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Question Scheme Notes Marks
Number
4 7
1. f(x) =5+4x" —=x*——; x>0
3 2X
At least one of either 5+ 4x* — +Ax
’ 2 7 -2 4 3 2 7 -2 Ml
(a) f'(x) =8x—4x +§x or _§X — +Bx® or —2——>iCx ;A B,C=0
X
Correct differentiation, which can be un-simplified or simplified | Al
)
7
Either f(0.5) =_€ orawrt —1.17 or truncated —1.16
7
(b) f(0.5) :_6’ f'(0.5) =17 or f'(0.5)=17 | Bl
or a correct numerical expression for either f(0.5) or £'(0.5)
Can be implied by later working
N £(0.5) N - Valid attempt at Newton-Raphson using
{a =05- ff(0_5)} =a=05-—— their values of (0.5) and f'(0.5) | M
o Al
29 ’ :
o =0.56862745... or 22\ = & = 0.569 (3 dlp) Correct f'(x) and 0.569 on fII’S-t |ter‘_31t|on i
51 (Ignore any subsequent iterations) cao
Correct differentiation followed by 0.569 (with no working seen) scores full marks in part (b) 3
() » Attempts to evaluate both f(3) and f(3.5)
Way 1 f@)= 5 = 383333.. and either f(3) =2 or awrt 40r truncated 3 | p1
-5 __
f(3.5) =-% 4.166666... or f(3,5)=_% or awrt —4
Sign change {positive, negative} {and f(x) is
continuous} therefore a root { 8} exists in the Both values correct awrt (or truncated) to .1Sf' Al
. sign change and conclusion.
interval {[3, 3.5]}
| 2)
(d) B-3  35-p p-3  "3.8333." A correct linear interpolation method.
Way 1 "38333." "4.1666.." 35—  "4.1666.." Do not allow this mark if a total of one
or three negative lengths are used or if | M1
p-3 _ 35-3 either fraction is the wrong way up.
"3.8333.." "4.166.."+"3.8333..." This mark may be implied.
. 5= (3)("4.1666...") + (3.5)("3.8333...") _ ( 12.5+ 13.4166...)
"4.1666..." + "3.8333..." 8 dependent on the
38333 " nogm previous M mark
o =3+ ' (0.5) or B =3+|—=-/(05) Rearranges to | dM1
"4.1666..." + "3.8333..." "8" give f=...
. =3+ —3.8333... (05)
"-4.1666..." + "-3.8333..."
23 311 awrt 3.24
= 3.239583... 3— —_— =3.24 (2d
{’B or 96 or 96 } =4 (2dp) (Ignore any subsequent iterations) Al
®3)

10




Question
Number

Scheme Notes Marks

1. (d)
Way 2

0.5-x

"38333." "4.1666. "
(0.5)("3.8333...")

= 0.239583...

"3.8333.." + "4.1666..." Finds x using a correct method of

= [ = 3+0.239583... "3 + their x"

similar triangles and applies | M1 dM1

{,6’:3.239583... or 3% or —} = =324 (2dp) awrt 3.24 | A1

23 311
96

©)

1. (d)
Way 3

05-x X

"3.8333.." "4.1666.."
(0.5)("4.1666...")

= 0.260416...

"3.8333..." + "4.1666..." Finds x using a correct method of

= f = 3.5-0.260416... "3.5 — their x"

similar triangles and applies | M1 dM1

{,8:3.239583... or 3 or —} — B =3.24 (2dp) awrt 3.24 | A1

23 311
96

©)

Question 1 Notes

1. (b)

Note

Give full marks in part (b) for correct differentiation in (a) followed by the correct answer
in (b) with no working.

M1

This mark can be implied by applying at least one correct value of either f(0.5) or their
f(0.5)
f'(0.5)

£'(0.5) (where £'(0.5) is found using their f'(x) ) to 1 significant figure in 0.5 —

f(0.5
So just writing 0.5 - % with an incorrect ft answer on their £'(0.5) scores BOMOAO.

Note

Give BIM1AO for a correct f'(x) in (a) followed by only ¢ = 0.5 — f(0.5 _29 in (b)

f'(0.5) 51

Note

Differentiating INCORRECTLY to give f'(x) =8x — 4x? +14x"? leads to

_7
a=05-_8 - 92 _05197740113... = 0.520 (3dp)
59 177

This response should be given B1 M1 A0

Note

Differentiating INCORRECTLY to give f'(x) =8x —4x® +14x 2 and
f(0.5)
£'(0.5)

a=05- =0.520 or truncated 0.52 or 0.519 or awrt 0.520 is B1 M1 A0

(©)

Note

Way 1: correct solution only

Required to state both values for f(3) and f(3.5) correct awrt (or truncated) to 1sf along with
a reason and a conclusion. Reference to change of sign or e.g. f(3)xf(3.5)<0 or
f(3)>0>f(3.5) oradiagramor <0 and > 0 or one positive, one negative are sufficient
reasons. There must be a conclusion, e.g. {x or} g <[3, 3.5] or {x or}S (3, 3.5) or root lies
between 3 and 3.5. Ignore the presence or absence of any reference to continuity.

Note

A minimal acceptable reason and conclusion is “change of sign, so S €[3, 3.5]”

or “change of sign, so root is between 3 and 3.5” or ‘“change of sign, so root”




Question 1 Notes Continued

1.(c) Note | Way 2
The root of f(x) =0 is 3.27491258..., so they can choose x, which is less than 3.27491258...
and choose x, which is greater than 3.27491258... with both x, and x, lying in the interval
[3, 3.5].
M1: Finds f(x,) and f(x,)with one of these values correct awrt (or truncated) to 1sf
Al: Both values correct awrt (or truncated) to 1sf, sign change and conclusion.
Note | Helpful Table
X f(x)
3 3.83333333...
3.1 2.58963440...
3.2 1.17558333...
33 —0.41660606...
3.4 —2.194745009...
35 —4.16666666...
1. (d) Note | Condone writing the symbol « in place of 4 in part (d)
Note p-3 _| "3838. | is a valid method for the first M mark
35- 4 |"-4.1666.." |
_ f(1.2 - _
Note | Give 1%t M1 for either UC) __B-3 or .2 = p=3 or |f(3)| = B3
35 35-p8 [fL3| 35-p  |[f(35)| 35-p
f(3. 5f
Note | Give M1 dM1 Al for the correct statement 3' S 5)| +3510) =3.24
[f(3.5)| + f(3)
Note | Give MO dMO for 3/f(3.5)| + 3.5f(3) _ 3("-4.166...") +3.5("3.8333...")
|f (3.5)] + f(3) ("—4.166...") +("3.8333...")
3.5+3k
Note | Give M1 dM1 for the correct statement £ = . +1 ,
+
f(3.5
where k is defined as k :| ( )| _ 4.1666.. =1.086957...
f(3) 3.8333...
3+3.5¢
Note | Give M1 dM1 for the correct statement [ = Z 1
+
f(3 3.8333...
where c is defined as ¢ = () = =0.92
|f(3.5)| 4.1666...
£ -3 "3.8333..." . . . L
Not = = f =3.24 with no intermediate working is M1 dM1 Al
ot | 35 5 " ateeer L g
£ -3 35— .
= =—2.75 is M0 dMO0 A0
Note | 3333 ~ a1e66.. ~ ©
p-3 35-p4 .
Not = = [=324 isM1dM1 A1l
ot | T3g333.  _ate66.
-3 "4,1666..."
Note p = = [ =3.260416... is MO dMO0 A0

35—  "3.8333."




Question Scheme Notes Marks
Number
1. (d) 23 -&5_2B 23 -2-2% Complete method of
Wayd | *Y=o =55 X-3 = 0-"c=—"r(x-3) finding a line
joining the points | pm1
25 53 o5 2% _ 2 (3,f(3), (3.5, f(3.5)
———=—t 8(x-35) =0--——=—-2(x-35 i -
oy 6 35.3 ( ) 6 35-3 ( ) followed by setting y=0
_ _ dependent on the previous M mark
=X=.. 0 f=.. Rearranges to give x=... or g =... | 9M1
23 311 awrt 3.24 | Al

{

xor §=3.239583... or 3% or —} = =324 (2dp)

Q)




Question

Number Scheme Notes Marks
k-12 3 )
2. M= ( k)’ where k is a real constant
{det(M) = (k —12)k —4(3) and area ratio = 32—2(? =16}
20(applied det(M)) =+320, o.e.
20(k(k —12) —4(3)) =320 or 20(k(k —12)—4(3)) =-320 Note: Allow | M1
320(applied det(M)) =+20, o.e.
320 320 At least one correct equation in
or k(k—12)-4@3) ==~ or k(k-12) -4 =-—+ K that can be gimplified Al
or un-simplified
k? —12k —28=0, k*-12k+4=0
{20k* — 240k —560 =0, 20k’ —240k +80=0}
dependent on the previous M mark
(€200 or (c—o 3640 | Alestonecoree ntiod e o ||
to give k =.. the square or calculator)
of solving a 3TQ to give k =...
At least two of either k=14, k =-2,
K=14,-2,6+42, 6-442 (=6+4v2 or k=6-442 |
All four correct values of k | Al
()
5
Question 2 Notes
2. Note | Allow 1% M1 for any of
e 320(k(k —12) —4(3)) =20 o k(k—-12)-4(3)= %
o 30(kK-12)-4@)=-20 o K(k—12)—4(3)= —%
which can be simplified or un-simplified.
Note | Allow 1% M1 for any of
o 20(k(k—12)+4(3)) =320 o 20(k(k—-12)+4(3))=-320
o 320(k(k —-12)+4(3))=20 o 320(k(k —12)+4(3))=20
or equivalent, which can be simplified or un-simplified.
Note | Give 1% MO for any of
o (k(k—-12)-4(3)) =(20)(320) o (k(k—12)+4(3)) =(20)(320)
Note | Give dM1 for using a calculator to write down at least one correct root for their 3TQ
Note | Forthe 1% A1 mark
e condone truncated 11.6 or awrt 11.7 in place of k =6+ a2
e condone awrt 0.34 in place of k =6— a2
Note | Allow k =6++/32 instead of k =6+4+/2 and/or k =6 —+/32 instead of k =6—4+/2
for any of the final two accuracy marks.
Note | Allow final AL (isw) for k =14, —2, 6+4+/2, awrt 11.6, 6 —4/2, awrt 0.34
Note | Give 2" AQ (i.e. the penultimate mark) for finding only one correct value for k as a result of
rejecting (or ignoring) correct values for k
Note | Give final AQ if any of k =14, -2, 6+4+/2, 6—42 are rejected
Note | Give final AO for extra solutions in addition to k =14, —2, 6+ 42, 6-42




Question 2 Notes Continued

Note | 320(k(k —12)—4(3)) =20 leads to 16k? —192k —193=0 and k =12.9327..., —0.9327...
320(K(k —12) — 4(3)) =—20 leads to 16k —192k —191=0 and k =12.9236..., —0.9236...

Note | 20(k(k—12)+4(3)) =320 leads to k? —12k —4=0 and k =12.3245..., —0.3245...
20(k(k —12) + 4(3)) =—320 leads to k? —12k +28=0 and k = 8.8284..., 3.1715...

Note | 320(k(k —12)+4(3)) =20 leads to 16k> ~192k +191=0 and k =10.9053..., 1.0946...

320(k(k —12) +4(3)) =—20 leads to 16k* —192k +193=0 and k =10.8925...,1.1074...




Question

Scheme Notes Marks
Number
3. (i) z* -3z =% ; (ii) w=—4+5i, (b) arg(w+Kk) = % , (€) [w+cil =45
—i
) Left hand side = (a—ib)—3(a+ib)
ng/ 1 {Z* -3z = } (a—ib)-3(a+ib) Can be implied by e.g. —2a—4bi Note: Can be seen | B1
(or implied) anywhere in their solution
51 (3+1) Multiplies numerator and denominator of the M1
""""" B (3—i) (3+1i) right-hand side by 3+i or —3—i
o -
1515 Ap;)élie:; =-1 togive "
""""" 10 right-hand side = or equivalent
3 dependent on the previous B and M marks
So, —2a—4bi = —= +2j Equates either real parts or imaginary parts to give | ddM1
2 at least one of a=... or b=...
1 3
= a:Z’ b=_§ Ry z=1—§i or z=0.25-0.375i or z=1+[—§i) Al
4 8 4 8
(©)
0] Left hand side = (a—ib)—3(a+ib)
Way 2 {Z* -3z = } (a—ib)—3(a+ib) Can be implied by e.g. —2a—4bi Note: Can be seen | B1
(or implied) anywhere in their solution
(-2a—4bi))(3-i)=......... Multiplies their (—2a —4bi) by (3—i) | M1
B o Applies i? =—1 to give
6a + 2ai —12bi —4b=........ left-hand side = —6a + 2ai —12bi —4b or equivalent Al
So, (—6a—4b) +(2a—12b)i = 5i dependent on the previous B and M marks
! 6a—4b =0 2a_12b=5 Equates both real parts and imaginary parts and solves | ddM1
gives —ba—ab =0, ca-1sb = simultaneously to give at least one of a=... or b=...
1,3 21 1 3 : 60 15
—a=,ph="g = 2=,7% z==-2i or z=0.25-0.375i or z=————i | Al
4 8 240 40
(©)
- -
(@ | eg. agw=7-tan™($) Uses trigonometry to find an expression for argw so that
or =Z+tan*(£) or argw is in the range (1.58..., 3.14...) or (90°,180°) | M1
- _ﬁ_tan—l(g) or (-4.71..., -3.15...) or (—270°, —180°)
4
argw= 7 —0.896055...= 2.245537... {=2.25 (2 dp)} awrt 2.25 or awrt —4.04 Al
or argw=——0.896055...= —4.037648... {=—-4.04 (2dp)} | orawrt 8.53 or awrt —10.32
{Note: argw=128.6598...° or —231.3401...° is M1 AQ} (2)
(b) {arg(-4+5i+k) =2 =-4+k=0=}k =4 k=4 |B1
1)
(c) o Squares and adds the real and imaginary parts of w+ Ci
[4-+5i+ci| =45 and sets equal to either (4+/5)% or 45 M1
= |4+ (5+0)i[= 45 (—4)* + (5+¢)? = (45)? o.e.
12 2 2 Al
= (-4 +(+0) = (4\/5) Allow the equivalent result «/(—4)2 +(5+¢)% = 45
16+(5+¢c)* =80 = (5+C)* =64 =cC=... devendent on th us M ‘
2 2 a0 ependent on the previous M mar
or 16+(5+¢c)"=80=c"+10c-39=0 Solves their quadratic in c to give C=... dM1
= (c+13)(c-3)=0 =c=...
c=-13,3 c=-13,3 | Al
(4)

12




Question 3 Notes

3. (1) Note | Allow alternative ways of defining z. E.g. z=x+iy and z"=x—iy with x=a and y=b
Note | Give final AQ for defining z=a+ib, finding a :%, b= —g but not stating z = % —gi
Note | Alternative: Some may define z=x—iy and z" =x+iy
This gives {z° =3z =} (x+iy)—3(x—iy) = —2x + 4yi
So, —2x + 4yi = —l+§i = x:l, y:§ = z=1—§i
2 2 4 8 4 8
(i) (@) Note | Allow M1 (implied) for awrt 2.2, awrt —3.8, truncated —4.0, awrt 129°, truncated 128°
or awrt —231°
(i) (c) Note | |-4+(5+c)i|= 45 = (=4)? - (5+¢)? = (4/5)? unless recovered is 1t MO
Note | [-4+(5+c)i|= 45 = —16+ (5+¢)? = (4/5)? unless recovered is 1t MO
Note | |-4+5i+cil =45 = (=4)? +(5)% + ¢ = (44/5)? unless recovered is 1t MO
Note If a 3TQ is formed in c then a correct method (e.g. factorising, applying the quadratic formula,
completing the square or calculator) of solving a 3TQ is required to give C=...
Note | Give dM1 for using a calculator to write down at least one correct root for their 3TQ
Note | Having achieved a correct 16+ 25+10c +c* =80 give final dM1 Al marks for writing down
¢ =-13, 3 from no working.
Note | Give final AO for either

e c=-13,3=c=3

e c=-13,3=c=-13
e Cc=3, c=-13(reject)
e c=3(reject), c=-13




Question

Scheme Notes Marks
Number
3k 1 3k
3K Either » 4r - 4.=(3k)(3k+1) or » 1— 3k | M1
S S ar 1) = 4.2 @803k 1) + 3 Z‘ 2 Z‘
Way 1 ) 2
Correct expression, simplified or un-simplified | Al
= 6k(3k +1) + 3k =18k? + 9k
= 9%k(2k+1) {p=9} Obtains 9k (2k +1) with no errors | Al cso
(©)
( ) K 1 K 1 K
a
(4r+)=4.=(Kk)(k+1)+k Both 4r —» 4.=(k)(k +1) and 1>k | M
Way 2 ; 2 ; 2 rzzl
=2k(k +1) + k = 2k? + 3k
3k .
4r +1) = 2(3k)(3k +1) +3k = 2(3k)? +3(3k Correct expression,
;( 1) = 2@k +1)+ (3K)7+3(k) simplified or un-simplified Al
=18k + 9k
= 9k(2k+1) {p=9} Obtains 9k (2k +1) with no errors | Al cso
(©)
(b) k 3k
2r2 =) (4r+1)
Way 1 rz—1: Z_l:
1 Sets Ak(k +1)(2k +1) equal to "9"k(2k +1)
2'6k(k +1)(2k +1) =9k (2k +1) or their answer from part (a), A =0, | M1
to give an equation in k only
dependent on the previous M mark
D) 9= k26 Cancels out two terms or factorises out two terms | dM1
§( th=9=k= and solves a linear equation in k to give k =...
k=26 only | Al
(©)
() 1 Sets Ak(k +1)(2k +1) equal to "9"k(2k +1)
Way 2 2.€k(k +1)(2k +1) =9k(2k +1) or their answer from part (a), A=0, | M1
to give an equation in k only
3 2 L _EAL2 dependent on the previous M mark
2K+ 3K" 4k =54k" + 27k Cancels out or factorises k and a correct method
2k® —51k* - 26k =0 (e.g. factorising, applying the quadratic formula, | dM1
k(2k? —51k — 26) =0 completing the square or calculator)
ok + 1) (k — 26) = 0 = k = 26 of solving a 3TQ to give k =...
(2k+1)(k -26)=0=k = k=26 only | Al
(©)
(b) 1 Sets Ak(k +1)(2k +1) equal to "9"k(2k +1)
Way 3 Z'Ek(k +1D(2k +1) =9k (2k +1) or their answer from part (a), A =0, | M1
to give an equation in k only
k(k +1)(2k +1) = 27k (2k +1) dependent on the previous M mark
K(k+1)— 27k =0 = Kk? — 26k =0 Cancels out two terms or fat_:tor!ses out two teims dm1
and solves a linear equation in k to give k =...
k(k—26) => k=26 k=26 only | Al
(©)




Question 4 Notes

3n
Give M1AL1 for Z(4r +1) = 4.%(3n)(3n +1)+3n

4. (a) Note
r=1
3n 1
Note | Give M1A1AO for Z(4r +1) = 4.5(3n)(3n +1)+3n =18n? +9n = 9n(2n +1)
r=1
3k
without reference to Z(4r +1) =9k (2k +1)
r=1
Note | Give M1A1Al for
3n 1 3k
Z(4r +1) = 4.2(30)@n+1) + 30 = 18n?+9n =9n(2n+1) = Z(4r +1) = 9k(2k +1)
r=1 r=1
n
. 1
Note | Way 2: Give M1 for Z(4r +1) = 4.E(n)(n +1)+n
r=1
Note | Give final AO for cancelling down their final answer 9k(2k +1) in part (a)
3k
E.g. Z(4r +1) = 4.%(3k)(3k +1) +3k =18k2 + 9k = 9k(2k +1) = k(2k +1) gets M1 AL A0
r=1
Note | Give MO A0 AO for writing
3(1)
eg. k=1= Z(4r +1) = p)((2() +1)) = 5+9+13=3p = p=9
1
3k 1 3k
with no evidence of applying Z4r > 4.2 (3K)(3k +1) or 21—> 3k
r=1 2 r=1
Note | You can give M1 1% A1 marks in part (a) for work recovered for
3k
Z(4r +1) = 4.%(3k)(3k +1)+ 3K in part (b)
r=1
(b) Note | Condone giving 1% M1 for setting Ak(k +1)(2k +1) equal to "9"k(k +1) {slip}
Note | Give AO for giving more than one value of k as their final answer.
Note | Where applicable, for A1,
e k=0 and/or k = —% needs to be rejected leaving k =26 as their final answer.
e k =26 needs to be indicated as their final answer.
Note | Way 2: Using fractions gives
e 2104k 1k 18k ok = 2k 17k - Pk 0= 2k 17k -2 g
3 3 3 3 3 3
17+ (-17)* - 4())(- 2 17+ J2® +53
L] V2aQCR) TV _1TES g
2(3) 3 3
, S —1+J(1)? - 4(1)(-27
Note | Way 3: E.g. Give dMO for k? +k —27k =0 leading directly to k = @ M(E27)

2(1)




Question

Scheme Notes Marks
Number
5 Al 2 i B= 23 1
| 2 1) (-4 58
(@) Rotation Rotation or rotate (condone turn) | B1
60 degrees or z
60 degrees {anti-clockwise} 5 3 Blo.e.
or 300 degrees clockwise or ?ﬁ clockwise
This mark is dependent on at least one of
about (0, 0) the previous B marks being given. | dB1
about (0, 0) or about O or about the origin
Note: Give 2" B0 for 60 degrees clockwise o.e. (3)
10
(b) {A°=} (0 1] Correct matrix | B1
1)
(©) gi_1 5J3 7 Correct matrix for B™, | g1
Way 1 2\ 4 23 which can be simplified or un-simplified
Applies (their B™)A , where
L 1543 7 )4 -8 (their B™*) = B, and finds at least
{C=B"A}= 2 4 23| L 1 - one element (or at least one element M1
2 2 calculation) of their matrix C
Note: Allow one slip in copying down A
dependent on the previous BIM1 marks
6v3 -4 33 -2 ;
= 1[ V3 J or = { ;/_ . J At least 2 elements in C are correct Al
2[5 -3 5 -1 All elements in C are correct | Al
4)
{BC=A=} Correct statement using 2x 2 matrices.
(c) 1 B All 3 matrices must contain four elements. B1
Way 2 { }( j j_ 2 Can be implied by the 4 correct
~4 53 L4 equations that are below.
1 3
23a-7c==, 243b-7d =—— .
V3 2 V3 2 Applies BC = Aand attempts
to solve simultaneous equations M1
3 1 inaand corbandd
~4a+5V3¢c = Dl —~4b+53d = > and finds at least one of either a, b, c or d
and finds at least one of either a, b, c or d
1(63 -4 33 -2 dependent on the previous BIM1 marks | ,,
=35 or = . L At least 2 elements in C are correct
205 -8 3 -3\
or a=3y3,b=—2 c=2 g :_l\/g All elements in C are correct | Al
1 1 21 2
@)




Question 5 Notes

5.(a) Note | Writing “60 degrees” by itself implies by convention “60 degrees anti-clockwise”. So,
e “Rotation 60 degrees about O” is B1 B1 B1
e “Rotation 60 degrees clockwise about O” is B1 B0 Bl
Note | Writing down “60 degrees anti-clockwise about O” with no reference to “rotation” or “turn”
is B0 B1 B1
Note | “original point” is not acceptable in place of the word “origin”.
Note | Give B0 BO BO for a combination of 2 or more transformations.
10
(b) Note | Give BO for writing down | without reference to [0 J
. . 10
Note | Allow B1 for writing down I, without reference to 0 1
1 53 7 1 (53 7
(© Note | Allow B1 for or ——
23)BV3)-(-7)(-4)( 4 243) 30-28( 4 23
543 7 543 7
Note Allow B1 for J_ ! or J_ #
4 243)(2\3)BN3) - (-7)(-4) 4 24/3)30-28
Note | You can ignore previous working prior to their finding B™A

(i.e. you can ignore an incorrect statement such as A=CB)




Question

Number Scheme Notes Marks
6. 2x* +x+4 =0 has roots «, 3
@) a+,b’:—%, af =2 BOtha+ﬁ:—%andaﬂ=2 B1
1)
- - 2 2
(b)) o +,82 _ (a+ﬂ)2 _2af=. Use of a correcF |def1t|ty for 0{ +p M1
May be implied by their work
2
= (— %) -2(2) = —% B or =3.75 or —3% from correct working | Al cso
(ii) &+ =(a+p)° -3aBla+f)=.. o .
or = (a+B)(a+f)? -3af)=.. Use ofacorrec_t |de_nt|ty for 0.5 +p M1
(@ BN+ —af) May be implied by their work
or =(a+pf)a —apf)=..
3
1 1) 23
=|-=| =32 —=|=—
2 el3)5
2
or = B -3(2) _ = or 2.8750r 2Z from correct working | Al cso
2 2 8 8 8
(35
2 4 8
(4)
[ 1 1 3 3
© Y=o +=+p+ = > = ap+l, af +1 Simplifies lJritogive
s a B a p «a
= a3+ﬂ3+ﬂ — aﬁ(a3+ﬁ3)+(a+ﬁ) M(Can belmplled)
af aff
and uses at least two of their M1
a+ 2, a+por apf inan
attempt to find a
e.g. = 23 (-3) _2 2B+ () numerical value for the sum of
8 2 8 2 1 1
(oﬁ +—J and (ﬂ?’ + —j
g a
H=(a3+£j(p’3 +£) Im= (a%ﬂ][ 0‘/33”} Expands
/ ¢ / y s, L B+ R
=(aﬂ)3+a2+ﬂ2+i _a'prra’Brapd+l ¢ Yij a
7 af give 4 terms and uses at | 1,
(af)" +af(a? + f2) +1 least one of their o or
- of a? + B% in an attempt to
1 1 19 (2)* +2(-8) +1 find a numerical value
eg. = (2)° +(——j+— = = % for the product
21 19 Applies x* —(sum)x + product (can be implied),
X —==x+—=0 for their numerical values of the sum and product. | M1
8 4 Note: "=0" is not required for this mark
Any int Itiple of 8x* — =
8% — 21x 4 38 = 0 ny integer multiple of 8x° — 21x + 38 =0, A1 cso

including the " =0"

(4)
9




Question 6 Notes

6. (b)(i) Note | Writing a correct o + 5% = (a + 8)* — 2o without attempting to substitute at least one
of either their o+ g or their af into (a+ B)? —2ap is MO
2
Note | An incorrect a+,b’:%, afp =2 from (a) leading to o® + B = (%) -2(2) = —% isM1 A0
. N , ., 15 . . 1 .
Note | Give M1 Al for writing down o° + 8° = e if they glvea+,8:—§, aff=21in(a)
(b)(ii) Note | Allow M1 Al for & + 8% = (a® + f°)(a + B) —af(a+ ) = (—%)(—%)—(2)(—%) =§
Note | E.g. writing a correct o + ° = (a + ) —3a(a + ) without attempting to substitute at
least one of either their o+ 3 or their af into (a + B)° —3afB(a + f) is MO
Note | E.g. writing a correct o + 8° = (a + f)(a® + B2 — a8) Without attempting to substitute at
least one of either their o« + 3, their o + 2 or their o into (a + B)(a” + 2 —af) is MO
Note | Give M1 Al for writing down o® + ° = % if they givea+ﬂ=—%, aff=2 in (a)
(b) ALT | They can use the equation 2x* + x+4 = 0 with roots «, S to give
2 _
2“2+“+4_0 — 202 +28 +a+f+8=0
2°+p+4=0
1 1 1 1/1 15
So, a2+ =2 ((a+p)-8) == ——=-8|=2|Z-8|=-2
o+ =3 as ) -8) =3 -5 -8 )= 2 -8) =%
3 2 .
2“3+“2+4a‘0 = 20° 42 +aP + P+ da+ 4B =0
208°+p°+45=0
1 1 15 1 1(15 23
N T SR B R
a +p 2((06 B°) (O!ﬁ)))2 2 > >\ 2 3
(a) Note | Give BO for «, 8 = _1+£/ﬁ' , _1_2/5' and then stating that o + f = _%, af =2
Note | Give BOfor a+f = ~1+ 3L + ~1- V31 ~ L ang aff = ~L+ V31 | -1 V3l =2
4 4 2 4 4
N2 \2
(b)(i) Note | Give MO AQ for o + A2 = “LeVBLi| (-1-4BLi) 15
4 4 4
\3 \3
(b)) | Note |Give MO AQfor o+ 5° = [‘HF'J +(‘1‘4Jﬁ'j - %
(b) Note | Using _1“2@' , _1_;@' to find ¢ + 8 = _%, o = 2 Tollowed by
2 2 1) 15 o
. a’+p° == -5 -2(2) == scores M1 A0 in (b)(i)
3
e eg a*+p%= (—%) —3(2)(—3:?, scores M1 Al in (b)(ii)
(©) Note | A correct method leadingto p=8, g=-21, r =38 without writing a final answer of

8x* — 21x + 38 =0 is final M1 A0




Question 6 Notes Continued

6. (c)

Note | Using _1+g/ﬁl, _1_;/ﬁl explicitly to find the sum and product of aﬂ%and B e
a
3 3
e e sum= {_“ﬁ'j —t ~1-+3Li f—r 24
4 (-1-Jﬁi) 4 (-1+Jﬁi) 8
4 4
A\ A3
e ie. product = ~1+ 311 1 : ~1-\31i st — | = 19
4 (717\/3—1|) 4 (71+\/3—1|) 4
4 4
e X —%x+%—0:>8x —-21x+38=0
scores MO MO M1 AOQ in part (c).
Note | Using _1+\/i', ~1- V3l tofind g+ f=—2, af=2
4 4 2
and applying a+,3:_%, afp =2 can potentially score full marks in (c). E.g.
_1
e sum=a*+p° AT 23+( 2)=2—1
af 8 2 8
5) 1 19
° roduct = (aB)’ +a® + B2 +— = (2 ==
product = () +a*+ 4+ = 2+ 22+ =
. xz—%lx+%_0:>8x —21x+38=0
Note | Give final MO for Z: 2—1 1| =% leading to x° —%1+%_0 (without recovery)
21 19
Note | Allow final M1 for Z_ —, = with x* — (sum)x + (product) leading to
e 2,19 4
8 4
Note | An alternative method uses a correct (x—of—%}( - B ——j:
. d . . s 1 s 1
Note | Allow 1% M1 and/or 2™ M1 for using an incorrect | X — +E X=p"+—|=
(04
- - - 3 1 3 1
Note | Give final MO for an incorrect (x—a +EJ(X_'B +—)=0 unless recovered
(24
] . s 2 , 1 . .. a+p
Note | When expanding | o’ +— i + to give (a¢f)’ +a” + B +—, some will write ——
B afs afp

. 1
in place of _ﬂ
a,

So, allow 2™ M1 for expanding (a +—j(ﬂ + Jto give (aB)’ +a’ + B L2 'B
B afp

using at least one of their o8 or a®+ % in an attempt to find a numerical value
for the product.




Question

Scheme Notes Marks
Number
7. f(z)=z"—-62°+az? —44z+b; a,b arereal constants. z=—-1-3iis given.
(a) —1+3i -1+3i | Bl
1)
(b) Attempt to expand (z + (—1-3i))(z +"(-1+3i)")
or any valid method to establish a quadratic factor
, eg. z=-1+3i=z+1=43i = 2*+2z+1=-9 | M1
2" +22+10 or sum of roots = —2, product of roots =10
to give z2 =+ (their sum)z + (their product)
7> +2z+10 | Al
Attempts to find the other quadratic factor
e.g. using long division to obtain
22 +kz+..., k=value=0
{f(2) =} (2% + 22 +10)(z> -8z +18) e.g. factorising/equating coefficients to obtain M1
f(z) =(z° + 22 +10)(z® £ kz £¢),
k=value =0, ccanbe0
2% —87 +18 seen in their working | Al
{z*-8z+18=0=}
—_8+ /(—8)2 — 4(1)(18) dependent on only the previous M mark
= 20 Correct method of applying the quadratic formula dM1
or completing the square for solving their 3TQ
e (2-4)°"-16+18=0=z=... on their 2" quadratic factor
{z=} 4+2i 4++2i and 4-2i | Al
(6)
7
Question 7 Notes
7.(3) Note | Give B1 for either 4++/2i or 4—+/2i
(b) Note The values of the constants, i.e. a=12, b=180 do not have to be found explicitly.
Note | You canassume x = z for solutions in this part
Note | Give final AIM1A1 for 72 —8z+18=0=> z=4++/2i, 4—+/2i with no intermediate
working.
Note | They must be solvinga 3TQ "A"z*+"B"z+"C" where
A, B, C are all numerical values = 0 for the final dM1 mark.
Note | Special Case: If their 2™ quadratic factor z> +"B"z+"C" can be factorised then
give Special Case 3™ dM1 for correct factorisation leadingto z=...
Otherwise, give 3" dMO for applying a method of factorisation to solve their 3TQ.
Note Reminder: Method mark for solving a 3TQ
Formula: Az®+Bz+C =0 = Attempt to use the correct formula (with values for A, B, C)
2
B
Completing the Square: z°+Bz+C=0= (Z iE) 1q+C=0,9=0, leadingto z=...
Note: | Comparing coefficients: f(z)=(z?+2z+10)(2* +az+ )= z* -6z +az’ —44z+b
2’ a+2=-6=a=-8; 2:2+10a=-44=23-80=—44 = =18
yielding 2" quadratic factor = z° —8z +18
Also, constant: 108=b =b=180; z?:f+2a+10=a = a=18-16+10=12




Question 7 Notes Continued

7. (b) Note: | Long division:
z° -8z +18

22 +22+10| z* - 62°+ az® —44z+b
z* + 27° + 107°
—87° + (a—10)z% — 44z
-8z° -16z° - 80z
(a+6)z°+362+b

1822 +367 +180
0

Also, note a=12, b=180

Note Ignore errors in long division for the 2" A1 mark and/or the 3@ A1 mark.

Note | Ignore errors in stating a=12, b =180 for the 2" A1 mark and/or the 3" A1 mark.

Note The solutions 4 + \/Ei need to follow on from a correct z2 —8z +18 in order to gain the final
A mark.

o
Note | Give final A0 for writing %\E' followed by either 4+ 2+/2i or 8++/2i




Question

Number Scheme Notes Marks
8. f(n) =3*"% +2°"2 is divisible by 17
Way 1 | f(1)=3?+2°=17 {is divisible by 17} f(1) =17 is the minimum | B1
f (k +1) —f(k) — 34(k+1)—2 + 26(k+1)—3 _ (34k—2 + 26k—3) Attempts f(k +1) —f(k) M1
f(k+1)—f(k) = 80(3% %) +63(2% )
=80(3%2 4 253y —17(2%3) 80(3*% +2%2%) or 80f(k); | —17(2%%)
4k—2 6k-3 4k—2 4k—2 6k-3 4k—2 Al’ Al
or =63(3" " +2°7) +17(3%™) 63(3™+2°") or 63f(k); | +17(377°)
f(k+1)=80(3" % +2°7%) —~17(2° ) + (k) or dependent on at least one of the
f(k +1) =63(3% 2 +2%3) +17(3"?) +f (k) or previous A marks being gained ML
£(k +1) =80F (K)— 17(2%3) + £ (k) or -M-akes f(k+1) the subject a::iexpr;s_sses
£(k +1) = 63F (K)+ 17(3%2) + £ (K) it in terms of f(k) and/or (3™7°+2"7)
If the result is true for n=k, thenitis true for n=k +1. As the result has been shown to be
- Al cso
true for n=1, then the result is true foralln (eZ")
(6
Way 2 | f(1)=3?+2°=17 {is divisible by 17} f(1) =17 is the minimum | B1
f(k +1) = 34kD-2 4 pblkD)-3 Attempts f(k +1) | M1
f(k+1) = 81(3*%) +64(2%3)
=81(3%2 4 28K-3) _17(253) 81(3*2 4+ 253y or 81f(k); | —17(2%%)
4k—2 6k-3 4k—2 4k—2 6k-3 4k—2 Al’ Al
or =64(3"°+2>7°)+17(377°) 643" +2" ") or 64f(k); | +17(37°)
f(k+1) =81(3"* +2%7%) ~17(2°) or dependent on at least one of the
f(k+1) =643%2 + 253 +17(3*?) or previous A marks being gained
F(k +1) =81F(K)— 17(2%°%) or Makes f(k +1) the subject and expresses | AM1
F(k +1) = 64 (k) + 173%2) it in terms of f(k) and/or (3*2+2%3)
If the result is true for n=k, then itis true for n=k +1. As the result has been shown to be
Al cso
true for n=1, then the result is true foralln (eZ")
| (6)
Way 3 General Method: Using f(k +1) —mf(k), meZ
f(1) =3% +2° =17 {is divisible by 17} f(1) =17 is the minimum | B1
f (k +1) _ mf (k) — 34(k+1)—2 + 26(k+1)—3 _ m(34k—2 + 26k—3) Attempts f(k +1) _ mf (k) M1
f(k +1) —mf (k) = (81— m) (3" %)+ (64—m)(2°%3)
=(B81l-m)(3* 2 +2%3) —17(2% ) or | (81-m)(3* 2 +2% %) or (81—m)f (k);—17(2%3)
4k—2 6k-3 4k -2 4k—2 6k—3 4k—-2 Al’ Al
=(64-m)(3" T +277°) +17(37 ) (64 —m)(3* ™ +2°")or (64—m)f(k);+17(37 )
f(k+1) = (81— m)(3% 2 4+ 2%3) — 17(2%3) + mf (k) or deper_1dent on at Ieast_one of the
Mo bk tp previous A marks being gained
f(k+1)=(64-m)(3™ " +2°7) +17(3™ ") + mf (k) or Makes f(k +1) the subjectand | 4p1q
f(k+1) = (@1-m)f (k)—17(2%3) +mf (k) or expresses it in terms of f (k)
f(k +1) = (64 —m)f (k)+17(3*?) + mf (k) and/or (3% 4+ 2%3)
If the result is true for n=k, then itis true for n=k +1. As the result has been shown to be
Al
true for n=1, then the result is true foralln (eZ") e0
6
6




Question

Scheme Notes Marks
Number
8. f(n) =3*"2 +2°"3 s divisible by 17
Way 4 General Method: Using f(k +1) —mf(k), meZ
(1) =3% +2° =17 {is divisible by 17} f(1) =17 is the minimum | B1
f(k +1) _ mf (k) — 34(k+1)—2 + 26(k+1)—3 _ m(34k—2 + 26k—3) Attempts f(k +1) -mf (k) M1
f(k+1)—mf (k) = (81—m)(3*?) + (64—m)(2°2)
E 47 = f(k +1) - 47f (k) = 34(3*2) +17(253) m=47 and UE™T) | AL
.g. m= = +1)— = +
: m=47 and 17(2°®) | Al
dependent on at least one of the
tp 6k_3 previous A marks being gained
f(k+1)= 343" ") +17(2™7) +47f (k) Makes f(k +1) the subjectand | dM1
expresses it in terms of f (k)
If the result is true for n=Kk, then itis true for n=k +1. As the result has been shown to be
Al cso
true for n=1, then the result is true foralln (eZ")
| ©)
In Way 4 there are many alternatives.
See below for examples of alternatives where m =30 and m =13
The A1A1dM1 marks for some alternatives using f(k +1) —mf(k), meZ
Way 4.1 | f(k+1)= 81(3%?)+64(2%)
= 30(3"?)+30(2%®) + 51(3*?) +34(2%?)
m=30 and 51(3*?) | Al
= 30(3"? +2%%) 4+ 51(3%?) + 34(2%?) ( GH)
m=30 and 34(2°"°) | Al
dependent on at least one of the
er e s o previous A marks being gained
or f(k+1)= 30f(k) +513%?) +34(2"7) expresses it in terms of T (k)
and/or (3*2 4253
Way 4.2 | f(k+1)= 81(3*?)+64(25%)
= 13(3%?) +13(2°%) + 68(3*?) +51(2°)
m=13 and 68(3"?) | Al
= 13(3%2 +2%%) 4+ 68(3"?) + 51(2°%) ( = 3)
m=13 and 51(2°"°) | Al
dependent on at least one of the
o bk o o previous A marks being gained
f(k+1)=13(3""“+2°"7)+68(3" °)+51(2" ) Makes f(k_|_]_) the subject and dML

or f(k+1)= 13f(k) + 68(3*?) +51(2%®)

expresses it in terms of f (k)
and/or (3% +25¢3)




Question 8 Notes

Note | f(n)=3""2+2%"3 can be written as f(n)=3""%+8"*
Way 5 f(n) _ 34n—2 + 26n—3 — 34n—2 + 82n—l

f(1) =32 +8' =17 {is divisible by 17} f(1) =17 is the minimum | B1
f(k+1)—f(k) =32 L g2l _ (38k=2 g2k Attempts f(k+1)—f(k) | M1
f(k+1)—f(k) = 80(3*?)+63(8%*?)

k-2 | g2kl | 1787
_ 80(34k_2 + 82k_1) . 17(82k_1) 80(3 +8 ) or 80f (k) X
or =63(3"7?+8%") +17(3%?) +17(3%%) ALAL
63(3*2 +8%1) or 63f(k);
f(k+1) =80(3"2 +8%1) —17(8* ") +f (k) or dependent on at least one of the
f(k +1) =63(3* 2 +8%1) +17(3* ) +f(k) or previous A marks being gained
: dM1
- 4k—2 2k-1
If the result is true for n=Kk, then itis true for n=k +1. As the result has been shown to be
- . ) Al cso
true for n=1, then the result is true for all n (e Z*)
| ©)
Note | Some students may set f(k) =17M and so may prove the following general results
o {f(k+1)=81f(k)-17(2%3)}= f(k+1) =1377M —17(2%3) or =17(3*M —2°3)
o {f(k+1)=64f(k)+17(3*?)} = f(k+1)=1088M +17(3*2) or =17(2°M +3%*2)
Note | Final A1 mark is dependent on all previous marks being scored in Q8
Note | Final Al: There must be a correct final expression for f(k+1) and a correct conclusion.
The conclusion must convey the ideas of all four underlined points either at the end of their
solution or as a narrative in their solution.

Note | Allow as part of their conclusion “true for all positive values of n”

Note | Allow as part of their conclusion “true for all values of n”

Note | Allow as part of their conclusion “true forall ne N ”

Note | Referring to n as a real number in their conclusion (e.g. true for all n e R ) is final AO

Note | Condone N€Z" as part of their conclusion for the final A1 mark

Note | Allow f(k+1)=3*f(k)—17(2%3) as a correct alternative to f(k +1) =81f (k)—17(2°3)

Note | Allow f(k +1) = 2°f (k)+17(3*2) as a correct alternative to f(k +1) = 64f (k)+17(3*?)




?\Itiﬁ;tk;(e)? Scheme Notes Marks
9. C:y? =4ax; P(ap?, 2ap) lieson C; circle: (x—10a)? + y? :%a2
(@) y=2«/5x%:>d—y=JEX‘%=£ Y ikxtik20
dx Ix dx
2y%=4a ky—yzc;k,c;to M1
dx
dy dy dt _ 94 1 their 2.« o Condone t=p
dx dt dx 2ap theira
{At P, x=ap?, y=2ap =} % _1 Correct calculus work leading to m, _1 Al
X Pp p
Applies m, :__1, to find My in terms of p,
So,atP, my=-p My M1
where My is found using calculus. Can be implied by later working.
. Correct straight line method for an
either or ion of I wh
dap— - p(x—ap) y—0=— p(x—10a) equation of a normal, where | M1
y—2ap=-p(x—ap my (# M) is found using calculus.
0—2ap=—p(l0a—ap?®) | 2ap—-0=— p(ap®—10a) dependent on the
previous M mark dM1
= p=..=>X=..0ry=.. Complete method to find
or 2ap—-0=—p(x-10a) = X =... either the x or y coordinate of P
either x=8a, y=4+/2a or Either x=8a or y=4+/2a or y =awrt 5.66a | Al
P(8a, 42 a) P(8a, 42 a)or both x=8aand y=4/2a | Al
Note: p=2+/2 or /8. Note: Ignore the additional solution P(8a, —4+/2 a) (7)
(b) _Luoa_ L 10a—a)(thei
Way 1 Area SBP = 2(10a a)(4\/§a) 5 (10a —a)(their y, from (a)) | M1
=18+2a” 18/2a% | Al
S )
c Complete Pythagoras method
_ ngam2 m2 f_
Way1 | PB=y(0a—"8a") +("42a") {=6a} for finding length P8 | M*
dependent on the previous M mark
PR = 6a—1.5a PR :"thelr 63_"—1.58. dMl
PR=4.5a PR=45 | A1
(©)
() p=2J2 = I:y=—22x+20J2a
Way 2 2 2_9 Substitutes their equation of I into the circle
-1 —2J2x+2042a)? == d
(x—10a)" +( Vax+ O\/_a) 4 a equation followed by a correct method for | M1
— 36x2 — 720ax + 3591a2 = 0 solving their 3TQ to give x=...or y =...
= 9(2x-213)(2x-19a) =0=>x=...
— R(9.5a, \2a)
dependent on the previous M mark
PR = \/(9.5a—8a)2 +(V2a - 42 a)? Complete applied Pythagoras method for | dM1
finding the distance between their P and their R
PR=4.5a PR=45a | A1

©)




Question Scheme Notes Marks
Number
9. (b) 1/la 10a "8a" a _ o
Way 2 | Area SBP = > “4Fa" Complete applied method for finding
0 0 "4J2a" 0 area SBP using S(a, 0), B(10a, 0) | M1
:%‘0—0+40\/§a2—0+0—4\/§a2‘ and their P from (a)
—18+2a 18+/2a% | Al
2
9. (c) " "
Way 3 | Xg =10a—1.5cos| tan™* ﬂ ) _
10a—-"8a Uses their P from (a) in a correct method for
"42a" writing down either Xg Or Yg M1
Yr =l.55in£tan‘1 (—B
10a—"8a"
— R(9.5a, 2 a)
dependent on the previous M mark
PR = \/(9.5a—8a)2 +(V2a - 42 a)? Complete applied Pythagoras method for | dM1
finding the distance between their P and their R
PR=4.5a PR=45a | A1
(©)
Question 9 Notes
9. (a) Note | Allow 1% M1 1% Al (sufficient use of calculus) for {m, =} ? which leads to {m, :}l
y p
Note | Allow 1%t M1 1%t Al (sufficient use of calculus) for {m, =} \/E which leads to {m, :}l
X p
Note | Give 3" M1 for either
e 2ap="(-p)"(ap?)+c =y ="(—p)"x+their c or
e 0="(-p)"(10@)+c = y="(~p)"x +their c
Note | Writing coordinates the wrong way around
E.g. finding x=8a, y =42 a followed by (4v2a, 8a) is final A0
Note | Give final AO for (82, 5.65685...a) without reference to y =4+2aor 2./8a
Note Accept y, = 2J§a written in place of y, =4\/§a for the final A1 Al marks
Note | Special Case
If they write down either % = 1, m; = 1o my =-P with no evidence of using calculus
X p
then they can gain any of or all the final 4 marks in part (a).
ALT | Alternative Method for the 3" M mark and 4" M mark
B(10a, 0), P(ap?,2ap) =
{B( ) Plap P)=} Finds gradient of BP and sets the result | 4
2ap—-0 . . 37 M1
Mgy =—3——=—p equal to the gradient of their normal
ap” —10a
dependent on the previous M mark
=Pp=..=>X=..0ry=.. Complete method to find | 4" M1
either the x or y coordinate of P




Question 9 Notes Continued

9. (b) Note | Give A0 25.4558...a° without reference to 18+/2 a2

Note | Condone one slip of either writing 9 for 10a—a or writing "42" instead of "4+/2a"

for the M mark in (b)
(© Note | Way 2: For reference,
(x—10a)? + (—2+/2x + 204/2a)? = % a’
x® —20ax +100a” +8x* —160ax +800a” = %az
9x* —180ax +900a’® = %az
9x? —180ax+%91a2 =0 or 9x*-180ax+897.75a° =0
or x* —20ax+99.75a° =0 or 4x*—80ax+399a*=0
180a + ,/(1802)° — 4(9)(*M)a®  180a+9a
X= =
2(9) 2(9)
X= @, 1rla =10.5a, 9.5a
18 18
Note

The method PB = \/(10a ~"8a")? + ("4x/§a")2 needs to be referred to in part (c) or the

result of PB = \/(1Oa—"8a")2 + ("4\/561")2 needs to be used in part (c) to gain the M
mark in part (c)




