L6 Further Maths Teacher Y EoY 23-24 SOLUTIONS [74]

1.

u=x+2 B1 1.1 | Correct substitution stated or used

(u—2)* =1? - 3x2u% + 3x2%u - 23 M1 1.1 | Attempt to expand their (« — 2)° w— 61>+ 12u—8
following a linear substitution. 4 Binomial coefficients might not
terms using (n) 2T T be correct or evaluated. Might be

r by expanding brackets.

(- 2)* = u* — 4x21® + 6x2%% — 4x23u + 24 M1 1.1 | Attempt to expand their (z — 2)* u* — 81 + 24u* — 32u + 16
following a linear substitution. 5 Binomial coefficients might not
terms using (") 2Ty T be correct or evaluated. Might be

r by expanding brackets.

Au—-2)*—2(u—-2)* -3(u—-2)+2(=0) M1 1.1 | Forming (LHS of) equation in #

(could be using their expansions)

St — 8P + 240% — 32u + 16) — Final answer can be in terms of x

20 — 62+ 12u—8) —3(u—2)+2=0 Final answer needs to be an

oo du®t — 343 +10822 — 155u+ 88 =0 Al 1.1 | equation with coefficients
simplified.

ISW attempts to cancel down
following correct equation
[5]
2.
. 2431 5—1 . . )
D@ | ——x—r 2+43i=k(1+i)(5+i)=... Ml
541 5-—1
10—2i+151+43 134131 . .
or 243i=k(5+i+5i-1)=... dM1
2541 26
1 2+3i=k(4+6i) therefore
—(1+i) cso 54 3i 1 Al
+3i .
2 —— =k(1+i) where k=— cso
5+i 2
3)
i)(b) n=4 BI
@




(i)

|- =3 Bl
arg(z“’):10arg(z):—5?”:>arg(z): {—%}
M1
arg(z'°)=10ar Z—£:>a1‘ z)= ik
g(=") =10arg(z) = T = arg(z) =i
:z3(cos(—%]+isin(——]): M1
_ﬂ_ii ora——ﬁand i Al
2 2 2
4)
Alternative
son Bl
a+b"=9
S Sm
10arg z =——=arg z =——=10
: 3 £ 3
- ; Ml
Ore.c l0arg(z)=—= arg(z)=..4—
re.g 10arg(z) == arg(z) {30}
Forming and solving simultaneous equations to find a value for a or b
— = arct [—E =>2—£:>b=—a£
a a3
M1
or
b T
—=arctan— = b=0.104...a
a 30
Z=¥—%i or a:ﬁ and bz_z Al




*=—3—4i

()

(z—(-3+41))(z—(-3-41))=2"+pz+¢ M

{f(z) =}(z2 +pz+ q)(z+ r)

(22 +6z+ 25)(z+ 7) Al

Multiplies out (22 +6z+ 25)(z+ 7)=..az’+ pz... Ml

2241322 4+67z+4+1750 a=13,b =67 Al
)

Alternative 1 Ml

z* = —3 — 4iand uses product of roots =— 175 to find the third root

Third root = -7 Al

Either

Uses sum roots = — a to find a value for a or uses pair sum = b to find a

value for b M1

Or

(z—(-3+4i))(z—(-3-4i))(z — their third root) =...

a=13,b=67 Al
@

Alternative 2

(—3+4i) +a(-3+4i) +b(-3+4i)+175=0
M1

=117+ 44i+a(-7-241)+b(-3+41)+175=0

Equates real and imaginary to form two linear simultaneous equations

117—-7a—-3b+175=0= —T7a —3b = —292 i

44 -24a+4b=0= —24a +4b = —44

Solves simultaneously to find values for a or b M1

a=13,b=67 Al

®) T
X T4 —3+41, —3—41| B1
¥ \ >
- - . —7 | Bl
X - -
© —5+4i, —5—4i, —9 Blft




{w=x+2:>}x=w—2 B1 3.1a
(w=2) =7(w=2)" —12(w—=2)+6 (= 0) M1 | 1.1b
(W' — 6w +12w—8)—7(w* —4w+4)-12(w—2)+6
W — 6w +12w—8—Tw? +28w—28 — 12w+ 24+ 6 Mt
=W +.W +.W+...
Al 1.1
3 2 _
w —13w" +28w—-6=0 Al 1.1b
Q)
Alternative using sum, pair sum and product of roots:
a+p+y="Tap+pPy+ay=—-12, affy =—-6 B1 3.1a
Newsum: a+2+p8+2+y+2=(a+pf+y)+6=7+6=13
New pair sum: (a+2)(S+2) + (a+2)(y+2) + (B+2)(y+2)
=(af+ay+ pr)+4a+p+y) +12=—12+4x7+12=28 M1 3 1a
New product: (a + 2)(B + 2)(y + 2)
= affy +2(af + ay + fy) +4a+Lp+y) +8
= —06+2x—-124+4x7+8=6
p :_"13"’ q :28’ },.:_"6" or W3 _nl3nw2 +"28"W _n6n (= O) Ml l.lb
Al 1.1b
3 2 —
w —13w" +28w—-6=0 Al 1.1b
5.
DR
a+p :g B1 1.1
12 B1 1.1
aﬂ:?
1 1 p+a? (@a+pB)?-2apB M1 3.1a | Rewrite the expression in terms | Need to see
0‘_+F= ey = @By of the standard symmetric a’?+p%=(a+p)?—2apf oe
functions No need to see a?f? = (af)?
(3)2_2x£ 37 Al 1.1 | cao SC B1 for correct answer if
S e ke Accept eg ~0.77083 but not BOBOMO
(3) rounded, incorrect or incomplete | Accept any equivalent fraction
decimal form.
[4]




a+b=04 B1 L1 | Allow a +b+ 0.6 =1, or use both 2a + b+= 0.55 and 58a + 595 = 23.45
—2a-b+02+02+03=0.15 M1 1.1 | Use Z(W-60)P(w)=0.15
2a+b=0.55 Al 1.1 | Correct simplified equation
a=0.15,6=0.25 Al 1.1
4a+b+1x0.2 +4x0.1 +9x0.1 (=2.35) M1 2.1 | Find Z( - 60)*P()
—0.15%? and x16 M1 1.1 | (independent of previous M1)
=37.24 Al L1 |or &t
(7
| or |a+b=04 Bl | | Allowa+b5+0.6=1
| 58a + 59b + 60x0.2 +...+ 63x0.1 = 60.15 M1 | | Use ZWPGr) = 0.15 + 60
| 58a + 59b =23.45 Al | | Correct simplified equation
| a=0.15,b=025 A1 | |
| 16x(58%a +59% + ... + 63°x0.1) (=57925.6) M1 | 16 x =w?P(w)
’ — (4x60.15)> M1 ‘ | — (4 x their w)* (independent of previous M1)
=37.24 Al or &
[71
] Or | (last 3 marks) 58% + 59% ... + 632x0.1 — 60.15> M1 \ | =3620.35 — 3618.0225 = 2.3275
| x16 M1 | | Allow for 16x Zw?P(w) without having subtracted 60.15>
=37.24 Al
SC | If BOMO, give SC B1 for Var(4% — 60) = 16Var (W) B1
used
7.
(@) | A geometric distribution should still be a good B1 3.3 | OE. Allow “population is large” but not “n is large” or “sample is large”.
model as the number of books is large/can be taken 1] “Likely to finish long before lecturer gets to the end”: B1
to be infinite/etc. “Only a good model if the books are selected with replacement”: BO
(b)(i) | Whether or not one book refers to the topic is B1 3.3 | One correct modelling assumption, stated in context (e.g. “each book is
independent of whether another does independent”, “the probability of finding the book is constant”, etc)
or the probability that one book refers to the topic Allow any number of correct statements but BO if any definitely incorrect
is the same for any book or ‘scattergun’ statements seen, e.g. not “a book must either refer to
or arrangement/selection of books is random [1] the topic or not”
(b)(ii) | E.g. arrangement/selection of the books not B1 3.3 | Reason why it might not be valid. Needn’t be very plausible but must
independent of whether they refer to the topic, show correct understanding of the concept.
or books containing the topic may be grouped [1] Not “sampling without replacement means that the probabilities change”
together, (part (a) focusses on the fact that, although the [conditional]
or lecturer chooses books by author, etc probabilities change, they do so by only a very small amount and so
the model is not invalidated)
(c) 1-(1-0.05">0.9 Mi1* 3.3 | Correct expression soi, allow 7 — 1, allow any of >, >, =
n>10go95(0.1) orlog(0.1) +1og(0.95) etc depM1 | 2.1 | Correctsolution method, e.g. use logarithms, ignore inequality
(T&L: 44 or 46 gets MIM1A0)
n > 44.(8)9, so minimum 45 books Al 3.4 | 45 only, can be from T&I (command word is “find”). Noz from 0.95"*
[3] (giving n — 1 > 44.9) but allow “n < 44.9 so 45” BOD. Not n > 45.
SC:N(20, 380) giving 45: B2
SC: 45 following wrong working and first M1 not gained: B1
(d) | 3in first 39, then 1 = *C3 x 0.95% x 0.05* M1 3.1b | Allow if any indication of B(39, 0.05) used (but NB: 0.0901 from
B(40, 0.05) is MOAO).
=0.009 01(215) Al 1.1 | Correct to 3sf, www
2]




(a) | 64282/32 —(1340/32)* = 255(.297) B1 1.1 | Awrt 255. Allow 263.52 from n/(n — 1). Don’t give ISW for V255
1]
) | y=8.02+0.265Q2)x [13030 4 B8 x] B2 Coefficients exact or correct to 3 sf, allow 8.03, letters correct.
[2] One error: Bl
(c) | 8.02+0.2652x48 = £20 700 (3 sf) B1 1.1 | Awrt 20700 (not 20.7) or in range [20740, 20 750]. Ignore absence of £
(20749) [1] NB: can be obtained from calculator even if (b) is wrong: B1 for this
(d) | SDis V255 ~ 16 and 48 is less than 6 away from X B1 1.1 | Relevant calculation, e.g. 1340/32 + 2255, or difference is 0.383¢
so extremely likely that range includes 48 B1 2.3 | SD or variance mentioned and nuanced conclusion e.g. “very likely that
[2] Tom is wrong™ or more extreme, but not “Tom is wrong”
SC: Only variance mentioned: max (B0)B1
(e) | (48 almost certainly within range but) correlation M1 2.4 | Comment on size of PMCC, allow comparison with CV
only moderate so not very reliable. Al 2.4 | Nuanced conclusion, but not from “significant evidence of correlation™
2] OE (a significance test asks “is there evidence that p> 0?7, but here the
issue is “how close is pto £1?7, so a significance test is irrelevant)
(d)
A) The standard deviation is ~ 16, so Tom is likely to be right BO
(B) Variance is large so very likely that Tom is wrong (SC — but not “variance is very large so results inaccurate”) BOBI1
© Less than 2 SD above mean, so Tom is incorrect (BI, but not nuanced so B0) B1B0O
D) Variance is large so results vary a lot, so likely to be data above 48, so unlikely that Tom’s claim is correct BOB1
(E) Less than one standard deviation away from mean [consistent with (a)], so Tom is very unlikely to be right (minimum for BI1B1) BI1BI
(e)
(F) PMCC shows quite strong correlation and probably within range, so reliable MI1A0Q
(G) PMCC shows quite strong correlation so fairly reliable MI1Al
(H) Not very reliable as PMCC is low and might be extrapolating MIAIL
[6)) Not very reliable as PMCC is low MIAIL
9.
(a) | Flaws occur independently of one another B1 3.3 | At least one contextualised reason, ignore “singly”.
and at constant average rate B1 3.3 | A second assumption, not “singly”. Allow “fixed average rate”. Not:
(or “uniform rate” which is equivalent) 2] “constant rate” or “average constant rate” or “constant average number”
or “constant probability” or “probability same for each 1 km™.
More than 2 different assumptions (ignore “singly”): max B1.
() | P=11)-P(=7) M1 1.1 | Allow M1 for 0.109(24)... Not, eg, P(< 11) - (1 -P(< 7)) = 0.77
=0.202 (0.20171) Al 2] 1.1 | Awrt 0.202
(©) | Po(5.7 x 5) (= Po(28.5)) M1 3.3 | Stated or implied
their P(< 29)x(1 — their P(< 29))x2 M1 1.1 | Or 1 [their P(<29)]* - [1 — their P(< 29)]* (= 1 — 0.586% — 0.414%)
(=0.586 x 0.414 x 2) Allow M1 for 2 omitted or e.g. P(<29)x(1 —P(<30))x2 (both: M0)
=0.485(19) Al 1.1 | Awrt 0.485
131
10.
(@) | Hop: p=0.H;: p>0 B2 1.1 | One error, e.g. two-tailed, or p not defined: B1. Allow Ho: p<0
where pis the population product-moment 2.5 | Symbols: Definition of p needs “population” or context or both, and
correlation coefficient between the test scores. “correlation”. Allow 7 in place of p. Do not allow “association” here
Verbal: Ho: no correlation between openness and creativity, H;: positive
correlation: max B1 unless “population” explicit. Needs “positive”. Allow
“association” here.
p=T717+ \/(1075.6 % 2016) M1 1.1 | Art 0.487 seen gets M1AL1. Else allow M1 for correct subs into formula,
=0.487 (0.48691) Al 1.1 | orany two of 1075.6, 2016 and 717, or any two of 71.7, 134.3 and 47.8
0.487 > 0.4409 so reject Ho. Mift 1.1 | Compare their 7 with 0.4409 or 0.441 and reject (ft on TS)
There is significant evidence of positive association Alft 2.2b | Correct contextualised conclusion, not too assertive, allow omission of
between openness and creativity. [6] “positive”, FT on their 7, no FT for hypotheses wrong way round
(b) | Points lie fairly (but not very) close to straight line B1 2.4 | Must refer to diagram of points. not just to correlation. Not “points lie
close to a line” — some level of nuance needed. Allow general statement,
e.g. “it shows how close to a straight line the points are”
... with positive gradient B1 2.4 | Any wrong statement: max B1B0
2]
(c) | Disagree as p is unchanged by linear scaling B1 1.2 | “Disagree” oe and correct reason, allow omission of “linear”. Allow “It
[1] wouldn’t affect the value™
(b)
A) Points will lie roughly in an ellipse (that is a necessary condition for validity of a test, not a consequence of the value of p) BO
(B) Points are vaguely scattered with weak indication of positive correlation (no mention of line) BO
(O Positively correlated but points are not very close to a straight line B1B0
(D) It shows its gradient and how close to a straight line the points are B1B0
(E) The closer pis to +1/—1, the closer the points are to a straight line, with positive/negative gradient B2




11.

(a
o 60x 60 30x 27 60x 63
ERR) = or E(BB)= or E( = M1 1.1b
150 150 150
E(RR)=24 and E(BB)=5.4 and E(YY)=25.2 Al 1.1b
()
(b) | [E(BB) > 5 so no need for pooling] v=(3-1)(3-1) =4 BI 3.1b
Critical value: y,*(5% ) = 9.488 Blft 1.1b
(significant) evidence that the colour of balls is not independent ) Blft 2.2b
3
(¢) | Oi > E; for pairings of the same colour B1 354
and
some children may be cheating when selecting the 2™ ball so choice not Q)
independent (o.e.)
(a) | M1 for at least one correct calculation seen
Al for all 3 expected frequencies correct, must be exact.
(b) | 1Bl for 4 degrees of freedom
2" B1ft | for awrt 9.488 or ft their degrees of freedom for 5% cv
3" BIft | for correct contextual conclusion mentioning “colour” and “independent”
Must be consistent with their cv
Allow associated instead of not independent
(¢) | Bl Stating or indicating that O > £ and a suitable reason for the lack of independence
that would invalidate the modelling assumption. Such as:
e cheating/looking
e The first ball being replaced by the child so more likely to be picked again

12.




Applicant
4 b | C | D E F |G | H| I

Task ﬁ}
P 1 |[35]35]| 6 8 2 1 6 6 | 9
0 2 [55] 4 | 8 9 1 3 [55] 7
> pP=2825 Y g*=2845 > pg=271.25
1(a)
1971 95n X
r,= 9 Must be using ranks M1
n n 452 n n 452
282.5"-—— || "284.5"-—
9 9
r, =0.7907... awrt 0.791 Al
)
Ho:p=0 Hi:p>0 B1
Critical Value p =0.7833 Bl
b) r, =0.7907 lies in the critical region/reject Ho/significant M1
There 1s evidence of a positive correlation between the ranks of scores Alft
for tasks P and O
“4)
P and R are not in agreement so they will give different information
about the applicants (oe) or M1
P and Q and Q and R are in some agreement so they will give similar
© information about the applicants (oe)
Pand R Al

2




