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1. f(x)=lx2+iz—2x—1, x>0
3 X

(a) Show that the equation f(x) = 0 has a root « in the interval [6,7]
(2)

(b) Taking 6 as a first approximation to o, apply the Newton-Raphson process once to
f(x) to obtain a second approximation to a. Give your answer to 2 decimal places.
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1.
f(x) = 1 +i2—2x—1, x>0
3 X
@ f(6) = —0.88888888... Either any one of f(6) =awrt —0.9 or | M1
f(7) = 1.414965986... f(7)=awrt14
Sign change or f(6)=—ve and f(7)=+ve or Both f(6) =awrt —0.9 and f(7)=awrt1.4, | Al
f(6)xf(7)=—ve o.e. (and f(x) is continuous) sign change and conclusion.
therefore a root /  (exists between x=6 and Allow f(6) = _8 nd £(7)= 208
x=7)o0.e. 9 147
; [2]
M1
®) f’(x)=gx—%—2 1 saax or é—)iBX‘3 or —2x-1-— -2
3 X 3 X
At least two of these terms differentiated correctly. | Al
Correct derivative. | Al
{'(6) =1.962962963...} £/(6) = 23
27
"_(.88888888..." Correct application of Newton-Raphson | M1
o =6— . .
"1 962962963 " using their values.
= 6.452830189...
Exact form of « is %
=6.45 (2dp) 6.45 | Al cso
[5]
7
Question 1 Notes
1. (a) Note  Accept at least ‘sign change therefore root’ o.e. for Al.
Any incorrect statements made in the conclusion award AQ.
(b) Note  Denominator in NR calculation may contain evidence for first 3 marks.

Correct answer of 6.45 with minimal working will imply earlier marks for elements not explicitly
stated. However, incorrect values leading to a correct final answer should be marked accordingly.
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(a) Find A™!
2

The transformation represented by the matrix B followed by the transformation represented
by the matrix A is equivalent to the transformation represented by the matrix P.

LNITLMMIONOG

(b) Find B, giving your answer in its simplest form.
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2. 2 -1 3 6
A= ,P=
4 3 11 -8
3 1 M1
Either i or
10 -4 2

So,

(a) Alzi[3 1}
104 2

(b) P=AB
Wayl | = A'P=A"'AB = B=A'P
S
10l-4 211 -8
2 1
3
(b) {P=AB =}
Way 2 3 6 1\fa b
Kn ) £4 o o
3 6 2a-c 2b-d
(11 —8J2£4a+3c 4b+3dj

=a=2,c=1b=1,d=-4

i

Correct matrix seen. | Al

Multiplies their A™ by P in correct order.
This substituted statement is sufficient.

20 10
At least 2 elements correct or k oe
10 —-40

May be unsimplified
Correct simplified matrix.

Attempt to multiply A by B in the correct order
and puts equal to P

At least 2 elements are correct.
Correct matrix.

2]

M1

Al

Al

[3]

M1

Al
Al
[3]

5
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3. The rectangular hyperbola H has parametric equations
4
x=4t, y= P t#0
. . 1 .
The points P and Q on this hyperbola have parameters ¢ = 2 and ¢ = 2 respectively.
The line / passes through the origin O and is perpendicular to the line PQ.
(a) Find an equation for /.
3)
(b) Find a cartesian equation for H.
1)
(c) Find the exact coordinates of the two points where / intersects H.
Give your answers in their simplest form.
3)
. J
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3.(a
@ x=4t,y:%,t¢0
1 Coordinates for either P or Q are | B1
t=-=P(116), t=2=0Q(8,2) correctly stated. (Can be implied).
2-16 Finds the gradient of the chord PQ with | M1
mPQ) =g =2 Y, -y 1
B 22 71 thenusesin y =——x.
X, =X m
Condone incorrect sign of gradient.
1
m(l) ==
=3
1 1 Al oe
So,l:y:Ex or 2y=x y=§x or 2y=x
; [3]
Correct Cartesian equation. Accept | B1 oe
(®) Xy =16 or y=E or Xx=— 4q P
X y 2 Xor xy=4
= y =
4
[1]
(c) Way 1 Way 2 | Way3
1 16 4 1 16 Attempts to substitute their | into either | M1
EX X |1 §(4t) 2y =— their Cartesian equation or parametric
equations of H
{x*=32} | {=2} |{y’=8}
(4\5 2 \E) (_4 \E _2 \E) At least one set of coordinates | Al
’ ' ' (simplified or un-simplified) or
Xx=%42, y=+22
Both sets of simplified coordinates. | Al
Accept written in pairs as
X=4 \/5 ,y=2 \/5
x=—4:2,y=-22

[3]
7
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4. (1) The complex number w is given by

where p is a real constant.

(a) Express w in the form a + bi, where a and b are real constants.
Give your answer in its simplest form in terms of p.

Given that arg w = %

(b) find the value of p.

(i1) The complex number z is given by
z=(1-211)(4 + 31)
where 4 is a real constant.

Given that
|Z| =45

find the possible values of /.
Give your answers as exact values in their simplest form.
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4. (i) Mark (i)(a) and (i)(b) together.
p—4i T
W=-—— argw= —
2-3i 4
(@) (p—4i) (2+3i) (2+3i) | M1
W = Multiplies b
Way 1 (2-3i)  (2+3)) P (2 43i)
2p+12 3p-8). At least one of either the real or imaginary | Al
= 13 + 13 | part of w is correct. Must be expanded but
could be unsimplified e.g. expressed as
single fraction. Condone a+ib.
Correct w in its simplest form. | Al
@ [3]
a (a+ib)(2-3i) =(p—4i
W2, (2-30) =(p-4)
2a+3b=p Multiplies out to obtain 2 equations in two | M1
3a—2b=4 unknowns.
2p+12 3p-8). At least one of either the real or imaginary | Al
= + i i
13 13 part of w is correct. Must be expanded but
could be unsimplified e.g. expressed as
single fraction. Condone a+ib.
Correct w in its simplest form. | Al
[3]
(b) P Sets the numerators of the | M1
argW:Z =+ 2p+12=3p-8 o.e. seen anywhere. real part of their w equal to
the imaginary part of their w
or if arctan used, require
evidence of tan% =1
= p=20 p=20 | Al
_ _ [2]
(i) z=@Q—-Ai)(4+3i) and|z| =45
Wayl | 127 Ja2 32 Attempts to apply |(L— Ai)(4 + 3i)| = 1+ 4% a2 +3 | ML
R 22 a2 +32 =45 Correct equation. | Al
(#=9-1=} 1=+45 A=+445 | Al
_ _ [3]
Way2 | z=(4+34)+(B-4A)i Attempt to multiply out, group real and | M1
\/(4 T3 + G 4I) imaginary parts and apply the modulus.
(4+34)° + (3—44)°=45% or Correct equation. | Al
J(8+32) + (3-44)* =45
{16+244+947 +9— 24 +164% = 2025} Condone if middle terms in
expansions not explicitly stated.
{2547 =2000 =} 1=+4/5 A=+4.5 | Al
[3]
8
Question 4 Notes
(i) M1  Alsoallow (1+ %) (4% +3?) for M1.
M1 Alsoallow (4 +31)° + (3 — 41)* for M1.
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5. ()
2 -5 4
[& = 1) , B =
3 p 6 -5
where p is a constant.
(a) Find, in terms of p, the matrix AB
2)
Given that
AB +2A =kl
where £ is a constant and I is the 2 X 2 identity matrix,
(b) find the value of p and the value of £.
“)
(i)
a -9 )
M = (1 2), where a is a real constant
Triangle 7" has an area of 15 square units.
Triangle T is transformed to the triangle 7" by the transformation represented by the
matrix M.
Given that the area of triangle 7" is 270 square units, find the possible values
of a.
)
.

P 4 8 9 4 5 A 0 1 2 3 2
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5.( 2 5 4 a -9 , @ are constants.
(M) AP 2) 5_ M- p
3 p 6 -5 1 2
@) (AB} —5p+12 4p-10 At least 2 elements are correct. | M1
|-15+6p 12-5p Correct matrix. | Al
[2]
(b) {AB +2A =KI}
-5p+12 4p-10 ) p 2 10 If ‘simultaneous equations’ used,
—+ =
_15+6p 12-5p 3 p 01 allocate marks as below.
-3p+12 4p-6) (k O
—9+6p 12-3p) (0 k
"4p-10"+4=0 or "-15+6p"+6=0 Forms an equation inp | M1
or"-9+6p"="4p-6"
p=3 3, | AT
p= 5 p= 5 €
3 3 , : 3 " M1
k=-5 5 +12+2 > =k=.. Substitutes their p =3 into "their (-5p+12)"+2p
to find a value for k or eliminates p to find k.
15 15 Al
k==— k=—oe
2 2
[4]
(i) 270 Can be implied from calculations. | B1
Wayl | T8 {=+18}
detM = (a)(2) - (-9)(D) Applies ad —bc to M. Require clear | M1
evidence of correct formula being used for M1
if errors seen.
= 2a+9=18 or 2a+9=-18 Equates their det A to either 18 or —18 | M1
= a=45 or a=-135 At least one of eithera=4.5 or a=-135 | Al
Botha=4.5 and a=-135 | Al
[5]
(i) Consider vertices of triangle with area 15 units B1
Way 2 | e.g.(0,0),(15,0) and (0,2) and attempting 2
values of a.
a -9Y0 15 0 0 15a -18 Pre-multiplies their matrix by M and obtains | M1
e.g. = i i
g 1 2o 0 2 0 15 4 single matrix
10 15a -18 0 70 Equates their determinant to 270 and | M1
eg. — =
g 50 15 4 0 attempts to solve.
= a=45 or a=-135 At least one of eithera=4.5 or a=-135 | Al
Al

Botha=45 and a=-135

[5]
11
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6. Given that 4 and 2i — 3 are roots of the equation
X+ax*+bx-52=0
where a and b are real constants,

(a) write down the third root of the equation,

)

(b) find the value of a and the value of b.
(6))
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6. x*+ax’+bx —52=0, a,beR, 4and 2i—3 areroots
@ -2i—-3 —2i—3seen anywhere in solution for Q6. | B1
[1]
(b) (x—(2i—3))(x—"(—2i—3)"); =x%+6x+13 or Must follow from their part (a). Any | M1;
Way 1 4o ) . ) incorrect signs for their part (a) in initial | Al
X=-3+21= (X+3)" =—4; =x"+6x+13(=0)  gtatement award MO; accept any equivalent
(x—=4)(x—(21=3)); = x* — (L+ 2i)x+ 4(2i - 3) expanded expression for Al.
(x=4)(x="(=2i-3)"); = x* —(1—2i)x+ 4(-2i —3)
(x—4)(x* +6x+13) {=x*+ax’+bx — 52} (x—3“ root )(their quadratic) . | M1
Could be found by comparing coefficients
from long division.
a=2, b=-11 or X*+2x*-11x — 52 Atleastoneof a=2 or b=-11 | Al
Botha=2 and b=-11 | Al
_ [5]
(b) Sum = (2i-3)+"(-2i—-3)"=-6 Attempts to apply either | M1
Way 2 | product = (2i - 3) x"(~2i —3)" =13 x? —(sum roots)x + (product roots) =0
So quadratic is X +6x +13 or x> —2Re(a)X + |a2| =0
X’ +6x+13 | Al
(x—4)(x* +6x+13) {=x*+ax’+bx — 52} (x—3 root )(their quadratic) | M1
a=2, b=-11 or X*+2x*-11x — 52 Atleastoneof a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
[5]
(b) (2i—3)* +a(2i—3)* +b(2i —3)-52=0
Way 3 | 5a—3b =43 (real parts) and 6a—b =23 Substitutes 2i —3 into the displayed | M1
(imaginary parts) or uses f(4) = 0 and f(a complex equation and equates both real and
root) = 0 to form equations in a and b. imaginary parts.
5a—3b=43 and 6a—b=23 or | Al
16a+4b=-12 and
(2i —3)*+a(2i —3)*+b(2i—3) - 52 =0/
(-2i —3)*+a(-2i —3)*+b(-2i—-3) =52 =0
So a=2,b=-11 or x*+2x*-11x — 52 Solves these equations simultaneously to find | M1
at least one of either a=...or b=...
Atleastoneof a=2 or b=-11 | Al
Both a=2 and b=-11 | Al
[5]
(b) b =sum of product pairs Attempts sum of product pairs. | M1
Way4 — '_ + ll_'_ Il+ '_ ll_'_ mn
421 -3) +4°(-21-3)"+ (21 -3)"(-21 -3) All pairs correct o.e. | Al
a=—(sum of 3 roots) =—(4 + 2i —3"-2i—3") Adds up all 3 roots | M1
a=2, b=—11 or xX*+2x*~11x — 52 At leastone of a=2 or b=-11 | Al
Both a=2 and b=-11 | Al

[5]
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(b)
Way 5

Uses f(4) =0

16a+4b=-12
a=—(sum of 3 roots) =—(4 + 2i —3"—-2i—-3")

a=2, b=-11 or X*+2x*-11x — 52

Mathematics FP1
6667
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Adds up all 3 roots
At leastoneof a=2 or b=-11
Both a=2 and b=-11

M1

Al
M1
Al

Al

[5]
6
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7. The parabola C has equation y? = 4ax, where a is a constant and a > 0
The point Q(aq?, 2aq), ¢ > 0, lies on the parabola C.
(a) Show that an equation of the tangent to C at Q is
qy=x+aq’
“)
. . . 1
The tangent to C at the point Q meets the x-axis at the point X (——a, O) and meets the
directrix of C at the point D. 4
(b) Find, in terms of a, the coordinates of D.
“)
Given that the point F' is the focus of the parabola C,
(c) find the area, in terms of a, of the triangle F XD, giving your answer in its simplest
form.
2)
|\ J
20

P 4 8 9 4 5 A 0 2 0 3 2

;0
b
G
‘&?
>
5

LNITLMMIONOG

B

SR
S
S
B

e
=

i
%

LERS
SR
sfoseietaiele

g
S

-
s
botateteds
s
foteters!
55

2
G

o
fodet

%

S
Y
Ao ok
SSRSEEEEE

3

Yo%
o

o
st




Summer 2017 www.mystudybro.com Mathematics FP1

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel 6667
Questin Scheme Marks
Number

7. y’=4ax, at Q(aq’, 2aq)
1 1 1 Ml
(@) y=2\/§xf: ﬂ:x/gx’for 2y%=4a ord—y=2a ><i inkx’forkyd—yzc or
dx dx dx 2aq dx dx
their &
their g
d 1 |Al
Whenx=aq2,mT:%: Ja_ _ a1 =
dx aq2 aqg q dx g
dy 4a 1
or when y = 2aq, === ==
Y % M dx 2(2aq) q
Appli dmMm1
T: y—2aq = 1(x—aqz) _ PP |2es
q y —2aq = (their m;)(x - ag’)
or y=(their m:)x+c and an
attempt to find ¢ with gradient
from calculus.
T: qy-2aq® = x—ag’
T qy=x+ag’* cso | Al *
[4]
(b) X(-%a,0)= 0=-1a+ag’ Substitutes x =—%a and y =0 | M1
into T
1 1, . 1 1 Al
= {¢*°== = g=-=(reject == - ~oe
T =7=0="7 (rej )} a=7 qa=7
1 1) Substitutes their "q =1" and | M1
So,Eyz—a+a(§j x=—a in T or finds
1
A :a(—a+aq2)
_gq. -2 Al
giving, yz—%a. So D(-a,-%a) oe. D(-a, -3a)oe.
[4]
(c)
{focus F(a, 0)}
Way 1 2 Applies | M1
Y7 | Area(FxD) = E(S—aj(@J _ ba ) PP
2\ 4\ 2 16 > (their |FX|)(their |y, ) -
If their |y, =1(—a+ ag” )| then
q
require an attempt to sub for q to
award M.
2 Al
DA 0.937502 | e

[2]
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(c) 1
Way 2 1 a ——a —a a
Area(FXD) = 5
0 0 --—-a o0
1 3 3 15 A correct attempt to | M1
= 5‘[‘”532 +Oj_(0+ O—Eazj = Eaz apply the shoelace method.
2 Alcao
158" o 0.9375a2
[2]
(©) Rectangle — triangle 1 — triangle 2
Way 3 3a 133 1, 3 ., 9a° 3a° M1
=2a———.—.——-—-2a—=3a"———
2 2 4 2 2 2 16 2
2 Alcao
152 or 0.9375a2
c Attempts sine rule using appropriate choice from . M1
W(ay)/4 p5a 54 9 apP :f \Ea 3 Uses Area = %absmC
FX =—, FD=—,DX =——, sinF=—=,sin X =
4 2 4 5
2 Alcao
152 or 0.9375a2
10
Question 7 Notes
. . 1, 3a 3a°
W(g))/ 1 Do not award M1 if area of wrong triangle found e.g. E.Za.? = E3
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8. (a) Use the standard results for ZI’ and ZI’Z to show that

r=1 r=1

i(sﬁ +8r+3) = %n(Zn +5)(n +3)

r=1

for all positive integers n.

(©))

LNITLMMIONOG

Given that

12

Y (37 +8r+3+k(277))=3520

r=1

(b) find the exact value of the constant k.
C))
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8. (@) n
Z(3r2 +8r+3)
r=1
3 8 An attempt to use at least one of the | M1
=% n(n+1)(2n +1) + oh (n+1)+3n correct standard formulae for first two
terms.
Correct first two terms. | Al
3—3n | Bl
= %n(n +D(2n+1) +4n(n+1) +3n
1 Factorise out | M1
= En((Zn +D(n+1)+8(n+1) + 6) at least n from all terms at any point.
There must be a factor of n in every term.
= ln(zn2 +3n+1+8n+8+ 6)
2
= 1n(zn2 +11n+15)
2
1 . Achieves the correct answer, no errors | Al*cso
= En(Zn +5)(n+3) (¥ seen.
[]
12
Z(sr2 +8r+3+k(2")) =3520
r=1
(b) 12 12 M1
Z(E’,r2 +8r+3) = —(12)(29)(15) {= 2610} Attempt to evaluate Z:(Br2 +8r+3)
r=1
. 1(1 212) Attempt to apply the sum to 12 terms of a | M1
Z(Zr ) = {= 4095} GP or adds up all 12 terms.
_nl2 Al
M 0.e. or 4095.
1-2
So, 2610 + 4095k = 3520 = 4095k =910
2 2 . | Al
iving, k == k=—=o0r0.2
giving 9 9
[4]
9

Question 8 Notes

8. (b)

Note 2""M1 1% Al: These two marks can be implied by seeing 4095 or 4095k
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9. (i) A sequence of numbers is defined by

n+2 n+l1

Prove by induction that, for neZ*

NiZLuMIONOD

u =3"(n+1)
(6)

(i) Prove by induction that, for neZ*

f(n) = 332 + 23*1 g divisible by 19
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Number

9. u,=6u,-9 ,n>1u=6,u,=27;, u=23(n+l)
(i) n=1 u=32)=6 Check thatu, =6 and u, =27 | Bl
n=2; u,=3(2+1)=27
So u, istrue when n=1 and n=2.
Assume that u, = 3(k+1) and u,,, = 3“*(k+2) are true. Could assume for
n=k,n=k-1and
show for n=k +1
Then u,,, = 6u, , —9u,
= 63k +2)—9(3)(k +1) Substituting u, and u,,,into | M1
U, = 6uk+1 - 9Uk
Correct expression | Al
= 2(3“?)(k +2) - (3“?)(k +1) Achieves an expression in 32 | M1
= (3)(2k+4-k-1)
= (3 (k+3)
= (3?)(k+2+1) (B?)k+2+1) or (3*)(k+3) | Al
If the result is true for n = k and n = k+1 then it is now true for n = Correct conclusion seen | Al
k+2. Asitistrue for n = 1and n =2 then it is true for all n (€ Z"). at the end. Condone true | cso
forn=1and n=2seen
anywhere.
This should be
compatible with
assumptions.
[6]
(i) f(n) =32 + 2°"** is divisible by 19
In all ways, first M is for applying f(k +1) with at least 1 power correct. The second M is
dependent on at least one accuracy being awarded and making f (k +1) the subject and the
final A is correct solution only.
(i) f (1) =3 + 2* =19 {which is divisible by 19}. Shows f(1) =19 | B1
Way 1
{..f(n) is divisible by 19 when n=1}
{Assume that for n =Kk,
f(k) =3%2 + 2% is divisible by 19 for k € Z*.}
f(k+1) — f(k)= 3F*D2 4 3+t _ (332 | o3+l Applies f(k+1) with at least 1 power | M1
correct
f(k+1) —f(k)= 27(3* %) +8(2%* ") — (3% ? + 2%
f(k+1) —f(k)= 26(3* %) + 7(2**h)
= 7(3% 7 + 2% +19(3% ) Either 7(3% 2 + 2% Y or 7f(k); 19(3% %) | AL
or = 26(3F2 + 2%1) _19(2%) or  26(3% 4+ 2% or 26f (k) 192 |
= 7f (k) +19(3*?)
or = 26f (k) —19(2%**)
o f(k+1) =8f (k) +19(3* %) Dependent on at least one of the previous accuracy | dM1

marks being awarded.
Makes Applies f(k +1) with at least 1 power correct

the subject

or f(k +1) = 27f (k) —19(2%1)

{.. f(k+1) =8f(k) +19(3*?) is divisible by 19 as both
8f (k) and 19(3%*°?) are both divisible by 19}
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If the result is true for n = k, then it is now true for n =k + 1. As the result Correct conclusion | Al
has shown to be true for n = 1,then the result is true for all n (e Z"). seen at the end. | cso

Condone true for n
= 1 stated earlier.
[6]
(i) f (1) =3" + 2* =19 {which is divisible by 19}. Shows f (1) =19 | Bl
Way 2 | {..f(n) isdivisible by 19 when n=1}
Assume that for n =Kk,
f(k) =3%2 + 2**! is divisible by 19 for k € Z".
f(k +1) = 32 4 3+t Applies f(k +1) with at least 1 power | M1
correct
f(k+1) = 27(3%*%) +8(2**h
= 8(3% %+ 2% + 19(3% ) Either 8(3%% + 2% 1) or 8f (k); 19(3* ) | AL;
or = 27(3%2 + 2%+ —19(2%**) or  27(3%% + 2" or 27f(k);—19(2**) Al
o f(k+1) =8f (k) +19(3* %) Dependent on at least one of the previous | dM1
or F(k+1) = 27 (K) _19(23k+1) accuracy marks being awarded.
{.. f(k+1) =8f (k) +19(3*?) is divisible by 19 as
both 8f (k) and 19(3*?) are both divisible by 19}
If the result is true for n =k, then it is now true for n =k + 1. As the result Correct conclusion | Al
has shown to be true for n = 1,then the result is true for all n (e Z"). seen at the end. | cso
Condone true for n
= 1 stated earlier.
[6]
f(n) =32 + 2°"*! is divisible by 19
(i) f (1) =3" + 2* =19 {which is divisible by 19}. Shows f (1) =19 | Bl
Way 3 | {..f(n) isdivisible by 19 when n=1}
Assume that for n=Kk,
f(k) =3%% + 2%+ is divisible by 19 for k € Z".
f(k+1) — af (k) = 30D2 4 231 _ (332 4 %1y Applies f(k +1) with at least 1 | M1
power correct
f(k+1) —af (k)= (27 -a)(3*?) + (8—a)2***
= B-a)3 %+ 2% +19(3% %) (B—a)(3 % + 2% or 8—a)f(k); 19(3*?) | Al
or = (27—a)(3 2 + 2% —19(2%*") NB choosing « = 8 makes first term disappear. Al
(27 —a)(3* 2 + 2* "N or (27 — )f (K); —19(2%**)
NB choosing «r = 27 makes first term disappear.
s f(k+1) =8f (k) +19(3* %) Dependent on at least one of the previous | dM1
o e+~ 27100 19" ey ke e e
{.f(k+1) = 27f (k) —19(2**") is divisible by 19 as both 27f (k)
and 19(2***') are both divisible by 19}
If the result is true for n = k, then it is now true for n =k + 1. As the result Correct conclusion | Al
has shown to be true for n = 1,then the result is true for all n (e Z"). seen at the end. | cso
Condone true for n
= 1 stated earlier.
[6]
12
Question 9 Notes
(i) Accept use of f(k) =3%*? + 2% =19m o.e. and award method and accuracy as above.




