L6 Further Maths Teacher Y EoY 25-26 SOLUTIONS [72]

S(a)
Circle M1
Circle with clear indication that the Al
centre is (1, 0) and the radius is 1
2)
()
: 1
: '2 Sm0=3:0=... M1
il ]
Alternative 1 May use m = tan @
y=tan@(x+1) and (x-1)"+y* =1
x? —2x+1+[tan6’(x+l):|2 =1
¥’ —2x+1+x*tan’ @+ 2xtan’ x + tan’ O =1
(tan®@+1)x* +(2tan’ 6 —2)x+tan> 6 =0
b —dac =(2tan>6 - 2) —4(tan> 6 +1)(tan’6) =0
tan29=1:>tane=l:9=...
3 NE)
{0=}% or 30 or arg(z+l)=% or 30 Al
{19=}—£ or ﬁor —30 or 330 or
6 6 Al

11
arg(z+l)=—% or Tﬂor —30 or 330

3




©
sin6’=L:>y=...
NG
2 x+1
cosf=—=2Dx=...
V3
Alternative 1 M1
: 3 3
(x—l)2 +y*=1and y = tan{their 8}(x+1)=> y= {§x+€}
2
3 3 .
(:tc—l)2 +[%x+§] =1 leading to 4x* —4x+1=0=>>x=...
andy=...
Alternative 2
= +1=theiry/3 (cos their6 + isin their@) leading to z = ...
= l+£i Al
2 2
o l_ﬁi Alft
2
3)
Using equilateral triangles to find z = ...
mY 7
1 1 :=1(cos(i—)+1sm(i—))
3 3) M1
i1
=—4 ﬁ'l Al
2
- l_ﬁi Alft
2
(a) —7 + 5i B1 1.2
1]
d) (=7 +5i)(=7—5i) =49+ 25 =74 M1 1.1 | Finding sum or product of Or dividing cubic by one of
or (=7 + 5i) + (=7 + 5i) = —14 known roots (could be (x — (=7 + 51)),(x — (=7 — 51))
embedded) and the quotient by the other
Or by multiplying (x — (=7 +
51))(x — (=7 =5i)) =...
=>x%+ 14x + 74 Al 2.2a
>x—4 Al 1.1 | No need to reassemble if both SCB1 for correct answer without
(hence (x — 4)(x% + 14x + 74) ) factors correct and unambiguous | evidence of use of (a) (max 1/3).
Alternative method:
(=7 +5i)(—7 —5i) =49 + 25 =74 M1 Finding product of known roots
% = and afy = —i to find the real
100t.
=7 =4 Al
= x2 + 14x + 74 Al No need to reassemble if both

(hence (x — 4)(x% + 14x + 74) )

factors correct and unambiguous

[31




(a) DR
(a + bi)2 = a® — b% + 2abi = —3 + (4\/7)1 M1 1.1 | Setting up the square root,
squaring and equating. May be
implied by correctly equated
real and imaginary parts.
a?— b2 = —3and2ab = 4V7 M1 1.1 | Equating real and imaginary
parts
o ( ﬂ)z B M1 1.1 | Using one equatiog to f%lim'inate W7 2 .
a one unknown and rearranging to - b =-3
~(a®?+3a2-28=0 correct quadratic in the square of e 2
the other (condone a* or b*). ~ (b%)°-3b"-28=0
(@+7)(a?-4)=0=>a’=-T7ora’=4 Al 2.3 | Solving and rejecting negative | (b2 — 7)(b% +4) =0
(aisrealso) a? # —7 root (may be implicit e.g. by =>b2=7o0rb%>=—-4
asserting that a? > 0 or not (bis realso) b% = —4
using negative root in
subsequent working).
a=2=>b=+7anda=-2=2b=—7 Al 1.1 | Root need not be assembledbut | p =+/7 = q = 2 and
(So square roots are +(2 + V/7i) ) Yalues must be clearly Pau‘ed. b=—VT>a=-2
Le.a :.iZ, b=+V7is Correct answers without working is
insufficient for A1. 0/5. Use of polar form 0/5 unless
via an equivalent algebraic method.
5]
(b) DR Accept 180°. Accepte.g.:
Their arguments differ by 7 (radians) oe B1 2.4 | Answer must give a connection - ‘Arguments have the same
that could be used to find one tangents’ Bl
argument from the other. Do not - ‘They are m apart’ B1
accepte.g.: - ‘The argument of one is ™
- ‘they each make the away from the argument of
same angle with the real the other’ B1
axis’ BO - ‘Rotation by 7 or 180°” B1
- ‘oneis —1 x the other” BO
1]
4,
Obtains a correct expression or 1.1b B1 1
value for argz, argzs = tan E =0.19739...
Condone use of degrees.
or i —1 —4 =
argzz=tan'| — | - =
Obtains —- =% (-0.7+0.9i)
Z, ~2.03444...
Pl AWRT 2.23 rad or AWRT 128 z,
degrees arg| — | = argzy —argz, = 2.23
“>
41
Uses arg| — | = argzs — argz
“
or
. 1.1a M1
Obtains argument of their—
22
Pl AWRT 2.23 rad or AWRT 128
degrees
Obtains AWRT 2.23 1.1b A1l
Question total 3




(a) a+ﬂ+y=§ af+ By +ya=0 afy =2 B2 ii B1 for any two correct
[2]
®) (afp + By + }/a)z M1 2.1 | For expanding (afp + By + }’0{)2 - must be equivalent to nine
=+ B+t + 20fy(a+p+ y) terms but allow an error in at most two terms only. Or for using
the correct identity > o’ 8> =(3 aﬂ)2 —2apyy.a
0% =2x (=2)x 4 R AIFT | 1.1 | Correct equation/expression for o> + 25> + y’a’* using their
5 results from part (a)
16 Al 2.2
azﬂ"+ﬁ2y2+y2a2:? a
[3]
© (ar+,6+y)2 =+ B+ +2(af+ By +ya) B1 L1 | correct expansion of (0{+,B+}/)2
16 B1 2.2 4
i+ = 5 ? | www but condone from & + L+y= - stated in part (a) — this
mark is independent of the first B1 mark
[2]
()] 3 16 , 16 2V (=0 M1 2.2a | For a four term cubic equation/expression with two correct
Py 5 (=2) =0 coefficients (not including the cubic term) FT their answers to
part (b) and (c). Condone missing = 0. Can use any single
unknown, including x
25— 16u*+ 80u — 100 =0 Al 1.1 | Must include = 0. Can use any single unknown. including x but
must be integer coefficients
SC B1 for x = (+)+/u substitution with correct equation with
integer coefficients
[2]

6(a)

2t + A AxP- Sx+6=0b H+ 2o A 244 8=
2 2 2 2
6
abgd= — Bl
2
abg+ abd+ agd+ bgd= %
o
3 3 3 3 3(aBr+aBs+ays+pys) 2
—+—+—+—= = = M1
a By o apys 6
2
5
=5 Al
2

&)

a+b+g+d=—§ ab+ag+ad+bg+bd+gd=-§ BI
(@a+b+g+d)= Ml
a’+b*+ g'+d+2(ab+ag+ ad+ bg+ bd+ gd) Al
i
3 3 3 3 3(afy+afo+ayd+ pyo
- W enime ) 0 dM1
a By & apys 6
2
A=-1-3 Al

S))




y=575+191176x BC B2 1.1 | IfBO. allow BI for correct gradient seen anywhere.
or V=2+8x 1.1 | Allow a in range [5.748, 5.77].
B LT If letters wrong, B1. Can be implied by correct estimate with no
working.
Substitute x = 8.5 M1 1.1 | Can be implied
y=22 Al 1.1 | Awrt 22.0, cwo. Allow 4 for correct answer from no working or from
[4] means only.
NB: can get 22 from wrong gradient: BOBOMIAL.
Correct gradient and wrong intercept should lead to wrong answer:
BOB1 M1AO0. But 22 can be obtained directly BC: BOB1 M1A1
Correct gradient, wrong intercept: probably BOBIM1AO.
8. N.B. The original question (a) was removed so (a) is (b) and (b) is (c).
() | P(£4)-P(< 1) from Po(1.8) M1 1.1 | Allow M1 for 0.233. or sum of formula for »= 2, 3. 4, with or without 1
(=0.9639 — 0.4628)
=0.5008 or 0.501 Al 1.1 | Awrt 0.501
[2]
© |e?P'=095 M1 1.1 | Equation of the form e~ = 0.95 stated. or implied by later working
(not e, though this can get MOMI1: e*=0.95, k=0.0513, 1.8/t =
0.0513, #=1.8/0.0513: MOM1AO). Not just e = 0.95.
—0.15¢=1n(0.95) M1 2.1 | Solve using logs (and with numerical 2 if used), or by other method if
answer or 0.0513 correct, allow from e = 0.95 (giving = 0.0513)
t=0.342 (hours) Al 2.2a | Awrt 0.342 (hours). Allow 20.5 mins or better.
3]
9.
1(a) Ho: probabilities of each score in the ratio 1:1:1:1:2. B1 2.5 | Allow Ho: “outcomes in/expected frequencies in/follow ratio ...”,
H;: they are not [1] “belief is correct”,
“each side equally likely”,
“dice is unbiased”,
“p=1/6” (with p defined) etc.
Not Ho: “scores/data/results/dice/they are in ratio ...”,
“there is evidence that ...”,
“data fits/is a good fit for ...”, etc
Can be recovered if written correctly in part (b).
1(b) Expected frequencies 10, 10, 10, 10, 20 B1 1.1 | Stated or implied
IX2=(09+09+0.1+25+1.8)=6.2 M1* 3.3 | Evidence of correct method for £X2 e.g. 3 or more correct, or right
answer
Al 3.4 | Seen correct anywhere (NB: 8.0 is common, from final Oz = 10)
6.2<9.488 Al 1.1 | Compare their 6.2 with 9.488 (or 9.49)
Do not reject Ho, depM1 | 1.1 | FT on their 6.2 if M1 gained, but not on wrong CV
Insufficient evidence that the probabilities are not in AIFT | 2.2b | Contextualised, not too assertive, double negative needed (e.g. not
the ratio 1:1:1:1:2. “significant evidence that probabilities are in the ratio ...”). Can
[6] award FT even if conclusion reversed. Do not award if hypotheses
reversed.




10. N.B. Question (b) was removed so (b) is (c).
(a) | Geometric stated or implied B1 1.1 | In any part of question, e.g. by 0.8°, or by 0.866, 0.832 or 0.893.
1-08° M1 3.3 | 1-0.8"forn=28.9 or 10. Can be implied by 0.866. 0.832 or 0.893.
=0.865(782) Al 3.4 | Awrt 0.866. SC: 0.865 with insufficient working: BIM1AO.
[3]
(¢) | DR
0.2x0.8"1=0.041943 M1 3.1b | 0.2x0.8"=0.041943: M1
= n—1=10g(0.209715) + log(0.8) M1 2.1 | Use logs to solve. Allow solving 0.8" = 0.209715 (giving n=7)
or 1ogos(0.209715) Al 1.1 | Fully correct equation, 0.210 or better
n=38 B1 1.1 | Integer only. but allow “8.00” (not e.g. 8.001). Can award from other
methods, e.g. no logs (see SC)
Y~B(8.0.2) M1 3.1b | Binomial distribution stated or implied for Y. any n. p (but not p =
0.041943). e.g. by npg used. needn’t be numerical for this mark
npg =128 Al 3.2a | Needs integer ». (so not from “8.00” unsimplified).
[6] SC: Correct answer with insufficient working: can award M1 MOAO B1
MI1A1 (4/6 max)
11.
(@) | Ho: ps=0. Hi: ps> 0. where px is the population Bl 1.1 | Some context. Needn’t define ps or p, but not 7s or » unless fully defined.
SRCC between the competitors (in all races of Allow in words: Ho: there is no agreement between the finishing
which these two are samples) positions. H;: there is agreement. (“Agreement” implies “positive™.)
Or: Ho: there is no correlation between (ranks of) If “association/correlation”, Hi must say “positive”. Not “data”.
competitors’ positions, Hy: there is positive Allow “Hp: positions are independent™. but H; must be clearly 1-tailed.
correlation between them
CV 0.8286 B1 1.1 | Only this. SC: Hi is 2-tailed (including “there is association™): give B1 for
CV 0.8857. BO for 0.8286
0.771 < 0.8286 so do not reject Ho. M1 1.1 | 0.8857 used: can get M1A1. Any other CV: MOAO.
Insufficient evidence of agreement between the Al 2.2b | Contextualised. not too assertive. not “significant evidence of no
finishing positions. [4] agreement”. Needn’t include “positive” here.
(b) | Possible rankings. against 123, are M1 3.1a | Atleast 4 needed. Allow from 6 competitors. Allow directly from values
123,132,213, 231, 312, 321 of d only if they are (unordered) (202),(211).(000), (01 1).
Al 1.1 | All of these 6 and no others, not directly from values of d
Values of d are 0,2, 2, 6,6, 8 M1 1.1 | Find =d? for their rankings, independent of previous marks
Only 4 possible values of Zd? (so only 4 possible Al 3.2a | All 4 correct different values, no others. Allow if all 4 seen even if not all
values of 7s) 6 combinations considered. No statement needed.
Corresponding values if 75 are 1. Y2, —V2, -1 Al 2.2a | CWO (i.e.. needs all 6 combinations and no others).
[5] SC: If =d? not seen, give max M1A1 MOAOBI if all four 7 correct www.
7(b) Exemplars:

i | Possibleranks 123. 132, 321. 312 MI1AO iii | Possible differences are 0. 1 or 2 so £d? could | MO
2d?=0,2.8.6 MIA1L be0.1.2.3.4.5.60r8 (or9 or 12) A0
rs=1.05.-1.0.5 A0 cwo 7s = (probably only 4 of) 0, +%5, +%, +1 MIAOAO

ii | 4 possible differences: (220).(211).(000).(011) MI1AO v
2d*=8.6.0,2 MI1ALl
rs=-1.-0.5.1.0.5 A0




