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1. The complex numbers z, and z, are given by
z=p+2iandz,=1-2i
where p is an integer.
(@ Find % in the form a + bi where a and b arereal. Give your answer in its simplest
form in terms of p.
(4)
Given that | 2| = 13
(b) find the possible values of p.
(4)
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Question Scheme Notes Marks
Number
1.(a) 4L _p+t 2i '1 +2i Multiplying top and bottom by Mi
z, 1-2i 1+2i conjugate
p+2pi+2i—4 At least 3 correct terms in the
= numerator, evidence that i* =-1 and | M1
5 denominator real.
Real + imaginary with i factored
p—4 2p+2 ou . .
= Accept single denominator with Al, Al
5 5 numerator in correct form.
Accept ‘a= ‘ and ‘b=".
4
2
®) z| (p-4 ? N 2p+2 ’ . Accept their answers to part (a). M
Z, R 5 Any erroneous i or i> award MO
2 2
-4 2p+2
p + p — 132 ,
5 5 7
. > —L =13 or |2{=13 dMm1
-4 2p+2 z z
or J[P2=2)| 422 ~13 ’ ’
5 5
2 2
-8p+16 4p° +8p+4
P =0P+10 2P P+ _ 169 or 13
25 25
5p* +20=4225
dM1:Attempt to solve their
quadratic in p, dependent on both
p’ =841= p=+429 previous Ms. dM1A1
Al:both 29 and -29
OR
| VA Finding moduli
I — . .2 Ml
|z | f Any erroneous i or 1° award M0
—V\/_ =13 oe Equating to 13 dM1
+4
p =169 or 13% oe
dM1:Attempt to solve their
P’ =841= p=+29 quadratic in p, dependent on both dMI1A1l
previous Ms
Al:both 29 and -29
“)
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2.

f(x):x3—i3 +2x-3, x>0
2X°

() Show that the equation f(x) = 0 hasaroot « in theinterval [1.1, 1.5].
2

(b) Findf'(x).
2

(c) Using x,= 1.1 as afirst approximation to «, apply the Newton-Raphson procedure
once to f(x) to find a second approximation to «, giving your answer to 3 decimal

places.
©)

Leave |
blank
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5 f(x)=x' ———+2x-3
2x2
Attempts to evaluate both f(1.1)
() f(1.1) = ~1.6359604, and f(1.5) and evaluates at least M1
f(1.5) = 2.0141723 one of them correctly to awrt (or
trunc.) 2 sf.
Both values correct to awrt (or
Sign change (and f(X)is continuous) therefore a | trunc.) 2 sf, sign change (or a
roof / ais between X = 1.1 and X = 1.5 statement which implies this e.g. Al
008 70.1s between A = 1. - -1.63..<0<2.014..) and
conclusion.
2
5 3 .on n-1
F(X)= X —2X * +2x-3 M1: x" — X" for at least one
2 term
(b) 5 MIAl
S (X0)=3% +—x 2 +2 Al:Correct derivative oe
4
2)
15 s Attempt to find £(1.1) . Accept
f(1.1) = 3(1.1)" + =(1.1) 2 + 2(=8. )
) (1.1 3( ) * 4 ( ) o ( 8 585) £(1.1) seen and their value. Ml
"—1.6359604" o
a, = 1.1- “igsgst Correct application of N-R Ml
a, = 1.291 cao Al
3)
Total 7
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3. Giventhat 2 and 1 —5i are roots of the equation
X+p+30x+q=0, pgeR

(&) write down the third root of the equation.

(b) Find the value of p and the value of q.

(c) Show the three roots of this equation on a single Argand diagram.

D

()

(2)

Leave |
blank
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3. X+ px* +30x+q =0
() 1+5i Bl
(@)
( 1+5| )( 1 5 )) X2 —2X+26 M1: 1. Attempt to expand or
2. Use sum and product of the
(b) ((x- 2)( (1 ))) X" —(3£50)x+2(1£50) complex roots. MIAl
Al: Correct expression
Uses their third factor with
(x2 —2X+ 26)(X —2) =X+ px* +30x+(q their quadratic with at least4 | M1
terms in the expansion
p=—4, Qq=-52 May be seen in cubic Al, Al
Substitute one complex root
OR f(1+51)=0 or f(1-51)=0 to achieve 2 equations in p M1
and /or q
q—24p-44=0 and 10p+40=0 Both equations correct oe Al
Solving for p and q Ml
p=—4, q=- May be seen in cubic Al, Al
©)
A
1+5i
S ] * B1: Conjugate pair correctly
positioned and labelled with | g1
1+5i, 1-51 or (1,5),(1,-5) or
axes labelled 1 and 5.
(©
0 | ¢ '
1 2
B1: The 2 correctly B1
positioned relative to
conjugate pair and labelled.
-5 — [
v 1-5i
()

Total 8
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4. (i) Given that
1 2
2-1 4
[ _1]and5:( )
1 31
4 5
(@ find AB.
(b) Explain why AB # BA.
(4)
(il) Given that
2k -2 .
C= ( 3 k)’ wherek isarea number
find C1, giving your answer in terms of k.
©)
\_ J
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2
2 -1 4
4 A= -1 , B=
: 1 3 1
5
M1: 3x3 matrix with a number or
L2 7 -1 4 4 5 6 numerical expression for each
() (a) 3 -1 ( j =5 -6 11 element MI1A2
4 5 31 13 11 21 A2:cao (-1 each error)
Only 1 error award A1A0Q
Allow any convincing argument.
1 2 E.g.s BA is a 2x2 matrix (so
(b) BA = 2 -1 4 3 1 15 25 AB # BA) or dimensionally BI
1 3 1 14 4 different. Attempt to evaluate
4 5 product not required.
NB ‘Not commutative’ only is BO
“)
(i) (det C =)2k xk -3x(-2) Correct attempt at determinant M1
1 k 2
y 1 k 2 Ml: ——
C'=— theirdetC| -3 2k MIA1
2k*+6\ -3 2k
Al:cao oe
3)
Total 7
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n n
5. (8 Usethe standard resultsfor Y r and ) r? to show that
r=1 r=1
3 2 1 2
Y (2r -1)% = =n(4n* - 1)
3 (6)
(b) Hence show that
4n
Y (2r =1 = an(bn® - 1)
r=2n+1
where a and b are constants to be found.
©)
. J
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53) | ((2r—1) =)4r* —4r+1 Bl
Proof by induction will usually score no more marks without use of standard
results
n
Z 2r—1)° =) (4r’ —4r+1)
r=1
= 42 r’—4>r+>1
MI: An attempt to use at least one
of the standard results correctly in
summing at least 2 terms of their
:4.ln(n+1)(2n+1)—4.1n(n+1),+n expansion of (2r —1)° M1A1BI1
6 2 Al: Correct underlined expression
oe
Bl: > 1=n
A fi ! N bef
—n[4n2 +6n+2—6n—6+3] ttempt to tactor out 3 crore M1
given answer
—n[4n2—1] Ccso Al
(6)
®) i (2r 3 1)2 — £(4n)—f(2n)or £(2n+1) Require some use of the result in M1
et part (a) for method.
1 1
=§4n(4.(4n)2 —1)—5.2n(4.(2n)2 —1) Correct expression Al
2
==n[128n" —2-16n" +1]
3
2 2
=—n[112n2—1] Accept a=—,b=112 Al
3 3
3)
Total 9
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6.

The rectangular hyperbola H has cartesian equation xy = c2.

The point P(ct,%), t > 0, isagenera point on H.

(&) Show that an equation of the tangent to H at the point P is

t2y + x = 2ct
(4)

An equation of the normal to H at the point Pist3x —ty = ct*—c¢

Given that the normal to H at P meets the x-axis at the point A and the tangent to H at P
meets the x-axis at the point B,

(b) find, intermsof ¢ and t, the coordinates of A and the coordinates of B.

(2
Given that c = 4,

(c) find, intermsof t, the area of the triangle APB. Giveyour answer initssimplest form.

3

Leave |
blank
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6. xy =c® at (ct,$).
¢ o Y L dy
a =—=CX —=-CX = -— — =kxXx
S R SO SO I S
dy Correct use of product rule. The sum
Xy = ¢’ => X2+ y=0 of two terms, one of which is correct
,,,,,,,,,,,,,,,,,, & - lamdms=0 Ml
gzd_y_ﬂ:_(;_l their ﬂ>< !
dx dt dx t” ¢ dt | iheir
d d d —
—y=—c2x*20rx—y+y:00r—y=—.— , .
dx dx dx t* c | Correct differentiation Al
or equivalent expressions
y —% = their m; (x — ct) or
c 1 Y = mx + ¢ with their m; and (ct,g) in
y-—=-=(x-ct) (xt?) t dM1
t t an attempt to find'c".
Their mt must have come from
calculus and should be a function
of t or C or both Cc and t.
t’y + x =2ct (Allow x + t’y =2ct) Correct solution only. Al*
“)
1
(a) Candidates who derive X +t*y = 2ct, by stating that m, = — et with no
justification score no marks in (a).
ct —c ct’-c ct —c :
(b) y=0 = x= o = A[ PER OJ g or equivalent form Bl
y=0 = x=2ct = B(2ct,0). 2ct B1
2
AB_||2 " "Ct4_C" A3 4 1
© ="2ct"- . PA=CU"NU +1 | Agtempt to subtract their x-coordinates Mi
either way around.
and PB= ct™'\/t* +1
Area APB = 1 «their ABx S Valid complete method for the area of M
2 t the triangle in terms of t or € and t.
1 et —c)c Cz(t4+1)
=—|2Xt——7F— | = 2
2 t t 2t
. Use of ¢ =4 and completes to one of
_gfq ! 8(t + 1) 8t* +38 gy 8 the given forms oe simplest form. Al
=o| 1t t or t* or t* ore+ t¢ | Final answer should be positive for A
mark.
3)

Total 9
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7. (i) Ineach of thefollowing cases, find a2 x 2 matrix that represents
(@) areflectionintheliney = —x,
(b) arotation of 135° anticlockwise about (0, 0),
(c) areflectionintheliney = —x followed by arotation of 135° anticlockwise about
(0, 0).
(4)
(i) Thetriangle T has vertices at the points (1, k), (3, 0) and (11, 0), where k is a constant.
Triangle T is transformed onto the triangle T' by the matrix
6 -2
1 2
Given that the area of triangle T' is 364 square units, find the value of k.
(6)
g J

18
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. 0 -l B1
()(a) 1o
N
2 2
(b) 2 V2 B1
11
R
IR L1 )| MI: Multiplies their (b) x their (a) in the
2 2|0 -1 3 J2 2 || correct order
(c) 1 1 -1 0 1 1 MI1A1
= 5 75~ /5 || Al: Correct matrix
\/5 \/E \/5 \/5 Correct matrix seen M1A1
4)
Ml: hod f forT
(ii) Area triangle T = %x (11- 3) x k =4k AL ﬁ(orrect method for area for M1Al
6 -2 MI: hod fi i
det _6x 2—1><(—2)(:14) Correct method for determinant MIA]
1 2 Al: 14
Area triangle T = 364 (=26)= 4k =26 Uses 364 and their determinant correctly |\ -\
"14" to form an equation in k.
26( 13
k:—(:—) Accept k:igor k:—E Al
4 2 2 2
(6)
Total 10
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8.

The points P(4k?, 8k) and Q(k?, 4k), where k is a constant, lie on the parabola C with
equation y? = 16x.

The straight line |, passes through the points P and Q.
(@ Show that an equation of the linel, is given by

3ky — 4x = 8K?
(4)

Thelinel, is perpendicular to the line |, and passes through the focus of the parabola C.
The line |, meets the directrix of C at the point R.

(b) Find, in terms of k, the y coordinate of the point R.
(7)

Leave |
blank
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4k — 8k 4 Valid attempt to find gradient in terms of
8. =7 == M1
@ k2—4k2[ 3kj k
M1: Correct straight line method with
4 5 their gradient in terms of k.
y_8k23_k(x_4k ) or If using Y = MX+ C then award M
4 5 provided they attempt to find ¢
y -4k :3—k<x—k ) or A1l: Correct equation. MIAI
4 8k Ifusing Y = MX+C, awardwhen they
y= 3K X+— 8
3 3 obtain C=— oe
3ky — 24k* = 4x —16k> = 3ky —4x =8k>*
or Correct completion to printed answer with
s 5 5 . ) Al*
3ky —12k* =4x —4k*> = 3ky —4x =8k** | at least one intermediate step.
“)
(b) (Focus) (4, 0) Seen or implied as a number Bl
(Directrix) X = -4 Seen or implied as a number Bl
Gradient of I, is — 3k Attempt negative reciprocal of grad |, as M
4 a function of k
_3k Use of their changed gradient and
y—0=—-(x-4) numerical Focus in either formula, as M1, Al
4 printed oe
X=—4=y= __3k(_4 ~4) Substltute numerical directrix into their M
4 line
(y =)6k oe Al
@)
Total 11
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9. Prove by induction that, for n € Z*,

isdivisible by 6

f(n) = g —2n

(6)

Leave |
blank
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9. f(n) = 8" — 2" is divisible by 6.
f(1)=8-2'=6, Shows that f(1) = 6 Bl
Assume that for n =k,
f(k) = 8 — 2 is divisible by 6.
F(K+1) — £(k)= 8K+ — 2K+ _ (sk - 2'<j Attempt f(k + 1) — f(k) Ml
=8K(8—1) +2%(1-2)=7x8¢ - 2K
M1: Attempt f(k + 1) — f(k) as a
= 681 +8¢ ~2K(=6x8 + £ (k)| multiple of 6 MIAI
Al: rhs a correct multiple of 6
f(k+1)=6x8 +2f(k) Completes to f(k + 1) = a multiple of 6 Al
If the result is true for n =k, then it is now true for N = k+1. As the result has
been shown to be true for n =1, then the result is true for all n (e [1".) Aleso
Do not award final A if n defined
incorrctly e.g. ‘n is an integer’ award
A0
(6)
Total 6
Way2 | f(1)=8-2"=6, Shows that f(1) = 6 B1
Assume that for n =k,
f(k) = 8 — 2“ is divisible by 6.
F(K +1) = 8+ — ok =8(8k _ ok +2k)72'2k Akttempts f(k + 1) in terms of 2* and M1
8
M1:Attempts f(k + 1) in terms of f(k
flk+1) =81 -2 :S(f(k) " Zk)_2'2k Al:rhs coIr)rect(and a)multiple of 6( : MIAL
F(k +1) =8 f (K)+ 6.2K gompletes to f(k + 1) = a multiple of Al
If the result is true for n =k, then it is now true for N = k+1. As the result has
been shown to be true for n =1, then the result is true for all N (€ [17.) Aleso
Way3 | f(1)=8-2'=6, Shows that f(1) = 6 Bl
Assume that for n =Kk,
f(k) = 8 — 2 is divisible by 6.
f(k+1)—8f (k)= 8k+1 — 2k+1 _g gk, 8 2k Attempt f(k + 1) — 8f(K) MI
Any multiple m replacing 8 award
M1
F(k +1)—8F (k)= 8+ —gk+1 , 8 2k — 2 2k 6 2k Xj{t;‘gﬁeﬁpg fet1) —fk) as a e
Al: rhs a correct multiple of 6
F(k +1) =8 F (k) +6.2K gompletes to f(k + 1) = a multiple of Al
General Form for multiple m
f(k+1)=6.8+(2—m)@8 —2)
If the result is true for N =K, then it is now true for N = k+1. As the result has
been shown to be true for n =1, then the result is true for all N (€ [17.) Aleso
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