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2
Section A (36 marks)
1 (i) Write down the matrix for a rotation of 90° anticlockwise about the origin. [1]
(i) Write down the matrix for a reflection in the line y = x. [1]

(iii) Find the matrix for the composite transformation of rotation of 90° anticlockwise about the
origin, followed by a reflection in the line y = x. [2]

(iv) What single transformation is equivalent to this composite transformation? [1]

2 Youare giventhatz =3 -2jand w = -4 +].

+
(i) Express 27 W in the form a + bj. [3]
(i) Express w in modulus-argument form. [3]
(iif) Show w on an Argand diagram, indicating its modulus and argument. [2]

3 The equation x* + px* + gx + 3 = 0 has roots o, B and 7, where
a+P+y=4
o>+ B*+y*=6.

Find p and gq. [S]

5
4 Solve the inequality ——— < x. (6]
x“+4

20

1 1 1
= - find

Gr-1)(3r+2) 3r—1 3rt+2° " 21(3r—1)(3r+2)

exact fraction. [5]

S  Given that , giving your answer as an

3

6 Prove byinductionthat 1 +8+27+ ... +n° = %nz(n +1)2, [7]
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Section B (36 marks)

3x-8
7 A curve has equation y = M

x> —4
(i) Write down the coordinates of the points where the curve crosses the axes. [3]
(ii) Write down the equations of the three asymptotes. [3]

(iii) Determine whether the curve approaches the horizontal asymptote from above or below for
(A) large positive values of x,

(B) large negative values of x. [3]

(iv) Sketch the curve. [3]

8 A polynomial P(z) has real coefficients. Two of the roots of P(z) = 0 are 2 — j and —1 + 2j.
(i) Explain why P(z) cannot be a cubic. [1]
You are given that P(z) is a quartic.

(ii) Write down the other roots of P(z) = 0 and hence find P(z) in the form z* + az® + bz* + cz + d.

[8]

(iii) Show the roots of P(z) = 0 on an Argand diagram and give, in terms of z, the equation of the
circle they lie on. [2]

9  The simultaneous equations
2x- y=1
3x+ky=>b

are represented by the matrix equation M(i) = (;)

(i) Write down the matrix M. [2]
(ii) State the value of k for which M~! does not exist and find M~! in terms of kX when M! exists.

Use M™! to solve the simultaneous equations when k = 5 and b = 21. [7]

(iii) What can you say about the solutions of the equations when k = —%? [1]

(iv) The two equations can be interpreted as representing two lines in the x-y plane. Describe the
relationship between these two lines
(A) whenk=5and b =21,

(B) whenk = —% and b =1,

(C) whenk = —% and b = % [3]
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Section A (36 marks)
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Section B (36 marks)

7 (i)
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7 (iv)

© OCR 2011 Turn over




12

8 (i)

8 (ii)
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8 (ii)
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8 (iii)
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9 (i)

9 (ii)
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9 (iii

9 (iv)
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4755 Mark Scheme June 2011
Qu | Answer | Mark | Comment
Section A
0 -1
1(i) 1 0 B1 Accept expressions in sin and cos
1Gi) | (0 1 B1
10
1Gii) | (0 1)(0 -1)_(1 0 M1 | Ans (ii) x Ans (i) attempt evaluation
1 0O)\1 O 0 -1 Alft
1(iv) | Reflection in the x axis Bl
[5]
zZ+w -1-j —4-j
2(i) W = 4+ x Wy M1 | Multiply top and bottom by -4 -
_3+5)_3 5. Al | Denominator = 17
17 17 17 J Al | Correct numerators
[3]
argw =7 — arctanl =2.90 B1 | Notdegrees
4
w = /17 (c0s2.90 + jsin 2.90) B1 | c.a.0. Accept (\/ﬁ 2.90)
3 Accept 166 degrees
2(iii) LI [3]
A= =k +] i
J:'::l:::a-__ i e B B1 Correct position
Fef o J Bl Mod w and Arg w correctly shown
i ; 'h.-.:_“":‘“". ==
= - [2]
3 a+pf+y=4=—-p M1 May be implied
p=-4 Al
2
(a+B+y) =a*+p+y* +2(af+ay+ ) M1 | Attemptto use (a+ S +7)
=16=6+2q A1 | 0. Correct
=Qq=5 Al | c.a.0.
[5]




4755 Mark Scheme June 2011
4 5x
2, <X M1* | Method attempted towards
X +4 .. . ..
. factorisation to find critical values
= 5Xx < X +4X
=0<x’—xX Al | x=0
= 0<x(x+1)(x-1) Al [x=1,x=-1
M1ldep* | Valid method leading to required
=Xx>1 -1<x<0 intervals, graphical or algebraic
Al | x>1
Al | _1<x<0
[6]
SC B2 No valid working seen
x>1
-1<x<0
5 i 1 12 [ 1 1 }
. (3r—1)(3r+2) T34 3r-1 3re2 M1 ﬁ;ﬁ?;ﬂt to use identity — may be
1 H 1 1) (1 1) ( 1 1 ﬂ Al | Correct use of 1/3 seen
=—||l=—=|+| == |+t ———
8L\2 5 > 8 9 62 Al | Terms in full (at least first and last)
zl(l_ij _° M1 | Attempt at cancelling
3\2 62/ 3l Al c.a.o0.

[5]
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6 1
Whenn =1, an(n+1)2:1, B1
so true forn=1
Akssume true forn =k E1 | Assume true for k
1
D=2k (k+1)°
=) 4
K+1
= zr" - lkz (k +1)2 +(k +1)3 M1 | Add (k +1)th term to both sides
S5 4

1 2., 1 2
:Z(k +1)7[K* +4(k +1)] M1 | Factor of Z(k +1)

1 200,
=Z(k +1)" [k + 4k + 4]

1 2 2 . TP
= Z(k +1)" (k +2) Al | c.a.0. with correct simplification

1 2 2
:Z(k +1)"((k+1)+1)
But this is the given result with k + 1 replacing i
k. Therefore if it is true for k it is true for k + 1. g1 | Dependenton Al and previous E1
Sinceitistrue forn=1,itistrueforn=1,2,3 El Dependent on B1 and previous E1
and so true for all positive integers. and correct presentation

[7]

Section A Total: 36
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June 2011
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Section B
7(i) | (0,18) B1
(-9, 0), (g, oj B1
3 Bl
[3]
.. Bl
7(ii X=2,x=-2andy=3
(ii) y B1
B1
[3]
7(iii) | Large positive x, y — 3" from above Bl
Large negative X, y — 3~ from below Bl
(e.g. consider x =100, or convincing algebraic M1 | Must show evidence of working
argument) [3]
7(v) 3
1 - 1
B1 3 branches correct
B1 Asymptotes correct and labelled
B1 Intercepts correct and labelled
[3]
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8(i) | Because a cubic can only have a maximum of
two complex roots, which must form a conjugate El
pair. [1]
8(ii)
2+, -1-2]j B1
B1
P@) = (2-(2- (- (2+ NG -(a+2))(2-(-1-2) | ML} Use of factor theorem
= ((Z - 2)2 +1)((Z +1)2 + 4) M1 | Attempt to multiply out factors
=(2°-42+5)(2* +22+5)
— 7427349272107+ 25 A4 | -1 for each incorrect coefficient
OR
a+f+y+o=2=>a=-2
af+ay+ad+Py+po+yo=2=hb=2
afy +afid +ays+ fy5=10=c=-10 M2 | M1 for attempt to use all 4 root
afyo=25=d=25 relationships. M2 for all correct
P(z) = 2" - 27° +22* 102 + 25 BL |a=-2 _
=P(2)=2 per et A3 | b, c,dcorrect -1 for each incorrect
-1 for P(2) not explicit, following A4
or B1A3
8(iii) [8]
L e
e 3 i | al
| 1)
1 b
el B = '*f_. B1 | All correct with annotation on axes
| o or labels
e "
4 14
x -l
=i :
|z|=+5 B1
[2]
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Qu | Answer | Mark | Comment
Section B (continued)
9(i) 2 -1 B2 | - 1each error
M=l3 [2]
9(ii) | M™ does not exist for 2k +3=0 M1 | May be implied
k=3 Al
2
a1 K1 B1 | Correctinverse
2k +3\-3 2
15 1)1 M1 | Attempt to pre-multiply by their
13{-3 2){21 inverse
Alft | Correct matrix multiplication
2
= Al c.a.o0.
3
—x=2y=3 Alft | At least one correct
[7]
9(iii) | There are no unique solutions B1
[1]
o(iv) (A) Lines intersect B1
(B) Lines parallel Bl
(C) Lines coincident Bl
[3]

Section B Total:

36

Total:

72
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Examiners’ Reports — June 2011

4755: Further Concepts for Advanced
Mathematics

General Comments

There were many scripts showing good understanding and ability. The majority of
candidates were well prepared, and most had sufficient time to cover all the questions.
There were some surprising lapses in elementary algebraic work, not confined to the
lower-scoring candidates. On the whole solutions were clearly written, if not always fully
logical. Diagrams were sometimes difficult to decipher. After scanning, alterations can
make the intention obscure. Pencil for diagrams is really essential, together with a quality
eraser, in case of mistakes.

Comments on Individual Questions
1 Generally this question was well done.

(i) A surprising number of candidates did not obtain the correct matrix for this
rotation. Several candidates had learned the general form for a rotation, and
wrote it in terms of sin 90 and cos 90, unsimplified, but usually correct. Some
errors in signs occurred.

(i)  This was usually correctly answered, but there were instances when the identity
matrix was given, which should have rung alarm bells in part (iii).

(i)  Follow through marking here allowed some recovery from earlier errors, but there
were many instances of matrices written in the wrong order.

(iv) It was not essential to answer this from the result of (iii), and possible to check
the previous result by thinking through the transformations. Some candidates
thought that the description was achieved by writing down the matrix again.

2 This question was also well answered by many.

(i) A good response. Nearly all candidates knew how to use the complex conjugate,
but some obtained 15 instead of 17 in the denominator.

(i)  The modulus of w was usually correct, but the argument was often found from
arctan 0.25 or arctan(-0.25) without adjustment. Several candidates gave their
argument in degrees, and some rounded it inappropriately. Not all candidates
wrote down the required form for w after finding these components.

(i)  The mark for placing w at (-4, 1) was often the only one scored here, and
sometimes this was lost through the lack of adequate annotation. It was not
uncommon for the argument to be wrongly shown, and sometimes two angles
were indicated, with the choice left for the examiner. A few diagrams showed the
locus arg(z — w) = arg w, and had nothing available with which to indicate the
modulus.

17
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3

Almost all scored two marks for p, although some gave the wrong sign. Most
candidates attempted (a+8+y)? in order to find q, but often with errors. A few
candidates assumed that the roots were 1, 1 and 2, which satisfied the two equations
given but did not fit with the constant term in the cubic.

This question was not well answered, except by a very few. Most candidates chose to

try to solve the equation =x, but errors were frequent, for example x*+ 4x + 5x

x> +4)
or x> + 4x — 5 instead of x> + 4x — 5x. The critical value of x = 0 was often lost because
of division by x. It was also common to see x? + 4 factorised to
(x - 2)(x + 2) and asymptotes drawn when a sketch was attempted. Even when the
correct critical values were found, many candidates could not follow a coherent method
to obtain the intervals required.

This question was well answered. The main mistake was to forget to multiply by 1/3.
Some multiplied by 3. Some candidates gave the sum of n terms without substituting
n =20. A small minority summed twenty fractions with their calculators which did not
demonstrate familiarity with the specification. A smaller minority thought that the
standard results for ¥r and ¥r* could be used in the denominator.

Many good, carefully worded answers were seen. Itis a shame when otherwise good

k Kk
work is spoiled by lack of attention to details, for example »'n* or > k*, or even the

r=1 r=1

statement that k®=1k?(k+1)’. There are still candidates who do not use the formal

“if...then...” statement in the concluding stages of the argument, and also those who do
not appreciate that answering the question requires rather more than a sketchy
indication of working.

Candidates who could not factorise the expression 1k?(k +1)*+(k +1)* and multiplied

out gained credit if they also showed that this matched the expansion of the target
expression, but some candidates lost marks by failing to show how the quartic they
obtained then factorised to the target, quoting the result without working.

Overall this question was well done.

(i)  When asked for co-ordinates, some candidates cannot bring themselves to write
down pairs of numbers in brackets.

(i)  Some candidates do not like to write down clearly three separate equations.

(iii)  Clear methods were usually shown, where working or a result of a calculation
was needed beyond a statement of extreme values for x. Some candidates
thought that “positive” or “negative” was enough to show how the curve
approached y=3.

(iv)  Many good carefully drawn sketches showed the salient features with full
annotation. However, some candidates believed that “correct” scales were
needed, which is not necessary. Through lack of space, in many cases this led
to the curves not showing clearly the approaches to the asymptotes nor the
precise values of x and y where the axes were crossed and the asymptotes
positioned. Some diagrams suffered from alterations which were difficult to
interpret.

18
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8

(i)

(ii)

(iif)

Most candidates had the right idea but many could not express it clearly. A full
explanation needed to refer to complex conjugates, more than just “pairs”. It was
also important to make some mention of the number of roots. Although it may
not have forfeited the mark, quite a lot of candidates believed that P(z), as yet
unspecified, would have only four roots, rather than a minimum of four roots.

Candidates who used the factors and expanded were usually more successful
than those who used the root relationships. Factors with incorrect signs were
seen in some scripts. In both methods, there were commonly mistakes in
multiplications, for example writing (2j)? as 2j? and then obtaining -2. When the
root relationships were used some candidates failed to use all six terms in > af.

Most candidates were able to show the positions of the four roots but a few gave
no indication of scale. Again, alterations were sometimes confusing. Not many
candidates were able to give the correct circle equation.

This question was well done by many but some candidates were probably running out
of time.

(ii)

(iif)

(iv)

Generally well answered.

Most candidates gave the correct value of k, a few failed to get the right sign.
Some candidates gave M using k = 5 instead of “in terms of k”. Most candidates
obtained the values of x and y through the correct method, with M in the right

place. A few lost marks through using another method.

A number of candidates wrote “no solution” or “can’t be solved”, without the other
possibility.

The first situation (A) was usually correctly described, but (B) and (C) were often

confused. A number of answers referred to equations instead of describing lines.
There were several instances of “no response”.
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