11/

( Please check the examination details below before entering your candidate information
(Candidate surname Other names
Pea rson Edexcel Centre Number Candidate Number
International
Advanced Level
( o )
Friday 8 January 2021
\_ J
( )
Afternoon (Time: 1 hour 30 minutes) | Paper Reference WFMO01/01
Mathematics
International Advanced Subsidiary/Advanced Level
Further Pure Mathematics F1
. J
( You must have: Total Marks
Mathematical Formulae and Statistical Tables (Lilac), calculator
L . J

Candidates may use any calculator allowed by Pearson regulations.
Calculators must not have the facility for symbolic algebra manipulation,
differentiation and integration, or have retrievable mathematical
formulae stored in them.

Instructions

® Use black ink or ball-point pen.

® If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

@ Fill in the boxes at the top of this page with your name, centre number and
candidate number.

® Answer all questions and ensure that your answers to parts of questions are
clearly labelled.

® Answer the questions in the spaces provided
— there may be more space than you need.

® You should show sufficient working to make your methods clear.
Answers without working may not gain full credit.

® [nexact answers should be given to three significant figures unless
otherwise stated.

Information
® A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® There are 9 questions in this question paper. The total mark for this paper is 75.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

Advice

® Read each question carefully before you start to answer it.

® Try to answer every question.

® Check your answers if you have time at the end.

® |f you change your mind about an answer, cross it out and put your new answer
and any working underneath.

Turn over

©2021 Pearson Education Ltd.
P 6 6 6 4 0 A 0 1 3 2

Pearson



1. (a) Show that the equation 4x — 2sinx — 1 = 0, where x is in radians, has a root a in the

interval [0.2, 0.6]

(b) Starting with the interval [0.2, 0.6], use interval bisection twice to find an interval of

width 0.1 in which a lies.

a.  F(x): 4o-2gma- |

Flo2): 4 (02) - Qsn(02) -1 —0-S433286616 f(o2) < O
$0-6)° 4 (0°6) - 280 (06) -1= 0:27031SOS32 f (06) >0
L There s e egohe.  do  postiye  opot X)) 8 cvdnusus
Yoor, o, lies w e wknal [02,06]
() [+)
b. ‘l‘“ wRel  pisechon ! 02+06 . 04 \‘ ' !
2 02 oYy 06
Floa4): -01388366846
nd (- [+)
2 weal owechon 04+ 0-6 S \‘ ' }
2 oY 0s 0-6

}los) = 004114892279

() [+)

\ ]

\ 1
] 0s

04 S x < 0-S
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. l. . .
2. Given that x = g + 771 is a root of the equation
4¢3 - 19+ px +q =0

(a) write down the other complex root of the equation.

Given that x = 4 is also a root of the equation,

(b) find the value of p and the value of ¢.

3 T
O. i For a4  Cuoc  of wim fom: QX +ox + CX + 0, Thee g 3 0ok

1)

iThefe  ore 2 pasabumes : 3 feal  roors

! 1 veal roo+ ) + "

flp Sgn of imagmary Component

g
(x*- &+ a - Ze)(x-a)-0
(x*- g2« &) (x-4)-0
(k- &2+« 3)(x-2)-0
-2 e2x-42"4230-5=0
X?'_%;Lz+%’a—s=0 }xq_

45° - 192" 132 - Q0 =O

P17, 4=-40

~N
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3. The matrix M is defined by

M _ (k + 5 —2) 8 ¢

-3 'k >

g X

(a) Determine the values of & for which M is singular. =

=

() 5

Given that M is non-singular, =5
=]

(b) find M in terms of &. é :

(2) >

-
m

b - 459

et = 0@ - (b)c)

|
'
1 VUSSR UR U F]

oot (M) = (k+ s)K) - (-2)(-3)

= (k¥ rsw)-(6)

: ks Sk - 6

der (M) =K+ Sk - 6

Set oet(m >0 = K rSk-6=0

(k+6)(x-1)=0

k=-6 o k=1

K=-6 o k=1

efos] £ 1 [0
L] meleel
---a-@
Q- -(-2)-@
w's 1 [®a]
K*+Sk+6 L. "”SJ
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4. The equation 2x* + 5x + 7 = 0 has roots a and j
Without solving the equation

(a) determine the exact value of o’ + 5’

(b) form a quadratic equation, with integer coefficients, which has roots

(&)

(©))

______________________________________

- 3up(arp)

- (as e
(—i-) 3(%)(-3)

- (sum of root) o+ (product of roots) = O

~
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Question 4 continued
8s
< 3,2'_273(*%=°\x38
:E A8x* -85S+ 98=0 —— qu I0¥eger  Coeffitiens
n
T
E A8x* -@Sx +9s= 0
=
¥
0«
=
=
(o)
-
(o)
a
L J
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5. (a) Using the formulae for Zr and Zr2 , show that

r=1 r=1

S+ +5) = %(n +7)2n +7)
r=1
for all positive integers n.

(b) Hence show that

i (r+Dh(r+5)= 7—6”(11 + 1)(an + b)

r=n+l

where a and b are integers to be determined.

n n
Q. Z(Nl)‘fa's) = 2 rz+ br 1+ S
| ]

(6

2

=)

/ SPht Summahon  wndo 3

—

n n n

Zr"+ ler + .S

¥=1 Y=) \ (s\

foctor 6 our \ fatior S out
summa-hon X/ Summatien
0 v
N N "N ————
: Zf t 62f + Sil Summohons
| Vs >l =
R 1 Musk leara )

f=|

,Z Y = Z\z'“ (n+1)

|

’Z\n e Prmulag  wOoKIet

= 2 y 2 7%
= =N [ﬂ-\'l

:
= %ﬂ(m'!)(Zn-H) + 6[-énln+n)] + s[n] E TZ:,W'L = -:,;n (n+1) (2n+1)
[}

—2—n(n+n)(2¢1+|) * % nin+1) + Sn

: %h(ﬂﬂ)hnﬂ) + 2nlpn) S0

. N h(m—l)(’u\*l) + 18 [nn) +30]

z %[’24\7'4—31\4'1 + 18n+18 +30]

. %[zﬁ’ v 2n + 44]

%({H—?—)(Zh**) /- Snown

~N
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Question 5 continued
W w n
b. Z’(rﬂ)(ﬁ-s) = S een)r+€) - 2 (e (r+5)
N+ r=) sl
= An () ()) - n (02 [043)
£ 6
N (20+7) (4n+?) - 0 N+ND(20+3) N\
3 6 focir out %n(ZnH)
= 0 (Zn+?)Y2 (4n+3) - ) (ma)] /
6 E 7 |
* in (RnH)[ Bn + Q - In-l"
¢ [_ ¥ 2 J
: 2 (ane?) (n+1)
3
Zn(nl2n+?)
I3 ,I,l 0’21&)’?
J
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6. The complex number z is defined by

z=—/.+31 where/is a positive real constant

Given that the modulus of z1s 5

(2)

(b)

(©)

(d)

write down the value of 4

0y

determine the argument of z, giving your answer in radians to one decimal place.
(2)

In part (c) you must show detailed reasoning.

Solutions relying on calculator technology are not acceptable.

Express in the form a + 1b where a and b are real,
z+3i
2 —4i

(i) 2

©))

Show on a single Argand diagram the points 4, B, C and D that represent the complex
numbers

z+ 31

- and z*

-4 (3)

z, z%,

a. Z2=-2+3

I21=5

(ar+@) =5

Ay« () = (5)°

AF+ Qs 25

A" =16

A= 16 =24

However, @ Srates A \s o fen  posrhve (onstont - A=4 only

n=4

—

= -4 +3i

b.

-4

{30

8-y ()

SN (3) e arg(2)= T% - +on” (%)

019(%) = 9.498091S4S

0rg(2)= 35° (ae
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Question 6 continued
Ci. 2+3i . [4+3)+3 = -4+6;i
= 2- 4 2- 4 2-4i
e
<
v
XL -4 +6i . .
= must change ——— WMo Garbi  form:
2‘4’1
=
E mathply  top onel  LOtOM by
o v
; 7 (omplex conjugaie of _glenomnotor
5 - 4146 N 2+4i - [-4461)(2+4)
= 2-4i 2+ 4 (2-4i)(2+43)
(@)
Q 2
s =8 =161 +12i 14
4 +8i-8i-16i°
s -8 4243 - 44
4 - 167"
s -8 +24 (1) -4
4 -16(-1)
: -32-4i - -32 -4, =-8 _ 4,
Q0 20 2o s
8 _1,
s s
2
\ %2.'—‘ (- 4+31)
= 16 -12i -12i ¢ Q°
= 16+ Qi - 244
= 16 +4(-) - 24
= 1 -a4i
-4
¥
0. T s e (omplex  copugote  OF
fip Sign of imagmory  component
»*
Z = -4 -3;
4 y,
17
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Question 6 continued
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7. The matrix A is defined by
4 =5
A =
-3 2
The transformation represented by A maps triangle 7" onto triangle 7'
Given that the area of triangle 7 is 23 cm?
(a) determine the area of triangle 7"’
2
The point P has coordinates (3p + 2,2p — 1) where p is a constant. The transformation
represented by A maps P onto the point P’ with coordinates (17, —18)
(b) Determine the value of p.
2
Given that
0 1
B =
-1 0
(c) describe fully the single geometrical transformation represented by matrix B
2
The transformation represented by matrix A followed by the transformation represented
by matrix C is equivalent to the transformation represented by matrix B
(d) Determine C
3
C.
- lea]
E det (x) = (@)(d) - (b)(c) :
aet (m)= (M) - (-5)(-3)
= -3
ot (M) = -3
Ao of T x 7 = Area of T’
A3 x = 167

Acea o T'= 167 unis”

N
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Question 7 continued
b.[a -s| [zer2]. [1]
L2 af [2e-1] |l
4 (3p+2) + -s(ap-1)—| = |V11—|
alzera) + alae-1)|  |-1¢]
Taer 3 —10P+5—| = |—'\?l—
[-9p-6 +4p -:ﬂ |:18J
_529+13—| = |71?——|
so-3 | |1g]
Ke +13 = |¢ -Sp-8:-1%
ap:ly -Se=-10
P: pal P- P23
P=a
C. £t Mimg 0 Coodmale Oxs  ond  mon coordinates (8) ona (3]
then  Mork e  (oofdinates of  peu  mamx
e dentty mamnx T / Mainx B
|—1 0—| ronsformorhon rO 1—|
o 1] T 5]
y .
(%)
N o _00s fmaton represent \ o
i T e DL
3
Rohhon,’\'v\rouah Q0" Clockise  aoout ongin
J
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Question 7 continued

o orde: CA=8

CA=38 I\Iltl‘\-'or\ ngt

CAR =BR

c-an"

() coloslote A Arst

o
Al

! et (x) = @)1a) - ()(<)

L ]

c-lo 1]

-t o]

c- _1fo 1]fa s]

Tl o) 5 4]

C:_ | m)(:r) +(1(3) lo\lswml;l

# |£0(an+ @) (4 csnmtﬂ

c:_1[3 ]

*1-a -SJ
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8. The hyperbola H has Cartesian equation xy = 25
The parabola P has parametric equations x = 10#, y = 20¢
The hyperbola H intersects the parabola P at the point 4

(a) Use algebra to determine the coordinates of A4

3
The point B with coordinates (10,20) lies on P
(b) Find an equation for the normal to P at B

Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers to be
determined.

C))

(c) Use algebra to determine, in simplest form, the exact coordinates of the points where
this normal intersects the hyperbola H

(6)
o. Fusny rewnie  Porooola e
Conics
ferns LO(E810N |
O—G Ellipse Parabola Hyperbola I;;;L:‘:_%‘;ll:r
2 Standard Form %4—;—:% ) = 4ax x—i—:—j:l \xy:cl/
a a
l0t% 20t) = (10¢,80¢*) = a:10 e
arametric = a asecd, btan c
Form (“C"\g’ 74“0) @280 1 (1 cosho, bsinh6) R’
Eccentrici eAl -1 e>1 A—
51=4ax = g’: 4(10) 2 e b’zqz(%\-ez) ‘ b =d¥(e - 1) AY
- Foci ae, B{ (a, 0) (tae, 0) * ¢C’ +\2¢)
y 40 & - / \ 5 /
Directrices xi= = xX=-a x==x— xfry =43¢
e e
Asymptotes none none Z_32 x=0,y=0
a b
I
(N NOW sole o  y =40  ordl  y=2S QMU HANeo us ly.

oy = 1S
40 (Ay) = 40(25) = 4Oy = 1000

[§)y:1000  sioshue §-40x o 40y 1000
®- 100
4 O

y: 41000+ 10

x (10):28

1B S
XA T2

- A(Z010)

N
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Question 8 continued

Leave )
blank

Sub 1 (oo B (10,80)

ay | R0 - 1

x,(w,ao) (20)

M-hrgm!’i

M nomar * ~1

Sex up hne eq” Yog=mlx-x)  uwy M> -1

(Xu‘jl) = (10130)

Y- Qa0:-1(x-10)

Yy-ad: - +10

A+Yy-30=0

dA+Yy-30:=0 a:=1,b=1,¢c=-30

C. solwe Xx+y-30=0  ond DLy =25 Simubaneusly.

x+y -30:=0 )regrmngje, for o

b 30-3

Xy =72 \ Sup  X=30-y itp Nyperbole eq”

(30-9)y =15

30y - y* =18

(A
Yy -30y+88:=0

y -20y+125-0 \

(y- 15) - 21545 = 0 \ solve & y

[u-\s\ -200 = 0

y>Is# £ ls+1or'\

P 6 6 6 4 0 A0 2 5 3 2
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Question 8 continued

NOW Sub  Y-toords  INtD ewver eg”s 4o fid  oL-coorels.

- hen = \SHl‘)»FZ'

X =80-y

o 30 - (1IS+10d2)

X : 30~ 1S — 1o

xS - 104"

= nen Yy 1S - 1047

oL=380-y
NJ

oL = 230 - \S - \o\2)

x: 30-\S+1N7

o= IS+ (1037

rPomcs of  WMieseehon ( IS +10d2, 1S - !O\E')

(15 -1047, \s + 1047)

~N
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9. (i) Asequence of numbers u , u,, u,,... is defined by

- Lu, -1

un+1_§ u =1

Prove by induction that, for n € Z*

(i) f(n)=2""+3""

Prove by induction that, for n € Z", f(n) is a multiple of 7

i. () Base cose: Prove twe for  n:

()

()

“hwe for 0=

(» Pssume e for Nk

ux = 3(%\“‘1

(3) Prove e for  nskx 1

Uy, 4 = %(MK -1)

U » '15(3{3(3)“”‘]‘1) i Tonkwmg ohead, sws 10 nekr1 o
’%(5(%)k'9'1) | Up - ng s Lohat e o hyng T pove
: ﬂi( 6(3) -3 E uong (2) ¢
(a2 3 ) e 2[4
; %xs(%)k ’(31)(3) !LNW& 0 O 10 e Sd s ue Know  unor
(2 (3)-1 i

We ofe  Wduing fouvares.

5 O 2 3[%)”‘—1 e for nekel

(w) Concluson

~N
Leave

blank

Hente  vesulr s 4we for  n:= X4 1. RS 4me for 01  ond nave Sown  f dwe  for Nk ven w8
_dme for  0EK¥L, S5 S e for ol NEN by nduchen
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Question 9 continued

i, (1) Bose Cose: check e  for n=1

144 am+1
fn: 2 43
= 35S
= 5™

“— dwsSible by K

e for n- 1

(2) Pssume 4rue for n=Kk:

.;N“)‘ Ama . 33;(-»1

(8) Induchie Step, Prove twe for  nak+l:

kn+Q ale++l
Flur) = Q + 3
K3 aw+r2rl

:a + 3

K+d aus3

P9+

Pl - @Y= (877 a2 ) - (@M @M)

- [9 (aura) 4 3&(39kﬂ):’ _ (av«a N Bah-'l)
- 2(a%%) + q(a™) - g** -3

. &KA-‘L* '8(33'“')

- Qu*a N 3ak+l . }(3&“!)
= P+ 3 (37
Flun - 00 = £« F (22%)
Flrn) » Qft0 + F(33%")
SHka) = 2k 7 (234) - bt ot peked
(4) Conclusion
en esuly 18 n:K41. As dme  for 01 0ot have Shown W dwme  for Ntk wven w8

tue for Nkl S0 w s e dor al NEN vy induchen
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