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-1 +1
1. P = P P where p is a constant
-3 p
(a) Determine det P in simplest form in terms of p.
(2)
(b) Hence show that P is non-singular for all real values of p.
(2)
(c) Determine P in terms of p.
(2)
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r

2.

f(x) = x* —

(a) Show that the equation f(x) =0 has a root a in the interval [0.3, 0.4]

(2)
(b) Determine f'(x).
3)
(c) Using x,= 0.3 as a first approximation for a, apply the Newton-Raphson procedure
once to f(x) to determine a second approximation for a, giving your answer to
3 decimal places.
(2)
The equation f(x) = 0 has another root f in the interval [1.3, 1.5]
(d) Use linear interpolation once on the interval [1.3, 1.5] to determine an
approximation for f, giving your answer to 3 decimal places.
(2)
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r
3. The quadratic equation
3x = 2x+5=0

has roots o and S
Without solving the equation,

(a) write down the value of (a + f) and the value of af
(b) determine the value of «’ + f°

(c) determine a quadratic equation that has roots

(a+%) and ,B+%

giving your answer in the form px” + gx + » = 0 where p, ¢ and r are integers.

(0))

2

(C))
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( )
4. f(z) = 62° + Az> + Bz + C
where 4, B and C are integers.
. 2 17. . .
Given that z = 3 + Tl is a root of the equation f(z) =0
(a) write down the other complex root of the equation f(z) =0
ey
(ﬁwn&ﬁz:—%im&oamMoﬁMemmmnﬂ@=O
(b) determine the value of 4, the value of B and the value of C.
)
(c) Show all the roots of the equation f(z) =0 on a single Argand diagram.
(2)
L
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( )
5. (a) Use the standard results for summations to show that for all positive integers n
Sr(r 4 1)(r+5) = pn(n+a)(n+ b)(n+ c)
r=1
where a, b and ¢ are integers to be determined.
C))
(b) Hence determine the value of
20X 21 x 25421 x22x26+...+40 x 41 x 45
2
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( )
6. The rectangular hyperbola H has equation xy = 100
. 10 .
The point P| 10¢, - ) where ¢ = 0, lies on H.
(a) Use calculus to show that the normal to H at P has equation
£x—ty = lo(t4 - 1)
C)
The normal to H at P meets the y-axis at the point Q.
Given that the area of triangle OPQ, where O is the origin, is 750
(b) determine both possible pairs of coordinates of the point P.
)
’0‘;20
e
sk
’0
. Jg’\

— NN O 0 O
|l
P 7 6 1 9 2 A 0 1 6 3 2



Further Mathematics - 2025 - Jan - FP1 - QP

o%

05
55
XX %ﬁﬂ’.

ﬁs& S
000
LRLRRLRLRILK

<L

S
%g&&%%o

2
o
<%
%!
Sotess

-

(‘

XXX
%2’

~

¢
%
5
25
5

K
290IILLIIIIKL oo

RO IBEKKBLKKBLLKK,
et otetetetetetatototesetetet
‘%spQé%bgﬁk
OSREISISROSIISKOsHsos

QKA
o
k¢

XS

000,00,
S8tetetets
NOT
Dol

00020200,
QKR

XX
LKL

0

x
<

o8

O
35
'0‘1 \
2,
000

$9%6%%
%ﬂﬁg
XX

o
XX
e

o7

KK

£599%
55
9959,
X
XXX

55
KL
K
RRRL

oS
5%
%
09t

o
2K
SRR
oSotetetoteds
RRRRK

2

350
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
SRRRERRS
o2e%s S

XX
XX
s

o96%%

QR

GradeMax

~ \
Question 6 continued
\, J
17
S 0 T 0 O R .
P76 19 2 A @1 73 2 Turn over



Further Mathematics - 2025 - Jan - FP1 - QP
I

7

Question 6 continued

18

P 7 6 1 9 2 A 0 1 8 3 2

|l

-eales
o
KL
AR
SIS
KPR
c=

KO

%
S
SRS
[96%7071%
RS
oSS
DosereTLiet
Sme
poovetatetet

B
kS
R
%
5%
X5

(>
o5

RN
e

5L

<)
< XY
%
5

25
%
K5
boses
Doses
Posess
Botees
2%
3K
SRR
3
35
SRR
255
00
355
%
35

dedotetetotetote?

Nave 9
)
SR RIEX
R
7%

SRXXXS
550508




GradeMax

Further Mathematics - 2025 - Jan - FP1 - QP

R
X2
QR

OO
'/<<‘<
SRR
QLRI
LRI
25IRRLRILS
Sosssosogesetetetet

o

%0202
35
i

19:9.0.0.0.9.90.9.9.
2900
2505
Toadetetete!
*‘0\\\‘
Q§%0

XX

Lo

9%
0% %%
XX

Y

0:&0
e
K

%

000

ARE
X

35

9%
dels
55
3%
)
XX
%!

s
R
%

%
oS0 %
»

KX

OO
26202020220 %!
Vot & ) )
0
NOSTSS
RS
KKK

OO
KRS
<IN
el ) !
LR
sgtes

X

2 o
Poge %% o)

s
0‘0"‘?0#0‘0

%
9%
<

<]

%

x>

0%}
e
25

%
%%
D

%

2

Yo%

XX
o300
% %
S
20593
2%

SRS
0<ﬁﬂ?§%
(0.0, 0. 00009,
SRR

B,

XX

S
R

28
XXX

XS
o20%%

3
5
%!

\
%

5
55

0%6%%6% %%

S
X X KKKKX
SIS

XX

ol
3
e
RORKS
8

LRLRRLRKRS

5
0%
5%

SRR
SO

338
55

2R
Polelotelel

< ™\
Question 6 continued
(Total for Question 6 is 9 marks)
o _J

EmCE

N R .
P76 19 2A®01 9 3 2 Turn over >



GradeMax

Further Mathematics - 2025 - Jan - FP1 - QP
E—

7. () A=| 2

G
2
1

B 3
31 =
2 2 (@]
—|
=
(a) Describe fully the single transformation represented by the matrix A. P
(2) m
<
The matrix B represents a stretch scale factor 2 parallel to the x-axis. E|
(b) Write down the matrix B. ‘Z’
1) £
=
The transformation represented by matrix B followed by the transformation
represented by matrix A is the transformation represented by the matrix C.
(¢) Determine C.
(2)
. k -2 .
(i1) M = where £ is a constant
-1 2k o
o
. . . . =
Given that the transformation represented by matrix M maps the point (k, k) onto the (%)
point (35, 91) ;
o)
(a) determine the value of £. e
@) =
2
A quadrilateral Q is transformed to another quadrilateral Q' by the matrix M. g
n
Given that Q' has areca 336 ;
m
(b) use the value of k found in part (ii)(a) to determine the area of Q. >
(2)
O
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-
8. (i) Prove by induction that, for n € Z"

2 9 (1-3n 9n
-1 4 —n 3n+1

(i1) A sequence of numbers is defined by

Prove by induction that, for n € Z"

u, = 32 (n + 2)

(6))

(©))
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Question 8 continued

26

P 7 6 1 9 2 A 0 2 6 3 2

|l

-eales
o
KL
AR
SIS
KPR
c=

KO

%
S
SRS
[96%7071%
RS
oSS
DosereTLiet
Sme
poovetatetet

B
kS
R
%
5%
X5

(>
o5

RN
e

5L

<)
< XY
%
5

25
%
K5
boses
Doses
Posess
Botees
2%
3K
SRR
3
35
SRR
255
00
355
%
35

dedotetetotetote?

Nave 9
)
SR RIEX
R
7%

SRXXXS
550508




GradeMax

Further Mathematics - 2025 - Jan - FP1 - QP

R
X2
QR

OO
'/<<‘<
SRR
QLRI
LRI
25IRRLRILS
Sosssosogesetetetet

o

%0202
35
i

19:9.0.0.0.9.90.9.9.
2900
2505
Toadetetete!
*‘0\\\‘
Q§%0

XX

Lo

9%
0% %%
XX

Y

0:&0
e
K

%

000

ARE
X

35

9%
dels
55
3%
)
XX
%!

s
R
%

%
oS0 %
»

KX

OO
26202020220 %!
Vot & ) )
0
NOSTSS
RS
KKK

OO
KRS
<IN
el ) !
LR
sgtes

X

2 o
Poge %% o)

s
0‘0"‘?0#0‘0

%
9%
<

<]

%

x>

0%}
e
25

%
%%
D

%

2

Yo%

XX
o300
% %
S
20593
2%

SRS
0<ﬁﬂ?§%
(0.0, 0. 00009,
SRR

B,

XX

S
R

28
XXX

XS
o20%%

3
5
%!

\
%

5
55

0%6%%6% %%

S
X X KKKKX
SIS

XX

ol
3
e
RORKS
8

LRLRRLRKRS

5
0%
5%

SRR
SO

338
55

2R
Polelotelel

~ ™
Question 8 continued
(Total for Question 8 is 10 marks)
- v,

EmCE

27
N KON AR
P76 19 2A®0@2 7 3 2 Turn over >



GradeM ax_ ‘

Further Mathematics - 2025 - Jan - FP1 - QP
I

( N £

1
9. The parabola C has equation y2 = Ex

2
t t
The point P[E’ ZJ , Where ¢ = 0, lies on C.

(a) Use calculus to show that the tangent to C at P has equation

RRRK

_ 42 5

8yt—8x =t 3) 5
Given that S
+ the tangent to C at P meets the y-axis at the point 4
« the line /, is the perpendicular bisector of the line segment O4 where O is the origin
« the line /, is the perpendicular bisector of the line segment AP
[ and / intersect at the point O
(b) show that, as ¢ varies, the coordinates of Q satisfy the equation

V=ax+p

where a and f are constants to be determined.
C))
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