printed answer )
Bl 2 y-intercept 5 or (0, 5) marked or stated
. k+5-2 1 Sub into given line equation or comrect ) ) ‘
(i) | k=2(k+5)+1=0 or =3 = E M1 L‘XpI'L‘RSiL;'l involving gradients (¢} | Translation (not shifi, move etc) El and NO other transformation stated
Condone omission of brackets or use of x -1 R . § .
through 4| © I left, 4 up etc) M1 either component correct or it their -p, g
=k=-9 Al 2 Condone ¥ =—9 . .
(Full marks for correct answer without Al : correct translation
) King) S S : MI, Al independent of E mark
. working Total {1}
Total 9 =
. S(a)(iy | — =26 — 40f +66 M1 one term correct
2(a) (x=1)2x=3) Bl 1 (1=x)3-2x) or 2(x—=1x—1.5) etc dr
Al another term correct
Al 3 all correct unsimplified (no + ¢ ete)
(b) | Critical values are 1, 11 BIY Correct or ft their factors from (a) (ii) £ =61 — 40 M1 ft one term correct
- de
I I
Sign diagram or sketch Ml l l AL 2 ft all “correct”, 2 terms equivalent
1
=l<x<lt Al 3 ] '3
Full marks for correct inequality without (b) & 120466 M1 substitute = 3 into their -
working dr di
=0 = stationary value Al CSO
Total 4 shown =0 ( 54 or 2x27 seen )
and statement
- - — .5 5 _ 2
) 745 345 M1 Multiply by 345 or J5-3 Substitute + =3 into d—? (= 14) M1
3(a) % NN 53 ar’
.J>+\f§ _JJ—J_E 3 =0 =3 ) t
dex . e -
i : > 0 > minimum value Al 4 CSO:; all values (if stated) must be correct
Numerator = 21+35 7?\1@*{\){?}“ ml Condone one slip ~ 16—4/3 dr & a2
e . X, X
Denominator = 9 — 5 = 4 Bl {Or5-9= —4 from other conjugate) (¢) | Substitute 7 = 1 into their dr Ml must be their — NOT —- etc
d d
Answer = 4—+5 Al 4 CSO d—: 28 ALS 2 ft their d—: when ¢ = 1
. . dx dr d:_.
() | V35 =345 Bl (d) | Substitute 1 = 2 into their I Ml must be their di\r NOT p ~ orx
!
) . dr
20 2045 M May score if combined as one expression =16-80+66=2 (>0) Interpreting their value of —
N ) Must have 5 in denominator by
; = increasing when s =2 EIS 2 Allow decreasing if their — <0
Sum = 743 Al 3 ] ( c : .
Total 13
Total 7

105



Q Solution Marks | Total Comments
6(a)i)| p(2)=8+2-10 M1 Must find p(2) NOT long division
= p(2)=0 = (x-2)is factor Al 2 Shown =0 plus a statement
(ii) | Attempt at long division (generous) M1 Oblaining a qUUliC'_“ ¥ dex+d
or equating coefficients (full method)
p(x)=(x-2)(x" +2x +5) Al 2 a=2, b=5 by inspection B1, BI
dj' - 2 M a tar AT
(b)(i)| —==3x +1 M1 One term correct
d Al All correct — no +c ete
When x=2 E—?xiﬁ ml Sub x =2 into their d—l
dv dx
Therefore gradient at J is 13 Al L CSO
(ii)| y=13x-2) M1 Tangent (NOT normal) attempted
ft their gradient answer from (b)(i)
Al 2 CS0; correct in any form
. P 2 M1 one term correct
(iii) | dr=—+ > 10x (+¢) Al second term correct
- Al 3 all correct (condone no +c¢)
i) [4+2 20] [0] =14 Mi F(2) attempted and possibly F(0)
Must have carned M1 in (b){iii)
Area of shaded region = 14 Al 2 CSO; separate statement following correct
evaluation of limits
lotal 15

AQA —Core 1

() Solution Marks | Total Comments
T(a)i) | (x—3)° +[}'+5)"‘ Bl One term correct
Bl LHS correct with + and squares
=25-90+9=25 (=359 Bl 3 Condone RHS =25
(b)) | € (3,-3) B1S
(ii) | Radius = 5 BIV 2 Correct or ft their RHS provided = 0
(i) | =37 +(=2+5° =16+9=25 Or sub’n of (7,-2) in original equation
= 1 lies on circle 5 5
Bl 1 T+ (=2 —42-20+9=0
Must see statement
Or sub x=7 into eqn & showing y=-2 etc
(ii) | Attempt at gradient of CD as normal M1 withhold if subsequently uses mm, =—I
__j_%§ - Avs
grad D = % :% & (condone one slip) FT their centre C
3 y -
3 3 N . " 329
Y42 =(x—7) or p+5 = (x—3) Al Correct equation in any form ==, _ =~
' 4 ' 4 ' Co4 4
CS0 Integer coefficients
T iy — - 5
=3x-4y =29 Al 2 Condone 4y —3x+29=0 etc
(d)(i) | ¥ =kx sub’dinto original circle equation M1 or using their completed square form and
X +(k)? —6x+10kx +9 =0 multiplying out
s (k7127 +2(5k=3)x+9=0 AG Al 2 CSO
must see at least previous line for Al
any error such as kv’ = =k’ gets A0
(i) | 45k =3)" =36(k* +1) MI Discriminant in & {can be seen in quad
formula)
Condone one slip
= 6447 — 120k Al or 8k* =15k =0 OE
Equal roots: 4(5k —3)* =36(k* +1)=0 Bl B’ —4ac=0 clearly stated or evident by
an equation in & with at most 2 slips.
8k —15k =0
mi Attempt to solve their quadratic or linear
equation if & has been cancelled
15
=k=0 k :? Al 5 OE but must have k=0
If “=0" is not seen but correct values of &
are found, candidate will lose B1 mark but
may eamn all other marks
(iii) | (Line is a) tangent (to the circle) El 1 Line touches circle at one point
Total 17
TOTAL 75
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June 2009

4 (a) The polynomial p(x) is given by p(x) = x> —x+6.
1 The line AB has equation 3x + 5y = 11. (i) Find the remainder when p(x) is divided by x—3. (2 marks)

(a) (i) Find the gradient of AB. (2 marks) (i1) Use the Factor Theorem to show that x +2 is a factor of p(x). (2 marks)
(1i1) Express p(x) = ¥} —x+6 in the form (x+ 2)(_1r2 + bx +¢), where b and ¢ are

(i1) The point 4 has coordinates (2, 1). Find an equation of the line which passes . )
mtegers. (2 marks)

through the point 4 and which is perpendicular to AB. (3 marks)

(b) The line AB intersects the line with equation 2x + 3y = 8 at the point C. Find the (iv) The equation p(x) = 0 has one root equal to —2. Show that the equation has no

] 1 ., bl oo
coordinates of C. (3 marks) other real roots. (2 marks)
(b) The curve with equation y = ¥ — x+ 6 is sketched below.
547, . , VA
2 (a) Express 3 Ve in the form m + /7 ., where m and n are integers. (4 marks) !
—
B
(b) The diagram shows a right-angled triangle.
2\-/5 cm
xcm
A -
3v2em [—2 [4] Tx
|

The hypotenuse has length 2+/5cm. The other two sides have lengths 3/2cm

and x cm. Find the value of x. (3 marks) The curve cuts the x-axis at the point 4 (=2, 0) and the y-axis at the point B.
(i) State the y-coordinate of the point B. (1 mark)
3 The curve with equation y = x> + 20x> — & passes through the point P, where x = —2. 0
dv (ii) Find J (x? —x+6)dx. (5 marks)
{a) Find —. (3 marks) -2
dx
(iii) Hence find the area of the shaded region bounded by the curve y = x> —x+6
(b) Verify that the point P is a stationary point of the curve. (2 marks) and the line 4B. (3 marks)
- dZy : .
(¢) (i) Find the value of F at the point P. (3 marks)
X
(i) Hence, or otherwise, determine whether P is a maximum point or a minimum
point. (1 mark)
(d) Find an equation of the tangent to the curve at the point where x = 1. (4 marks)
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5 A crcle with centre C has equation

(a)

(b)

(c)

(b)

(x=52+(+12)2 =169

Write down:

(i) the coordinates of C; (1 mark)
(ii) the radius of the circle. (1 mark)
(i) Verify that the circle passes through the origin O. (1 mark)

(i1) Given that the circle also passes through the points (10, 0) and (0, p), sketch the
circle and find the value of p. (3 marks)

The point 4 (=7, —7) lies on the circle.
(i) Find the gradient of AC. (2 marks)

(i1) Hence find an equation of the tangent to the circle at the point 4, giving your
answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers. (3 marks)

(i) Express x> —8x+ 17 in the form (x — pjz + g, where p and g are integers.
(2 marks)

(ii) Hence write down the minimum value of ¥t — 8+ 17. (1 mark)

(iii) State the value of x for which the minimum value of x2 — 8+ 17 occurs.

(1 mark)

The point 4 has coordinates (5, 4) and the point B has coordinates (x, 7 —x).
(i) Expand (x—5)>. (1 mark)
(ii) Show that 4B* =2(x% —8x +17). (3 marks)

(ii1) Use your results from part (a) to find the minimum value of the distance 4B as x
varies. (2 marks)

AQA —-Core 1

The curve C has equation y = k(x2 4+ 3), where k is a constant.
The line L has equation y = 2x + 2.

(a) Show that the x-coordinates of any points of intersection of the curve C with the line L
satisfy the equation

kel —2x+3k—2=0 (1 mark)
(b) The curve C and the line L intersect in two distinct points.
(i) Show that
3 —2k—1<0 (4 marks)

(i1) Hence find the possible values of k. (4 marks)

END OF QUESTIONS
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AQA - Core 1 - June 2009 — Answers

Question 1:

Exam report

Line AB:3x+5y=11
a)i) Make y the subject: 5y =-3x+11
o 31
5 5
The gradient of AB=m,; = —g
i) A(2,1).
The gradient of the line perpendicular to AB is
1 5

My 3

The equation of the lineis 1y —-1= %(x—z)

3y-3=5x-10
oSx -3y =7
3x+5y=11 (x2
b) Solve simultaneously oY 2) gives
2x+3y=8 (x-3)
6x+10y =22
g and by adding
—6x-9y=-24
y=-2
and 3x+5y=11 3x-10=11 X=7

The lines intersect at (7,-2)

In part (a)(i) many candidates were unable to make y the
subject of the equation 3x + 5y = 11 and, as a result, many
incorrect answers for the gradient were seen. Those who
tried to use two points on the line to find the gradient were
rarely successful.

In part (a)(ii) most candidates realised that the product of
the gradients of perpendicular lines should be —1 and credit
was given for using this result together with their answer
from part(a)(i). Although many correct answers for the
coordinates of C were seen in part (b)(i), the simultaneous
equations defeated a large number of candidates. No credit
was given for mistakenly using their equation from part
(a)(ii) instead of the correct equation for AB.

Question 2:

Exam report

5+\/7_5+\/7x3+\/7_15+5\/7+3\/7+7
3-J7 3-47 3447 9-7

:ﬂznwﬁ

a)

b) Using pythagoras'theorem, we have
X =(2£)2 —(3&)2
=4x5-9x2=2
x=+/2 or x=—/2

but x is a length, x>0, so x = J2 is the answer.

In part (a) most candidates recognised the first crucial step of

multiplying the numerator and denominator by 3+ \/7 and
22+87
2

many obtained , but then poor cancellation led to a

very common incorrect answer of 11+ 8\/; .

Candidates found part (b) more difficult than part (a) and revealed
a lack of understanding of surds. Most candidates realised the
need to use Pythagoras’ Theorem but many could not square

2\/§ and 3\/5 correctly. Little credit was given for those who
wrote things such as X = /20 —/18 = \/E and candidates

need to realise that “getting the right answer” is not always
rewarded with full marks. Although the equation x* = 2 has the

solution X = i\/E , it was necessary to consider the context and

to give the value of x as \/E .

AQA —-Core 1
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Question 3:

Exam report

y=x>+20x*-8 P(-2,¥p)

a)d—y:5x4+40x
dx
_ody oo ~
b) for x = 2,d—_5><( 2)" +40x(-2)
X
ﬂ=5x16—80:0
dx
P is a stationary point.

. d%y s
C)I)?ZZOX +40 and for x=-2
X

=20x(-2)’ +40=-160+40=-120<0
ii) Pis a MAXIMUM point.
d)when x=1, y=1°+20x1*-8=1+20-8=13

ﬂ(x:l):5+40:45
dx

the equation of the tangent at (1,13) is y —13=45(x—1)
y =45x—-32

d
In part (a) almost everyone obtained the correct expression for —,
dx

although a few spoiled their solution by dividing each term by 5 or adding “+
¢” to their answer.
dy
In part (b) most candidates substituted x = -2 into their expression for —,
dx

but, in order to score full marks, it was necessary to show

dy
(—2)4 written as 16 or to show that — =80-80=0and
dx

then to write an appropriate conclusion about P being a stationary point.
For part (c) many candidates simply wrote down an expression for
d’y
——in terms of x when answering part (i) and only evaluated the second
dx’
derivative when determining the nature of the stationary point in part (ii). On
this occasion full credit was given, but candidates need to realise what is
meant by the demand to “find the value of” since this may be penalized in
future examinations.
In part (d) some candidates failed to find the y-coordinate of P, which was
necessary in order to find the equation of the tangent. It was pleasing to see

dy
most candidates using the value of — when x = 1, but unfortunately many
dx

tried to find the equation of the normal instead of the tangent to the curve.

Question 4:

Exam report

a)p(x)=x*-—x+6
i) The remainder is p(3)
p(3)=3*-3+6=27-3+6=30
i) p(-2) = (-2)° - (-2) +6
=-8+2+6=0
—2 isaroot of p,so (x+2) is a factor of p.
iii) p(x) = (x+2)(x* - 2x+3)
iv) p(x) =0 means (x—2)(xz —2x+3):0
50 x—2=0 or xX*-2x+3=0
X=2 the discriminant
=(-2)"-4x1x3=-8<0
no solution.

b)i)B(0,6)  (p(0)=0-0+6=6)

0 1., 1 °
ii)j (¥ —x+6)dx=|=x* —= X" +6x
-2 4 2 "
=(0)-(4-2-12)=10
iii) The shaded area
= area beneath the curve — area of triangle ABO

:10—1><2><6:4
2

Those candidates who used the remainder theorem in part (a)(i) were usually
successful in finding the correct remainder. Those who tried to use long division
were usually confused by the lack of an x* term and were rarely successful in
showing that the remainder was 30.

Those who used long division in part (a)(ii) scored no marks. Most candidates
realised the need to show that p(-2) = 0, but quite a few omitted sufficient
working such as p(—2) =—-8 + 2 + 6 = 0 together with a concluding statement
about x + 2 being a factor and therefore failed to score full marks.

Many candidates have become quite skilled at writing down the correct product
of a linear and quadratic factor and these scored full marks in part (a)(iii). Others
used long division effectively but lost a mark for failing to write p(x) in the
required form. Others tried methods involving comparing coefficients, but often
after several lines of working were unable to find the correct values of b and c
because of poor algebraic manipulation. In part (a)(iv), although many candidates
tried to consider the value of the discriminant of their quadratic factor, quite a
few used a =1, b =-1 and c = 6 (from the cubic equation) and scored no marks for
this part of the question. Others drew a correct conclusion using the quadratic
equation formula, indicating that it was not possible to find the square root of -8
and others, after completing the square showed that the equation (x —1)2 =-2
has no real solutions. Some wrongly concluded that because it was not possible
to factorise their quadratic then the corresponding quadratic equation had no
real roots.

Most obtained the correct y-coordinate of B in part (b)(i).

In part (b)(ii) it was pleasing to see most candidates being able to integrate
correctly but a large number did not answer the question set and simply found
the indefinite integral in this part. Many candidates use poor techniques when
finding a definite integral and it was often difficult to see the evaluation of F(0) —
F(-2) in their solution. Many obtained an answer of —10 which was

miraculously converted into +10 with some comment about an area being
positive. This and similar dubious working was penalized.

In part (b)(iii) some obtained an answer of —6 for the area of the triangle by using
—2 as the base. Credit was given to candidates who later realised that the area of
the triangle was actually 6. Unless candidates had scored full marks in part(ii)
they were not able to score full marks in this part either, even if they obtained a
correct value of 4 for the shaded area.
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Question 5:

Exam report

(x—5)? +(y+12)" =169
a)i)C(5,-12)
ii)r =169 =13
b)i)O(0,0)
(0-5)*+(0 +12)2 =25+144 =169
O belongs to the circle.
i) (0, p) : (0-5)*+(p+12)* =169
25+ (p+12)* =169
(p+12)* =144
p+12=+12
p=0or p=-24
(0,—24) belongs to the circle.
c) A(=7,-7) lies on the circle
-12+7 5

i) gradient of AC =m,. =ﬁ__ﬁ
+

i) The tangent is perpendicular to the radius AC

The gradient of the tangent is%

The equation of the tangentisy +7 = %(x +7)

S5y+35=12x+94
12x-5y+49=0

In part (a)(i) most candidates realised what the correct coordinates
of the centre were, although some wrote these as (-5, 12) instead
of (5, -12).

Some gave the radius as 169 and others evaluated /169
incorrectly in part (a)(ii). The majority of candidates obtained the
correct value of the radius.

In part (b)(i) most were able to verify that the circle passed through
the origin, although some neglected to make a statement as a
conclusion to their calculation and so failed to earn this mark. A
surprisingly large number made no attempt at this part.

Most sketches were correct in part (b)(ii), though some were very
untidy with some making several attempts at the circle so the
diagram resembled the chaotic orbit of a planet. In spite of being
asked to verify that the circle passed through the origin many
sketches did not do so. Credit was given for freehand circles with
the centre in the correct quadrant and which passed through the
origin, although it was good to see some circles drawn using
compasses. Many used algebraic methods, putting x = 0, but often
their poor algebra prevented them from finding the value of p.
Those using the symmetry, doubling the y- coordinate, were
usually more successful, although an answer of =25 (from —12-13)
was common.

In part (c)(i) the majority of candidates tried to find the gradient of
AC but careless arithmetic meant that far fewer actually succeeded
in finding its correct simplified value.

In part (c)(ii), in order to find the tangent, it was necessary to use
the negative reciprocal of the answer from part (c)(i) in order to
find the gradient. Although some did, many chose to use the same
gradient obtained in the previous part of the question and scored
no marks at all.

Question 6:

Exam report

2)i)x* —8x+17 = (x—4)" —16+17 = (x—4)" +1
ii)Forall x, (x—4)*>>0 so (x—4)2 +1>1
The minimum value is 1
iii) the minimum occurs when (x—4)°* =0 ie. x=4
b) A(5,4) B(x,7-X)
i)(x—5)% = x> +25-10x
ii) AB? = (X, —xA)2 +(Yg - yA)2
=(x—5)2+(3—x)2
= X? +25-10x+ 9+ x> —6X
=2x> -16x+34
AB? =2(x* +8x+17)
iii) The minimum value of x* +8x+17is 1
so the minimum value of AB? is 2
the minimum value of AB is +/2

Completing the square was done well by most candidates in part
(a)(i), although quite a few wrote q as 17 instead of 1.

Part (a)(ii) of this question was answered very badly with many
giving their answer as coordinates. Candidates were either
“hedging their bets” or were simply presenting the coordinates of
a minimum point of a curve as their answer.

In part (a)(iii) many candidates obtained the correct value for x in
this part, but there was confusion with many about how to
answer parts (i) and (ii). The question was deliberately designed to
test the understanding of the minimum value of a quadratic
expression and when this occurred. Those who wrote “(ii) 4 and
(iii)1” scored no marks at all for these two parts of the question.
In part (b)(i) practically everyone scored a mark for multiplying
out

(x - 5)2 correctly.

In part (b)(ii) only the best candidates obtained a correct
expression for AB? and then completed the resulting algebra to
obtain the printed answer.

It was good to see that many saw the link between the various
parts in part (b)(iii). Many more able candidates substituted x = 4
into the expression and obtained AB”=2, but they then failed to
take the positive square root in order to find the minimum
distance.
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Question 7:

Exam report

curve C: y=k(x*+3)

lineL:y=2x+2

a) By indentifying the y's:

k(X*+3)=2x+2

kx? —2x+3k-2=0

b) The curve and the line have

two distinct points of intersection,

this means that the discriminant > 0.

(-2)* —4xkx(3k-2)>0
4-12k*+8k >0 (+—4)
3k? -2k -1<0

i)  Bk+)(k-1)<0

critical values —% and 1

Bk +1)(k—-1) <0 mr—%<k<1

Most candidates scored the mark for the correct printed equation
in part (a), but some omitted “= 0” and others made algebraic slips
when taking terms from one side of their equation to the other.

In part (b)(i) only the more able candidates were able to obtain the
printed inequality using correct algebraic steps. Many began by
stating that the discriminant was less than 0, clearly being
influenced by the answer. Not all assigned the correct terms to a, b
and c in the expression b? - 4ac and others made sign errors when
removing brackets.

The factorisation was usually correct in part (b)(ii), but many wrote
down one of the critical values as 1/3. Most found critical values
and either stopped or immediately tried to write down a solution
without any working. Candidates are strongly advised to use a sign
diagram or a sketch showing their critical values when solving a
quadratic inequality.

(1,0) 2
GRADE BOUNDARIES
Component title Max mark A B C D E
Core 1—Unit PC1 75 63 55 48 41 34
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Key to mark scheme and abbreviations used in marking

M
m or dM
A
B
E

Jor fior F

CAO
CSO
AWFW
AWRT
ACF
AG

SC

OFE
A2.1
—x EE
NMS
Pl

SCA

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy

mark is independent of M or m marks and is for method and accuracy

mark is for explanation

follow through from previous
incorrect result

correct answer only

correct solution only
anvthing which falls within
anything which rounds to
any correct form

answer given

special case

or equivalent

2 or | {or 0) accuracy marks
deduct x marks for each error
no method shown

possibly implied
substantially correct approach

No Method Shown

MC
MR
RA
FW
ISW
FIW
BOD
WR
FB
NOS
G

mis-copy

mis-read

required accuracy
further work

ignore subsequent work
from incomrect work
given benefit of doubt
work replaced by candidate
formulae book

not on scheme

graph

candidate

significant figure(s)
decimal place(s)

Where the question specifically requires a particular method to be used, we must usually see evidence of use
of this method for any marks to be awarded. However, there are situations in some units where part marks
would be appropriate, particularly when similar techniques are involved. Your Principal Examiner will alert

vou to these and details will be provided on the mark scheme.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method. we must award full marks. However, the

obvious penalty to candidates showing no working is that incorrect answers, however close. eam no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it 2ains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Answer only of 2 scores B0, M0
Answer only of \E scores 3 marks

T'otal

AQA —Core 1

Q Solution Marks | Total Comments Q Solution Marks | Total Comments
La)i 3 11 Attempt at v = f(x) dv M1 One of these powers correct
(i) | 3 __‘?)' +‘T M Attempt at y =1{x) 3(a) ?:le +40x Al One of these terms correct
Or correct expression for gradient using Or answer = 3 Mi ' Al 3 All correct (no + ¢ etc)
two correct points T answer = of —x gets !
L dy . 4 ! . . dy
= == -2 2 / =0 e QY
But answer of > gets M0 (b) dx S (=2) +(40%x-2) M1 Substitute x = -2 into their ™
5
: &
= 5x16 +(40x-2)= 0
Gradient of AB =) 3 Al : Correct answer scores 2 marks = PP is stationary point Al CSO Shown = 0 plus statement
(Uradient o225 s i Condone error in rearranging formula if eg st pl”, “as required”, “grad = 07ete
answer for gradient is correct. Or their dy —0 =" =k (M1)
dx ’ )
Y=8 =y==2 (A1) 2 CSO x=0 need not be considered
(ii) | mym, =1 M1 Used or stated
5 ) ) . 2y ,
Gradient of perpendicular = 3 ALS ft their answer from (a)(i) or correct (e)(i) d ‘ =20 + 40 Bl Correct ft their &
g dy? dx
y -1 :;(_\- 2)  OE Al 3 Sx=3y=T.o0ry :;\-H-_ [_-:_; etc = 20%(=2)° +40 M1 Substx = —2 into their second derivative
3 i J J (=160 +40) =120 | Al 3 CS0
CSO
o o (ii) | Maximum {value) ELlS 1 Accept minimum if their ¢(i) answer >0
(b) | Eliminating x or y but must use M1 An equation in x only or y only their c(i) answer must be < 0 and correctly interpreted
3x4Sp=11 & 2x+3y =8 Other valid methods acceptable provided Parts (1) and (ii) may be combined by
x =17 Al “maximum” is the conclusion candidate but —120 must be seen to award
y==2 Al 3 Answer only of (7, —2) scores 3 marks Al in part (c)(i)
Total 8 (d) (Whenx =1)y =13 Bl
2@ 5+ﬁx3+ﬁ M1 d dy
2(a M Theny =1, = =54 sub r=1i .ir 2
3 Vﬁ 3+\ﬁ Whenx =1, d_‘__:\+—1(} M1 Sub x=1 into their i
. - dy
Numerator = 15 +."\\E +.’%ﬁ+ 7 ml Condone one error or omission ¥ = (their 45 + & OE ml ft their a
Denominator =9—7 (=2) Bl Must be seen as the denominator Tangent has equation y— 13 =45(x~1) Al 4 CSO OE y=45x+c, c=-32
Total 13
(Answer =) 1 ]+-—N'? Al 4
(b) [E‘F} =20 or [q"E} =18 B1 Either correct
their [2-\5} - {3\5} Mi Condone missing brackets and x*
(x*=20-18) v’ =2 = Bl Ml
(= x=) J2 Al 3 +2 scores A
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Q) Solution Marks | Total Comments
S(a)(i) | € (5.-12) Bl 1
(ii) | Radius = 13 (or +/169) Bl 1 +J169 or %13 as final answer scores B0
(b)) | (=5 +12% or 25+144
=169 = circle passes through O Bl 1 Correct arithmetic plus statement
It Eg =0 lies on circle”, “as required” etc
(ii) | Sketch
Freehand circle through origin and cutting
Bl positive x-axis with centre in 4™ quadrant
Condone value 10 missing or incorrect
25+(p +1 2}: =169 M1 Or doubling their y-coordinate
(p+12)==%12 p=-24 Al 3 Condone use of y instead of p
SC B2 for correct value of p stated or
marked on diagram
1247 . o
(e)(i) | grad AC = 517 M1 correct expression, but ft their C
5 .
=—— Al 2 Condone
12 -
i d tangent = 12 Bl !
grad tangent = — / _——
(i) aE 5 N their grad A(
12 § .12 .
v +7 :?{x +7) M1 ft “their - must be tangent and not 4C
= 12x -5y +49 =0 Al 3 OE with integer coefficients with all
terms on one side of the equation
l'otal 11

() Solution Marks | Total Comments
Ha)i) | p(3)=27-3+6 M1 p(3) attempted
(Remainder) = 30 Al
Or long division up to remainder (M1}
Quotient= x* +3x +8 and remainder = 30
clearly stated or indicated (A1) 2
(i) | p(-2)=—8+2+6 M1 p(-2) attempted : NOT long division
P(=2)=0= x+2 is factor Al 2 Shown =0 plus statement
Minimum statement required “factor” May make statement first such as “x+2 is
a factor if p(-2) =07
(iii) b=-2 Bl No working required for Bl + Bl
c=3 Bl Try to mark first using B marks
or long division/comparing coefficients (M1} Award M1 if B0 earned and a clear
: method is used
plx)=(x+2)(x" —2x+3) (Al ) Must write final answer in this form if
) ' long division has been used to get Al
(V)] b7 —dac=(=2)" -4x3 MI Discriminant correct from their quadratic
MO if b = =1, ¢ = 6 used (using cubic eqn)
b’ —dac= -8 (or<0) Al CSO All values must be correct plus
= no (other) real roots ! statement
Or (x-I ]! +2 (M1} Completion of square for their quadratic
(x=1)" +2 >0 therefore no real roots (A1) 2 Shown to be positive plus statement
Or (x—]]: =-2 has no real roots regarding no real roots
()i} | (v, =)6 Bl | Condone (0, 6)
& M One term correct
(i) | ———+6x Al Another term correct
4 2 Al All correct {ignore + ¢ or limits)
2
{ | =0-(4-2-12) ml F(=2) attempted
=10 Al 5 CS0 Clearly from F{0) - F(-2)
(iii) | Areaof A= %x 2x6 M1 Condone - 2 and ft their y, value
Or | (3x+6)dx and attempt to integrate
6 Al Must be positive allow —6 converted to +6
Shaded region area = 10 -6 =4 Al 3 CSO 10 must come from correct working
Total 17

AQA —Core 1
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Q Solution Marks | Total Comments Q Solution Marks | Total Comments
6(a)(i) {:\' —‘1}? or p=4 Bl ISW for p=—4if {).' —"1)7 seen 7(a) k [.\'j +3 ]:2.\'+2
1 or g =1 Bl 2 =l = 2x+3k-2=0 Bl | AG OE all terms on one side and =0
(i) | (Minimum value is) 1 - y T “their o” (N , X . 2 . e § e o
B1v 1 Correct or FT “their ¢” (NOT coords) (M) | Diseriminant (-2)" -4k (3k-2) NT (_Iundum. one 5]1p(1|]_dud1ng x is one slip)
Condone 27 or 4 as first term
(iii) | (Minimum occurs when x =) 4 BI.J/ | Correct or FT “their p” — may use calculus =412k + 8k Al condone recovery from missing brackets
Condone (p, ** ) for this B mark Two distinct real roots = b° —4ac > 0 BIS “their discriminant in terms of k&~ >0
y 412k + 8k >0 Not simply the statement b —dac>0
(0)G) | (v=5) =27 ~10x+25 B1 1 ) ”
> 12k — 8k -4 <0 Change from > 0to< 0 and divide by 4
(ii) (x=5) +(7- r—-l): Ml Condone one slip in one bracket =3k -2k -1<0 Al 4 AG CSO
) § May be seen under Na sign
=(x=5) +(3-xY i | (- : f
[\’ ) +(3-v) X (i) | (3k+1)(k-1) MI Correct factors or correct use of formula
=x" —10x+25+9-6x+x Al From a fully correct expression Mav score M1. Al for correct critical
AB* =2x" —16x+34 Critical values 1 and —— Al values seen as part of incorrect final
= 2[:_\-: 8x 41 ?) Al 3 AG CS0O - answer with or without working
. o ) ) Use of sign diagram or sketch
(iii) | Minimum AB~ =2 x “their (a)(ii)” Ml Or use of their x =4 in expression M1 I previous Al earned, sign diagram or
Or use of their B(4, 3) and A(5. 4) in / sketch must be correct for M1
distance formula \
-1 1
MU0 if calculus used
Answer only of 2 x “their {(a)(11)” scores ' ' Otherwise, M1 may be carned for an
M1, AO @_% O 1 @ ull_cmp: al lln.-_ glu;]lch ]Ur sign diagram
Minimum 4B JE Al 2 using them critical values.
Total 10
= ]<k<] o 1=k > ]
3 . 3 Al 4 Full marks for correct final answer with or
without working
< loses final A mark
condone —— <k AND k<1 for full
marks but not OR or “.” instead of AND
|
Answer onlyof 1<k <-—or
1 .
k<——k <l eicscores M1,AT MO since
the correct critical values are evident
1
Answer only of 3 < k<1 etc where
critical values are not both correct gets
MO,MO
Total 9
TOTAL 75
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A General Certificate of Education
A A Advanced Subsidiary Examination 1 The polynomial pix) is given by p(x) = P — 13x—12.
January 2010

(a) Use the Factor Theorem to show that x + 3 is a factor of p(x). (2 marks)
Mathem atlcs MPC1 (b) Express p(x) as the product of three linear factors. (3 marks)
Unit Pure Core 1
Monday 11 January 2010 9.00 am to 10.30 am 2 The triangle ABC has vertices 4 (1, 3), B(3, 7) and C (-1, 9).
For this paper you must have: (a) (1) Find the gradient of AB. (2 marks)
* an 8-page answer book B . . )
* the blue AQA booklet of formulae and statistical tables. (i1) Hence show that angle 4ABC is a right angle. (2 marks)
You must not use a calculator.| . » . R . . o
(b) (i) Find the coordinates of M, the mid-point of AC. (2 marks)
Time allowed_ (i1) Show that the lengths of AB and BC are equal. (3 marks)
¢ 1 hour 30 minutes
Instructions (ii1) Hence find an equation of the line of symmetry of the triangle ABC. (3 marks)

e Use black ink or black ball-point pen. Pencil should only be used for drawing.
* Write the information required on the front of your answer book. The Examining Body for

this paper is AQA. The Paper Reference is MPC1. 3
« Answer all questions.
e Show all necessary working; otherwise marks for method may be lost. N R Y- 0<i<a
* The use of calculators (scientific and graphics) is not permitted. S - ’ s

The depth of water, y metres, in a tank after time ¢ hours is given by

Information (a) Find:

* The marks for questions are shown in brackets.

* The maximum mark for this paper is 75. (i) d_‘ (3 marks)
Advice

* Unless stated otherwise, you may quote formulae, without proof, from the booklet. (i) dy

— (2 marks)
! ‘i

(b) Verify that y has a stationary value when ¢ = 2 and determine whether it is a maximum
value or a minimum value. (4 marks)

(¢) (1) Find the rate of change of the depth of water, in metres per hour, when ¢ = 1.

(2 marks)
(ii) Hence determine, with a reason, whether the depth of water is increasing or
decreasing when ¢ = 1. (1 mark)
117
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4 (a)

(b)

5 (a)

(b)

(c)

6 The curve with equation y = 12x% — 19x — 2x

/50 ++/18

Show that ——————— is an integer and find its value. (3 marks)
Ve
2\./? -1 . . .
Express ———— in the form m + ny/7, where m and n are integers. (4 marks)
2V7+5

Express (x —5)(x —3) + 2 in the form (x — p)2 + g, where p and g are integers.
(3 marks)

(i) Sketch the graph of y = (x — 5)(x — 3) + 2, stating the coordinates of the
minimum point and the point where the graph crosses the y-axis. (3 marks)

(i) Write down an equation of the tangent to the graph of y = (x = 5)(x - 3) + 2
at its vertex. (2 marks)

Describe the geometrical transformation that maps the graph of y = x* onto the graph

of y=(x=35)(x—3)+2. (3 marks)

3 is sketched below.

R

(@]

o

[

The curve crosses the x-axis at the origin O, and the point 4 (2, —6) lies on the curve.

(a)

(b)

(i) Find the gradient of the curve with equation y = 12x% — 19x — 2x° at the

point A. (4 marks)
(ii) Hence find the equation of the normal to the curve at the point 4, giving your
answer in the form x + py + g = 0, where p and g are integers. (3 marks)
2
(i) Find the value of J (121(2 — 19x — ZTS) dx. (5 marks)
0

(i) Hence determine the area of the shaded region bounded by the curve and the
line OA . (3 marks)

AQA —-Core 1

7 A circle with centre € has equation x2 4+ y2 —dx + 12y + 15 = 0.

(a)

(b)

(c)

Find:
(1) the coordinates of C';
(i1) the radius of the circle.

Explain why the circle lies entirely below the x-axis.

The point P with coordinates (5, k) lies outside the circle.

(i) Show that PC? = k2 + 12k + 45,
(i1) Hence show that k2 12k +20>0.

(iii) Find the possible values of k.

END OF QUESTIONS

(2 marks)
(2 marks)

(2 marks)

(2 marks)

(1 mark)

(4 marks)
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AQA - Core 1 -Jan 2010 - Answers

Question 1:

Exam report

p(x) = x*-13x-12
a) p(-3) = (-3)’ ~13x(-3)-12
p(=3) =—27+39-12=0
—3isaroot of p, so (x+3) is a factor of p
b) p(x) = x* ~13x-12 = (x+3)(X* —3x - 4)
=(x+3)(x—4)(x+1)

In part (a), most candidates realised the need to find the value of
f(x) when x = —3. However, it was also necessary, after showing
that f( —3) = 0, to write a statement that the zero value implied
that x + 3 was a factor. It was good to see quite a large number of
candidates being aware of this but others lost a valuable mark.

In part (b), some candidates used long division effectively to find
the quadratic factor and, although this was the most successful
method, some were confused by the lack of an X term; others
used the method of comparing coefficients or found the terms of
the quadratic by inspection; a number used the Factor Theorem to
find another linear factor, but seldom found both of the remaining
factors. Very able candidates were able to write down the correct
product of three linear factors but many more were unsuccessful
when they tried to do this without any discernible method.

Question 2:

Exam report

A@L3), B(3,7),C(-19)

a)i) Gradient of AB = m, = ;‘i’ =2
i) Gradientof BC=m,. = 9—7 1
-1-3 2
1
Mg X ZX_EZ_]-

BC and AB are perpendicular so
the traingle ABC is a right-angled triangle

b)i) Mid-pointof AC =M (1_21 %}

ii) AB = /(3-1)° +(7-3)" =/4+16 =20
BC = /(~1-3)’ +(9-7)° =+16+4 =20

length AB =length BC

~M(0,6)

In part (a)(i), although some made arithmetic errors when
finding the gradient of AB, the majority of answers were
correct. It was necessary to reduce fractions such as 4/2 in
order to score full marks. In part (a)(ii), those who chose to
use Pythagoras’ Theorem, calculating lengths of sides to
prove that the triangle was right angled, scored no marks
here. The word “hence” indicated that the gradient of AB
needed to be used in the proof that angle ABC was a right
angle. A large number of those using gradients failed to
score full marks on this part of the question. It was not
sufficient to show that the gradient of BC was —1/2 and
then to simply say “therefore ABC is a right angle”; an
explanation that the product of the gradients was equal to
— 1 was required.

In part (b)(i), most candidates were able to find the correct
coordinates of the mid point, although a few transposed
the coordinates and others subtracted, rather than added,
the coordinates before halving the results.

In part (b)(ii), it was rare to see a solution with all
mathematical statements correct. Too often candidates
wrote things like

AB=2%+4*=20=+/20 and, although this was not
penalised on this occasion, examiners in the future might

1ii) The triangle ABC is an isosceles right-angled triangle | not be quite so generous. It was surprising how many

The line of symmetry is the line BM.
_7-6_1

radientof BM =m,,, = -
g BM 3 O 3

Equation of BM :y-7== ( 3)

3y—21:x—3
Xx—-3y+18=0

candidates did not know the distance formula. Some
wrote down vectors but, unless their lengths were
calculated, no marks were scored.

In part (b)(iii), many candidates found an equation of the
wrong line. The line of symmetry was actually BM,
although some chose an equivalent method using the
gradient of a line perpendicular to AC. The most successful
candidates often used an equation of the form

¥y — Y1 = m(x —xy); far too often those using y = mx + c were
unable to find the correct value of c, usually because of
poor arithmetic.

AQA —-Core 1
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Question 3:

Exam report

y=%t4—2t2+4t 0<t<4
a)l) —4t+4
2
ii)?szy_Etz
b)‘;_i’(t:z)zéx(z)3_4x(z)+4
=4-8+4=0
Att=2, g—y =0, there is a stationary point.
X
d’y 3 2
=2)=—x(2) -4=6-4=2>0
t=2)=2x(2)

The stationary point is a MINIMUM.

c)i) The rate of change is ﬂ(t =1) :£_4+4:£
dt 2 2

ii)z—}:(t =1) > 0,sothe depth is INCREASING at t =1.

In part (a), almost all candidates were able to find the
first and second derivative correctly, although there
was an occasional arithmetic slip and some could not
cope with the fraction term.

d
In part (b), those who substituted t = 2 into d_y did not
X

— =0 s the condition for a
dx

stationary point. Some assumed that a stationary point
occurred when t = 2, went straight to the test for

maximum or minimum and only scored half the marks.
It was advisable to use the second derivative test here;

always explain tha

those who considered values of d—y on either side of t
dx

=2 usually reached an incorrect conclusion because of

the proximity of another stationary point.

In part (c)(i), the concept of ‘rate of change’ was not

understood by many who failed to realise the need to

d

y
substitute t = 1 into — . Some candidates wrongly

=0.5m/s dx

substituted t = 1 into the initial expression for y or into
2
their expression for — and these candidates were
dx
unable to score any marks at all on this part. Even those

Yy
who used — sometimes made careless arithmetic
dx

errors when adding three numbers.
In part (c)(ii), it was not enough to simply write the

word “increasing”: some explanation about — being
dx

positive was also required. Some candidates
erroneously found the value of the second derivative
when t = 1 or calculated the value of y on either side of
t=1.

Question 4:

Exam report

5v2+3V2 8J2 8
V8 02 22 2
)2f1 zfl 2J7-5 _28-10J7-2J7+5
2JT+5 2745 27-5 2825
_33-12J7 1147
3

a)x/%ﬂ/ﬁ_

In part (a), there were far more mistakes than had been

anticipated; for example, /50 = 24/5 and \/E = 2\/5 LIt
82

was also common to see poor cancelling such as = 4\/5
2\/_

. Examiners had to take care that totally incorrect work leading
to the correct answer was not rewarded.

J50++18 2v5+2V9 1046
Js 24 4

seen on a number of occasions.

In part (b), it was pleasing to see that most candidates were
familiar with the technique for rationalising the denominator in
this type of problem and, although there were some who made
slips when multiplying out the two brackets in the numerator,

For instance, was

particularly when trying to calculate 2\/; x 24/ 7 , many
obtained the correct answer in the given form and it was good
to see most getting the final step correct by dividing both terms
by 3.

AQA —-Core 1
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Question 5:

Exam report

a)(x—5)(x—3)+2=x"-8x+15+2=x"-8x+17
X2 —8x+17 = (x—4)" 16417 = (x - 4)" +1
b)i) The minimum point/vertex is (4,1)
The curve crosses the y-axis at (0,17)

ii) At the vertex, the tangent to the curve is "horizontal”

In part (a), the slightly unusual form of the initial
guadratic caused problems to those who forgot to add
2 after multiplying out the brackets. The first term in
the completion of the square was done successfully by
most candidates, although the answer (x — 4)2 -3 was
seen almost as often as the correct form. It was
unfortunate that an error at this stage was seldom
picked up by candidates when they went on to sketch
the curve.

y= 1 In part (b)(i), the sketch was usually of the correct
. . shape but many drew a parabola with the vertex in the
PR 2 ims'la'tlon di 2 wrong quadrant, or the y-intercept was incorrect. The
4unitsinx—dir [N unitin y—dir y - .
7 - 7 - % - . . . o e
C) X x—4 (X 4) (X 4) +1 question did ask for the coordinates of the minimum

The transformation is a translation vector

point and this was not always stated by candidates.

In part (b)(ii), a few candidates immediately wrote
down the correct equation for the tangent, whereas
many felt the need to differentiate in order to find the
gradient of the curve at the vertex. Many candidates
seemed unaware that the vertex was actually the
minimum point and that the tangent at the vertex
would be parallel to the liney = 0.

In part (c), the more able candidates earned full marks.
The term translation was required and, although there
seemed to be an improvement in candidates’ using the
correct word, it was still common to see words such as
“shift” or “move” being used instead. Others thought
that simply writing down a vector was enough. A very

-4
commonly stated, but incorrect, vector was I:
1

Question 6:

Exam report

y=12x*-19x-2x>*  0(0,0) and A(2,-6)

a)i)ﬂ =24x-19-6X%°
dx

v Xx=2)=m, =24x2-19-6x2° =5
d A
X

The gradient of the curve at A is 5.

I1) The gradient of the normal at A is _ L =—=
m, 5

The eqaution of the normal: y +6 = —%(x—z)
5y+30=—x+2
X+5y+28=0

2 19 1 2
b) i)j (12x* -19x—2x%)dx = {4x3 —=2 %2 ——x‘ﬂ
0 2 2 ,
:(32—38—8)—(0):_14
i) The area comprised between the curve
and the x-axis is 14.

The area of the triangle is %x 2%x6=6.

The area of the shaded region is14—6 =8

In part (a)(i), many candidates did not realise that differentiation was
required in order to find the gradient of the curve, but instead
erroneously used the coordinates of O and A. Some tried to
rearrange the terms but usually made sign errors in doing so. In part
(a)(ii), those who had the correct gradient in part (a)(i) were usually
successful in finding the correct equation of the normal, though not
everyone followed through to the required form, and sign errors
were common. However, most obtained at least a method mark
here, unless they found the equation of the tangent. The main
casualties were once again those who always use the y = mx + c
form for the equation of a straight line.

In part (b)(i), most candidates were well drilled in integration and
scored full marks, although some wrote down terms with incorrect
denominators. The limits 2 and 0 were usually substituted correctly,
but it was incredible how many could not evaluate 32 -38 -8
without a calculator. The correct value of the integral was —14, but
far too many thought that they had to change their answer to +14
and so lost a mark. A small number of candidates differentiated or
substituted into the expression for y rather than the integrated
function.

In part (b)(ii), there was still some apparent confusion about area
when a region lies below the x-axis. The area of the triangle was 6
units and hence the area of the shaded region was 14 — 6 = 8 but, not
surprisingly, there were all kinds of combinations of positive and
negative quantities seen here. It was worrying to see so many
candidates failing to calculate the triangle area, with several finding
the length of OA instead. Some able candidates found the equation
of OA and the area under it by integration, but this was not the
expected method.
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Question 7:

Exam report

X +y?—4x+12y+15=0
(Xx—2)>—4+(y+6)*-36+15=0
(x—=2)*+(y+6)*=25
a)i) Centre C(2,-6)
i) radius r =/25=5
b) The distance from C to the x-axis is 6,
which is more that the radius 5.
¢) P(5,k) lies outside the circle
i)PC? =(2-5)" +(—6-k)" =9+36+k? +12k
PC? =k® +12k +45
i) P lies outside the circle so PC >5 or PC? > 25
we have then k®+12k +45> 25
k®+12k +20>0
iii)k®+12k +20>0
(k+2)(k+10)>0
critical values:—10 and —2
(k+2)(k+10)>0 for k <-10or k>-2

In part (a), most candidates found at least one of the correct
coordinates for the centre C, with the most common error being at
least one sign error or writing the centre as (4, —12). However, the

correct value for the radius was not so common, with \/15 being

frequently seen.

In part (b), most explanations involving a comparison of the y-
coordinate of the centre and the radius of the circle earned at least
one mark. In order to score the second mark, some of the better
answers explained why the y-coordinate of the “highest” point of
the circle was —1, but most comments were insufficient. Those
who proved that the circle did not intersect the x-axis needed to
state that the y-coordinate of the centre was negative in order to
score full marks.

Part (c)(i) was very poorly done. Many candidates tried to use their
circle equation and essentially faked the given result instead of
correctly using the distance formula. Once again, if candidates are
asked to “show that ...” then the full equation needs to be seen in
the final line of the proof and an essential part of the working was
to see a statement such as PC* = 3% + (k + 6)2, leading to the printed
answer.

In part (c)(ii), the word “hence” indicated that the expression for
PC’in part (c)(i) needed to be used. Candidates needed to realise
that the point P lies outside the circle when PC > r and that using
this result immediately leads to the given inequality. The inequality
sign here caused confusion with many looking for a discriminant.
In part (c)(iii), many candidates scored only the two marks

available for finding the critical values —2 and —10. No doubt some
would have benefited from practising the solution of inequalities
of this type by drawing a suitable sketch, or by familiarising
10,0 2.0 o themselves with the technique of using a sign diagram as indicated
1 5 o in previous mark schemes.
GRADE BOUNDARIES
Component title Max mark A B C D E
Core 1-Unit PC1 75 62 54 47 40 33
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() Solution Marks | Total Comments ] Solution Marks | Total Comments
Iay | p (-3 ]=[—.’1‘]-' —13(=3)—12 M must attempt pf—3 ) NOT long division v 4 MI one term correct
) _ ) R Jaji) | —=— -4 +4 Al another term correct
=-=17+39-12 ) di 8 Al 3 all correct (no + ¢ ete) unsimplified
Al 2 shown =0 plus statement
=0 = x+3is factor . .
v 12" . .
(i) : =— — M ft one term “correct
P f 3 ) Full long division, comparing coefficients di’ 8
(by | lx+3) (2" +hr+c ) M1 or by inspection either h=—3 or ¢ =—4 Al 2 correct unsimplified (penalise inclusion of
- MIAI for either (x—4) or (x+1) Fc once only in question)
{x* —=3x—4 |obtained Al o Al foreither (x—4 ) or {x+1) L.y o - oy
' clearly found using factor theorem (by | 1=2: o 4-8+4 M1 Substitute r=2 into their m
(x+3)[x—4)[x+1) Al 3 CS0; must be seen as a product of 3 dv
! ! ! factors —=0 = stationary value Al CS0O; shown =10 plus staterment
NMS full marks for correct product dt ) )
SC Bl for (x+3)(x—4)( ) =2, 5L 6422 M Subi =2 into their —
or (x+3)x+1) ) d i ) . de
L _ . = v has MINIMUM value Al 1 S0
o (x4 3x+4)x =11 KMS :
Total 5
ota . dy 1 ) dy
7 Ay feyiy | r=1;— =——4+4 M1 Substitute r=1 nto their —
2a)(iy | grad A =—— M1 — correct expression, possibly implied di 2 I
Ax
A . |
=2 (must simplify 4/2) Al 2 =5 Al 2 OF; CS0
- dy
9 3 NMS full marks if — correct
(i) | grad BC = =—— M1 Condone one slip i
3+1 1
NOT Pythagoras or cosine rule efc " dv . - S L v
orad AR  erad BC =—1 (i) I}U = (depth is) INCREASING El/ 1 allow decreasing if states that ﬂactrI{[J
s ZABC =90 or AB & BC perpendicular Al 2 convmeingly proved plus statement Reason must be given not just the word
SCBI1 for —1/4their grad AH) increasing or decreasing
or statement that mm,=—1 for Tutal 12
- { -
perpendicular hines if MO scored \}{g | \E | 25 JE
. <. _af5. _ 4 OF K== OF | X—= | O ,[— +,|—
| aa) | f50=5¢2; Jis =342, JB=22 M %7 Va1 V3
(b)iiy | M (0.6) B2 2 B1 + BI each coordinate correct Al least two of these correct
@ (=) (3-1) +(7-3)° o all :
L J v \ M1 either expression correct, simphified or S\JE+31.E any correct expression all in terms nh.l"E
fo 2 =] (341 P +(7-9 V ) unsimplified 7\,{’; Al or with denominator of 8, 4 or 2
R o - 400 ++/144
AR =27 447 or RO =47 427 N Must see either 48 = or BC® simplifying numerator eg T
or /20 found as a length Answer =4 Al 3 CSO
AR =BC* = AB=BC |
Al 3 Va7 s
or AB=+20 and B('=+20 (b ) W7 - ) M1 OFE
prg_ 10 . 2J7-5)
... | grad BM = - M1 ft thewr M coordinates !
(i} 3-0 mumerator = 4x7 —.'-’.ﬁ—l I'J-g'rT_- +5 ml expanding numerator
or —1/{grad AC) attempted ( condone one error or omission)
| I i ” . denaminator =3 Bl (seen as denominator)
—; A correct gracdhent of line of symmetry Answer =11 _4_\‘5 Al 1
. 1 o Total 7
BM has equation y=—x+6 Al 3 CSO. any correct form
Tatal 12
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Q Solution Marks | Total Comments 0 Solution Marks | Total Comments
S(a) ¥ _8x41542 B1 Terms in x must be collected, PI Tlapiy [ ¥ =x2 or y==%6 or (x -2y +|‘_1'+|3J_: M1
their(x =4]"  (+k) Ml fi (x—p) for their quadratic t({2.-6) Al 2 correct
—(x=4) +1 Al 3 1SW J’\U[. stating p = —4 il correct i X ) X X
EXPression seen (i) fr =]-1 +36-13 M (RHS =) their (=2)" + their (6Y — 15
. ) - =5 / > 5 . s
(b)) 3 M1 ) shape in any quadrant (generous) . Al = Not 15 o =2
17 Al correct with min at (4. 1) stated or 4 and 1 (by explaining why |].L_| Sr 65 El Companson of veand r, eg -6+ 5 = ~1
marked on axes b or indicated on diagram
¥ condone within first quadrant only
full convincing argument, but must have . . L " .
. 2 Arg 2 Eg “high n ] 1" scores E2
Bl 3 crosses y=axis at (0, 17) stated or 17 correct veand » L1 : ighest point isat ) seares
marked on y-axis E1: showing no real solutions when v =0
+EI stating centre or any point below x-
(iy [ ¥=Fk M V= constant axis
y=I Al 2 Condone y =0x +1
- ) . i Pt o _aV el 2 eir € ¢
(¢) | Translation (moni suft, move eic) El and no other transformanon (e)(i) (" € __] 2) +U +6) fit their C coords
_ - 4] MI One component correct =04 il 412k 436 M and attempt to multiply out
with vector N or fi either their p or g . .
- Al - CS0; condone 4 across, 1 up; or two PO =k +12k+45 Al 2 AG CSO (must see PO = at least once)
- ) separate veclors ele
Tatal 11 - 2 g 2 14 = e
PC >r=PC" 523 . KT +12k 445 225
(i) . Bl AG Condone )
=k 412k +2020| = k*+12k +20>0 |
Q) Solution Marks | Total Comments
6layiy | dv 2 M 2 terms correct
—=24x —19 —6x i Ty ) “nrrect faco . T s muf p
dr Al all correct (no + ¢ efc) (i) | (k+2){k+10) M Correct factors or correct use of formula
when x=2, Y _ 18 —19-24 ml . . May score M1, Al ﬁ].[- coIre "[“llll:Hl
k==2, k==10 are cntical values Al values seen as part of incorrect final
> gradient = 5 Al 4 SO answer with or without working,
I ) .
(ii) | grad of normal =-— Bl ft their answer from (a)i) Use of sketch or sign diagram:
( 1),
y+6=| their—— |{x=2) X . . .
5) ft grad of their normal using correct If previous Al earned, sign diagram or
M1 coordinates BUT must not be tangent 10 - M1 sketch must be comrect for M1, otherwise
( condone omission of brackets — M1 may be eamed for an attempt at the
or y=| their - +¢ and ¢ evaluated i . . L
\ 5) F | } sketch or sign diagram using their critical
using x =2 and y= -6 L T values,
- ) 10 2
< imep —— . . ) ) ]
x+35y+28=0 Al 3 EIS[»;:]I condone all on one side in different — ks_2 ke _I0 Al 4 < _10 loses final A mark
b)(i Ml one term correct . e e Answeronlyof k==-2. k> =10 erc
(h)d) 12, 1B,. 2, Al another term correct Condome  k£=-2 OR &< —10 for full ! ’ o . _'
37T 4 ANOHIET WL COImod o . scores M1, A1, MO since the critical
: = Al all correct (ignore +¢ or limiis) marks but not AND instead of OR
E(2) : ; values are evident.
m] (2] attemptet Take final line as their answer
Al 5 CSO; withhold A1 if changed to +14 here Answerontvof k>2. k< —10 efe scores
1 MO, MO since the critical values are not
(ii) | Area A=—x2x6=06 BI condone — 6 both correct,
Shaded regi 14 =6 M1 1iffe f +||'| +|A| Tuotal 13
ahaded region arca =14 -0 v dierence o I XL pr—— =]
R e TOTAL 75
8 Al 3 Cso
Total 15
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,1 General Certificate of Education
A A Advanced Subsidiary Examination
June 2010
Mathematics MPC1

Unit Pure Core 1
Monday 24 May 2010 1.30 pm to 3.00 pm

For this paper you must have:
* the blue AQA booklet of formulae and statistical tables.
You must not use a calculator.

Time allowed
* 1 hour 30 minutes

Instructions

* Use black ink or black ball-point pen. Pencil should only be used for
drawing.

= Fill in the boxes at the top of this page.

* Answer all questions.

* Write the question part reference (eg (a), (b)(i) etc) in the left-hand
margin.

* You must answer the questions in the spaces provided. Do not write
outside the box around each page.

* Show all necessary working; otherwise marks for method may be
lost.

* Do all rough work in this book. Cross through any work that you do
not want to be marked.

» The use of calculators is not permitted.

Information
* The marks for questions are shown in brackets.
* The maximum mark for this paper is 75.

Advice
* Unless stated otherwise, you may quote formulae, without proof,
from the booklet.
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1 The trapezium ABCD is shown below.
"
0 >y
The line AB has equation 2x + 3y = 14 and DC is parallel to 4B.
(a) Find the gradient of 4B. (2 marks)
(b) The point D has coordinates (3, 7).
(i) Find an equation of the line DC. (2 marks)
(ii) The angle BAD is a right angle. Find an equation of the line 4D, giving your answer
in the form mx + ny + p = 0, where m, n and p are integers. (4 marks)
(c) The line BC has equation 5y —x = 6. Find the coordinates of B. (3 marks)
2 (a) Express (3 — \-@); in the form m + nv/5, where m and # are integers. (2 marks)
(3-v5)
(b) Hence express 1 s in the form p + g+/5, where p and g are integers.
+ V'3
(4 marks)
3 The polynomial p(x) is given by
pilx) = Tl L7 —15
(a) (i) Use the Factor Theorem to show that x + 3 is a factor of p(x). (2 marks)
(ii) Express p(x) as the product of three linear factors. (3 marks)
(b) Use the Remainder Theorem to find the remainder when p(x) is divided by x — 2.
(2 marks)
(c) (i) Werify that p(—1) < p(0). (1 mark)
(ii) Sketch the curve with equation y = x> + 7x® + 7x — 15, indicating the values where

the curve crosses the coordinate axes. (4 marks)
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4 The curve with equation y =x* — 8x + 9 is sketched below. 6 The diagram shows a block of wood in the shape of a prism with triangular
cross-section. The end faces are right-angled triangles with sides of lengths 3xcm,

v A 4xcm and Sxcm, and the length of the prism is yem, as shown in the diagram.
#J" yem
9 i
3xem Sxem
0 5 x
The point (2, 9) lies on the curve.
2 . a
(a) (i) Find J (x* — 8r 1 9)dr. (5 marks) The total surface area of the five faces is 144 cm™.
0
. . . (a) (i) Show that xy+x2 =12. (3 marks)
(ii) Hence find the area of the shaded region bounded by the curve and the line y = 9.
(2 marks) (i) Hence show that the volume of the block, ¥ em’, is given by
(b) The point A(1, 2) lies on the curve with equation y =x*—8r+9. V= 72y — 6x3 (2 marks)
(i) Find the gradient of the curve at the point 4. (4 marks) o dv
(b) (i) Find e (2 marks)
(ii) Hence find an equation of the tangent to the curve at the point 4. (1 mark) *
(i) Show that " has a stationary value when x =2. (2 marks)
2 V
5 A circle with centre C(—5, 6) touches the y-axis, as shown in the diagram (c) Find F and hence determine whether / has a maximum value or a minimum
J, . y-axis, as s gram. .
value when x = 2. (2 marks)

N

7 (a) (i) Express 2x2 — 20x + 53 in the form 2(x — p)2 +¢. where p and g are integers.

\ / (2 marks)
— (i) Use your result from part (a)(i) to explain why the equation 2x2 —20x + 53 = 0 has
0 > no real roots. (2 marks)
(a) Find the equation of the circle in the form (b) The quadratic equation (2k — 1].1r2 + {k+ 1)x + k& = 0 has real roots.
(r— 0]2 + - b)g _,2 (3 marks) (i) Show that Tk —6k—1<0. (4 marks)
(b) () Verify that the point P(—2, 2) lies on the circle. (1 mark) (i) Hence find the possible values of k. (4 marks)
(ii) Find an equation of the normal to the circle at the point P. (3 marks)
(iii) The mid-point of PC is M. Determine whether the point P is closer to the point M END OF QUESTIONS
or to the origin O. (4 marks)
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AQA - Core 1 - June 2010 — Answers

Question 1: Exam report
AB:2x+3y =14
2 14 .
a) 3y =-2x+14 y=—-X+— Part (a) Many candidates were unable to make y
3 3 the subject of the equation 2x+3y =14 and, as a

The gradient of AB is —%.

b)i) D(3,7)and Dc is paralle to ABso m,. =m,; =—

The equation of DC:y -7 = —%(x—?,)

3y—-21=-2x+6
2X+3y =27

if) The line AD is perpendicular to AB so m,; = ———
AB

The eqaution of AD:y—7 :g(x—3)

2y-14=3x-9
3X—2y+5=0
¢) The point B is the intersection of AB and BC.

. 2x+3y =14
Solve simultaneously
—-X+5y=6
and x=5y-6=10-6=4
The coordinates of B are (4,2).

2x+3y=14
(x2) |-2x+10y =12
13y =26 so y=2

result, many incorrect answers for the gradient
were seen. Those who tried to use two points on
the line to find the gradient were rarely
successful.

Part (b)(i) Those candidates who obtained a
value for the gradient in part (a) were usually
aware that the line DC had the same gradient.
Those using y=mx+c often made errors when
finding the value of ¢, whereas those writing
down an equation of the form y - y; =m(x- x; )
usually scored full marks.

Part (b)(ii) Most candidates realised that the
product of the gradients of perpendicular lines

= should be —1 and credit was given for using this

N | w

result together with their answer from part (a).
Careless arithmetic prevented many from
obtaining the final equation in the given form
with integer coefficients.

Part (c) Although many correct answers for the
coordinates of B were seen, the simultaneous
equations defeated a large number of
candidates. No credit was given for mistakenly
using their equation from part (b)(i) or part (b)(ii)
instead of the correct equation for AB, clearly
printed below the diagram. Many did not
recognize the need to use the equation of AB at
all. It was common toseex=0o0ry=0
substituted into the equation for BC and then
solved to obtain the other coordinate.

Question 2:

Exam report

a)(3-V5) =9+5-65=14-65
(3B _(3-By 145 _(14-65)(1-+5)

°) 1445 1445 1-5 1-5

14-14J5-6\5+30 44-20\5
4 4

= _11+55

Part (a) Many candidates were successful with this part,
although sign errors and arithmetic slips were common.
Part (b) Most candidates recognised the first crucial step of

multiplying the numerator and denominator by 1— \/g and

44-20/5

-4
the numerator or poor cancellation led to many failing to obtain
the correct final answer.

many obtained , but then inaccurate evaluation of

AQA —-Core 1
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Question 3:

Exam report

p(x) = x> +7x* +7x~-15
a)i) p(-3) = (-3)° +7x(-3)° + 7x(-3)-15
=-27+63-21-15=63-63=0
—3isaroot of p, so (x+3) is a foacto of p
i) +7x*+7x-15 :(x+3)(x2 +4x—5)
=(x+3)(x+5)(x-1)
b) The remainder of the division by (x—2) is p(2)
P(2)=2°+7x2°+7x2-15
p(2) =8+28+14-15=35
0)i)p(-1)=-1+7-7-15=-16
p(0)=-15
p(-1) < p(0)
ii) The curve crosses the x —axis at (—3,0),(-5,0),(1,0)
The curve crosses the y —axis at (0,—15)

(0,-15)

204

Part (a)(i) Those who used long division instead of the Factor Theorem
scored no marks. Most candidates realised the need to show that p(—
3) = 0. However quite a few omitted sufficient working such as p(-3) =
—27 + 63 -21-15 =0, together with a concluding statement about x +
3 being a factor, and therefore failed to score full marks.

Part (a)(ii) Many candidates have become quite skilled at writing
down the correct product of a linear and quadratic factor and then
writing p(x) as the product of three linear factors and these scored full
marks. Others used long division or the Factor Theorem effectively
but lost a mark for failing to write p(x) as a product of linear factors.
Others tried methods involving comparing coefficients, but often after
several lines of working were unable to find the correct values of the
coefficients because of poor algebraic manipulation. Speculative
attempts to write down p(x) immediately as the product of three
factors were rarely successful.

Part (b) Those candidates who used the Remainder Theorem were
usually able to find the correct remainder, though once again
arithmetic errors abounded. Those who used long division, synthetic
division or other algebraic methods again scored no marks since the
question specifically asked candidates to use the Remainder Theorem.
Part (c)(i) This part of the question was intended to help candidates
when sketching the curve. Those who found the correct values of p(—
1) and p(0) usually scored the mark but in future a carefully written
proof may be called for. Here again many arithmetic errors were seen.
Part (c)(ii) The sketch was intended to bring various parts of the
question together but even very good candidates ignored the hint
from part (c)(i) and showed a minimum point on the y-axis. A few lost
the final mark when their curve stopped on the x-axis. Confusion
between roots and factors spoiled many sketches and several showed
the y-intercept of —15 on the positive y-axis. It was disappointing that
many candidates did not recognize the shape of a cubic curve at all.

Question 4:

Exam report

y=x"-8x+9
2 1 2
: 4 Lty 42
a)l)J'O(x —8x+9)dx_[5x 4x +9x}0

=(3—52—16+18j—(0) =82
ii) The area of the shaded region is
area rectangle — area beneath the curve
9x2 -8£=92%
b) A(L,2) lies on the curve.

i) The gradient of the curve at a is %(x =1).
X

gy =4x* -8 and
dx

forx=1m, =4x1*-8=-4
ii) The equation of the tangent at A is :
y—-2=-4(x-1)
y=—-4X+6

Part (a)(i) Most candidates were able to integrate the expression with only
the weakest candidates unable to do this basic integration. Poor notation was
used with many including the integral sign after integrating. It would have
been thought that this bad habit would have been corrected by the time of
the examination. Many candidates did not find the actual value of the
definite integral until part (a)(ii) and on this occasion full credit was given. It
was alarming that many candidates who had correct fractions were unable to
combine these to give a value of 8.4 or equivalent. Weaker candidates were
seen substituting values into the expression for y or

d

— showing a complete lack of understanding.
dx

Part (a)(ii) It was necessary to consider a rectangle of area 18 and then to
subtract their answer from part (a)(i) in order to obtain the area of the
shaded region. Many believed that the area of the rectangle was 9 and others
failed to do this basic subtraction correctly, even when their answer to part
(a)(i) was correct.

Part (b)(i) Many candidates did not realise the need to find % before

X
substituting the value x = 1 and thus failed to score some easy marks for
finding the gradient of the curve. A substantial number of candidates tried to
calculate the gradient of the straight line between two points on the curve
and scored no marks for this.
Part (b)(ii) Unfortunately many candidates tried to find the equation of the
normal instead of the tangent to the curve. Otherwise, since there was a
generous follow through in this part of the question, most were able to score
this final mark. The only exceptions were those who insisted on using y = mx
+ ¢ where poor arithmetic often prevented them from finding a value for c.

AQA —-Core 1
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Question 5:

Exam report

a) Centre of the circle C(-5,6)
the circle touches the y-axis, the radius is 5.
The equation of the circle is
(X +5) +(y—6)2 =5
b)i)P(-2,2)
(—2+5)" +(2-6)’
=32 +(-4) =9+16=25=5
P lies on the circle.
i) The normal to the circle at P is the line CP
Gradient of CP =m, = 2-6 _-
-2+5 3

The equation of the normal is 1y —2 = —%(x+ 2)

3y—-6=-4x-8
4X+3y =-2
iii) The distance PM =1r =25

2
The distance PO = /(-2)? +(2)2 =8=2J2>25
(2 ~1.9)

The point P is closer to M.

Part (a) Most candidates obtained the correct left hand side of the
circle equation but many failed to recognize that the radius was 5.
Alarmingly many thought that r was equal to —5 or wrote down the
right hand side of the equation as —52, thus displaying a
fundamental misunderstanding of the idea of radius as a length.
Part (b)(i) Most who had the correct circle equation were able to
verify that the circle passed through the point P, although those
who neglected to make a statement as a conclusion to their
calculation failed to earn this mark.

Part (b)(ii) The negative signs caused problems for many when
finding the gradient of PC and only the better candidates obtained
the correct value. Many candidates then found the negative
reciprocal of this fraction instead of using the gradient of PC to find
the normal to the circle at the point P.

Part (b)(iii) There were basically two approaches to this question,
although some candidates were merely guessing and no credit was
given for a correct answer without supporting working. The most
common method involved distances or squares of distances; many
made errors in finding the coordinates of M and then struggled
with the fractions when squaring and adding to find the length of
PM; whereas others noted that the length of PM was simply half
the radius. A simple comparison with the length of PO led to the
correct conclusion.

The second approach was essentially one using vectors or the
differences of coordinates, but this method was not always
explained correctly and left examiners in some doubt as to
whether candidates really understood what they were doing. The
best candidates wrote down the correct vectors PM and OP and
reasoned that these vectors had the same y-component but
different x-components and it was then easy to deduce that P was
closer to the point M.

Question 6:

Exam report

a)i) The surface area is
S :%x3x><4x+%x3x><4x+5x>< Yy+4Xxy+3Xxy

S =12x*+12xy =144cm’® (+12)
@
ii) The volume V = (%x3x><4xj>< y =6x°y

X2 +xy =12

_ 2
Making y the subject in (1): y _12=x

Now, substituting y in V, we have

12— x?

V =6x°y = 6x* x ———=72x—6x°
X

b) i)d—v =72-18x?
dx

dv

ii)When x:2,d—:72—18><22 =72-72=0
X

There is a stationary point when x = 2.

2
c)d \g =-36x and when x=2,g:—72<0
dx dx

For x =2, The value of V is a MAXIMUM.

Part (a)(i) Usually after a few abortive attempts many candidates
realised that they had to add together the areas of the various
faces. Once they had the correct expression for the total surface
area most candidates were able to obtain the printed result.
There was clearly some fudging on the part of weaker candidates
and they could earn little more than a single method mark.

Part (a)(ii) This was surprisingly one of the biggest discriminators
on the paper with only the best candidates being able to obtain
the correct expression for V. Trying to make y the subject of the
equation from part (a)(i) caused problems for many who took
this approach; others substituted for xy in the formula V = 6x(xy)
and were often more successful. Once again it was quite
common to see totally incorrect expressions being miraculously
transformed into the printed answer.

Part (b)(i) Most candidates scored full marks for this basic
differentiation although it was not always clearly identified as

dv
—in their working.
dx
dv
Part (b)(ii) Most substituted x = 2 into their expression for d_
X

and found the value to be zero. It was then necessary to make a
statement about the implication of there being a stationary
value in order to score full marks.

Part (c) Some made a sign error when finding the second
derivative, but the majority of candidates scored full marks in
this part. Credit was given if the correct conclusion was drawn
from the sign of their second derivative, provided no further
arithmetic errors occurred.
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Question 7:

Exam report

a)i) 2x* - 20x +53=2(x* —10x)+53
=2[(x-5)"~25]+53
=2(x—5)* —=50+53

=2(x-5)*+3
i) 2x* —20x +53 =0 is equivalent to
2 3

2(x-5)*+3=0or (x-5) >

For all x, (x—5)* > 0sothere is no solution.
b) (2k —1)x* + (k +1)x + k = 0 has real roots,
This means that the discriminant >0
ie (k+1)" —4x(2k-1)x (k) >0
k®+2k +1-8k*+4k >0
~7k?+6k+120  (x-1)
7k? -6k —1<0
iii) 7k? —6k —1<0
(7Tk+1)(k-1)<0

critical values —% and 1

(Tk+1)(k-1)<0 for ~=<k=<1

\ /
.05 o 0.5 1
(-0 141 0) (1,00

Part (a)(i) Candidates did not seem well drilled in completing the
square when the coefficient of x* is not equal to 1. It was very rare
to see a correct answer here although a few did realise that p = 5.
Clearly further practice is required at this type of question.

Part (a)(ii) Only the more able candidates were able to reason
sufficiently well using the result from part (a)(i) as well as providing
a concluding statement. No credit was given for using the
discriminant to show that the equation had no real roots since the
wording of the question excluded this approach.

Part (b)(i) This kind of question has been set several times before
and the usual errors were seen. Candidates should state the
condition for real roots (b2 -4ac 2 0) and find an expression in
terms of k for the discriminant using the correct inequality
throughout. The inequality is then reversed when multiplying by a
negative number. Again, many candidates would benefit from
practising this technique, using brackets where appropriate to
avoid algebraic errors.

Part (b)(ii) The factorisation of the quadratic was usually correct,
but several candidates wrote down one of the critical values as 1/7.
Most found critical values and either stopped or immediately tried
to write down a solution without any working. Candidates are
strongly advised to use a sign diagram or a sketch graph showing
their critical values when solving a quadratic inequality.

Bl

GRADE BOUNDARIES
Component title Max mark A B C D E
Core 1 - Unit PC1 75 63 55 47 40 33
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Q Solution Marks | Total Comments
14 2
la) | y=———x Ml Attempt at y = ...
3 3
- 2 . . .
Gradient A5 —g Al 2 Condone error in rearranging equation
b)) |y —7 ="their grad AB"(x~3) Ml or 2x+3y =k and subx=3,y=7
or y =mx+c,m=their grad AB and
attempt to find ¢ usingx=3,y=7
2 2
_1'—?:—5{\—3} OF Al 2 2x+3y =27 _1':—5\ +9 ete
(i) | mm, =—1 M1 or negative reciprocal (stated or used Pl)
= grad 40 = % AlS FT their grad 45
3 . . .
v—1 :E{_\' -3) Al Any correct equation unsimplified
= 3x_2y45=0 Integer coefficients; all terms on one side,
" ST Al 4 condone different order or multiples
eg 0=4y—6x-10
(c}) | 2Zx+3y=14 and 5y —x =06 used
with x or y eliminated (generous) M1 2(5y—6)+3y=14 ctc
x=4, Al
y=2 Al 3 #(4.2) full marks NMS
Total 11
( : s Allow one slip in one of these terms
2 3-+/5) =9-65 +(/5 . e O
@) [ ? J_} 645 +[J_} M MO if middle term is omitted
=14 —65 Al 2
(3-45) : 5o
(b) Mx] 'V'c MI or x\'r
1+5 T 1-45 N
14+ (*\er - {w”S— ~1445 ml Expanding their numerator
(=44 _20\/‘2 ) (condone one error or omission)
(Denominator) = —4 Bl Must be seen as denominator
(Answer) = —11 +."\£ Al 4 Accept “answer :_-WF, 1
Total [
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Q) Solution Marks | Total Comments
3(a)(i) p[—j_}:{:—s_}‘ +7{:—5_}2 +7(-3)-15 M1 p(—3) attempted; NOT long division
27 +63-21-15 This line alone implies M1
p(=3)=0 = (x+3 is) factor Al 2 p(=3) shown =0 plus statement
.. R STy o L Full long division, comparing coefficients
(i) | plx)=(x +J'}()' e +£;|'__I Mi or by inspection either p =4 or g =-5
i (2 M1 Al for either x—1 or x+3
vadratic factor) [x” +4x—35 ! of .
Q ) [ ) Al clearly found using Factor Theorem
(px)=)  (x+3)(x—1)(x+5) Al 3 Must be seen as a product of 3 factors
NMS full marks for correct product
SC B2 for 3 correct factors listed NMS
SC Bl for (x+3)x— 1))
or (x + 3)x+ 5)0)
or(x+3)x+1)x—-5)
(b) | p(2)=2"+7x2* +7x2-15 M1 NOT long division: must be p(2)
or (243)(2-1)2+5) May vse “their” product of factors
(Remainder) = 35 Alcso 2
(e)i) | p(=1)==16:p(0)=-15 Bl 1 Values must be evaluated correctly
= p(-1)<p(0)
(ii)
2 Bl - intercept —15 marked or (0,-135) stated
/ M1 Cubic graph — 1 max, 1 min
5 3 [ Al ~J'shape with =5, -3, 1 marked
15 Al 4 Graph correct with minimum point to left
! of y-axis and going beyond both -5 and 1
Cannot score M1AOAL but can score Previous Al must be scored
BOMIAIAIL
Total 12
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(8] Solution Marks | Total Comments
JER MI One term correct
4(a)i) | ———=x" +9x Al Another term correct
5 2 Al All correct (may have + ¢)
17
"T‘ 16+18 ml F(2) atiempted
2 42
=8— Al 5 — .84
5 5
(ii) | Shaded area = 18 — “their integral’ Mi Pl by 18— (a)(i) NMS
3 4 !
= 9;‘ Al 2 Tg 9.6 NMS full marks
dy 3 MI One term correct
YT I T
(b)D) dy v -8 Al All correct (no + cete)
x=1 ::gz—l- 8 ml sub x = 1 into their £
dx dy
(Gradient of curve )= —4 Alcso 4 No ISW
- — 2= —d(x—1): v=—dxtc. c=6 S any correct form : FT' their answer from
i | ) (x-1): 3 THE =0 Bl ! (b){i) but must use x= 1 andy =2
Lotal 12
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Q) Solution Marks | Total Comments
5(a) . i M1 One term correct LHS
M a5y 4 (y-6) =5 Al LHS all correct
Bl 3 RHS comect: condone =25
(b)(i) | sub x=-2, p =2 into circle equation Circle equation must be correct
3 4(-4) =25
> lies on circle Bl 1 Must have concluding statement
i . \ 4 . 4
(i) | Grad PC = —— Bl Condone —
2 -2
Normal to circle has equation
v —6 = 'their gradient PC'(x +5) M1 MO 1[‘Ilﬂngenl attempted or incorrect
coordinates used
or  v—2="their gradient PC"'(x+2)
u -
y=6=——(x+5) Any correct form eg 4x+3v+2=0
o, Aleso | 3 A L2
or )'—2:—;{.\'+2} Y= 3'\ & o= 3
Alternative 1
1 . 7 ..
(iii) | PM =—x radius M Attempt at .-U| ;.—1 with at least one
2 voe
correct coordinate and PM? attempted
9 25
=25 Alcso PM*=—+4 =—
4 4
PO =3 Bl PO’ =4+4=8
# is closer to the point A Eleso 4 Statement following correct values
Alternative 2
7 .0 .
Attempt at _-‘LI; —=. 4| with at least one
(M1) V2
correct coordinate and attempt at vectors
or difference of coordinates
Ale ___ [a15)
(Aleso PAT = OF
) L2
\ 4
(Elcso) P is closer to the point M
(E1) (4) C'mn.pum;nls u[‘llu;ir‘ PM and OP i
considered — rotally independent of M1
lotal 11
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Q Solution Marks | Total Comments (8] Solution Marks lotal Comments
6(a)i) | S.A.= -—1.\'.1,'+5_\}'+3_\'}'+6_\": +6x° OF MI Condone one slip or omission Tiawi) | 2{x— 5) Bl p=3
=12xp +12%" Al +3 Bl 2 q=3
144=12xy+12x° Must see this line (ii) | Stating both (x=5)*=0 and 3=>0 M1 FT their p & g, but must have g >0
= v+’ =12 Alcso 3 | AG >2x" —20x+353> 0 or 2(x—5)7 +3>0
= 2x% —20x +53 = 0 has no real roots Alcso 2 Must have statement and comrect p & g.
. L )
(ii) | (Volume =) ;X.’i.\'X-—h‘X}' OE MI
- . (b)(i) | " —dac =(k +1)" —4k(2k 1) M1 Condone one slip (including x is one slip)
2 i=x7) 2 1 .
— 2% X (12-x7) Must see (y=)——— or ay=12-x = —Tk" +6k +1 Al Condone recovery from missing brackets
- X
X for Al real roots = b* —dac =0 Their discriminant = 0 (in terms of &)
(V =)72x - 6x° Al 5 AG must be convinced not working back Tk +6k +120 BIV Need not be simplified & may earn earlier
from answer =Tk — bk -1<0 Alcso 4 AG (must see sign change)
B i dr 771822 M1 One term correct
(b)(i) et X Al 2 All correct (no + ¢ etc) (i) | (TE+1){k-1) M1 Correct factors or correct use of formula
| May score M1, Al for correct critical
dav ) ) ) Cdr Critical values k =1, —— Al values seen as part of incorrect final
(i) | x=2= o T2-18x2° Ml Substitute x =2 into their o 7 answer with or without working.
= ar =72-72=0 Use of sign diagram or sketch M1 If previous Al earned. sign diagram or
dx ) | | 5 Al 7 o 0 blus stat . } } ' sketch must be correct for M1
= stationary (value when x =2 £ 2 Shown = us statemen
y (value when x = 2) on P ! O,LO | O
Statement may appear first 7 . "
Otherwise M1 may be earned for an
d v \ / attempt at the sketch or sign diagram
(c) e —36x B/ FT their o ) | using their critical values.
d’v d*r ‘ (1 1 ( 1 )
—=-72 or whenx=2=>— <0 — <k<l Al 4 'l——ck<:1|.ik.‘e—— OR k<1].
dx” x* 7 /oA 7 /
. o dh . e [
= maximum E1S 2 FT their o value when x = 2 Full marks for correct answer NMS | k= R k<1 ‘ score MIATMIAO
x” \ J
with appropriate conclusion 5 . b of k 1 k<l
Total 11 Condone _ﬁ throughout Answer only o) <7;. <] ete
! | scores M1, Al, MO since the critical
Condone & ;.-.—; AND k<1 for full values are evident.
N
marks Answer only of ;\ < 1 ete
Take their final line as their answer. scores M0, MO since the critical values
: are not both correct.
Total 12
TOTAL 75
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