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n n
Use the standard results for 2 r and 2 r? to show that, for all positive integers #,
r=1 r=1

n
2‘(6r2 +2r+1) = n(2n* + 4n + 3).

r=1

The matrices A and I are given by A = ( i %) and I = ( (1) (1)> respectively.

(i) Find A? and verify that A2 = 4A - L.

(ii) Hence, or otherwise, show that A™! =4I - A.

[6]

[4]
[2]

The complex numbers 2 + 3i and 4 — i are denoted by z and w respectively. Express each of the

following in the form x + iy, showing clearly how you obtain your answers.
) z+ 5w,

(ii) z*w, where z* is the complex conjugate of z,
p g

(iii) 1—
w
Use an algebraic method to find the square roots of the complex number 21 — 20i.

(i) Show that
r+1_ ro_ 1
r+2 r+1 (r+1)(r+2)

(ii) Hence find an expression, in terms of n, for

LI I 1
6 12 20 7 (n+1)(n+2)

o0
1
(iii) Hence write down the value of Zl m
r=
The loci C, and C, are given by
|z -2i|=2 and lz+1]=|z +i
respectively.

(i) Sketch, on a single Argand diagram, the loci C| and C,.

[2]
(3]

[2]

[6]

[2]

[4]

[}

[5]

(ii) Hence write down the complex numbers represented by the points of intersection of C, and C,.
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a 1 3
ThematrixBisgivenbsz(Z 1 —1).

0 1 2
(i) Given that B is singular, show that a = —%. 3]
(ii) Given instead that B is non-singular, find the inverse matrix B L (4]

(iii) Hence, or otherwise, solve the equations

-x+y+3z=1,
2x+y- z=4,
y+2z=-1. (3]

(a) The quadratic equation x* = 2x + 4 = 0 has roots o and B.

(i) Write down the values of o + 8 and af. [2}
(i) Show that o + B2 = —4. (2]
(iif) Hence find a quadratic equation which has roots a? and ﬁz. [3]

(b) The cubic equation x° — 12x% + ax — 48 = 0 has roots p, 2p and 3p.

(i) Find the value of p. (2]
(ii) Hence find the value of a. 2]
(i) Write down the matrix C which represents a stretch, scale factor 2, in the x-direction. [2]

(ii) The matrix D is given by D = ( (1)

by D. 2]

:13 ) Describe fully the geometrical transformation represented

(iii) The matrix M represents the combined effect of the transformation represented by C followed
by the transformation represented by D. Show that

2 3
M=(5 1) 2]
n n_
(iv) Prove by induction that M" = (20 3(2 1 n ), for all positive integers n. [6]
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63K +25r + T 1 Ml Consider the sum of three separate terms
2
6Zr = n(n + 1)(2n + 1) Al Correct formula stated
282r=n(n+ 1) Al Correct formula stated
X1l=n Al Correct term seen
n(2n2 + 4n + 3) . . )
MI 6 | Correct algebraic processes including
factorisation and simplification
Al 6 | Obtain given answer correctly
(i) A= [ 38 ) Mi Attempt to find A% 2 elements correct
411 Al All elements correct
4A = 4 8 M1 Use correct matrix 4A
412
4
A’ =4A - .
I Al Obtain given answer correctly
(i)
r M1 Multiply answer to (i) by A or obtain A or
A" =4L-A 2 | factorise A* — 4A
Al Obtain given answer correctly
6
(i) 22-2i BIB1 | 2 | Correct real and imaginary parts
(i) z*=2-3i Bl Correct conjugate seen or implied
5-14i BIBI | 3 | Correct real and imaginary parts
(i) 4 1. MI Attempt to use w*
" ; + El Al 2 | Obtain correct answer in any form
7
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4725 Mark Scheme June 2005
M1 AttEmpzt to equate real and imaginary parts of
¥ ¥ o (x + iy)? and 21 —20i
¥ -y =21 ard xy = - 10 A1A1 Obtain each result
M1 Eliminate to obtain a quadratic in x* ar y*
M1 Solve to obtain x = (+) 5 or y = (+) 2
X5 - 2i)
A 6 | Obtain correct answers as complex numbers
&
0 r + 1}3 — nr+2) M1 Show correct process for subtracting fractions
(r+2)r+1)
1
L Al btain gi
r+ 1)+ 2) 2 | Obtain given answer comectly
(i) EITHER
2 1,3 2 n+1 n M1 Express terms as differences using (i)
32 4 3 n+2 n+l Ad At least first two and last term comect
a1 1 M1 Show or imply that pairs of terms cancel
n+2 - 2 Al 4 | Obtain comrect answer in any form
i M2 Statethat 3" u = fln + 1) - A1)
F=1
£t Each term correct
(iii) & B1 1 Cibtain value from their sum to a terms
7
6. | (i) Circle B1 Sketch(s) showing correct features, each mark
Centre {0, 2) B1 independent
Radius 2 B1
Straight line B1
Through origin with positive slope E1 5
(i) 0orQ +0i and 2 + 2i BiftB1f | 2 | Obtain intersections as complex numbers
t
¥
(i) detB=0
a(2+1)-2(2-3)=0 -1 1 3})(x 1
3a=-2 @G| 2 1 -1jyl=
a=-2. 0 1 2)\z -1
(ii) detB =3a+2 S
i) detB =3a+ .
Witha=-1,B"'=| 4 2 -5
3 -4 2 > 1 3
matrix of cofactors:| 1 2a  -a I
-4 a+ -2
a+tb a X\ (-3 -1 4)(1) (-11
SO =14 2 5| 4|=17
[ y 2 -1 3)(-1) (-9
Z — — — —
) B’lz3 5 -4 2a a+6
a_
2 -a a-2




D agtrf=2 af-4 BiE1 |2 | Values skted
fii] EITHER . , ;
u'-iﬂ.z:—d E,: 3 Use o’ + i = (e + BY — 2af
Obtain given answer comeclly
Al Find nurreric values of roets, square and add
(i} Qbdain given answer comectly
¥ b dr + 16 =10 B State ar use o i’ = 16
Or use substitution u = x*
M1 Write down a quadratic equation of correct
form or rearrange and square
Al 3 : s
(b) () p=2 Obtain ¥ t4x +16=10
M1 Use sum or product of roots to obtain 6p =12
Or 6p’ =48
(i) a=44 A1 2 |Obtainp=2
M1 Attempt to find T numerically or in terms
of p or subslitute their 2, 4 or 6 in equation
Alft 2 | Obtain 11p°
11
0 70 B1B1 2 | Each column correct
i 2
(o1)
(i) Shear, eg. (0,1) transforms to (3,1) B1B1 2 | One example or sensible explanation
@y m= [ 23 M1 Attempt 1o find DC (not CD )
01 Al 2 | Obtain given answer
(i) B1 Explicit check forn=1orn=2
= [1*3(2'- I}} M1 Induction hypothesis that result is true for M"
. ’ M1 Attempt to multiply MM" or vice versa
ot Ty S | A1 Element 3(2**' ~1) derived correctly
= 0 | Al All other elements cormect
A1 6 | Explicit statement of induction conclusion
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