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(a) (i) Write the following simultaneous equations as a matrix equation.

x+ y+2z=17
2x—4y—3z=-5 |
—5x+3y+5z=13 (1]
Writing v Moty Form
IREEAVE 7\
2 -y -3 ( Y 1= —S}
-5 3 5 \ z \3}

(ii)

Hence solve the equations.

2]
To solve we mulkiply both sides by the invese of

Our COoetticient patrix ( Found LSTnY colcvlakor)
s )
Ly =-m| S 15 T|-5)=[35]
\ %) \uo-e —g\z) 9 )
zZ =Y

| =
hente X = 3 Y=-3 ,

(b) Determine the set of values of the constant k& for which the matrix equation

k+1 1

has a unique solution.

-5 :

2 k
™M

3]

The System only hag o unigre Solvtren (P He
Coerricient matix  hat on invese S0 dek M #£ O,
Fint we Had cet M.
det- M= U (k1) —2
= U +U -2
Now we fiad He valies of W Such Hhat derm=o,
W+ U -2=0
(l/(+’2_) (IA—\) =0
U=—-2 =\
Heace.  the Sugst'em has o Unmigre  folution
i UE-2 o0 U FL.
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2 (a) Show that the vector i+ 4j+ 2k is parallel to the plane 2x+y—3z = 10.

3]
AR iU +2u SO ‘FOF Hfs plm t& (}Q/
- poral Lo o veut or,  the
N Wettor md normad st

lbe prrpendrcol ov.
Pecold that if a4+ 6= 0 & ond b Oe

perpendiculor.  So

() + 4 () +2(-3)

= 2 +4Y-6 =0

Uonce, Sinte  the ector and the novrmad  are

pecpendicolor,  the  plone ond vector ore  poraMlel.

(b) Determine the acute angle between the planes 2x+y—3z =10 and x—y—3z = 3.

[4]

e that a

rns e — A b
\= o

B lafle]
So we Use Hws T find tie ongle  berween He

norols  of M plones. Which i$ olso tlhe angle
setween the  plones.

o -6 o= () +1(-)-3(-3) = |0

| O |O
—— CoSe = =
N 3 E e et Y
ya lo A
hene ©® = orccos (\ ,sq/) = 36-310....

= 36-3°
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The complex number z satisfies the equation 5(z—1) = (—1+2i)z*

Determine z, giving your answer in the form a+ bi, where a and b are real. [5]

We can SOlve  Hlms 6(4 SUbS-}—;‘h)‘)'l‘/]ﬂ 2 = A + b6y oty

the  equat on.

3* i'g al\g’ CAA

o loa
T COMPT

e 2 = a +6, v Lonjvgaie
so  S(avhi =i) =(-1227)(a-6)
S + Ghi 61 = —a by 4247 -2b/°

Sa + ($b-5)i = -0 + bi +Zai + 2b

Sa + (S6b-9)i = (2b-a) + (za +6):

Nowo we egunaty the weed ond mogincy  pods.

Real: Sa =2 - =7 \
TMUQMO{/)'— 6L -S = 7Zua ¢ \ Solve for
S(_)~372-0\+ ’amdk

l0a =5 [

- 1 - 2
A= 37 So b=73

T

.

lene % =% #31 < urik i reaired o
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In this question you must show detailed reasoning.

The equation z° +2z* + kz+3 = 0, where k is a constant, has roots «, é and S.

Determine the roots in exact form. [6]

wWe con find Tt oot by condidering = o oad

s wpy

Using £« = -—f,i\- LSUM of r\ocm)
TNt e r po= -2
oL+ A 3= -2
PO N BV R R

Wiy =Ry = —%

DCK—J—XJ@ +

g =-3

Substituli ng into @,‘ o5 +x (D +2¢ +1 =0

x? - +\ = O

o — |+ \((_g)l-c/x/y(

2 x|

IF o =5+ %,
i
2 2

) _L} Che K our ot ore
(F o = \\

MWoS %, a8,

IR R
2 2 2!

Henee the vook oux -3 7+ 85
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An Argand diagram is shown below. The circle has centre at the point representing 1 +3i, and the
half line intersects the circle at the origin and at the point representing 4 + 4.

Im
o halF-lire
e
\esy ¥aon of
to
4+ 4i
J+3i
less Haen O
g to
0 »Re

State the two conditions that define the set of complex numbers represented by points in the

shaded segment, including its boundaries. [5]

cirele : Yadius = Stong betweea 1 +3 ond Y+ U,

= Jlu-1y* + (us® = {io

hene |2 -0+3) 2o

[2 -1 -3 2 (io

half ~lin¢: ongle = orcton (4) = ontwm | = T

henwe oy (2) ¢ §

6 (a) Using standard summation formulae, show that Zr(r+ 2)= %n(n +1)(2n+7).

r=1

[4]

Filvtt we expond ovt e expression We ore Summing,

S r(vr2) = S 2 420

=1 3
= L |

\r=1{

Foom e Lomula book e U = r? - %n(Ml)L?nH)

o reco  Hhot ﬁf = Lnln+), g

= () (2nr) -l—‘;(%ﬂ(n%-l))

1l

() @ns) £ n (na)

'l

D ﬂn +) + €

-‘Qn (m\)—(’z\r\ FT) oo tequired

1
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(b) Use induction to prove the result in part (a).

[6]
Step one : bose Cose

Wherne nu=1, gf(ml) = ((1+2) =3
= flre2) = O (1 +0 (2 +7)
= £x2x9 =3 . drve forn=l.

Hep two @ assumplion
Asume, e for n=k So

Sk theee ! induckue shep
LSing, the ASSLmed result for =Y

%r(r+ﬂ = v (un) (wriaz) N

o = + (ur)) (U +3)
= —é (w+1) | KK +7) + G (U+7) , Foctor ond
= L wr(2u* + 76+ 6UrIR) / Sty

= £ () (2 4 134 +18)
= f(ur)(ax +9)(n +2)
= £ WD)+ (2 +) +7)

JoAtue For ns U+t

Slep fouc: conclusion

\f e eSOl 15 tve for n=U iF 1S brue

for n=W®3) S i+ iy brve for n=1

Wi tewe for al Pos{%\‘vm i/\i-egw\
Votset  0fF .
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argument %ﬂ The point B represents l.

(a) Sketch an Argand diagram showing the origin O and the points A and B

On an Argand diagram, the point A represents the complex number z with modulus 2 and

2]
So 2 = 2((03%\-—4' iSin—’}) = | + {3
_L—: I Kl—ﬁ‘.:._'._E~ }gﬁd%mdé
0+ @ =& 4 g
Im
it A fe suwe to
% C. lobed AX es
ond  polats.
(]
'. Re
w
N\

(b) The point C is such that OACB is a parallelogram. C represents the complex number w
Determine each of the following.

* The modulus of w, giving your answer in exact form.

» The argument of w, giving your answer correct to 3 significant figures

[71

We con Show C on the  diageom  ia pock

S 68 = OA + AC

0\).

N\ Hede  HJo  enxpregsioas
W = 2 + _'q; J o egmvodent
— l"\‘ﬁi + _llf —%—l'
- S 37
= 9 + -LTI

hene [l = \|(8)%+ (2]

oL = orton ?‘Z{:’ = ostov 32
= 0 804§ ...
= 0- 05
So  modulus of W IS ‘ﬁ—z ond  Oumest OF LI 1S 0805 voud

(answer space continued on next page)
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7(b)

(continued)
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0 2cosO—sind
8 A transformation T of the plane has matrix M, where M = C(.)S C.OS - .
sin@ 2sin6+cosO

(a) Show that T leaves areas unchanged for all values of 6.

Ficst we find  dutM

det M = coso (2sing + cose)

— Sine (2056 -§in0)

1L Sine (088 #0826 - 28inG ol + Srnl@

Sin*6 +cos?e

= J using AS Tngonometw

Henlo  Sine. ottt M =1 T presevel ohea.

(b) Find the value of 6, where 0 < 6 < %7[, for which the y-axis is an invariant line of T.

[4] |

e we sk up M(§) = ()

O

[cose 2cose —sine \[©) _ [©)

(sme 28ine +cose/k lj/ - \9'/

(Leose - Sine) y =0

So 20056 -S$in® =0 fur Uus to be Lruve

17 - ten® =0

6 = oaten 2 = [107)... = (-1l rad

© OCR 2022
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) 12
The matrix N is [0 1].

(¢) (i) Find MN". 2]

Figt find N~

det N =t —2(0) =1

NI R W
e ) o 1)

Now £iad produtt  MNT.

ML=
'rN

[cose 2cose - sine\[1 -2
"~ \sine 23:a&+cosg)\o y

/ COos& - 72wse 4+ 2Cose =§ing \_ oS & —gine\

—

/
kSi(\O’ -25n8  + Z2sine ;cos@j_ ksme CDS(})

(ii) Hence describe fully a sequence of two transformations of the plane that is equivalent
to T. [4] |

MN™ is o qjene/cd mptation Mmakix of ©&° AW akewt O.

So IF MN-' =

MN-'N = N

M = N

bate T i1s oo N +hen €.

So T s @D Sheawr, x-0xI Fixed Wikh

(0, ) maped B (2,1

@ rotation bq Q° ati-clockuise abouwt

the Oric\’ia .
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) must
be clearly shown in the margin(s).
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