L6 Further Maths Teacher Y EoY 24-25 SOLUTIONS [72]

(a)

DR M1 1.1 | Multiplying top and bottom by | Allow appearance of 5 in
8+i 2+i 16+8i+2i-1 the conjugate of the bottom and | denominator with no working
21 241 4+1 attempting expansion involving | shown as long as clear what
2=-1. numerator multiplied by.
5100 o o o Al 1.1 | Answer must be in the Must have at least one line of
s requested form. working before answer (DR)
[2]
(a) DR Alternate method M1 Equating to a+bi and
B +1i) =(2—1i)(a+ bi) rearranging to real and
8=2a+b imaginary parts
1=—-a+2b
=>a=3b=2 Al Answer must be in the Must have at least one line of
3+2i cao requested form. working before answer (DR)
1(@) z=2-5i Bl | 12
(z—(2+5i))(z—(2-5i)) =...
or M1 3.1a
Sum of roots = 4, Product of roots =29 — z* + ...
=22~ 42429 Al | LIb
24—623+a22+bz+l45:(22—4z+29)(22+cz+5) M1 3.1a
22 -2z+5=0 Al 22a
72 -2z+5=0=>z=.. Ml 1.1b
z=1121 Al 1.1b
Q)
2(a) 3 7
a+,6’+y=5,a,8+ay+,87/=6,a,87/=—5 B1 1.1b
(0))
(b)(®) 2 2 2 2(ef+ay+ "G
2,22 Aaprerify) o, Ml | 1.b
a [y afy "—7/2"
24
=—" oee Alft 1.1b
@ (=) (B-D)(r-1)=(af—(a+p)+1)(y~1)=.. | Ml | Llb
:aﬁy—(aﬂ+ay+ﬂy)+a+ﬂ+y—l Al 1.1b
=-9 Al 1.1b
(iii) a’+ Py =(a+p+y) —2(af+ay+pBy)
3\ Ml | 3.la
:[|'_'Vj _2"6"
2
9 39
:——2(6)=—— oee Alft 1.1b
4 4
@)

(8 marks)




4.

Sets y = 3x
Pl by correct substitution

or

Obtains one of

> 3a=+15
> (3a)(3p) = +36
(3)(38)(3y) = +54

1.1a

M1

Replaces x with % or 3y
Accept x for y
or

Obtains at least two of
Z3a =415

> (32)(35) = +36
(3)(35)(37) = +54

1.1a

M1

Obtains y* + 152 — 36y + 54 =0
OE with integer coefficients.

1.1b

A1

Let y =3x

y
Then x = -

3

3 2 ,

25 4y,
27 9 3

y3+ 15_}/‘2—36y+ 54 =0
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(©)

(x—4) +y* =16, y=Bx=x"-8x+16+3x*=16=>x=...

M1 3.1a
x=2, y=23 Al | 11b
l7r><42—(l><42><£—lx42xsin£]
2 2 3 2 3
or
lx42><2—”+l><4><2\/§
2 32 dM1 | 3.1a
or
l><42 2—+l><4><4><£
2 2
16
:?’”4‘5 Al | 1.1b
“4)
Alternative 1 for part (c)
x=4cos£, V=4sin£ Ml 3.1a
37 Al 1.1b
l7r><42—[l><42><£—l><42><sin£)
2 2 3 2 3
or
l><42><2—ﬂ.+l><4><2\/§
2 32 dM1 | 3.1a
or
l><42><2—7r+l><4><4><£
2 3 2 2
16
:?n+4\/§ Al | LIb

“)




DR M1 1.1 | Attempt to find the three Vieta's This mark can be awarded if 2
3 3 formulae for the original equation. | of the 3 are correct and the 3
afy =—— aff=——.) a=— £ '
2 Lab 2 z 2 has been attempted or if all are
correct but for signs.
) B1 1.1 | Showing that the new product of
a‘ﬂ'v':a—ﬁx&xﬁ=aﬂy =—2) . . g ! p ..
Ty T a B / 2, roots is the same as the original.
(a+f+ ’1/)2 =+ ﬂz + ;,/2 +2(af + By +ya) M1 1.1 | Both considered and at least one May be embedded in
) correctly written in desired form | expressions for ). @'f’ or ). @'
(af+Py+ya) = . o .
! using Vieta's expressions
B2+ B2 + e + 2af’y + Brla + ya’B)
= a2ﬂ2 + /32)/2 + ;/2a2 +2afy(a+B+y)
Za.ﬂ.zaﬁﬂ7+ﬂy ra  reaf
ya ap By For correct ), @'’ in terms of Can be awarded before
2, 02,2 2 B1 1.1 | Vieta's expressions i.e. numerical value found
="+ +y =(a+f+y) —2af+fy+ya)
R o = (@+f+y) |
=(E] _2x[_z)=2+2=2 —2(aB + By +ya) .Corr.ect numerical value
2 2) 4 4 4 implies correct ). @B’ (but
must be identified as Y. a'B’)
2022, 52,2, .2 2
7 - +
Za.=0_ﬂ+ﬂ+£=a B +p 7y +ra
7o f o Canb ded bef
2 an be awarded before
_(@f+Briya) —20py(@+fty) B1 1.1 | For correct ), @' in terms of numerical value found
:rﬁ 7 Vieta's expressions i.e.
_(@p+Br+ya)” Aa+B+7) Yo' i Correct numerical value
aBy _ (@B +Py +ya)’ —2afy(a+p+y) implies correct Y. @’ (but must
r 32 apy be identified as ). a")
[_5] (3) 9 2 30 39
= - 2| = |=—x=— - =-"C
(_ 5 I 2) 45 10 10
J
Choosing a’ = 20 gives Al 1.1 | Any non-zero integer multiple. Correct answer from finding
20x% + 78x% + 105x +50=10 Must be a cubic equation (i.e. it roots on calculator only scores
must have “=07) with integer 0/6.
coefficients but can be in any
unknown.
[6]
7.
(a) | Ho: p:=0, Hy: o. = 0, where p; is the population srcc B2 11 Allow 7 or p. One error, e.g. 2-tailed. or symbol not defined in terms of
25 population, or at all: B1
“Hy: no association between marks given by judges, H;: positive
association - B2. “Positive” omutted: B1.
Allow “positive correlation” or “agreement”, but “Judges agree/do not agree
with each another™: Bl
0.964 = 0.8929 Bl 11 Explicit comparison with 0.893 or better. allow 2 > (.893
Reject Hy. There 1s significant evidence that judges agree Bl 22b | Full conclusion, contextualised, not over-assertive, needs 0.893 or 0.929.
with each other. “Reject Ho” can be equivalent or omitted.
Don’t need “positive” in conclusion.
Not “insufficient evidence of no association™. Not “sufficient evidence that
the judges’ ranks are positively correlated™
[4] 2-tailed (0.964 = 0.9286): can give B1B0 B0 B1. max 2/4
2
®) - 76?:8 - % Ml 21 Equation using correct Spearman formula seen. not using (86 — x)*
=3d*=2 Al 11 Correctly obtain ¥d? =
Only one pair in wrong order Bl 3.1b | Stated or implied, e.g. any number in range [81, 90] mentioned
=82=X<89 (81 =X=90) Al 22a | Or equivalent (allow non-integer answers)
Not ranked (typically considering [86 —x]*): 0
[4] SC 27/28 not used: B2 for final answer only
(c) | e.g- (If1t1s valid, it 1s better because) the PMCC takes Bl 11 Allow “uses scores, not ranks™, but not “because the data are scores, not
into account the actual scores ranks™. Not “data 1s bivaniate normal”, not “PMCC takes into account
or the data may have a bivariate normal distribution whether the two judges’ scores are very different”
or PMCC measures correlation, not association/ranking 1] More than one reason, one of which is wrong: B0
Exemplars:
1 The ranks might be close but the judges might still not agree with each other as the scores might be very different  /but they aren’t ...] B0
i1 To determine if there is linear correlation, 1.e. if they gave similar marks to the same people rather than just giving higher marks to some and lower to others | Bl 1sw
111 Marks are quantitative vaniables whereas ranks are usually given to qualitative variables B0
iv__ | PMCC works better for scores than for rankings B0
v To show how similarly they score each ¢ [PMCC is unaffected by linear scaling] B0
vi PMCC used quantitative values whereas rankings can be subjective Bl




@ | 0.168(1) ?ﬁ L1 | Awrt0.168. Allow e~
() | PRQ<=X<8)=0.5649... M1 33 | M1AO for 0.341 or 0.573 or 0.647 or 0.789
Al 1.1 | Awrt 0.565. can be implied
10x0.565=5.65 M1 34 10x their 0.565, allow rounded to nearest integer only if unrounded value seen
i3]
(© | X+Y~Po(3+A) M1 33 Any appropriate symbol, stated or implied, allow sign errors (e.g. in next line)
2 GHA 27 53 A0 M1 3.1a | One correct use of Poisson formula anywhere
e =—e’=e*Z_DR Al 27 2
41 8 21 21 : 1.1 Correct equation, allow = (224 xe*Z_ or (0.3781% *oe
8 21
43+ )*=T72942 M1 2.1 | Cancel e terms and simplify factorials, e.g. (3 + 4)* = 182.25:°
(correct treatment of e can be implied by correct solutions to equation)
23+ AP =271 or 4)*+48)3-51312+4324+324=0 M1 1.1 | Take square root, allow ignoring of negatives, and find at least one solution to
quadratic or multiply out to obtain quartic and solve 5-term equation
No need to consider other sign as 4> 0 Bl 23 | Explicit reason for rejection of — sign or of negative solutions to quartic
(other solutions are —2(13+3417) =—0.473 or —19.027)
22-15A+18=0=>A=6or = Bl 22a |Both solutions correct, www, no others, don’t need previous B1.
- SC: 4(3 + A)* = 7292 seen and both solutions correct but no working:
(MIM1A1) MOBOB1
SC: both correct solutions and reject two other solutions that are wrong: loses
[7] penultimate Bl only (max 6/7)
(d) | Inusing X+ ¥Y~Po(3 + 1) Bl 3.5b | Allow Po(X+ ¥) =Po(X) + Po(¥), or P(X + Y=4), but not EXX + Y) = E(X) +
E(Y). nor P(X + Y =4) = P(X=4) x P(Y=4), nor “when adding parameters™.
“When doing P(X'+ ¥) assumed the probability of one not affecting other™: B1
1] Any wrong statement seen: BO
9.
5(a) S 0.352 352
S, =—2=—""""[=0383..] or — M1 2.1
b 0919 919
0.352
r= — Ml 1.1b
J0.377x"0.383
r=0.9263... awrt 0.926 Al 1.1b
(©))
(b) h—1.68=0.919(1.79-1.70) Ml 34
h=1.76271 awrt 1.76 Al 1.1b
2
(©) S,, would remain the same since s,, =5 M1 24
S,, would remain the same additional (s — 5 )(h— h ) =0 M1 1.1b
So the gradient would be unchanged. Al 2.2a
(©)

(8 marks)




10.

(a) | Ho: there 1s no association between grade and method of Bl 1.1 Needs context. Allow “relationship™, but not “correlation™; allow “grade and
transport, H;: there is association method are independent/dependent”; not “insufficient evidence that there
1] is association ...~ etc. Can be recovered from later part
11 Clear method for expected frequency. allow without 63 | 11.2 1 105
(b) | Expected frequency is 64x100/160 (=40) M1 working only if at least two other expected 225 | 40 | 375 |
frequencies shown correctly 72 1128 | 12 |
(43 —40)%/40 M1 1.1 Clear indication of (O — E)¥/E used
=0225 AG Al 1.1 Correctly obtain AG 0.225, needs both previous marks
B3]
(©) | Ix*=9.69 Bl 33 Awrt 9.69
=>9.488 Bl 11 Explicit comparison with 9.488
Reject Ho. There 1s significant evidence of association BI1ft 22b Contextualised, not over-assertive. FT on their TS but not on wrong 9.488: not
between grade and method of transport FT from reversed hypotheses.
“Reject Ho” can be equivalent, e.g. “Accept Hi”, or omitted.
Allow “evidence that grade and method are dependent”, but not “significant
evidence that grade 1s dependent upon method of transport™ (or vice
B3 versa).
Not “insufficient evidence of no association”, not “sufficient evidence that
there may be association™
(d) | Grade C/walk-or-cycle, as biggest contribution to TS Bl 34 Correct combination identified, and correct justification needed, but don’t need

1

to state 2.006. Not with wrong reason, e.g. ““as this is closest to critical
value™ or “biggest difference between O and E”




