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1(a)

1(b)

1(c)

G

↳ y-axis

Av

8 =

3 sm = )g gX

G

m = (i) i) = )di)( = =

G

Since M2 is the identity matix two reflections

is the equivalent of the identity transformation.
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2A

First we simplify using [x" = (2012-2 Eap
-

+= asi

Now we find Ea and EXP

2x = - - = -

)
= k

2xB = a = 2 = 2k

And sob these values into our expression.

so + B =
(4)2 - 2(2k)=2k

= k - 2
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3A

First find f(x) and use factor theorem

f (z) = 2(z)" - (z( + 16(z) - is

= - - + 24 - 15

= 0 .. by factor theorem
,

as f(z) = 0,
(z-E) is a factor of F(z) .

=> (2z- 3) is a factor
.

Now factorise f(z) using the fact that

(2z -3) is a factor.

zz - 2z + S

2z - 3223 -78 + 162 - 15

- (2z3 - 372)
- 4z2 + 167 - IS -> Long Division

107 - IS I- ( - 4z2 + Gz)

- Ll0z-is)
⑧

Solve for Z
.

So f(z) = (2z - 3)(z2 - 2z + 5) = 0

z = E
, z =

2. E-US

2x/

=↳
= 1 + 2i

hence roots of f(z) = 0 are

, 1 + 2i
,

1-2i
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4

a =

b =

A

As stated in the Question
,
first we find &Car + 6)

ar+=
= a(zn(n +y) + 6(n)

= jan2 + Zan + In

= [anz + (2a + b)n

So we can write that an + (Ea + b)n = n2

[a = 1 =) a = 2

= (2) + 6 = 0

6 = - 1

hence a = 2
,

6 = -1

wa

Ne
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5

O 1

Im

Re

z

A

iz

· It z

I
Z

· z

this is the complex conjugate ,
so is a reflection of

Z in the Re Axis.

the new modulus is the reciprocal of the modulus of z.

this is a horizontal translation of 1 unit to the

right.

this is a rotation of z anticlockwise by 800

about the origin.
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6(a)

M M M2 43= = =

6(b)

6(c)

G

m = (b)(2) = (2
m = (2) =(
# ·

A

mr = (n+M lusing the results in e

A - we can ONLY do this by induction .

Step one : base case

when n = 1, 2/

↑ IM = I - 10

m = - i ) =(i
S

. true for n =

step two : assumption

Assume true for n = k
,

so
m =(

Step three : inductive step

Using the assumed result for m = K
,

Mk+ 1
= MY M

=(d=
= ItKites

Step four : conclusion

If the result is true for n = K
,

it is true

for n = K + 1
.
Since it is true for n = 1

,

it is true for all positive integer
values of n.
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7(a)

a =

b =

7(b)(i)

7(b)(ii)

7(b)(iii)

G

Expand using a binomial expansion .

(5 + i)s = (v)s + S(
, x(5)"x(i)) + S(zx(5) +(i)

+ S(yx(5)x(i)3 + S(yx(v) + (i) Y

+ (i)S
= 95 + 45 -305-30i + So + i

= - 165 + 16i

- 165

16

G

First we find the modulus and argument of z.

(2) = + (2 = 2 (using 121 = 2

angz = arctan = lusing argz = acton

Now write in r(20s0 + isino form

rece z = 2 (cos + isin E
A

Using argZizz = org E ,
+ org Z2,

org Es
=

orgz + argz +
.. ..

+ org z

Sit
org zs = Sargz =) agz5 = 5

So z' = 25 (Cos + isin S
zs = 32(20s + isin S

G

Now we just expand outiif

CosS =- and Sir =
hence z5 = 32 (- + ) = -165 + 16 ; as before
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8(a)

8(b)

A

In matix form
, I-

- 4

determinant coefficientUsing the calculator ,

the of the

matrix is zero. Hence it is singular ,

so has no inverse

and hence the planes do not meet at a single meet.

R

First we need to reduce the system to a system
in terms of two unknowns .

plane ① + plane ② : 2x + y + 3z + 3x - y - zE = 3 + 2

S + z =S
3 x plane ② + place : (x - by - Gz - 4x + 3y + 7z = 6 + k

Sx + z = 6 + k6

For the planes to form a sheaf
,
① and

must be consistent
,

so 3 = 6 + k

=) k = - 1



10

© OCR 2023

9R

First we need to set-up M (i) = (
k + 1I= (
x(k + y - y = x

x + ky = y

Invariant lines through the origin has the form y = MX
.

-

so (e , moc) is mapped ↳ (a
,
may

so substituting in y = Mas and y = mx,
x(k + 1) - mx =x
x + Mkx = Mao

Substituting① into ⑧,
x + Mkx = m(kx + x - mx)
x + MKc2 = Mkx + Mx -M2x

M2x - mx + x = 0

x(m2 - m + 1) = 0

So now we need to consider the nature of

m2 - m + 1 = 0. If it has no real roots,
no invariant lives through the origin exist.
discriminant = ( - y =

- 4x1x/

=

- 3

Hence as the discriminant is less than zero it
I

has no real roofs. So M has no invariant

lines through the origin .
as required
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10R

First we use the angle between the planes.

Recall that
COSO = 9-

Since the angle between the planes is 45 the angle
/

between the normals to the places is 45%.

Hence
COS 45

°

=

2(D + a(q) - 1)- y
N+ a +12+ 12

E =) cross multiply

25Fat = 6) divide by 2 and square

S + a = p

az = 4 =7 a = = z

Since a is positive
,

a = 2.

Recall that the cartesian form of a plane
is given by 1.n = @ - A

= H . E
2x + zy - z = 6 - z - 1

2x + 2y - z =3 this is the required
Cartesian form of a

plane
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