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Answer ALL questions. Write your answers in the spaces provided.
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1. f(z) =z +pz* + qz - 15
where p and g are real constants.
Given that the equation f(z) = 0 has roots
a, E:El.nd(c.'14:+£—l)
a [
(a) solve completely the equation f(z) =0
5)
(b) Hence find the value of p.
(2)
\
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Question 1 continued

(Total for Question 1 is 7 marks)
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2. The plane [T passes through the point 4 and is perpendicular to the vector n

Given that
5 3
(7' =1-3 and n=|-1
—4 2

where O is the origin,

(a) find a Cartesian equation of 17 .

2
With respect to the fixed origin O, the line / is given by the equation
7 -1
r=| 3| +4|-5
-2 3
The line / intersects the plane /7 at the point X.
(b) Show that the acute angle between the plane /7 and the line / is 21.2° correct to
one decimal place.
C)
(c) Find the coordinates of the point X.
C)
. o

B Pearson Edexcel Level 3 Advanced Subsidiary GCE in Further Mathematics - Sample Assessment Materials -
Issue 1 - August 2017 © Pearson Education Limited 2017

>

-
L

“
0

0.:.0

S

5

b
5
-

.-.-
SR
o

0
2
e

>
K

“
‘o

“
0

b
>

be,

!
gt
s

b,

‘o

*



Question 2 continued

(Total for Question 2 is 10 marks)
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3. Tyler invested a total of £5000 across three different accounts; a savings account,
a property bond account and a share dealing account.

Tyler invested £400 more in the property bond account than in the savings account.
After one year

* the savings account had increased in value by 1.5%
* the property bond account had increased in value by 3.5%
* the share dealing account had decreased in value by 2.5%

+ the total value across Tyler’s three accounts had increased by £79

Form and solve a matrix equation to find out how much money was invested by Tyler in
each account.
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Question 3 continued

(Total for Question 3 is 7 marks)
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4. The cubic equation

x*+3x2-8x+6=0
has roots a, £ and y.

Without solving the equation, find the cubic equation whose roots are (a — 1), (f — 1)
and (y — 1), giving your answer in the form w* + pw? + gw + r = 0, where p, g and r are
integers to be found.

C))
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Question 4 continued

(Total for Question 4 is 5 marks)
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(a) Show that M is non-singular.

2

The hexagon R is transformed to the hexagon § by the transformation represented by the
matrix M.
Given that the area of hexagon R is 5 square units,
(b) find the area of hexagon S.

@
The matrix M represents an enlargement, with centre (0, 0) and scale factor £,
where k£ > 0, followed by a rotation anti-clockwise through an angle & about (0, 0).
(c) Find the value of £.

2
(d) Find the value of 6.
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Question S continued

(Total for Question 5 is 7 marks)
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P
6. (a) Prove by induction that for all positive integers n,

Zrz = %n(n +D2n+1)
r=1

(6)
(b) Use the standard results for irf' and i" to show that for all positive integers n,
P |
zil‘r(r + 6)(r —6) = %n(n +1)(n—-8)(n+9)
)
(c) Hence find the value of n that satisfies
ir(r +6)(r—-6)= 17ir2
r=l o
)
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Question 6 continued

(Total for Question 6 is 15 marks)
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Diagrams not drawn to scale
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Figure 1 Figure 2

Figure 1 shows the central cross-section AOBCD of a circular bird bath, which is made
of concrete. Measurements of the height and diameter of the bird bath, and the depth of
the bowl of the bird bath have been taken in order to estimate the amount of concrete that
was required to make this bird bath.

Using these measurements, the cross-sectional curve CD, shown in Figure 2, is modelled
as a curve with equation

y=1+kx? -02<x<02

where £ is a constant and where O is the fixed origin.

The height of the bird bath measured 1.16 m and the diameter, 4B, of the base of the bird
bath measured 0.40m, as shown in Figure 1.

(a) Suggest the maximum depth of the bird bath.

(b) Find the value of .

(c) Hence find the volume of concrete that was required to make the bird bath according
to this model. Give your answer, in m’, correct to 3 significant figures.

(d) State a limitation of the model.

It was later discovered that the volume of concrete used to make the bird bath was
0.127m? correct to 3 significant figures.

(e) Using this information and the answer to part (¢), evaluate the model, explaining your
reasoning.
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Question 7 continued

(Total for Question 7 is 12 marks)
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8. (a) Shade on an Argand diagram the set of points

{zefC:|z—4i\~~<~_3}r‘1{zEfC:—%<arg(z+3—4i)m<\~

&8
_V_J

(6)
The complex number w satisfies
lw—4i| =3
(b) Find the maximum value of argw in the interval (—=, 7).
Give your answer in radians correct to 2 decimal places.
2
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Question 8 continued

(Total for Question 8 is 8 marks)
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9. An octopus is able to catch any fish that swim within a distance of 2m from the octopus’s
position.

A fish F swims from a point 4 to a point B.
The octopus is modelled as a fixed particle at the origin O.
Fish F is modelled as a particle moving in a straight line from 4 to B.

Relative to O, the coordinates of 4 are (-3, 1, —7) and the coordinates of B are (9, 4, 11),
where the unit of distance is metres.

(a) Use the model to determine whether or not the octopus is able to catch fish F.

(M

(b) Criticise the model in relation to fish F.
(1)

(c) Criticise the model in relation to the octopus.
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Question 9 continued

(Total for Question 9 is 9 marks)

TOTAL FOR PAPER IS 80 MARKS
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Paper 1: Core Pure Mathematics Mark Scheme

Question Scheme Marks AOs
1(a M1 1.1b
@ a[i)[a+i—lJ:15
a a Al 1.1b
25 )
=>5a+—-5=15=>a -4a+5=0
a
414/(-4)" - 4(1)(5 ML | 3la
o g AENCH 4O (@-2)*-4+5=0= a=..
2(1)
>a=2+%i Al 1.1b
Hence the roots of f(z)=0are 2+1i,2—1i and 3 Al 22a
©)
) p=-("Q+i)"+"Q2-1)"+"3") = p=.. Ml | 3.la
= p=-T7 cso Al 1.1b
2
1(b) alternative
f(z2)=(z-3)z"-4z+5=>p=.. Ml 3.1a
= p=-7 cso Al 1.1b
2
(7 marks)
Notes:
(@)
M1: Multiplies the three given roots together and sets the result equal to 15 or —15
Al: Obtains a correct equation in «
M1: Forms a quadratic equation in ¢ and attempts to solve this equation by either completing
the square or using the quadratic formula to give a = ....
Al: a=2+%i
Al: Deducestherootsare 2+1i,2—1iand 3
(b)
M1:  Applies the process of finding - Z(of their three roots found in part (a)) to give p = ...
Al:  p=-7 by correct solution only
(b)  Alternative
M1: Applies the process expanding (z — "3")(z — (their sum)z + their product) in order to find p = ...
Al:  p=-7 by correct solution only
Pearson Edexcel Level 3 Advanced Subsidiary GCE in Further Mathematics - Sample Assessment Materials -
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Question Scheme Marks AOs
2(a) (3) [ 5) [ 3)

re| —1|=[-3|ef -1 M1 1.1b
2 —4 2

3x—y+2z=10 Al 2.5
(©))

(b) (3 ( 1)

S "

JO +(=1)2 420 A(=1) +(=5) +(3)? cosar ="-3+ 5+ 6" Ml | L1b
6=90° — arccos L or sinf = L M1 2.1
J14 435 J14 35 :
6 =21.2° (1dp) * cso Al* 1.1b
)
(©) 3(7T-A)—(B3-5A)+2(-2+34)=10=> A= ... M1 3.1a
1
A=—— Al 1.1b
2
7 -1
oX=| 3 —% =51=1.. M1 1.1b
-2 3
X(7.5,5.5,-3.5) Alft 1.1b
)
(10 marks)
Notes:
(@)

M1: Attempts to apply the formula r.n = a.n
Al:  Correct Cartesian notation. e.g. 3x—y+2z=10 or —-3x+ y—-2z=-10

Note: Do not allow final answer given as r«(3i — j+ 2k) =10, o.e.

®

Bl: OA4-n=8

M1: An attempt to apply the correct dot product formula between n and d

M1: Depends on previous M mark. Applies the dot product formula to find the angle between
IT and [

Al*: 21.2° cso
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Question 2 notes continued:
()
M1: Substitutes / into /7 and solves the resulting equation to give 1= ...
Al: A= 1 0.e.
2

M1: Depends on previous M mark. Substitutes their A into / and finds at least one of the
coordinates

Alft: (7.5,5.5,-3.5) but follow through on their value of 4
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Question Scheme Marks AOs

3 x = value of savings account, y = value of property bond account, M1 3.1b
z = value of share dealing account
x+y+z=5000
x+400=y Al 1.1b
0.015x 4+ 0.035y — 0.025z =79 or 1.015x +1.035y + 0.975z = 5079
(1 A T T 11 )
Let A = 1 -1 0 or 1 -1 0
0.015 0.035 -0.025 1.015 1.035 00975
(1 11 ) (5000\ Ml | 31
y ~400
0015 0035 —0025 z Al | Lib
\—l
x 3 1 1 1 ( 5000 Y o( 3
y -1 0 —400 | =] .. Ml | L.1b
2 0. 015 0.035 —0.025 79
(=) [ 1800 )
y |=| 2200 Al 1.1b
2 1000
Tyler invested £1800 in the savings account, £2200 in the property bond Alft 39
account and £1000 in the share dealing account <2
(7 marks)
Notes:
M1: Attempts to set up 3 equations with 3 unknowns
Al: Atleast 2 equations are correct with the appropriate variables defined
X
M1: Sets up a matrix equation of the form, e.g.| ... .. .| y|=|...|, where “...” are
Z
numerical values
Al: Correct matrix equation (or equivalent)
(" s000 )
M1: Depends on previous M mark. Applies (their A)™'| their "-400" | and obtains at least one
their "79"
value of x, y or z
Al: Correct answer
Alft: Correct follow through answer in context
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Question Scheme Marks AOs

4 (w=x-1=2}x=w+l B1 3.1a
(W+1) +3(w+1)> —8(w+1)+6=0 M1 3.1a
W +3w +3w+ 14 3(W +2w+1)—8w—-8+6=0
M1 1.1b
w+6w +w+2=0 Al 1.1b
Al 1.1b
®)
Alternative
a+pf+y==3,af+py+ay=-8,afy=-6 Bl | 3.la
sumroots= ¢ —1+ -1+ y -1
=a+pf+y-3=-3-3=-6
pairsum = (a-1)(f-1) + (@ -D(y -1 + (B-D(r-1)
=af+ay+ Py -2a+p+y)+3
M1 3.1a
=-8-2(-3)+3 =1
product= (¢ - 1) -D(y -1)
= affy —(af + ay + fy)+ (a+f+y) -1
=-6-(-8)-3-1=-2
M1 1.1b
WH+6W +w+2=0 Al 1.1b
Al 1.1b
®)
(5 marks)
Notes:
B1: Selects the method of making a connection between x and w by writing x = w+1
M1:  Applies the process of substituting their x = w+1 into x* +3x*-8x+6=0
M1: Depends on previous M mark. Manipulating their equation into the form
W+ pw +qw+r=0
Al:  Atleast two of p, g, r are correct
Al: Correct final equation
Alternative
B1: Selects the method of giving three correct equations each containing «, £ and y
M1:  Applies the process of finding sum roots, pair sum and product
M1: Depends on previous M mark. Applies
w’ — (their sum roots) w” + (their pair sum)w — theirafy = 0
Al:  Atleast two of p, g, r are correct
Al:  Correct final equation
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Question Scheme Marks AOs

@ | gerown = (1)(1) - (V3)(-+3) Ml | Lla
M is non-singular because det(M) =4 and so det(M) = 0 Al 24
(2)
(b) Area(S) = 4(5) =20 Bift | 12
1)
© k=J(1)(1)—(J§)(—J§) M1 | L.1b
=2 Alft | 1.1b
(2)
d
@ cosﬁ’:%or sin€=§ortan9=\/5 Ml | 1.1Ib
8 = 60° or 3 Al 1.1b
(2)
(7 marks)
Notes:

()
M1:  Anattempt to find det(M).

Al: det(M) = 4 and reference to zero, e.g. 4 # 0 and conclusion.

(b)

B1ft: 20 or a correct ft based on their answer to part (a).
(©)

M1: (their detM)

Alft: 2

(@)

M1: Either cos®@ =

or siné or tan€=\/?:

(their k) 00 = heir k)

Al: 0 =60 or % Also accept any value satisfying 360n + 60°, neZ, o.e.
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Question Scheme Marks AOs
6(a !
@ |,y /=1 and %n(n +D)2n+1) = %(1)(2)(3) 1 Bl | 22a
r=1
Assume general statement is true for n=k
k
So assume 3" 7% = %k(k+1)(2k +1) is true M1 | 24
r=1
k+1 1
r? = gk(k+l)(2k+l) + (k+1)* M1 2.1
r=1
=%(k+1)(2k2+7k+6) Al | LIb
- %(k 1)k +2)(2k +3) = %(k A1)k + 1+ 12k + 13 +1) Al | 11b
Then the general result is true for n =k +1
As the general result has been shown to be true for n =1, then the Al 24
general result is true for alln e Z"
Q)
®) Dor(r+6)(r—6) =, (r’ —36r)
r=1 r=1
Ml 2.1
= lmz(n +1)% - Em(m +1)
4 2 Al 1.1b
=%n(n+1)[n(n+l)—?2] M1 1.1b
=%n(n+l)(n—8)(n+9) * 80 Al* | 1Ib
4
) %n(n +1)(n—8)(n+9) = %n(n +1)(2n +1) Ml | Lib
1 17
2= +9)=--(2n+]) Ml | L1b
3n*—65n-250=0 Al 1.1b
(Bn+10)(n—-25)=0 M1 1.1b
(As n must be a positive integer,) n =25 Al 23
&)
(15 marks)

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Further Mathematics - Sample Assessment Materials -

Issue 1 - August 2017 © Pearson Education Limited 2017



Question 6 notes:

(@)
B1:  Checks n=1 works for both sides of the general statement
M1:  Assumes (general result) true for n=k

M1: Attempts to add (k+ 1) term to the sum of & terms

Al:  Correct algebraic work leading to either %(k+ )(2k* + 7k +6)
or %(k +2)(2k* +5k +3) or é(Zk +3)(k* +3k+2)

Al:  Correct algebraic work leading to é(k +D({k+ 1+ D2k +13+1)

Al:  cso leading to a correct induction statement conveying all three underlined points

(b)

M1: Substitutes at least one of the standard formulae into their expanded expression
Al: Correct expression
M1: Depends on previous M mark. Attempt to factorise at least n(n+1)having used

Al*: Obtains %n(n +1)(n—8)(n+9) by cso

©)
M1: Sets their part (a) answer equal to %n(n +D)(2n+1)

M1: Cancels out n(n+1) from both sides of their equation
Al:  3n*-651-250=0

M1: A valid method for solving a 3 term quadratic equation
Al:  Only one solution of n=25

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Further Mathematics - Sample Assessment Materials -
Issue 1 - August 2017 © Pearson Education Limited 2017



Question Scheme Marks AOs
7(a) Depth = 0.16 (m) B1 2.2b
(0))
(b) y=1+k* = 1.16=1+k(0.2 =k =... Ml 3.3
= k=4 cao {So y=1+4x’} Al | L.1b
2
© % T
—I(y—l)dy —Iydy Bl1ft l.1a
4 4
116 016
- {E} (v -1)dy ={£} ydy Ml | 33
410 4]1Jo
-z fils] i
a2 77, 42 |, Al | 1.1b
_z ﬁ _ — l_ = 1 2
- 4[{ ; l.lﬁJ [2 1D {=0.00327 =%{{%} _[O)J (~ 000321)
Y singee = 7(0.2)°(1.16) {= 0.04647} Bl | Llb
Volume = 0.04647 — 0.00327 {=0.04327} Ml | 34
=0.1357168026... = 0.136(m") (3sf) Al 1.1b
)
(d) Any one of e.g.
the measurements may not be accurate Bl 3.5b
the inside surface of the bowl may not be smooth '
there may be wastage of concrete when making the bird bath
(0))
(e) Some comment consistent with their values. We do need a reason
: [(MJ x100 = 7.0866...]
0.127
so not a good estimate because the volume of concrete needed to
make the bird bath is approximately 7% lower than that predicted Bift | 3.5a
by the model
or
We might expect the actual amount of concrete to exceed that which
the model predicts due to wastage, so the model does not look
suitable since it predicts more concrete than was used
(0))
(12 marks)
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Question 7 notes:

(@)
B1:  Infers that the maximum depth of the bird bath could be 0.16 (m)

(b)
M1: Substitutes y=1.16 and x=0.2 or x=-02 into y=1+kx*

and rearranges to give k=....

Al:  k=4cao
©
B1ft: Uses the model to obtain either (theTr k)j(y— Ddy or (the?irr k)IJ’dJ’

M1: Chooses limits that are appropriate to their model

M1: Integrates y (with respect to y) to give +1y°, where 1 # 0 is a constant
2 2
Al: Uses their model correctly to give either y—1 — y? -y or y— y?

Bl: V.. =m(02)(l.16) or 0.04647 or 2;:, 0.e.
cylinder 625
M1: Depends on both previous M marks
Uses the model to find ¥, __ . . — their integrated volume
CIr cylinder
Al: 0.136 cao
(d)
B1: States an acceptable limitation of the model
(e)

B1ft: Compares the actual volume with their answer to (c). Makes an assessment of the model.
E.g. evaluates the percentage error and uses this to make a sensible comment about the
model with a reason
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Question Scheme Marks AOs

8(a) Ima
M1 1.1b
Al 1.1b
M1 1.1b
Al 2.2a
> M1 3.1a
Re
Al 1.1b
6
®) (argw) =T, arcsin[é) M1 3.1a
max 4
=2.42 (2dp) cao Al 1.1b
2
(8 marks)
Notes:
(@)
M1: Circle
Al: Centre (0, 4) and above the real axis
M1: Half-line
Al: (-3, 4) positioned correctly and the half-line intersects the top of the circle on the y-axis
M1: Depends on both previous M marks Shades in a region inside the circle and below the
half-line
Al: cso
Note: Final Al mark is dependent on all previous marks being scored in part (a)
(b)
M1: Uses trigonometry to give an expression for an angle in the
range (g, :r} or (90° 180°)
Al: 242 cao
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Question
9(a)

Scheme Marks AOs
9 -3 12 [ 4)
AB=| 4 || 1 [{=| 3 or d=| 1 Ml | 3.la
11 -7 18 6
-3 12
{0F=r=} 11+ 3 Ml | 1.1b
-7 18
—34122 12
{OF-A—B=0=} 1430 |+ 3 |=0
=36+ 1444+ 3+ 91126+ 3244 =0 = 4774 -159=0
—~ 2 =% Al | 1.1b
-3 12 1
for=}| 1 +% 3 = 2
—7 18 -1 dM1 3.1a
and minimum distance = /(1)* + (2)* + (~1)’
~J6 or 2.449. .. Al | L.1b
> 2, so the octopus is not able to catch the fish F Alft 3.2a
(7)
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Question Scheme Marks

9(a) Alternative 1
9 -3 12 (4
AB=| 4 |- 1 = 3 or d=| 1 M1 3.1a
1 -7 18 6
-3 12 -3 12
04 = 1 |and 4B=| 3 |= 1 [of 3 Ml 1.1b
-7 18 -7 18
(Z3)( 12)
+ 1 |e 3
oi 'El _7 18 dM1 1.1b
cosf = ———=t =
0], ABH V=30 + (1) + (=70 12 + (3 +(18)?
-36+3-126 -159
cos = ——F—n— = —7—
V594477 594477
6 =161.4038029... or 18.59619709... or sinf = 0.3188964021... Al 1.1b
minimum distance = 1‘/(—3)2 +(1)" + (=7)" sin(18.59619709...) dM1 | 3.1a
=+/6 or 2.449... Al 1.1b
> 2, so the octopus is not able to catch the fish F Alft | 3.2a
Q)
9(a) Alternative 2
9 -3 12 (4
AB=| 4 |- 1 = 3 or d=| 1 Ml 3.1a
11 ~7 18 6
-3 12
foF=r=}] 1 |+a] 3 Ml | Llb
=7 18
|O—FZ= (=3+122) + (14 34)° + (=7 + 181)’ dM1 | 1.1b
=9—722+ 14427 + 1+ 64+ 947 + 49 —2521 + 3241’
= 4772% - 31824+ 59 Al 1.1b
=5334-11+6 dM1 | 3.1a
minimum distance = \/g or 2.449... Al 1.1b
> 2, so the octopus is not able to catch the fish F Alft 3.2a
Q)
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Question ‘ Scheme Marks AOs

9(b) e.g.

Fish F may not swim in an exact straight line from 4 to B
Fish F may hit an obstacle whilst swimming from 4 to B
Fish F may deviate his path to avoid being caught by the octopus

B1 3.5b

)

e.g.
Octopus is effectively modelled as a particle — so we may need to
look at where the octopus’s mass is distributed B1 3.5b
Octopus may during the fish #’s motion move away from its fixed
location at O

)

(9 marks)

Question 9 notes:

()

Mi1:

Mi1:
Mi1:

Al:

Mi1:

Al:

Attempts to find OB —O4 or O4 — OB or the direction vector d

Applies OA + A(their 4B or their BA or their d) or equivalent
Depends on previous M mark. Writes down
(their OF which is in terms of 1)+ (their 4B)=0. Can be implied

12 (4
Lambda is correct. e.g. ﬂ:% for AB=| 3 |or A=1for d={ 1 J
18 6

Depends on previous M mark. Complete method for finding ‘ﬁ‘
J6 or awrt2.4

Alft : Correct follow through conclusion, which is in context with the question

Alternative 1

()

Mi1:
Mi1:
Mi1:

Al:

Mi1:

Al:

Attempts to find OB - 04 or OA- OB or the direction vector d

Realisation that the dot product is required between 04 and their AB. (o.e.)

Depends on previous M mark. Applies dot product formula between 04 and their 4B
(o.e.)

G =awrt161.4 or awrt 18.6 or sind =awrt 0.319
Depends on previous M mark. (their O4)sin(their &)

JE or awrt 2.4

Alft : Correct follow through conclusion, which is in context with the question
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Question 9 notes continued:

Alternative 2
€)) L
MI1: Attempts to find OB — O4 or O4 — OB or the direction vector d
M1: Applies 04+ A(their AB or their BA or their d) or equivalent
—2
M1: Depends on previous M mark. Applies Pythagoras by finding |OF ‘ , 0.
—2
Al: [OF] = 4772° - 3184+ 59
M1: Depends on previous M mark. Method of completing the square or differentiating their
|5f?| wrt A
Al: \/g or awrt 2.4
Alft : Correct follow through conclusion, which is in context with the question
(b)
B1:  An acceptable criticism for fish F, which is in context with the question
(©)
B1:  An acceptable criticism for the octopus, which is in context with the question
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