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T

G 1  Using standard summation formulae, find Z:(r2 ~3p), giving your answer in fully factorised form. |
= 3]
S P3¢ = =r* -3=v using Sar?rbr= ase?

+bS

ln the Fomvla bool

ond  reco

So

1

-3

)

"

_

%r\(n +) ('Lrw 0 —\9-

= g0 () (2 -8)

1

= Z Foctorise folly

N GHIGED)!

2

The equation 3x® —4x+2 = 0 has roots  and S.

Find an equation with integer coefficients whose roots are 3 —2a and 3 —2.

131

So we wat on equation in tems of =, that haus

ot 2 -2« $-24 So

Zz2 =3-2x

Now Sub Gms inf 00 egmation

Ya\ 2 o S'_/‘\Ol)’)q/)

L
&

3(' '\l_q( ) + 2
3(3-9°-33-%) 8 = 0

3[9-62 +2%) —24 +82 + 8 =0

in’reﬁ er Coefto et

327-182 +27 + %2 —l6=0

32 -0z + 11 =0

© OCR 2021



Three planes have the following equations.

2x—3y+ z=-3, o
x—4y+2z=1,
—3x—2y+3z = 14. o
(a) (i) Write the system of equations in matrix form. [1] o
[2 -3 V) [
Y T
\ 3 -2 1)\ = Ly
(i) Hence find the point of intersection of the planes. [2]
Here we need +o mMultiply both sides by the
nverse of the CcoefRcient mMmabix. N
(we Find tUms uSMcj e Ca/\colcutor)
[\ e a\[) [0
xm) [ 9]=3]9 -5 3| |=]2]
\t)  \woews s/l \S)
hene point of intentechicn = (", Z, 6)
(b) In this question you must show detailed reasoning.

Find the acute angle between the planes 2x—3y+z=—3 and x—4y+2z = 1. [4]
Recodl that He mgle betwan fwo vevtar iy given
by Cole = a-2° .

E
So we con find bhe cngle botwen the normod
e the plomnes.
P 2() -304) +1(z) _ 16 _ 3@
V22 #3422+ y* 322 A3 |
So & = orccos 8%5\—) = 201-070... = 211°

We odso Unow that the ongle betwes. the normoeds

1S eqgnol ty Ut ongle befwen He plores.

So the ongle betlieen Hhe plownes s 2. |°

© OCR 2021 Turn over




A 4  Anika thinks that, for two square matrices A and B, the inverse of AB is A"'B™". Her attempted

proof of this is as follows.

(AB)(A"'B ) =ABA HB!
=AA"'B)B!
= (AA")(BB™)
=1IxI

=1
Hence (AB) ' = A"'B”!

(a) Explain the error in Anika’s working.

2]

Between line 1 cad 2, AniUa Suggesh Ha ok
BA' = AR, Tlhs s

MU [Fiplicodion (s

not correct oS Mokrix
Not Cormutave .

(b) State the correct inverse of the matrix AB and amend Anika’s working to prove this. [3]
SO the correct statpment 1S (AR)T = BT'AT (W)
bo pove  tlus

(A8) (B A7) (this =

) =T 6 (%) 15
= A (83:‘) A {:\ruQ
= A (,I)A’“ remember MM = T
= AA"
= I

© OCR 2021
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A | n

5 Prove by induction that er 2""' =1+ (n—1)2" for all positive integers n. [5]-
r=1

Step one : base Cose

= [X'zl-'=]§<2° =

Wheno no=1 > rx2™

L+ (1-02' = 1xox2z2 = |

.. Hve Forn=1.

Slep two : assumplion
Asume, tepe for n=k So

Shp three: induckve sep
LSinay, e assume d resuly for

rL—:L(I

v (ur) x MV

+ (u+\)1“
=1 ¥ 2% IA—|+M+\\
Ty 2ux 2¢ )
=1+ Kx2"

oy ((uu) - A+

Jotrue for nsU +).

Slep fouc: conclusion
It e vesolt s tve for n=U iF (S Brue
for n= WU\ She ¢ is brve for n=1

8 beve for aMl posihve integer
Vot  0of . =

© OCR 2021
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6 A transformation T of the plane has associated matrix M =
constant.

(@)

1 A+1
A-1 -1

, where A is a non-zero

(i) Show that T reverses orientation. [3]

First ler Findk  cheb M.
detm= 1 (-0 - (A +) (x -\
= =1 - (A% -
= _?\,Z )
Orientotaon § revesed @ deb M< 0,
Sinte 20 A*>0. So deLt M<o fur oM
A >0 ond hnce  omentotion i ey § RVersed.

(ii) State, in terms of A, the area scale factor of T. (1]

The MNAYaituwle of dek M represents fre area  §eole
factor o T,
So oston Scoke fagtor of T i3 AT

(b) @

Show that M> —2°1 = 0. [2]

By finding M* we con show Hur b be Crue.

a2 / 3 ’AH\{ A 4-!\ {(_xw)(a- ) + | w\—(ml)\
= \X—\ —\ }k,\—l - \’\ l—(’a 0 (}»H)(_X-l)-%l}
/ \ T
Lo

’f}““

X
MZ —AF T =0 & reguired regott

(i) Hence specify the transformation equivalent to two applications of T. [1]

Two oapplicabions of M s m* So sine M* =X T
te  Crons fomation e presentd by Hlo Wabrix A* T
s the  onswer

So W%ﬂ"\ﬁﬂ* abowb the 0(‘1'31?\ Scake factor \*

© OCR 2021
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(¢) In the case where A =1, T is equivalent to a transformation S followed by a reflection in the
X-axis.

(i) Determine the matrix associated with S. [3] -
When 2=t [ 1 1)

o -

/—\\So, A reflection \n He >c-owr (d 1

. /\ o\ o | AN
e

Romember Hrakt 16 T i3 A dtlea © then T

, -~ GA.
So /I O\ 0 _;/ ! 2\
ARG
ot per s = L[ =t O U2\ _ [ )
-'\ o (\o~-1) (o)
= (L, 2)"
) A\
raw asocod makrix Wi S s | L 7]
= 1Y
(ii) Hence describe the transformation S. [2]

Since (1, 0) is iavarioat ond (0 1) teps b (2,1)
S s a shear. '
So  Erngformation § 13 o shear

X -oxis fxed '

RIE(N (O( 1) mop pinay [V} (Z‘ \)

© OCR 2021 Turn over
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7 (a) (i) Find the modulus and argument of z, , where z, = 1 +1i. [2]

|20 = (12« = = (2 (vsing 2= favee)

OW(\))(%‘) = Ortton (;'-) = Owton | = IJV (ys;nS a2 =orton g )

Twe do not need h adjost

s as 2 15 n He

1Y Quadront .

modulus = \]_:):

argument = 7(:{-*‘:

(i) Given that ‘zz‘ =2 and arg(z,) = %ﬂ, express z, in a+ bi form, where a and b are exact
real numbers. [2]

We con wn T, in Mod’% Forrf\l V‘[COS@ +is\'ng)

ond  comnvert tmS into o o + b form.

22 =2 (Cos T 4+ isin )

=7_(g+i><3'j)

= 32 + i

hente 22 = 03 + 1

(b) Using these results, find the exact value of sin%ﬂ, giving the answer in the form 72

where m, n and p are integers. [5]

Vvm++vn

We cen Consider 222 N boH A ibi and

MOd - oy form.

23, = (L + )@ +i) = 3 41 +iJ3 +17% pusw i

= (1 +¥7) 4+ (v F R

Mo 2,221 = (201221 ond o 222 = 02, tom2,

So 2%l =12k, = ¥z x2 =27

W‘ﬂ L%t%l) tO{'{)%I towm2, = Iqr‘*-%:—(%"

=7 2,22 = 2y (Cos T +isin 5W)

Seling  Chede egmal te each oen

1ot T + 203 ising @ = ((145) + (14 F);
Egrating the imaginom Pok  2¥2 Sinw T = \ +F
- S\/\ T{_“ = + (rﬂ"lm.lll'\“ﬁg
tihe

winator

Sin lL’LW = ﬁt"r deno

© OCR 2021
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8

In this question you must show detailed reasoning.

The equation x° + kx> +15x—25 = 0 has roots , 8 and %. Given that > 0, find, in any order,

the roots of the equation,

the value of £. [7]

Fick we con considy S xp od Sepy by Rad

oL ond B ond thws the oot

Uiy S wp = % (produck of Hwo roots)

wp v w(F) - plE) =
LRt —f?-'l“OLZIS .
x? + xR + :Is,g‘lxp[x)

\)31(\0\ Z KRy =— —4d (Pmdu# of o)

MXﬂX%:—C—Z—Z
> =2

o/ =

S
+ S Sinte >0, K=G

sobbing inte (W) 6T + S8+ 58 =15P
SR> —10F + 25 =0

B* =28 + S =

7+ |(-2-uxIxS

’@ -
2 ()
= 1 &2
' M,—. S “"Z‘ — .
Jo W B=1+2 ®°© (r \-z:’ = 1-2.
— | _9. < _ S L+20 _ .
B =1-U gz "G~ | +2

henw ot ae S I+ 2! | -2,

Wwe Brd K US\‘r\Uv\ S «

Syr1i+7 ¥ 1-72

=7 W=7 =7 K=-7

Turn over
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9 (a) On asingle Argand diagram, sketch the loci defined by

e arg(z—2)= %7[,
. 0‘”6(% -7,) :%‘W
o lzl=lz+2-il. T |2l= |2 +2 -i] [4]

s ;s/v e sienhally the
eeordicuer  bisector of
(0,0) ot (-2, 0).

I+ is the lOci oOf

numbers 2 where e

dustone of 2 frwm (o o)

e T He distmee or
2 Faw (=2,)V),

—:2 2 Q’ ¢

A
this is a haf -line,
Storting at (2,0), ond
Naking on Onyle of &m
Wit the  +ve o¢ - owxis,

-2 4+ LN}

Al

(b) In this question you must show detailed reasoning.

The point of intersection of the two loci in part (a) represents the complex number w.

Find w, giving your answer in exact form.

5]

Here e npeed o Rnd cortedion eguations foc both

locd o~ Solve Phem Simul¥onepusly to fad intersection.

arg(% —2) = 3—1}: RINRIEIN M= -1 poSsing Hvovgin LZ( 0)

Yy-0 = -1(x-2)

q;—x*-a..

14

[21= |2+2 =t\:  pop bigecror 0F (0,0) md (-2, 1)

Mi=-2 SO ML =72 (V"\f&

) Ax
M.‘dpoini" = (_\/ =)

2

S0y -5 =2 (¢ +))

(ﬂ=’2_90+iz

(answer space continued on next page)
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9(b) | (continued)

SO\\IW\(\ these  Simu \+0r\e,owtg ,

7nx %_:—Dc, + 2

3> = -

2 = —

o pl-

omd Y= ~(-¢) v = 2

henw W= - ¢+ &i

© OCR 2021
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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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