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1  The transformation R of the plane is reflection in the line x = 0.
Gy - amis |
(a) Write down the matrix M associated with R. 1] _
6 ¥ \‘A’
K A \ 0 | )
(b) Find M?. 1]
woo [U o\t o) [ o) (= 1)
\o tJ\lo v]J Lo )
(c) Interpret the result of part (b) in terms of the transformation R. [1]
Sine  M™ s the denhty matrix  fwo  Peflections
iv the egmwvadent & He identhy Nonsf armation. .
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2

In this question you must show detailed reasoning.

The equation x* —kx+2k = 0, where k is a non-zero constant, has roots ¢ and S.

Find %+§ in terms of &, simplifying your answer. [4]
X : : oL _E- 2 2
Figd we Siplify = + LSing Sk’ = (Le)*- L2
— >

2 f -
2 SX) -2 ZTwg

A
JZi oL £ B Sop 2
o A
Now we Bnd == o« ond = xp
S w=-%=-B=«
¢ K
i%ﬁ =X~ 7‘7’2"(

Ad  sub Tese  valres info  Our expression .

o B (Wr-2(2w) o K 4K
° R oL 2 U 2%
= 3K -2

Turn over
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In this question you must show detailed reasoning.
The function f(z) is given by f(z) = 2z° — 7z* + 16z— 15.

By first evaluating f(%), find the roots of f(z) = 0.

Figt Fnd F() od use foactor theovrem

FE)=2@3@)-7@" 16 (3) s
=% -8 +2u -Is

1

O . by factor Heorem a5 £ (2)=0

(% —%) IS a factor of (:(%)'i

=2 (22 -3) 1S oo {actor

Now Foctorise €(2) using He fat Mok

(’2_2 -3) 5 o foctor,

—

2

Zz -11 +9
727 -3 |12*-T72% ¥z -1S
- (2327 -322)
-2 riz-1s Lor\ﬁ Division
—(-U2* + C2)
02 - IS
~ (102 -19)
o)
So\lve For = .
o @)= (z2-3)(22 -2z +5) =0
2 =2 2 2 [(F-uxixs
- N x|
o2+ (-le
2
= | + 20

hente voob of f£(2) = O e

Niw

| +720 1-7
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n
4  You are given that Z(ar+ b) = n* for all n, where a and b are constants.

By finding Z(ar+ b) in terms of a, b and n, determine the values of a and b. [6] |

r=1

r=1

AS Stated in the Queshon fot we Red S (ac +o)

FAY
LS

| il I
\J +

t——
V=1

S o +b = air +b'§t'

= Q (—'Zn(m-\)) + b(n)

= an® & tan + bn

2
= LTan? & (32t En

So we o Write Mak zan* + (Loarb)n = n?

sa=1 = a=2
2(2) +b =0
b= -1

hente @& = 7_! b = -1

© OCR 2023
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5 The Argand diagram below shows the points representing 1 and z, where |z| = 2.

Im
A
[
------------------------ ;C-Z-~----~---o \'\' %
0O . 1 é » Re
z
¥

Mark the points representing the following complex numbers on the copy of the diagram in the
Printed Answer Booklet, labelling them clearly.

. > thiS (s the Cotolex conjugqats, So S & Mefled ion of
2 in He e owxis.

. % e news modulug  (§ the veciprocal oF the Modulu of 2.
* l+z fus is & homzomral rmslakon 0OF 4 uynid t e
V‘\'g\’\'\‘.

» iz PmS is & corakion of 2 ouhclockwite by 90° [4]
wbouk e origin.

© OCR 2023
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6  The matrix M is [ ]

-10

o |2 e N\ _[3 2]
\-t o)\ -t o) \-z -l
3:{3 2\[ 2 \\:{q 3\
-2 -\~ o) " (-3 —2
v |9 32 s )
D N )

(b) Hence make a conjecture about the matrix M". [1]

Mo = (n+| n \ (us\'mﬁ tle Mresotrs  in cx))

l-n ey

(¢) Prove your conjecture. &— Wwe Coan  ONLY do thus b&j induwetrion . [5]

Step one : bose Cose
When n=1, M'*{Z 1\ ‘ {"‘ {2 \\

HIRERY
Y IR ST R S

Sotvve for no

Slep two : assumplion,

Asuve, trye €for n=k So

SW et \nducHve siep

LSing,  the assume d resuld for VL=L(/

MKHV: M

_ 2 \\_ {ZM 2 -\« MH\
)_

_ {
\-—\ 6) \—wm—\ _l,()
{

@M+D) vl we ) e ke

—

B \-(\AM} —(m\)u} n= U+

Sleg four s conclusion

\P e vesolt 1S tve for n=U i+ 1S brie

foc n=Wr1l. S i+ iy trve for n=1

W18 teve Eor ol Pos{i\“v& inYeq e

Vot  0f .

© OCR 2023
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In this question you must show detailed reasoning

The complex number V'3 +1i is denoted by z

(a) By expanding (V3 +i)’, express z° in the form a+ bi where a and b are real and exact

—

131
Expod USing o binomiod exponsion
(7 +1) = (B)° +50,x(®* %)+ 50 x (@
v SC5 x (ﬁ)zx (iY + SCu % [d?) x (1)1
£ (0)°
= 903 + Usi -30J3 -30i 4+ ST + |
= -6§3 + 16
a= -\6J3
b= 16
61 (b) (i) Express z in modulus-argument form [3]
Fist we Find the modwtus ond awyument of 2
| 2] = ﬁr{)%‘(\)" = (Usmos I%lr{m)
w2 = ockon = F (usmgv oM 2 = orckon )
Now wrik in ¢ (cose + isins) fom
e 2 =2 (oS T + igin E)
A (ii) Hence find z° in modulus-argument form [2]
USing  aurg 22, = O Z, + G 2o
- O\rc»\%‘“Orq% -I-Or@’il-l-.,,, + oy 2
og 2° =Somz => ogy 2' = T
So 2% =25 (Cos T + isin £F)
b = 32 (008 5T+ isin 53
(iii) Use this result to verify your answers to part (a) [2]
Now we (just expoad ovt i)
COSSI:~\E ond Sin 3T =3
hene 3= 372 (=2 +Li) = —160 + 161 s before




The equations of three planes are

2x+ y+3z=3,

3x— y—2z=2,

—4x+3y+7z =k,

where £ is a constant.

(a) By considering a suitable determinant, show that the planes do not meet at a single point. [2]

Lo manix fom /?. 3 \[x [2)
R PN ey

\u 2 T\=2) |«

Us&no\ bre colcvlabor e dereminant  or  He  Coefficient

mokiix is Fem Heme ib s Sinqulor,  §o has no invese

id heow The ploes do not heet ot a Siagle meet.

(b) Given that the planes form a sheaf, determine the value of &. [4]

Fict we need to fedue the §ySkm v o Stjs%m

in demsS  OfF 4o Unknouns.

Ploe O + Plne @: 2% +Y +32 + 3 -y-22 = I+2

Sx +2=5@®
Ixplne @ + ploe B 9w -3y -62 -Ux 43y + 72 = 6 +K
9+ 2 = ®

For the ploes o form o &lne&F ® o ®

Must be  conSittent  so

—_'> U :—\
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k+1 —1 .
1 i ],where kisa .

9 A transformation T of the plane is represented by the matrix M =
constant.

Show that, for all values of &, T has no invariant lines through the origin. [6] |

Fict we need to seb-uvp ™ (%) = (%)
[ —[=) . [3)
L« Ly
2 (uxl) -y = o’

o + Uy = kl)\/

o

Tavosiok lines Paowgn He origine has e forme () =m.

So ('.x, Mac) \-E mop(zn_\cj\ T (DC’, Mac”)

So Jubskitutina n Y= M omd oy = Mo
X (Ut D) - e = @ i '

X+ MU = Mo ®

¢
g

SobsHitvhny @ e ®,
€A+ MU :M(\AD<,+>(,~M:>C)
W o4+ ML = MU p pmoe —mEx
M*2C — MX + 2 = O
x (M- + 1) = O

So nouw we need tv consider the Nobwe oFf

MmZ —m +\ Zo. g i+ Whas no read ypob
No nvariat 1ires  Bheough P O0IGin exist,

discriminont = (=02 2 Yxl x|

= -3

lente oy the  diguriminost is eSS thon zem it
has no yead wobh. So M has no invosiont
lings {-JmmUﬁl/\ e or,‘a:n. AS  Pequived
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lies in P. The plane x —z = 3 makes an angle of 45° with P.

Find the cartesian equation of P.

10 The plane P has normal vector 2i + aj — k, where a is a positive constant, and the point (3, —1, 1)

7 |

First we vse e ongle betueen He plones.
Cecal Yhob g - 36

lall bl
Sine fe Onyle betun He ploes (s G50 e ongle
bofwen e novmaAs to He ploes is U
Neate, cos yse - 200 +a(0) ~1()

(22 +a 02 12 412

NZ 3

N

N s+ 2 )

WS+ a2 = 6

) dhwidhe by 2 ond Sgmare
S+ =9 ° :

at =y =P a=x2

SN A is poSike, 0L =72

Qocall Mot e cortesion fom op o ploe

1S gi\rexn by - =a-0
x|\ [2 3 2
Yl-[2]= |- 2
2] \- \ -
23X + 2y - =6 -2 -1
2> &+ 2y -t =3 & this s Hg required

Cafresien Fom oF o

Plane
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