30
1 LetA—(1 1).

(a) Prove by mathematical induction that, for all positive integers n,

2An:(2><3 o).
3"-1 2

: Zz} -5 1) .................... 27<3 ..............................................................................
= {
.............. (3{} | . 22 g tis-r?—

"
........ aet (K = aet [ 2 °>-«3~“
2
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2 The cubic equation x° +4x* +6x+1 = 0 has roots a, B,v.

(a) Find the value of o® + 8% + 2.

(b) Use standard results from the list of formulae (MF19) to show that

n

D (@+n?+B+0>+(r+n?) = n(n®+an+b),

r=1

where a and b are constants to be determined.

I L L L) 1€
..... Al e A E A W T 1% 1)
NN L) ) S % N
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3 (a) Use the method of differences to find Z G+ 1) (lir— ) in terms of n and k , where k is a
r=1

positive constant. [4]

L. = A + 3

............................................................ G BT Y

(eler& ) e ey
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(b) Deduce the value ofz_l: G+ Dor—k+ 1) [1]
L e
) a
ne A r—>00 — 0
.................... F‘Albmﬂ
2
() lj\l;ld also Z (kr+1)(11r—k+11_) in terms of n and £. » | [2]
1~ N 4 —
é‘,,\....(.'.‘.'.f.t‘).‘.‘ﬁf.i‘.‘.'f.‘.). ........... o SR é.\ ..... CRrn )

= L 1. — 1.
k(tén“’l)‘f’lﬁﬂzf'i AT R PR
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2
a b
) ), where a, b, ¢ are real constants and b # 0.

4  The matrix M is given by M = (
¢’ a

(a) Show that M does not represent a rotation about the origin. (2]

(a bZB: cond —';MK?)

(b) Find the equations of the invariant lines, through the origin, of the transformation in the x—y plane
represented by M. [5]

© UCLES 2023 9231/11/M/1/23



It is given that M represents the sequence of two transformations in the x—y plane given by an
enlargement, centre the origin, scale factor 5 followed by a shear, x-axis fixed, with (0, 1) mapped
to (5,1).

(d) The triangle DEF in the x—y plane is transformed by M onto triangle POR.

Given that the area of triangle DEF is 12 cm?, find the area of triangle POR. (2]

cessessccsscssesanns T T T T T T T T e et econocnocanccacsascsosssssssssssoscsesssssscsosessossssssssssesascsscsascssssssosssssssssscsssssscsasssansss
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5  The curve C has polar equation 7% = ﬁ, for0 <O <m.

(a) Sketch C and state the polar coordinates of the point of C furthest from the pole. [3]

N

~v
N4

(
......... Y
(b) Find the area of the region enclosed by C, the initial line, and the half-line 6 = 1. [4]
T
1 / L. 48
...................... Gareeierrer ettt ettt s ae LSS as bR SRS a s a e SR SRSt SRS a s sas b LSRR e bs e s Rt 0
o G+l
e [" ........ P
........... e S
[ |
= ~ tom 07
.......... I e S oot A,
........................ e B s
k=|Ltwrx= 063)
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(¢) Show that, at the point of C furthest from the initial line,
1 _
(9+ 5)00‘[9— 1=0
and verify that this equation has a root between 1.1 and 1.2. [5]
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The curve C has equation y =

12

¥ +2x—15
x—2 )

(a) Find the equations of the asymptotes of C.

A-A=0

Lt La- (5= @A-2D0rh) -

0"){' Q-Q_D’L

2

(x"l’l‘)(.‘,\lfo

b =hoc

[6 — Yy
-22 20
...................... Ao 0. Reby = no ¢
© UCLES 2023 9231/11/M/J/23



13

(¢) Sketch C, stating the coordinates of the intersections with the axes. [3]
! 7~
[ ~
/
| /
7
(

x2—2x—15‘

(d) Sketch the curve with equation y = P
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(e) Find the set of values of x for which 2x —;ixz_ 30‘ <15 [4]
......... S Sl N S o A S

—A I~ A A 2.
............. 7—1_[0,

A= Uacz A+ Ty -30-0
............................................................................................................ e
........... A T Y =0 e
................ ,:OJ_'_C
% ....... e, y\ "”2/" .............................

Z
~]2 LA 40 SceAas ll
...................................................................... R S B
© UCLES 2023 9231/11/M/1/23



16

7  The plane IT, has equation » = —4j—3k+A(i—j+k) +u(i+j—k).

(a) Obtain an equation of /7, in the form px+qy+rz=d. [4]
..... \‘L‘j[ﬁ' R I TR BN O RS )L,’
..... LT SIS I NI ) NOESY ot SO S
[
........................ Oo
- ( 2 )= !
....................... R
B et S

(b) The plane I, has equation r.(—5i+3j+ 5k) = 4.

Find a vector equation of the line of intersection of /7, and I1,. [4]
..... cwwpmm'('i
=5
....... ;X':""”""”z””" .....t.......................1.....'...........................“...........E..........D...)... cescessccssccsssccssncs
....... V"’)o]l/«—?/;{// / {/"'}’{_3
-5
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The line / passes through the point 4 with position vector ai+aj+ (¢a—7)k and is parallel to
(1—=5b)i+bj+ bk, where a and b are positive constants.

(¢) Given that the perpendicular distance from 4 to 11, is V2, find the value of a. [2]
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Additional page

If you use the following page to complete the answer to any question, the question number must be clearly
shown.
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