‘Knowing the path is good but not enough, walking the
path with determination leads to destiny”
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TO p | C 1 : QU a d rat|CS Accelerating Academic Skills ——
1.
Question Answer Marks Guidance
9(a) |:¢{ 1__'_3]3:| [<7] B1BI1 | Stating a=3.,h=-7 gets BIBI
2
2.
Question Answer Marks
9(a) [[.\'—2]:] [—l] B1 B1
2
3.
Question Answer Marks Guidance
l{a) [(_1___3111} [__]_] B1 B1
2
4,
Question Answer Marks Guidance
2 w=2x-3 leadingto u'-3u’—4[=0] M) o t::[Z.L'—3_‘,|: leading to v* —3u—4[=0]
(u*—4)(u* +1) [=0] ML | Or (u=4)(u+1) [=0]
2e-3=[4]2 Al
1 5 ) Al
x=— . — only
2 2
4
5.
Question Answer Marks Guidance
l{a) (4x —3) or (4x +{—3)  ora=-3 Bl | k{4x— 3)" where k # | scores BO but mark final answer, allow
recovery.
+lorb=1 Bl
2
1(b) [For one root] k=1 or ‘their b’ Bl FT | Either by inspection or solving or from

248 4% 16%(10-k=0 WWW

[Root or x :]% or 0.75

Bl

SC B2 for correct final answer WWW.
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Question Answer Marks Guidance
2 b +2x—k=kr—2 leadingto kv® +(—k+2)x—k+2 [=0] *M1 | Eliminate y and form 3-term quadratic. Allow 1 error.
(—k+ 3): —4k(—k+2) DM1 | Apply 5 —4ac ; allow 1 error but @, b and ¢ must be
correct for their quadratic.
Sk*—12k+4 or (—k+2)(—k+2—4k) Al | May be shown in quadratic formula.
(—k+2)(=5k+2) DM1 | Solving a 3-term quadratic in k (all terms on one side) by
factorising, use of formula or completing the square.
Factors must expand to give their coefficient of £,
2 N Al | WWW, accept two separate correct inequalities.
5 <k<2 If MO for solving quadratic, SC B1 can be awarded for
correct final answer.
5
7.
Question Answer Marks Guidance
8(a) {_3{_\, _ :,_}l} {14} B1 B1 | B1 for each correct term; condone a =2, b= 14.
2
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1.
Question Answer Marks Guidance
9(a) [2{_‘___3]3] [_?] B1B1 | Stating a=3.b=-7 gets BIBI
2
) y=2(x+3) =7 5 2(x+3) =y +7 = (x+3) =2 ; ! M ?:.T:d:offr:fg:i?:oiogftm x/y interchange
[y+7 T+ 7 x+7 AIFT | FT on their a and b. Allow y = ...
x+3=(%),— —).1'={1]JT—3—> 7 (x)=———-3
Domain: x 2 -5 or = -5 or [-5, ®) B1 | Do not accept y=..., f(x)=..../ ' (x)=
3
9(c) fo(x)= 8x° -7 BIFT | SOL FT on their -7 from part (a)
8x? =7=193 = x* =25 = x=-5 only Bl
Alternative method for question 9(c)
gx)= £7(193) = 2x—3=—/100-3 M1 | FT on their £ (x)
x=-5 only Al
2
Ad) (Largest k 1s) —]; Bl Accept —% ork < —%
1
2.
Question Answer Marks
4a) -l<fix)g2 Bl B1
2
3.
Question Answer Marks
6la) 3(3x+b)+b=9x+4b - 10=18+4b M1
b=-2 Al
Either f{14) =2 or f'(x)=2(x + a) etc. M1
a=>5 Al
4
6(b) (1 M1
gf(x) = 3||. E.r—s}—z
efix)= ;1'—1? Al
2
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Question | Answer Marks
Sa) | fiix)= a-2(a—2x) Ml
flix)=4r—a Al
. -X M1 Al
f'(x) = a=x
4
(b —x M1
®) 4x—a=2"% _, 9x =3a
2
a Al
X=—
3
2
5.
Question | Answer Marks
9(a) fix) from =1 to 5 B1B1
g(x) from —10 to 2 BIFT
(FT from part (a))
3
6.
Question Answer Marks
Q{&'l] [[_‘._2]:] [—l] B1 B1
2
9(b) Smallest c =2 BIFT
(FT on their part (a))
1
9c) .1'=f.1'—2]:—l — {.\'—E'I:=.1'+I M1
x=2(2)fy+1 bM1
(F'(x)) =2+ x+1 forx>8 Al
3
9(d) o B1
gf(x)= I = ! — OE
(x=2) —1+1 (x-2)
I . I B1 B1
Range of gf is 0 < gf(x) < M
3
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7.
Question Answer Marks Guidance
@) | ()= (2x41)"+3 Bl | O"
1
11ib) y=(2x+ |J: +3 5 2x+l=(3) _3 M1 | Ist two operations. Allow one sign error or x/y interchanged
i 1 M1 | OE 2nd two operations. Allow one sign error or x/y interchanged
X —(1]5{..!'_1 -3 1)
" 1 \ Al B1 | Allow (3, o
(fe'(x)=) =(Vx=3 -1) for(x)>3 (3 )
4
Q) | g = 2(x* +3)41 B1 | SOI
(204 |]! $3-3= 3{'_\_: N 3} +1 = 25% +4x-6 (=0) *M1 | Express as 3-term quadratic
(2)(x+3)(x-1) (=0) DM1 | Or quadratic formula or completing the square
x=1 Al
4
8.
Question Answer Marks Guidance
S(a) 0 B1
1
5(b . x+2 -X B1 B1 | OE. Sight of ¢ ct inverses.
(b) (F(x)) = X+ (@) = 4-—x or i_] 1ght of correct mverses
4 x x
¥+ or-16(=0) B1 | Equating inverses and simplifying.
(x+8)and(x-2) M1 | Correct attempt at solution of their 3-term quadratic-
factorising. completing the square or use of formula.
(x=)2or-8 Al | Do not accept answers obtained with no method shown.
5
9.
Question Answer Marks Guidance
Ofa) e 2x 3o p=2x o 3 2¥=y (or —y = 2 —31y) *M1 | For |st two operations. Condone a sign error
3x-1 ’ ’
DM1 | For 2nd two operations. Condone a sign error
r(3y=-2)=y = x= {or x= )
3y-2 2-3y
apay X Al Cfetpat X
{f {"”_3\'—2 Allow {f {"”_2—3.\'
3
6(b) 2(3x-1)+2 - ax | BI BI | AG, WWW _ o _
=S | T 36D - 3%o1 First Bl is for a correct single unsimplified fraction.
3(3x-1) 3(3x-1) Se=1 ] An intermediate step needs to be shown. Equivalent methods
accepted.
2
blc 2 B1 2 2
) (fix))= = Allow () > =. Do not allow x > =
3 3 3
1
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10. Accelerating Academic Skills ——
Question Answer Marks Guidance
T(a) [ff.l‘}=:|f.1'+l):——3 B1 B1 | Accept a=1.b=2.
Range [of fis (¥)] =2 BIFT | OE. Do notallow x = 2, FT on their b.
3
7(b) y=(x+ l}: +2 leadingto x=[] ’_1' IR M1 | Or by using the formula. Allow one sign error.
f'(x)=—x-2-1 Al
2
Tic) 2 +2x+ 3] T1=13 B1 | Orusing a correct completed square form of fix).
27 +-L1'—h[:i}] leading to {3](_\__”(1__'_3)[:0] B1 | Or x =1,x=-3 using formula or completing
square. Must reach 2 solutions.
x==3 only Bl
3
11.
uestion Answer Marks Guidance
Q
9(a) Range of fis fix) = —4 B1 | Allow y, for ‘range’ or [—4,==)
1
9(h) y=(r-2F -4 (x-2F=y+4> x-2=4 |||'_|-+-I-] ar 4 |'|[_r+-l] M1 | May swap variables here
[ (x)]=flx+4)+2 Al
2
9(c) (r_2F 4= ;1 o At 4_d=_ ;1 F2ps s —%.r—ﬁ —0] M1 | Equating and simplifying to a 3-term quadratic
7+ (7 —4(3)(—6) M1 | Solving quadratic
(3x+2)(x-3)[=0] or ———  — CE
x =3 only Al
3
9(d) f'{12)=6 M1 | Substitute 12 into their £ (x) and evaluate
g(f'(12))=6a +2 M1 | Substitute their ‘6" into g(x)
glg(f' (12)) =a(ba +2) + 2 =62 M1 | Substitute the result into g(x) and = 62
oa’ + 2a — 60 [= 0] M1 | Forming and solving a 3-term quadratic
Al
a= _lo or3
3
Alternative method for Question 9(d)
o (1) = “{m_ 2]+3 or gg(v) =a(ar+2) +2 M1 | Substitute their ' (x) or g(x) into g(x)
a(g(f () = ”{u[' o+ d +3]+3}+2 M1 | Substitute the result into g(x)
glg(f' (12)) = a(ba +2) +2=62 M1 | Substitute 12 and = 62
6a’+2a—60[=0] M1 | Forming and solving a 3-term quadratic
Al
a=-—-——or3
3
5
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12. Accelerating Academic Skills ——
Question Answer Marks Guidance
S(a) fiix)=2(2* + 3 +3 M1 | Condone = 0.
Bt + 2407 + 21 Al | ISW if correct answer seen. Condone = 0.
2
(b) Bx'+ 247 +21 =347 + 19 = 8 + 2407 — 37 + 21 — 19[=0] M1 | Equating 34x" + 19 to their 3-term ff{x) and collect all terms on
one side condone =+ sign errors.
8¢ — 10x° + 2[= 0] Al
[210 = D){dx* = 1) M1 | Attempt to solve 3-term quartic or 3-term quadratic by
factorisation, formula or completing the square or factor theorem.
. 1 ) 1 Al | If factorising, factors must expand to give 8x* or 4x* 4 or their ax*
¥ =lor 3 leading to (x=1orx ) otherwise MOAO due to calculator use.
1
Condone +1. i: but not % or 1.
4
13.
Question Answer Marks Guidance
8(a) [fe(x)=]1/(2x 1) 1 B1 | SOI
1/ (2x+ |}: —1=3 leading to 4(2x + |}: =1 M1 | Setting fg(x)=3 and reaching a stage before
1 N 2x+1=%% orreachinga 3 term quadratic in
or =[%]2 or 165" +165+3=0 .
(2x+1) ;
2x+1=2% or 2x+1=-% or (4x +1)(4x+3)[=0] Al | Or formula or completing square on quadratic
3 Al
x=-= only
4
Alternative method for Question 8(a)
¥ —1=3 M1
g(x)=-2 Al
1 M1
=2
(2x+1)
k Al
x =—— only
4
8(b ) 2 . *M1 | Obtain 2x + 1 2y +1 as the subject
®) _1':;14 leading to (2x+1) L leading to  2x+1 :[i] ! TR X Y+ aslle sIhec
(2x+1) ¥+l y+1
DM1 a ¥ ' .
v=[¢] 11 Make x(ory) the subject
2 y+1 2
! e P R _|’ —_ 1.1)
e+l 2 o2 2 [Vaxea 3 2]
3
14.
Question Answer Marks Guidance
8(a) {_3‘ x=2) } {+14} B1 B1 | Bl for each correct term; condone a =2, b= 14.
2
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Accelerating Academic Skills ——

8(b) [k=]2 B1 | Allow [x] < 2.
1
Question Answer Marks Guidance
8(c) [Range is] [¥] < —13 B1 | Allow [fix)] < —13,[f]< —13 but NOT x < —13.
1
8(d \2 . 24—y M1 —14 ) .
) v=-3(x-2) +14 leadingto (x-2) :T-‘ Allow 2 . Allow 1 error in rearrangement if x, v on
opposite sides.
—y Al —
x=2(%) 14—y Allow 2 H_
3 -
e Al — .
[f' (x)]1=2- nd. OE. Allow = 14 . Must be x on RHS; must be negative
3 -3
square root only.
Alternative method for question 8(d)
2 2 -x N r—
x==3(y=2) +14 leadingto (y-=2) :H% Mi Allow 2 14 . Allow 1 error in rearrangement if x, ¥ on
- —d
opposite sides.
_x Al r—14
=2(4) JH_1 Allow =
3 -3
- Al =
[f'(x)]1=2- JH'__‘ OE. Allow 2 14 . Must be x on RHS; must be negative
3 =3
square root only.
3
50| e =1 {3(x+3-2)°)+ {1441} BLLO oR {-3(x+3) ) +{12(x+3)}+{3}
g(x)=-3x" —6x+12 B1
3
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1.
Question Answer Marks Guidance
2 [Stretch] [factor 2, x direction (or y-axis invariant)] *B1
DE1
[Translation or Shifi] [l Pnit in v direction] or B1B1 | Accept transformations in either order. Allow (0, 1) for the vector
[Translation/Shift] |?| .
4
2.
Question Answer Marks
4(a) -1 <fix)g2 B1 B1
2
4(b) k=1 B1
Translation by | unit upwards parallel to the y-axis B1
2
e) y=- écml\— Bl
1
3.
Question | Answer Marks
9(a) fix) from—1to 5 B1B1
g(x) from —10 to 2 BIFT
(FT from part (a))
3
9(b) i . B2, 1
2
9(c) Reflect in x-axis B1
Stretch by factor 2 in the y direction B1
Translation by — in the x direction OR translation by | n 1 . 81
3
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4. Accelerating Academic Skills ——
Question Answer Marks
3@ | (y)=f(~) B1
1
3(b) (v)=2f(x) B1
1
3(c) (v)=f(x+4)-3 B1 BI1
2
5.
Question Answer Marks Guidance
4 . r | B1 B1
(v :][3]+[2]|' cos—8 | Bl
3
6.
Question Answer Marks Guidance
11(d L . Bl
) Stretch by (scale factor) % . parallel to x-axis or in x direction (or
horizontally)
) (0 B1 | Accept translation/shift
Translation of 4) Accept translation 4 units in positive y-direction.
2
11{e) I B1 | Accept translation/shift
Translation of 02 Accept translation —g units in x-direction.
Stretch by (scale factor) 2 parallel to y-axis (or vertically). Bl
2
7.
Question Answer Marks Guidance
1(a) |:[_1_+3)!i| [_4] B1 B1
2
1({b) (=3 B1 (—theira’
Translation or shift] | Accept [translation/shifi
[ shift] {4, BIFT Pt ] | theirb ,|
OR translation —3 units in x-direction and (translation) —4 units in
y-direction.
2
8.
Question Answer Marks Guidance
S(a) (Stretch) (factor 3 in y direction or parallel to the y-axis) B1 B1
) (4 B1 B1 | Allow Translation 4 (units) in x direction.
(Translation) 0 | N.B. Transformations can be given in either order.
vy
4
S(b) [v=]3f(x—4) B1 B1 | Bl for 3., Bl for (x — 4) with no extra terms.
2
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9.

Question Answer Marks Guidance

Allow shift and allow by 1 in x-direction or [parallel to/on/in/
along/against] the x-axis or horizontally.
hlY ‘Translation by | to the right’ only, scores BO

2(a) BER B
Translation

Stretch B1 [ Stretch. SC B2 for amplitude doubled.

Factor 2 in y-direction Bl | With/by factor 2 in y-direction or [parallel to/on/in/along/against]
the y-axis or vertically or with x axis invariant

“With/by factor 2 upwards’ only, scores BO.

Accept SF as an abbreviation for scale factor.

3 | Note: Transformations can be in either order

2(b) [=sin 6x][ + 15x] or [sin{—6x)][ + 15x] OE Bl Bl | Accept an unsimplified version. ISW.
Bl for each correct component — square brackets indicate each
required component.

If B0, SC B1 for either sin{—2x) + 5x or —sin(2x) + 5x or

. R 2 5
sin 6x — 15x or sin| — —x
3

{ j_\' J-t'

10.

Question Answer Marks Guidance

6(a) f(x)=(x—1)" +4 i

g(x)=(x+2)7+9 Bl

glx)=f(x+3)+5 B1 B1 | BI for each correct element.
Accept p=3,g=5

6(b) Translation or Shift B1

B1 FT | If given as 2 single translations both must be
23\ (0)

-3 )
| or acceptable explanation /
5) described correctly e.g. |
\

o) \5)
FT from their f(x+ p)+q or their
f(x)—=glx)

Py

\
.01'

Do not accept | g S
a) L7,
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TOPIC 4: Binomial Accelerating Acadenic Skills ——
1.
Question Answer Marks Guidance
6(a) B1 | SOI
502 [2{ x :|' @ Can include correct x's
()
5[ 22 (1 B1 | S0O1
10x8xa”| — 1 =720 <) Can include correct x's
\_'l' J WX J
a=313 B1
3
6(b) r 4 B1 | SOI
5C4 [:LI]]' theira Their a can be just one of their values (e.g. just 3).
) | {_1-3 | Can gain mark from within an expansion but must use their value
- ' of a
810 identified B1 | Allow with x
2
2.
Question | Answer Marks
M@ (24 3x)(x-2) B1
. 1\ (-2}
Term in x* in {.\'—=l =15x" %] — |
! Lx)
Coefficient = 60 B1
2
I(b) _ 16 . (2Y B2, 1
Constant term in {x—2) = 20x" x| — | (—160)
Coefficient of ¥* in (2+3x)(x—2)" = 120 - 480 = 360 BIFY
3
3.
uestion Answer Mar
Questi A Marks
4(a) 1+5a+10a" +10a" + ... Bl
1
4(b) I—S[_.\'—_\':_]+lO{.r—_\':_]:—J[]l{.\'+.1"‘ }"+_.. S0l i
1+5(x+27 )+ 1027 + 20" +..)+10(x" +...)+... SOI Al
1+ 50+ 1557 43007 + ... Al
3
4,
Question Answer Marks
2 (Y [ 2y B1B1
| b +— | +| 1-= |
\ x) U x)
Coefficient in | .~5:\'+l J =10 x
\ x)
(B1 for 10. B1 for k%)
gy B2,1,0
Coefficient in | I-=| =8x-2
o x)
0 -16=74 - k=3 B1
5
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5. Accelerating Academic Skills ——
Question Answer Marks Guidance
5(a) - . 2 3 [ a 3 B1 B1 | SOI Can be seen in an expansion
6C2x[2(x) [ x| | 6C3x[2() ] ¢
SRa(E) AT
15%2  xa® =20x2° xa° M1 | SOI Terms must be from a correct series
152" 3 Al | OE
“Txzr "2
4
5(b) 0 B1
1
6.
Question Answer Marks Guidance
1 Coefficient of ¥ in (1-2x)" is 80 B1 | Can be seen in an expansion but must be simplified
correctly.
Coefficient of x* in (1-2x }F 15 40 Bl
Coefficient of x* in (1+ kx)(1—2x)" is 40k —80 =20 M1 | Uses the relevant two terms to form an equation = 20 and
solves to find k. Condone ¥* appearing in some terms 1f
recovered.
5 Al
(k =}E
4
7.
Question Answer Marks Guidance
5 [TClu"h( 1_]] [1c24°0 [ £ :I] [71C4a’h* { o ':I] B2, 1, 0 | SOI, can be seen in an expansion.
1C2a°H [1] TC_'H.‘W{_\.J ) 2ah 35a b M1 Al | M1 for a correct relationship OE (Ft from their 3 terms).
— = — - HJ = )'“‘ - For Al binomial coefficients must be correct & evaluated.
7Cla’h(x)  7C2a’h*(x°) Ta'h  2la’h
a_>5 Al | OE
b 9
5
8.
Question Answer Marks Guidance
1(a) I+ 5x+10x7 Bl
1
1(b) =125+ 60x° B2, 1,0 | B2 all correct, B for two correct components.
2
1(c) (145x+10x?)(1-12x+60x?) leading to 60— 60+ 10 M1 | 3 products required
10 Al | Allow 1027
2
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9. Accelerating Academic Skils —
Question Answer Marks Guidance
3(a) 243 B1
—810x B1
+1080x" B1
3
3(b) (4+x)7=16+8r+x B1
Coefficient of x* is 16 = 1080 + 8 x (-810) + 243 M1 | Allow if at least 2 pairs used correctly
11043 Al | Allow 11043x°
3
10.
Question Answer Marks | Guidance
4 [Coefficient of x or p =] 480 Bl | SOL Allow 480x even in an expansion.
) NS M1 | Appropriate term identified and selected.
[Term m? org :}[!Ox]{h ) ' L_J.
[10 x 2°k* =] BOK* Al Allow 30{[-3
= Gy used (480 =6 x 80K or 50 J g M Correct link used for their coefficient of x and % {(p and g) with
no x's. .
K =1=]k==I Al | ADifa range of values given. Do not allow +4/1.
5
11.
Question Answer Marks Guidance
T(a) (a—x)’ =a® —6a’x +15a*x* —20a°%" + ... B2, 1,0 | Allow extra terms.
Terms may be listed. Allow a"x".
2
7(b) |] +ﬁ\j|: 15a*x ~20a'x" +...) leading to [_‘,: :": 154" — 404 M1 | Attempting to find 2 terms in x°
15a* —40a” =20 leading 1o 154" — 404" +20[=0] Al | Terms on one side of the equation
(SH: - IOH‘}“-‘ - 2] [= 0] M E:Ili-for attempted factorisation or solving for a*
or i (=a*) using e.g. formula or completing the
square
am i3, & 2 B1 B1 | OE exact form only -
3 If BOBO scored then SC B1 for +/2, \E WWW
or £1.41, 20,816 WWW )
5
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12. Accelerating Academic Skills ——
Question Answer Marks Guidance
1(a) ] 1 B1 | OE. Multiply or use binomial expansion. Allow
F?"’F unsimplified.
1
1(b) 1+12x+60x° +160%" B2, 1,0 | Withhold 1 mark for each error; B2, 1, 0.
ISW 1f more than 4 terms in the expansion.
2
I(c) their (1x12) + their(~1x 60)+ their (% x160) M1 | Attempts at least 2 products where each product contains
) one term from each expansion.
[12-60+40 =] -8 Al | Allow —8x.
2
13.
Question Answer Marks Guidance
8{a) Terms required for ¥ —5x 2% xar +10% 23 xa’x’ [=_80ar +80a%2 ] B1 | Can be seen as part of an expansion or in correct products.
2% (+their coefficient of x) + 4% (£their coefficient of x%) *MI1
x* coefficient is 3204 — 160g= —15 DM1 | Forming a 3-term quadratic in a, with all terms on the same
= 64a” —32a +3= (Ba—3)(8a 1) side or correctly setting up prior to completing the square and
) ) solving using factorisation, formula or completing the square.
If factorising, factors must expand to give their coefticient of
al,
N Al | OE.
a g ora g Special case: If DMO for solving quadratic, SC Bl can be
awarded for correct final answers.
4
8(b) 32047 — 160a = k = 320a° —160a— k[=0] M1 | Forming a 3-term quadratic in a with all terms on the same

side. Allow + sign errors.

Their b* — dac [= 0], [1607 — 4x320%(—k) = 0] M1 | Any use of discriminant on a 3-term quadratic.
k=-20 Al
B1
a= 1 Condone a = 1 from k = 20.
3 3
Alternative method for question 8(b)
. o coa ok M1 | Allow + sign errors.
3204 — 160a = k and divide by 320 [ ——=—
2 320
Attempt to complete the square ( 1 L 1 _ 4 M Must have 'Ifa —l\:
e plete e sqare 1973 ) "T6 320 ' (y
_ 1 Al
a= =
4
k=-20 B1
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14. Accelerating Academic Skils —
Question Answer Marks Guidance
2(a) 1+ 6ax + 156+ B1 | Terms must be evaluated.
1
2(b) their 15a* £(3 % their 6a) *M1 | Expect 15a° —18a.
154 —18a=-3 Al
(3)(a—1)(5a—1) [=0] DM1 | Dependent on 3-term quadratic.
Or solve using formula or completing the square.
a=1 1 Al | WWW. If DMO awarded SC B1 if both answers correct.
5
4
15.
Question Answer Marks Guidance
3(a) .  Gaf B1 | Can be seen within an expansion.
C,x(3x) [FJ
15x3% %22 B1 | Identified. Powers must be correct.
4860 B1 | Without any power of x
3
3(b) Their 4860 and one other relevant term M1 | Using their 4860 and an attempt to find a term in x°
NERS Al | Must be identified.
Other term = 6C3({3x) |\ : J or 6C3x3 x2° or 4320 If MO scored then SC B1 for 4320 as the only answer.
[4860 — 4320 =] 540 Al
3
16.
Question Answer Marks Guidance
3(a) ] TR M1 | For selecting the term in .
o term is [le][,__\--} ‘ TJ
80K x* = a = BOK* Al | For correct value of a. Allow sok*x+ .
[« termis [0 x](2kc) x 1 =240 =] b = 244° B1 | For correct value of b. Allow 2457:7.
3
3(b) ROE* 42442 — 21(3[=0] [: 10k* + 362 —27 =0] M1 F_c_'rming_ a 3-term cqumionﬂin k (all terms on one side)
with their a and b and no x’s.
(20 3)(5+9) [=0) 0 £ -2 o -2 e e
- ) square — see guidance.
Al NG

3
B

[k]=%

ST

OE e.g. t——. 15, AWRT £1.22

Omission of £+ A0,

Additional answers A0,

If M1 M0, SC B1 can be awarded for correct final
answer, max 2/3.
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17. Accelerating Academic Skills ——
Question Answer Marks Guidance
I Coefficient of x* =15 B1 | Condone inclusion of x*. Can be seen as part of an expansion.
Coefficient of x* = 240a" B1 | Condone inclusion of x*. Can be seen as part of an expansion.
*Their 240°a” — “their 15 M1 | Forming an equation of the form pa® = g, where p and g are
constants. Condone inclusion of powers of x as long as they then
disappear.
1 Al | OE
a= 2 or 0.25 0 I
Do not condone extra *answer’ of = ;or allow fE or similar.
4
18.
Question Answer Marks Guidance
1 o Bl | OE
4Clxp xp_s'r soi Can be seen in an expansion.
Bl | OE
F =144 Correct with correct power of p and only one p term.
1 B1 B1 2
p= tg OE :l_’* etc. Allow +£0.167 for B1 BI.
SC B1 for + ’L Bl only,
36
4
19.
Question Answer Marks Guidance
4 .o 2 ¥ (2} 22 Bl | Accept with x* present. Must evaluate *C.
Coefficient of x* in ‘ I+l.\'J s 10| = I = l[]x: |:= 40] . .
\ P \P) P P
Coefficient of x* in (1+ px)’ is 15(p)’ [: [sz] Bl | Accept with x* present. Must evaluate °C,
40 1507 =70 *M1 | Forming an equation in p with their coefficients, the
P’ F = given 70, no x terms and no extra terms.
15p* —70p” +40 [=0] or 3p* —14p* +8 [=0] DM1 | Forming a 3-term equation in p (or another variable)
with all terms on one side and their coefficients.
) i 70+ hoz —4(15)(40) DML | Attempt to sqlve 3I—Icr_m quartic (or quadratic i_n another
[ﬁ]{ s _4](3p— _ 2] [: 0] or or variable) by factorisation, formula or completing the
) 30 square.
14+ 147 —4(3)(8)
o]
2 Al
p=12, % i OEeg. i% or AWRT +0.816
If *M1 DM DMO, allow SC B1 for 4 correct values.
6
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Accelerating Academic Skills ——

20.
Question Answer Marks Guidance
3(a) 1+10x+40x" May be part of a complete expansion B2, 1,0 | 1° must be simplified to 1, allow if the *1" is seen
in a more complete expansion but not the final
answer.

Mis-reads not condoned in this question.

2
3(b) 1-12x+54x? May be part of a complete expansion B2, 1,0 _l* must be simplified to 1, _allow ifthe *1° is seen
in a more complete expansion but not the final
answer.
Mis-reads not condoned in this question.
2
3(c) 54-120+40 M1 | Forming exactly 3 products correctly using their
terms.
—26 Al | Allow —26x" If in a list with other terms it must be

clear this is the required term otherwise AD.
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TOPIC 5: Series

1.
Question Answer Marks Guidance
8(a) 2% B1
1
8(b) Bonus = 600 + 23x 100 = 2900 Bl
Salary = 30000x1.03" M1 | Allow 30000%1.03* (60984)
=59207.60 Al | Allow answers of 3significant figure accuracy or better
their 2900 M1 | SOI
their 59200
4.9(0)% Al
5
2.
Question Answer Marks
: Jl?=%{2ﬁ+8d] Bl
Either 91 =5, with ‘a” asa+4d or 117+91 =5, MiM1
(M1 for overall approach. M1 for §,)
Simultaneous Equations — a=7.d= 1.5 Al
4
3.
Question Answer Marks
3(a) $36 000 = (1.05)" B1M1
(B1 for r=1.05. M1 method for rth term)
$53 200 after 8 years. Al
3
3ib) . {l.[]S"'—l] Mi
Sw= SGODU”T_”'
$453 000 Al
2
4,
Question . Answer Marks
4 Ist term 1s —6, 2nd term 1s —4.5 M1
(M1 for using kth terms to find both a and d)
—a=—6,d=15 Al Al
S5, =84 — 3n*-2Tn-336=0 M1
Solution n = 16 Al
5
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Question Answer Marks
&(a) r=cos’@ SOI M1
_ sin’# M1
" l-cos'@
| Al
3
8(b)(i) | 4 =sin@cos’@—sin’@ il
sin’#(cos’8 1) Mi
—sin‘#@ Al
3
8(b)(ii) M1
( Useof §, = ITh[Zu +15d]
, 3 9 Al
With both a ==andd = ——
4 16
5, =551 Al
" 2
3
6.
Question Answer Marks Guidance
8(a) B1
{ §=-42 25=14 SOI at least one correct
l1-r I-R
2a a M1
= SO1
l-r 1-R
2-2R=1-r = r=2R-1 Al | AG
3
8(b) ar* =aR — {NJ{ER—I]::R[H] *M1
4R* —5R+1(=0)=(4R-1)(R-1) (=0) DM | Allow use of formula or completing square.
Al
R =£ Allow R = 1/in addition
2 Al
5==1
3
Alternative method for question 8(b)
ar* =aR — (a)r* =%(r+1)(a) *M1 | Eliminating 1 variable
2% —p—1(=0) = (2r+1)(r-1) (=0) DM Allm'..' use of formula or completing square. Must solve a
quadratic.
1 Al . ..
r=-= Allow r=1 in addition
%
s=2a Al
3
4
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7. Accelerating Academic Skills ——
Question Answer Marks Guidance
2 "2 — Ay 2P _pt2 M1 | OE. Using “a, b, ¢ then b* = ac” or a =2p+6 , ar=—-2p and
(=2pF=(2pF6)*(p+2)or 2p+6 = “2p ar® = p + 2 to form a correct relationship in terms of p only
(2p°—10p—12=0)p=6 Al
a=1R8andr=-3 Al
(5= ) = their a = (1— theirr) M1 | Correct formula used with their values for a and r , |r| < 1
f_ 184—3 i Both a & r from the same value of p.
\ 3)
(5.=)10.8 Al | OE. A0 if an extra solution given
) vl
SC B2 fors, = #orﬁ ignore any
_=2p_p+2
2p+06 =1p
subsequent algebraic simplification.
5
8.
Question Answer Marks Guidance
4 S, and§,, M1 | Using two values of # in the given formula
a=5d=2 Al Al
a+m-1)d=>200—5+2(k-1)>200 M1 | Correct formula used with their @ and 4 to form an equation
or inequality with 200, condone use of n
(k=)99 Al | Condone =99
Alternative method for question 4
5 (d 1 \ M1 | Equating two correct expressions of S and equating
E!_"u—m—lhf‘]; Wadn | Loy a—d=a 9 - r.1p : ' “ =
2 \ 2 2 ) coefficients of n and n”
d=2a=5 Al Al
atnm-1)d=>200—5+2(k-1)>200 M1 | Correct formula used with their @ and d to form an equation
or inequality with 200, condone use of n
(k=)99 Al | Condone = 99
Alternative method for question 4
sum, —sum,_| —k* + 4k —(k=1)> =4 (k1) M1 Al | Using given formula with consecutive expressions
subtracted. Allow k+1 and k.
2k +3> 200 or =200 M1 A1l | Simplifying to'a linear equation or inequality
(k=)99 Al | Condone > 99
5
9.
Question Answer Marks Guidance
T(a) (d=) tan’@ 1 B1 | Allow sign error(s). Award only at form (d =)... stage
d=)— — — o
=) cos 8 cos @
sin’@ 1 _cec’@ M1 | Allow sign error(s). Can imply BI
cos'9  cos’@ cos’@
1 M1
—sin"@—cos°@ or T cos @
cos'@ cos’d
1 Al | AG, WWW
cos'®
4
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7®) a= % d= —]?0 Bl S0l, both required. Allow a = i‘ cd= —% e
4 16
| 12 4 (161 M1 | Use of correct formula with their a and their d. The first 2 steps
i3 :E T o' = 3"’ IE:I‘ 5 could be reversed
20 Al | WWW
3
10.
Question Answer Marks Guidance
9(a)(i) cosf _ | B1
l—r cos@
|- r=cos’@ leadingto r=1-cos’@ M1 | Eliminate fractions
r=sin’@ leading to 2nd term = cos @sin’# Al | AG
3
9Na)ii) cci|{£\|l>l [iin:[E\ ‘|':_. M1 Evidence of correct substitution, use of S, formula
3) _L_- 3 J,u J 0.5[[—{{]_?5]::] and attempt to evaluate
S = . _‘fn, T 10T
l—sm™| —
(3)
1.937 Al
2
9(b) [d =]cos @sin” @—cos @ MU Use of d=u,—u,
-1 Al
8
[85th term =] %4_ 34}(_% M1 | Use of @ + 84d with a calculated value of d
—10 Al
4
11.
Question Answer Marks Guidance
2 10(2a + 19d) = 405 B1
20(2a + 39d4) = 1410 B1
Solving simultaneously two equations obtained from using the correct sum M1 | Reach a=or d =
formulae [a=6,d = 1.5]
Using the correct formula for 60th term with their @ and d M1
60th term = 94.5 Al OF, e, 15:9
5
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12. Accelerating Academic Skills ——
Question Answer Marks Guidance
5 (—12)" =8k x 2k M1 | Forming an equation in k
k=-3 Al
Using correct formula for 8. [r=10.5, a = —384] M1 | With -l<r<]
S,.=-T68 Al
Alternative method for Question 5
. 2k M1
r=—
8k
r :[i][}j Al
Using correct formula for S.. [r= 0.5, a = —384] Ml| -l<sr<l
S, =-768 Al
4
13.
Question Answer Marks Guidance
8a) |/ 3 Bl | SOI
| a+b:2x:u |=b=2a
\ L)
187 = aib + 3) OF or 2 correct statements about r from the GP, Bl | SOI
18 s b+3
eg r=—andb+3=18ror r =
a a
324 =a(2a +3) = 2a* + 3a - 324[= 0] M1 | Using the correct connection between AP and GP to form a
or 3-term quadratic with all terms on one side.
B + 3b — 648[= 0]
or
o —r—12[=0]
or
4d® +3d - 162[= 0]
(a—12)(2a +27)[= 0] M1 | Solving their 3-term quadratic by factorisation, formula or
or completing the square to obtain answers for a, b, r or d.
(b—24)(b+27)[=0]
or
(2r-3)(3r +4)[=0]
or
(d—6)(4d +27)[=0]
a=12,b=24 Al | WWW. Condone extra *solution’ a=-13.5,b=-27 only.
5
8(b) Common difference d = 6 BIFT a
SOL FT their 5
20 M1 | Using correct sum formula with their a, their calculated 4 and 20.
S,y =—-(2x12+19x6)
1380 Al
3
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14. Accelerating Academic Skils —
Question Answer Marks Guidance
9(a) 24 a M1 | Form an equation using a numerical form of the
ar :mx 1—r percentage and correct formula for u, and §,
100#* —100F + 24[=0] Al | OE. All 3 terms on one side of an equation.
~ 23 Al | Dependent on factors or formula seen from their
(20r-8)(5r-3)[=0]> =33 quadratic.
3
Question Answer Marks Guidance
9(b) 3x H{, +4d)} = .:[ as)+11(d + l]}l} *M1 | SOI Attempt to cross multiply with contents of
at least one | } correct
Simplifies to a+d =13 Al
5 5 *M1 | SOI Attempt to cross multiply with contents of
|:E:|XJ“2“+4"‘”: =|:E:|" 2:[4{"’ +1)+4(d + ]}'H at least one | } correct
Simplifies to —a 4 2d =8 Al
Solve 2 linear equations simultaneously DM1 | Elimination or substitution expected
d=7, a=6 Al | SC Bl for a=6, d=7 without complete working
6
15.
Question Answer Marks Guidance
4(a) Sa B1 | Use of correct formula for sum to infinity.
1-(x4)
% [ 2a+7( _1)] *M1 E;Sn?ifj E{;n:ﬁ?\fo[n;ﬂﬂ-,fm sum of 8 terms and form
4a=8a—112 leading to a=[28] DM1 | Solve equation to reach a value of a.
a=28 Al | Correct value.
4
4(b) their 28+ (k—1)(—4)=0 M1 | Use of correct method with their a.
[k=]8 Al
2
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Accelerating Academic Skills ——

TOPIC 6: Coordinate Geometry (Circle)

1.
Question Answer Marks Guidance
12{a) Centre = (2. -1) B1
5 2 2 2 2 M1 - s s
r :I:E—{—_‘-J:l +|:—l—{—5j_| or [2—?] +[—]—3] OE OR % {_3_”_*{_5_3]_} OFE
f.T—Q]: +(y+1 }3 —4] Al | Must not invelve surd form
: SCB3 (x+3)(x=7)+(y+5)(y=3)=0
3
12(b) _ (8) BIFT | SOI
Centre = their (2,-1) + {4 =(10, 3) FT on their (2, -1)
(x— lDJ" +( 1._3}3 — their 41 BIFT | FT on their 41 even if in surd form
) SCB2 (x—5){x—15)+(p+1)(y-T7)=0
2
12(c) . Y Bl
¢ Gradient m of line joining centres = i OE
Attempt to find mud-point of line. M1 | Expect (6, 1)
ati is y—1==2{x— M1 . . . . =
Equation of &S is y —1=¢3{&~f5) Through their (6, 1) with gradient -t
m
y=-2x+13 Al [ AG
Alternative method for question 12(c)
(x=2) +(y+1) —41=(x=10)" +(y-3) —41 OF M1
¥ dxada L 2pal=x'_20x+100L 2 —6y+9 OF Al | Condone 1 error or errors caused by | error in the first line
lox+8y =104 Al
y=-2x+13 Al [ AG
4
12(d) f-T—lUJ" +[_3_1.+|3_3]3 —41 M1 | Or eliminate y between C, and C,
= 20x + 100+ 457 —40x +100=41 = 55> —60x+159=0 Al | AG
2
2.
Question Answer Marks
S(a) .1‘(”:.1‘-!-('} =16 = mx" +cx—16=0 B1
Use of b* — dac = + 64m M1
—o? Al
Setsto 0 —m=——
64
3
5(b) x(—4x+c) =16 M
Use of b* — dac — &* — 256
c>16andc<-16 Al Al
3
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3. Accelerating Academic Skills ——
Question Answer Marks
10(a) Centre 1s (3, 1) B1
Radius = 5 (Pythagoras) B1
Equation of C is [.1'—3-)" +[_1'—IJ: =25 Mi
. AIFT
(FT on their centre)
4
10(b) Gradient from (3, 1) to (7, 4) = % (this 1s the normal) B1
) . Mi
Gradient of tangent = —%
L. 4 . MI1A1
Equationis y—4= —Tf.’f—?] or 3y+4x=40
4
10(c) B 1s centre of line joining centres — (11, 7) B1
Radius =5 M1
New equation 1s (x—1 ]]: +[_1'—?J: =25 ALFT
(FT on coordinates of B)
3
4,
Question Answer Marks
11{a) ) ) 8 Ml
Simultaneous equations =4 - Vax
x+2
x=0orx=6—A4(0,4)and B (6, 1) B1A1
- . B1
AtC - é: _:—% —-C(2,2)
{.1+_]_" z _ _ MI1Al
(B1 for the differentiation. M1 for equating and solving)
6
5.
Question | Answer Marks
6(a) 2 vk tk—1 = 2x+3 = 227 +(k=2)x+k-4=0 M1
Use of b? — 4ac =0 — (k- 2)* = B(k - 4) Mi
k=6 Al
3
6(b) f 1. |
2¢*+2x+ 1= 2| .1'+—1-+]——
L 2 2
a=Lp-1 B Bl
2 2
F1 1) BIFT
vertex | ——.,—
\ 22)
(FT on a and b values)
3
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6. Accelerating Acaderic Skils —
Question | Answer Marks
[1{a) Exprcs:‘.ns{.r——t}:+[_1'+2]:=lt!+—l-+5 MI
Centre ((4, -2) Al
Radius = /25 =5 Al
3
11(b) P(1,2) to C{4,— 2) has gradicnt—% BIFT
(FT on coordinates of C) )
Tangent at P has gradient = % M
Equation is y—2 :%fr— ) ordp=3x+5 Al
3
11{c) ( has the same coordinate as Py =2 B1
(1sas far to the right of Cas Px=3+3+1=70(7.2) Bi
2
@ Gradient of tangent at (J = — ; by symmetry BIFT
(FT from part (b))
Eqgnof tangentat 0 is y—2= —_l:[ x—T) ordy +3x=129 v
17 Al
T(4, " )
3
7.
Question Answer Marks
1 I+ 2x44=mx4l = I +x(2-m)+3 (=0) Bl
(2-m)’ -36 SOl M1
(m+4)m—-8)(=/=0)or 2—m==6and2-—m</=—6 OE Al
m<-4,m=8 WWW Al
Alternative method for question 1
dy 2 M1
$= bx+2—om=6x+2—-3x" +2x+4=(6x+2)x+1
x == Al
m=%0+2— m=8 or -4 Al
m <-4, m>8 WWW Al
4
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8. Aceslerating Academic Skils —
Question Answer Marks
10(a) Mid-point is (—1, 7) B1
Gradient, m, of 4B is 8/12 OE B1
12 . Mi
y=7 :—E[A‘Hj
Jx+2y=11 AG Al
4
10i(b) Solve simultaneously 12x—5y =70 and their 3x+2y =11 M1
x=35 y=-2 Al
Atntempt to find distance between their (5, —2) and either (-7,3) or (5, 11) M1
{J'J=m or V13' +0=13 Al
Equation of circle is [.1'—5}:+{.1'+2}: =169 Al
5
9.
Question Answer Marks Guidance
I 2 4+5=mx—3 5 2~ mx+8 (=0) B1 | Form 3-term quadratic
m’ — 64 M1 [ Find »* —4ac.
—B<m<R Al | Accept (-8, 8) and equality included
3
10.
Question Answer Marks Guidance
9(a) 4-2 1 B1
et 3T
Equation of tangent is y—2=2(x-3) BLET (3. 2) with their gradient “
15
2
9b) AB% =4* 122 =20 or > =20 or r=+20 or AB=+20 Bl
Equation of circle centre Bis (x—3)" +(y—2)" =20 M1 A1 | FT their 20 for M1
3
9c) [-1'—3J: +{ 2.\'—(}}: — their 20 M1 | Substitute their y—2=2x—6 into their circle, centre B
5x7-30x+25=0 or 5(x—3)" =20 Al
[(5)(x=5)(x=1) or x-3=42] x=5.1 Al
3
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11. Accelerating Academic Skills ——
Question Answer Marks Guidance
12(a) ! ! *M1 ) ,
4x1 —2x=3-x —sx—4x?+3(=0) 3-term quadratic. Can be expressed as e.g. u” —4u+3 (=0)
{1 3 1N DM1
| x2 =1 ‘ x? —3J (=0) or (u—1)(u-3)(=0) Or quadratic formula or completing square
1 Al
x2=13 SOI
x=19 Al
Alternative method for question 12(a)
{1y *M1 |
'{H_ J =(3+x) Isolate x?
16x=9+6x+x" — x'—10x+9 (=0) Al | 3.term quadratic
(x—1)(x—9) (=0) DM1 | Or formula or completing square on a quadratic obtained by a
' ; v correct method
=19 Al
4
12.
Question Answer Marks Guidance
3 25 + m(2x+1)—6x—4(=0) *MI1 | y eliminated and all terms on one side with correct
algebraic steps. Condone + errors
Using b*—4ac on 2x® + x(2m—6)+m—4 (=0) DM1 | Any use of discriminant with their a, b and ¢ identified
correctly.
4m? —32m+68 or 2m’ —16m+34 or m* —8m+17 Al
(2m —8) +k or (m—4) +& or minimum point (4.k) DM1 | OE. Any valid method attempted on their 3-term quadratic
or finds A’ —4ac (=—4.—16.—04)
(m—4)" +1 oe +always > 0 — 2 solutions for all values of m Al | Clear and correct reasoning and conclusion without wrong
working.
or
Minimum point (4.1) + (fn) always > 0 — 2 solutions for all values of m
or
b*—4ac < 0 + no solutions — 2 solutions for the onginal equation for all
values of m
5
13.
Question Answer Marks Guidance
Ha) e ||{0: +3:J or 2 = 45 B1 | Sight of r= 6.7 implies Bl
(x— 5P+ (r—1P=ror ¥ —10x+y> -2y =r—26 M1 | Using centre given and their radius or r in correct formula
(x=5P+(—-1P=450r x" —10x+y -2y=19 Al Do not allow [E}' for 1
3
9(b) C has coordinates (11, 4) B1
0.5 B1 | OE, Gradient of 4B, BC or AC.
Grad of CD =-2 M1 | Calculation of gradient needs to be shown for this M1.
. Al | Cl asoning needed.
i%x—? =—1 ) then states + perpendicular — hence shown or tangent SHEEERAIEE (e
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Alternative method for question 9(b)
C has coordinates (11, 4) B1
0.5 B1 | OE, Gradient of AB, BC or AC.
Gradient of the perpendicular is -2 M1 | Use of mym; =—1 with their gradient of AB, BC or AC and
— Equation of the perpendicularis y —4=-2(x—11) correct method for the equation of the perpendicular.
Could use D(5. 16) instead of C(11.4).
Checks D(5. 16) or checks gradient of CD and then states Al | Clear check and reasoning needed. Checks that the other
D lies on the line or CD has gradient —2— hence shown or tangent point lies on the line or checks gradient.
9(b) Alternative method for question 9(h)
C has coordinates (11, 4) or Gradient of AB, BCor AC=10.5 B1 | Only one of 4B, BC or AC needed.
Equation of the perpendicularis y—4=-2(x-11) B1 | Finding equation of CD.
(x5 +(—2x 4261V =45 (X’ = 22x £121 =0) M1 | Solving simultaneously with the equation of the circle.
(x—=11)" =0 or b —4ac =0 — repeated root — hence shown or tangent Al | Must state repeated root.
Alternative method for question 9(b)
C has coordinates (11, 4) B1
Finding CD =180 and BD =225 Bl | OE. Calculated from the co-ordinates of B, C & D without
using r.
Checking (their BD)? — (their CD)” is the same as (their r)’ M1
». Pythagoras valid - perpendicular — hence shown or tangent Al | Triangle ACD could be used instead.
Alternative method for question %(b)
( has coordinates (11, 4) B1
Finding vectors AC and CD or BC and CD B1 | Must be correct pairing.
(= : ?‘rum’ | _f‘ or ;Ifl:\:mnf | - ]!
37 hz) e ) Lz
Applying the scalar product to one of these pairs of vectors M1 Accept their AC and CD or their BC and CD
Scalar product = 0 then states - perpendicular — hence shown or tangent Al
4
Question Answer Marks Guidance
9(c) E(-1,4) Bl B1 | WWW
B1 for each coordinate
Note: Equation of DE which is y =2x+ 6 may be used to
find £
2
14.
Question Answer Marks GlEﬂ;ﬁ' i
4 3 —dx+d=mxtm—1 = 37 —(4+m)x+(5—m) (=0) M1 | 3-term quadratic
b —4ac=(4+m) —4x3x(5-m) M1 | Find 4 —4ac for their quadratic
m* +20m—44 Al
(m+22)(m-2) A1 | Or use of formula or completing square. This step must be seen
m>2 ,m<=-22 Al | Allow x>2 | x<-22
5
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Question Answer Marks Guidance
11{a) f—f\—g]:"'[f'—-]'}: M1 | OE
=200 Al
4200 = 10, hence outside circle Al | AG (*Shown’ not sufficient). Accept equivalents of 4200 > 10
Alternative method for question 11(a)
Radius = 10 and C= (8. 4) B1
Min(x) on circle=8 — 10=-2 M1
Hence outside circle Al | AG
3
11(b) . their1o M1 | Allow decimals for 10V2 at this stage. If cosine used, angle ACT
angle =sin ( heiriod? J or BCT must be identified. or implied by use of 90°— 45°.
, L1 2 10 10 45 Al | AG Do not allow decimals
angle= smn™ (—=or— or ar ) =45
22 12 0
Alternative method for question 11(b)
(10J2) =10 + T4* ni
TA=10 — 45° Al | AG
2
11{c) , B1 | OE
: Gradient, m. of CT = —%
Attempt to find mid-point (M) of CT *M1 | Expect (1. 5)
i s 1) DMI1 . . :
Equation of ABis y~5=7(x~1) Through their (1, 5) with gradient 1
m
y=Tx-2 Al
4
11(d) f-"—g]: +(Tx=2 _4]3 =100 or equivalent in terms of y M1 | Substitute their equation of 4B into equation of circle.
50x% —100x {=0) Al
x=0and 2 Al | WWW
Alternative method for question 11(d)
F 7Y Mi
MC-| |
1)
(1) (-1 (0} [1 | 1y (2) Al
.\SJJ'!‘_?,_'-‘-:; ls)” 7'_112J
v=0and 2 Al
3
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Question Answer Marks Guidance
4 ¥ +hkr+6=3x+k leadingto x* +x(k _3)+(6-k) [= D] M1 | Eliminate y and form 3-term quadratic.
(k=3) —4(6-k)[>0] M1 | OE. Apply b* —4ac .
—2k—15 [ . 0] Al | Form 3-term quadratic.
(k+3)(k-5)[>0] Al | Or k£ =-3. 5 from use of formula or completing
square.
k<=3, k>5 Al FT | Or any correct alternative notation, do not allow
FT for their outside regions.
5
17.
Question Answer Marks Guidance
8(a) Centre of circle 1s (4, 5) B1 B1
P =(7-4) +(1-5) M1 | OE. Either using their centre and A or C or using 4
and C and dividing by 2.
r=>5 Al FT | FT on their (4. 5) if used.
Equation is (x—4) + (- Sj: _ 95 Al | OE. Allow 57 for 25.
5
. . -5 " use i
&(h) Gradient of radius = 95 _ % B1 FT | FT for use of their centre.
. . . - 5
Equation of tangent 1s y -9 = _i{_{ -7) i or y= i _?
: 4 ‘ T 4
2
18.
Question Answer Marks Guidance
11(a) (1 3 \I ) _%
9l x ?-4x =0 leadingto 9x 2 (x—4)=0 M1 | OE. Set y to zero and attempt to solve.
\ 7
x=4 only Al | From use of a correct method.
2
1oy |ay (1 2 3 ! :
E =9 —Sx T+6x 7 J B2, 1,0 | B2: all 3 terms correct: 9, —ox° and 6x ?
Bl: 2 of the 3 terms correct
] f 1 &6 9 M1 | Using their x =4 in their differentiated expression
At x =4 gradient = c!| "1 +; J ZE and attempt to find equation of the tangent.
\ S
Equation is y :E[r——t) Al or y= E—EOE
-8 ’ g 2
4
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19.
Question Answer Marks Guidance
6 (2% —3)x —kx—(k—2)=3x—4 *M1 | Equating curve and line

(2k —3)x* —(k+3)x—(k—6)[=0] DMI1 | Forming a 3-term quadratic

(k+3)" +4(2k—3)(k- 6)[=0] DM1 | Use of discriminant (dependent on both previous M
marks)

9kt _ 544 +81 [: 0] [leading to k* —6k +9=0] M1 | Simplifying and solving their 3-term quadratic in &

k=3 Al

Alternative method for Question 6

(2% =3)x" —bx—(k-2)=3x-4 *M1 | Equating curve and line

22k —3) k=3 > = k+3 or Fo 3+6x DM1 | Differentiating and solving for x or &

) 4k -6 4x—1
Either (2% (k43 J TR Lk _2]_3 [ k+3 J . DM1 Subs:igll:'r;g_:f:r x inlowcn.q:l-a:on or their
‘\4‘[‘ o 4"‘ =b) \4k-6 k= ':‘_f_ :—I or k= :Z 1 into derivative

Or 4x ‘ 3x° +—3:—_Ih)} \—lo = cqumki;:m [d.-cpcndenl on h;th previous M marks)

9k* — 54k +81[=0] [leading to &* — 6k +9=0] M1 Simpl:'f:l,-'in‘g and solving their 3-term quadratic in &
(or solving for x)

k=3 Al
SC If M0, Bl for differentiating, equating to 3 and
solving for x or k

5
20.
Question Answer Marks Guidance
10@) | Wheny=0 x*—4x—77=0 [= (x+7)(x—11)=0 or (x—2)* =81] M1 | Substituting y=0
So x-coordinates are —7 and 11 Al
2
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10(b) Centre of circle Cis (2, —3) Bl Accelerating Academic Skills —
PP —— M1 | o ter gt ) s
Gradient of tangent at 4 1s 3 or Gradient of tangent at B is -3 M1 | For either perpendicular gradient
Equations of tangents are y = 3x + 21, y = —3x + 33 Al | For either equation
Meet when 3x + 21 =-3x+ 33 M1 | OR: (centre of circle has x coordinate 2) so x
coordinate of point of intersection 1s 2
Coordinates of point of intersection (2, 27) Al
Alternative method for Question 10(b)
Implicit differentiation: 2_1'% seen Bl
yr_ds 1_1-£ N DE 0 M1 !:uu)i' -t.jiiTcrlcCth;‘atc’d =0 with at Ict?st one term
de | dr involving v differentiated correctly
Gradient of tangent at 4 1s 3 or Gradient of tangent at B is -3 M1 | For either gradient
Equations of tangents are y = 3x + 21, y=-3xr + 33 Al | For either equation
Meet when 3x + 21 =-3x+ 33 M1 | OR: (centre of circle has x coordinate 2) so x
coordinate of point of intersection 1s 2
Coordinates of point of intersection (2, 27) Al
6
21.
Question Answer Marks Guidance
3(a) 1.2679 Bl | AWRT. ISW if correct answer seen. 3 — /3 scores BO
1
3(b) 1.7321 Bl | AWRT. ISW if correct answer seen.
1
3ic) Sight of 2 or 2.0000 or two in reference to the gradient *B1
This is because the gradient at £ is the limit of the gradients of the DBI1 | Allow it gets nearer/approaches/tends/almost/approximately 2
chords as the x-value tends to 3 or ax tends to 0.
2
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Question Answer Marks Guidance

6 Bl | SOI

Gradient AB =

b | =

*M1 | Equating given perpendicular bisector with the line through

. 1 -
Lines meet when —2x+4 = ?{"' —8)+3 (8. 3) using their gradient of AB (but not -2) and solving.

Solving as far as x = Expectx=2,y=0.
Using mid-point to get as far as p=org = DMI Expect 8+p_ 2 or 3+q_ 0

2 2
p=—4,g=-3 Al | Allow coordinates of B are (-4, —3).

Alternative method for Question 6

. Bl | 801

Gradient AB = %

g-3 |1 . ;5 R *M1 | Equating gradient of 4B with their gradient of 48 (but not -2) and

P8 =3 [leading to 29 = p-2], using mid-point in equation of perpendicular bisector.

gty [8+p) T B

2 ——EL 2 J+4 [Ir.adln;__loq——ll—?p]
Solving simultaneously their 2 linear equations DM | Equating and solving 2 correct equations as farasp=org =.
p=—44g=-3 Al | Allow coordinates of B are (—4. —3).
6 Alternative method for Question 6
1 Bl

Gradient AB = —
=

g-3 _1 leading s *M1 | Equating gradient of 4B with their gradient of AB (but not -2) and
p-8 ) [leading to p =2 +2]. using mid-point in equation of perpendicular bisector.
g3 " : . 5q+23]
V- > ——2[.1 —(g+5)) [Icadmg toy=-2x+ 5 l
_ 5q+23 DM | Equating and solving as far as g or p =
hfu'rr'T =4=g=
p=-4¢g=-3 Al | Allow coordinates of B are (—4., =3).
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Question Answer Marks Guidance
7(a) B B, - M1 | For substituting ( 1.5) into circle equation or showing
(5 1F+(11-57=520r 123 sunms ) a :
5-1 dient=2
gradient==.
- 2
For both circle equation and gradient, and proving line is Al | Clear reasoning.
perpendicular and stating that 4 lies on the circle
Alternative method for Question 7(a)
2 2 2 M1 | Both equations seen and attempt to solve.
(x=5) +(y-11) =52 and y-5=-=(x-1) o 17
. May see y=——x+—
3 3
Solving simultaneously to obtain (v — 5)* =0or (x— 1) =0= | Al | Clear reasoning.
root or tangent or diseriminant = 0 = | root or tangent
Alternative method for Question 7(a)
dv 10-2x 10-2 M1 | Attempting implicit differentiation of circle equation and
3_21-‘—22_]0—22 substitute x = | and y = 5.
, , . .2 Al | Clear reasoning.
Showing gradient of circle at A is =3 ¢ T
2
7(b) Centre 1s (-3, —1) Bl Bl | Bl for each correct co-ordinate.
Equation is (x + 3y + (y + 1)* =352 Bl FT | FT their centre, but not if either (1, 5) or (5, 11). Do not accept
V527
3
24.
Question Answer Marks Guidance
3 ¥’ —4x+3=mr—6 leading to x* —x(4+m)+9 *MI1 Equming and gathering terms.
May be implied on the next line.
DM1 | SOL Use of the discriminant with their a, b and

b —4ac leadingto (4+m }" —4x%9

c

44+m=%6 or(m-2)(m+10)=0 leading to m=2 or—10

Al | Must come from b —4ac =0 SOI

Substitute both their m values into their equation in line |

DM1

m =2 leading to x =3 ; m =10 leading to x = -3

Al

(3,0),(-3,24)

Al | Accept 'when x=3, y=0; when x=-3, y=24'
If final AOAO scored, SC B1 for one point
correct WWW

Alternative method for Question 3

dy =M1
—=2x—4 > 2x—-4=m
dx
_r3—=1-.1'+3:{2.1'—4}_\'—h DM1
X —4x+3=2x" —4x-6-9=x" > x=43 Al
y=0, 24 or (3, 0), (-3, 24) Al
Substitute both their x values into their equation in line | DM1 | Or substitute both their (x,1) into ¥y =mx—6
Whenx=3,m=2; whenx=-3, m=-10 Al | If AD, DM, A0 scored, SC B1 for one point
correct WWW
6
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Question Answer Marks Guidance
10(a . 3 . . 5 . ) M1 | Attempting to find required gradients, sides or
(@) Gradient of 48 = —= | gradient of BC = = or lengths of all 3 sides or vectors \'cc:orsp 5 & ;
5 3
m_m, =—1 or Pythagoras or AB.BC =0 or cos ABC =0 from cosine rule Al WWW
2
10{b) Centre = mid-point of AC=(2.4) B1
1
10(c) (x—theirx_ }: +{v—theiry, }: [= J':]m'{fhufr.\'u - .\'}: +(their v, — y }: =[r':] M1 | Use of circle equation with their centre
(x— 2}3 (y __1]3 17 Al | Accept x* —4x+ ¥ —8y+3=0 OE
2
10(d) Y43 v+0) (1) M1 | Use of mid-point formula, vectors, steps on a
IKT'- 5 j=[2‘4] orBE=EBD=2| . diagram
Or Equation of BE is y=—4(x—-3)or y—4=—4(x-2) leading to y=—4x+12 May be seen to find x coordinate at E
Substitute equation of BE into circle and form a 3-term quadratic.
M (1) Al [ E=(1.8)
(x.y)=(18) orOE= tﬂ 1 +| g ] g | Accept without working for both marks SC B2
L wvoi
. , B1 | Or gradient of BE = -4
Gradient of BD, m, = —4 or gradient AC =% = gradient of tangent r gracient o
Equation of tangent is y—8='%(x—1) OE M1 Al | For M1, equation through their E or (1, 8) (not,
A, B or C) and with gradient —
their —4
5
26.
Question Answer Marks Guidance
7(a) ;-:::{5_2J3+{7_5J::|:|3 Bl =13 or r=413
Equation of circle is (x— 5}3 +(y— 2]1 —13 B1 FT | OE. FT on their 13 but LHS must be correct.
2
7(b) (_1._5}1 + (5x-10- 2)1 =13 M1 | Substitute v =5x—10 into their equation.
2627 —130x+156 [=0] Al FT | OE 3-term quadratic with all terms on one side.
FT on their eircle equation.
[26](x-2)(x-3) [=0] M1 | Solve 3-term quadratic in x by factorising, using formula or
completing the square. Factors must expand to give their
coefficient of x*.
(2. 00, (3, 5) Al Al | Coordinates must be clearly paired; Al for each correct
point. A1 A0 available if two x or y values only.
If MO for solving quadratic, SC B2 can be awarded for
correct coordinates, SC B1 if two x or y values only.
(AB\]: =(3- 2]1 +(5 _0]3 M1 | SOL Using their points to find length of 4B.
AB=+76 Al | ISW. Dependent on final M1 only.
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7(b)

Alternative method for question 7(b)

(v . M1 . +10 ) .
.'LJ +10 _5 | +(y=2) =13 Substitute x=<—— into their equation.
5 / )
2607 264 A1 FT | OE 2-term quadratic with all terms on one side. FT on their
25 5 [=0] circle equation.
[26]y(y-5) [=0] M1 | Solve 2-term quadratic in v by factorising, using formula or
o completing the square. Factors must expand to give their
coefficient of 3.
(2,00 (3, 5) A1 Al | Coordinates must be clearly paired; Al for each correct
point. A1 A0 available if two x or y values only.
If MO for solving quadratic, SC B2 can be awarded for
correct coordinates, SC B1 if two x or y values only.
[AB]: :[3_2]1 +{5—{]}: M1 | SOL Using their points to find length of AB.
AB=76 Al | ISW. Dependent on final M1 only.
7
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1.
Question Answer Marks Guidance
7 OC = 6cos0.8=4.18(0) MI1A1 | SOI
1 2 *M1 | OE
Area sector OCD = —(their4.18) % 0.8
. M1 | OE
AOCA = éx{)x.r!;ln'fr-l. 18xsin0.8
Required area = their AOCA — their sectorOCD DMI1 | SOL If not seen their areas of sector and triangle must be seen
2.01 Al | CWO. Allow or better e.g. 2.0064
6
2.
Question Answer Marks
g Angle AOB= 15 = 6 = 2.5 radians B1
Angle BOC=m— 2.5 (FT on angle AOB) BIFT
BC=6(n—2.5) (BC=3.850) M1
sin({m — 2.5)= BX =6 (BX=3.59) M1
Either OX = 6cos(m — 2.5) or Pythagoras (OX = 4.807) M1
XC=6-0X (XC=1.193) =P=8.63 Al
6
3.
Question | Answer Marks
T(a) (Y " M1
BC=pr+4=-2r2rx cos; — | =57 - 23
g
BC=r,[(5-23) Al
2
7(b) ) 2rr r M1 Al
Perimeter = %-H' +r [5 - lsﬁ]
2
T(c) Area = sector — triangle
M1
Sector area = —I—H':E
2 6
. .M M1
Triangle area = 4 r. 21':‘.m;
NE I Al
Shaded area = r*| ———
13 2)
3
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Question Answer Marks
5 5 . M1 Al
cos POA :I'—J — PO4A=1.17(6) Allow 67.4°
. 2 12
orsin= — ortan= —
13 5
Reflex AOB = 2m—2xtheir 1.17(0) OE in degrees M1
or minor arc AB = 5x2xtheirl.17(6)
Major arc = 5 x their 3.93(1) M1
or 2ax5 - their 11.7(6)
AP (or BP)= 13° =57 = 12 L
Cord length = 43.7 Al
6
5.
Question Answer Marks Guidance
10(a) o MI Al
: sinff=— — | OC =—
\ ) sin@
Al
CD=r+—
sing
3
10(b . B1 | SOI
®) Radius of arc AB= 4+ 4 —4+8=]2
sin—
i)
i (1 AT T M1 | Expect 4w, must use their CD, not 4
(Arc AB =) their 12x— or | —AB= || their |2K—J
6 2 Al 6
Perimeter = 24 + 47 Al
3
10(c) i . M1
) Area FOC = %x-lx.'ﬁm’r()('x:un%
843 Al
1 2 , l6 B1
Area sector FOE = —xTnx—t' :TK
2 3 3
Al
Shaded area = ltw'f_-— li”[
2
Alternative method for question 10(c)
P 2 N N 3 e
FC= |J(their OCY -4 M1 | /a8 or443
1 = — Al
Area FOC=:x4x—I«ﬁ =3v":
1 , 8 B1
Area of half sector FOE = ?x;x—l‘ :TI[
& 3 2
16 Al
Shaded arca = 16+/3 — ,E
.
4
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Question Answer Marks Guidance
8(a) Use of correct formula for the area of triangle ABC M1 | Use of 180-2¢ scores M0, Condone 2n-26
1risin(n—28) or %r'z sin28 or 2xirxrcos@xsind or Al | OE
2x1rcos@xrsing
[Shaded area = triangle — sector] = their triangle area — %J'EB BIFT | FT for their triangle area — %J":Q
(Condone use of 180 degrees for triangle area for B1)
3
&(b) Arc BD=rfl=6cm B1 | SOI
AC = 2rcosfl = ( 2x10c0s0.6 = 20cos0.6 = 16.506) *M1 oo 1
) N Finding AC or — AC (= 8.25)
- S T rxsin(m—26) 2
or J[Er" —2r-cos(n-28)) or ———
' ) ! sing
p 2 - DM | Subtracting r from their AC
= 2rcost — ror \f(2r" —2¢? cos(n—26)) —r(=6.5 g ;
DCyy 2reasg)—ror \"{ ! v oos(x 9” r(=40309) or r-reost! from their half AC (8.25-1.75)
(Perimeter = 10 + 6 + 6.506 =) 22.5 Al | AWRT
4
7.
Question Answer Marks Guidance
9(a) 1127 gt M1 | Or other correct method
cos BAO = o or u
5 2x8x12
BAO=0.723 Al
2
9b) | Sector ABC = 14x12* x their0.7227 *MI | Accept 52.1
Triangle AOB =" x8x 1 2sin(their0.7227) or Y%x12xV28 *MI | or Y x8x8sin (& —2xtheir0.7227) . Expect 31.7 or 31.8
Shaded area = their 52.0 — their31.7 =203 DM1 | M1 dependent on both previous M marks
Al
4
9(c) Arc BC= 12 %their0.7227 *M1 | Expect 8.67

Penimeter = 8 + 4 + their 8.67 = 20.7

DM1
Al
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Question Answer Marks Guidance
10(a) AADE = %(ka ¥ sin% M1 | Attempt to find the area of A4DE'.
5 5 Al | OE.
L k a
4
Sector ABC = a2 & B1
2 6
FVLUEIEIN Y 3 M1 | OE. For 2x AADE =sectordBC with at least one
Ty T2 correct area.
Il Al
b
k= J:]= 0.7230
G A
5
10(b) Exl{ku):sinﬂzluzg M1 C':rlnfionc omission of *2” or *1/2" on LHS for M1
2 2 only.
.{'" = S Al
2sinéd
2 1 . | Al 1
k 3‘5 leading to ﬁ <k< | OE. Accept k >$ or k>0.707 (AWRT) or
1
0.707(AWRT) < k < L or k>,/— OF
3
Question Answer Marks Guidance
8(a) o . 2 M1
Either Let midpoint of P be H: sin HCP = r = Angle HCP = E
. 4 T
Orsin PS0 = — = Angle PSQ = —
8 6
Or using cosine rule: angle PCO = g
a
Or by inspection: triangle PCQ or PCT is equilateral so angle PCQ = ;
2 Al | AG
Angle PCS=n L
6 6 3
2
8(b) ' 2n 87 M1 | Length of two arcs PS and OR
Perimeter = 2x4x— or 81— —
a a
+2mx2 M1 | Adding circumference of two semicircles
28m Al | Must be a single term
3
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‘ Area sector CPQ = ]:x-ll'x%:g% C 9
Area of segment of large circle beyond CPQ M1 | Attempts to find area of segment
St 1, . (m) 8
= ———x4" xsin| — ‘:——4\5
3 2 | 3) 3
Area of small semicircle = nx2  or area of small circle = mx2° Mi
Area of plate = Large circle — [2 =] small semicircle — [2 *] segment area M1
2 a [ 8 1 201 Al [ AG
ax4 —ax2" —2><| —:——Wﬁ J=T'I+8v"§
| S J a3
Alternative method for Question 8(c)
Area of sector PCS = %x 4 x:—; _lom M1 | Uses correct formula for sector
. . T M1 | Uses correct formula for triangle
Area of triangle PCQ = qu—i‘xsm%r—l—\ﬁ e
Area of small semicircle= xx2 or area of circle = mx2° Mi
Area of plate = [2 x] large sector + [2 x] triangle — [2 x] small semicircle M1
( \ . ! Al | AG
2 107 ) o (443) ~ax 2= 2% 183
.3 ) 3
5
10.
Question Answer Marks Guidance
12(a) | [By symmetry] [6 x PAQ =2n], [ PAQ =] 2n:6, M1
Explaining that there are six sectors around the diagram that make Al | AG
up a complete circle.
Alternative method for Question 12(a)
Using area or circumference of circle centre 4 + 6 M1 | 400m  40n
or ——
] ]
Justification for dividing by 6 followed by comparison with the Al | AG
sector area or arc length.
Alternative method for Question 12(a)
Explain why APAQ is an equilateral triangle M1 | Assumption of this scores MO
. . . . . Al | AG
Using APAQ 1s an equilateral tniangle . PAQ = %
Alternative method for Question 12(a)
. . 2n M1
Using the internal angle of a regular hexagon = 3
y - In . :
Or FAO+0OAB= 3 equilateral triangles
. { 2 \ Al | AG
Pig-m—| 242,52
2 3 2} 13
12(a) Alternative method for Question 12{a)
20 . . , M1
5.'}:8:5. withé@ clearly identified
- . . - Al | AG
9=%.29 =§ =FA0 and by similar triangles = PAQ
2
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12(b) Each straight section of rope has length 40 cm Bl | S0I
) . T *M1 | Use of @ with r=20 and & in radians
Each curved section round each pipe has length r@= E'ng se ol re ity an h radians
Total length = 63¢((their40)+ k) DM | 6x(their straight section + their curved section).
B ) ’ Their curved section must be from acceptable use of r@ — this
could now be numeric.
240+ 40% or 366 (AWRT) (cm) Al | Or directly: (6 diameter) + circumference
4
12(c) . e Bl
[Triangle area =] %x 4040 sm;\% | or %x—lﬂx 2043 or
“ 27 L
40043 or 693(AWRT)
y o — y 3=12 Bl E]
[Total area of hexagon = 6 x 40043 ] 240043 Condone 4300\{:
Alternative method for Question 12(c)
. 1 . e Bl
[Trapezium area =] :x{40+30}x 4Osm;\7 or IEDU-JG or 2080
F4 3 )
(AWRT)
d ron =2 %12 =12 Bl (3
[Total area of hexagon % 120043 ] 24003 Condone 4800\{7
Alternative method for Question 12(c)
Area of triangle ABC = 400\5 or 693 (AWRT) or Bl
4 % Area of half of triangle 4BC = 4 xf_’DO\E or 1390 (AWRT)
or Area of rectangle ABDE = 1600+/3 or 2770 (AWRT)
[Total area of hexagon =2 % 400+/3 +1600+/3 =] 2400 3 Bl V3
Condone 4800—
Or [= 4x2004f3 +1600 =] 24003 2
If BOBO, SC B1 can be scored for sight of 4160 (AWRT) as final
answer.
2
12(d) | Each rectangle area = 40 x 20 (= 800) Bl | SOL e.g. by sight of 4800
5 .\ 2 ] Bl | SOL
Each sector area = J—J"S :ix 20° x£|:: 200n |
2 2 3 3]
Total area = 240043 + 4800 + 4007 or 10 200 (cm?) (AWRT) Bl | Or directly: part (¢) + 6800 + area circle radius 20.
3
11.
Question Answer Marks Guidance
S(a) 14 % 4% w angle BAD =10 M1 | Use of sector area formula
Angle BAD =1.25 Al | OE. Accept 0.398m, 71.6° for SC Bl only
2
5(b) Arc BD =4 x theirl 25 M1 | Use of arc length formula. Expect 5.
BC =4tan(theirl.25 M1 | Expect 12.0(4). May use ACB=0.321 or 18.4°
: 2 2 M1 | Expect 12.69 — 4 = 8.69. May use ACB.
D= 4 or J# +(their BC) —4 xpec e
cos( theirl .25)
Perimeter = 5 + 12.0(4) + 8.69 = 25.7 (cm) Al | AWRT
4
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12.
Question Answer Marks Guidance
6(a . . B1 | SOL allow 60°.
(a) Recognise that at least one of angles 4, B, C1s %
.o . ) W M1 | SOI e.g. may see 2m or 4.
One are 6 x their 3 leading to  two ares 2 6  their 3 Use of correct formula for length of arc and multiply by 2.
Perimeter = 6 + 4x Al | Must be exact value.
Alternative method for question 6(a)
Calculate circumference of whole circle = 121 B1
, M1 | SOl e.g. 2 4.
One arc %Xl??‘[ leading to  two arcs 2x%xl2n’ =5 My fes SAEAR
Perimeter = 6 + 4x Al | Must be exact value.
3
6(b) 1.4 (n M1 | Use of correct formula for area of sector.
Sector = EX(’ x their L?J SOI e.g. may see 6m or 127,
1 - NE AN ? 2 (n - 1 M1 A1 | M1 for attempt at strategy with values substituted:
X {0' )xrhen-[ 5 } —;x(()‘ )xsm[ Ilwn'[ ;J]+ 6m L= om —9\/§+()7[J area of segment + area of sector
- A - ' - Al if correct (unsimplified).
Area= 121-93 A1 | Must be simplified exact value.
Alternative method for question 6(b)
NE 2 M1 | Use of correct formula for area of sector.
Sector = 2" 6 x""”"(}] SOI e.g. may see 6m or 127,
& T e 1 g [y SR M1 A1 | M1 for attempt at strategy with values substituted:
2x [ —X6°x rlum"t ?)J == X(O' ) xsm[ lhen'vt = U 2 x sector — triangle
=2 . = Al if correct (unsimplified).
Area= 121—-93 A1l | Must be simplified exact value.
Alternative method for question 6(b)
1, e M1 | Use of correct formula for area of sector.
Sector = Sx 6° x their {? SOl e.g. may see 6m or 127,
1 . ) 1 S S M1 A1 | M1 for attempt at strategy with values substituted:
2x ;—x(()' )xlhe:r[-;}—:x(b' )XSlntlllL’H'{-‘-} T+ 2 Xsegment + triangle
= & = e Al if correct (unsimplified).
1 5 ) 9
;-x(()' )xsmflht'ir[ g )] [: 12n-18J3 +943 ‘
2 \ J
X ren [: 6n —9\/§+0n:| = 121-93 Al | Must be simplified exact value.
4
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TOPIC 8: Trigonometry

1.
Question Answer Marks Guidance
5 2tanf —6sinf+ 2 =tanf+3sinf+2 — tan#—9Isind (=0) M1 | Multiply by denominator and simplify
sind—9sinécosd (=0) M1 | Multiply by cosé@
Sin@(1-9¢0s6) (= 0) —>sin@=0, cos® :;? M1 | Factorise and attempt to solve at least one of the factors =0
&=0 or 83.6° (only answers in the given range) AlAl
5
2.
Question Answer Marks Guidance
11{a) {tanx - 2)(3tan x + 1) (= 0). or formula or completing square M1 | Allow reversal of signs in the factors. Must see a method
| Al
tanx =2or -—
3
x=1063.4%(only value in range) or161.6°(only value in range ) BIFT
BIFT
4
LI(b) | Apply & —4ac<0 M1 [ SOI Expect 25—4(3)(k) < 0. tan x must not be in coefficients
25 Al ) , 25 .
k= o Allow b* —4ac = 0 leading to correct k > o for MIA1
2
11{c) k=0 M1 | SOI
5 Al
tanx =0 or —
3
x=0or 180°0r59.0° Al | All three required
3
3.
Question Answer Marks
7a) {1+sind)’ +cos’@ M1
cos@(l+sing)
.3 . 24 2si 2 MI1Al
Use of sin"#+cos” =1 — ﬂ — .
cosg(1+sin@) cos@
3
7(b 2 3 M1
® 2 -2 L =15
cosf  sing
#=10983 or4.12 Al
(FT on second value for 1st value + 1) AIFT
3
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4 . Accelerating Academic Skills ——
uestion | Answer Aarks
i Mark
2(a 3 M1
(@) Jcosf=8tan@ — 3:0_\'8:3'\”18
cos @
3(1 - sin” @) =8sind M1
Isin*f+8sinfl—3=10 Al
3
2(b) (3sin@ — 1)(sin@ +3)=0—sinfl=1% M1
#=19.5° Al
2
5.
uestion Answer Mar
i Al Marks
T(a) tan& tan#  tan&(l—cosf)+ tan (1 +cosH) Mi
l+cos@ |—cos& 1—cos’@
_2tand M1
sin’#
_ 2sin# M1
cos@sin’@
2 Al
== AG
sinfcosf
4
7(b) 2 bcosd MI
sinfcosd  sin@
s | s Al
co:‘.'ﬁz; — cosf=(x)0.5774
54.7°, 125.3° Al
(FT for 180° — 1st solution) AIFT
4
6.
Question Answer Marks Guidance
T(a) { sin@ sin@ _ |sin@(l+sin@)—sin(1 —sinb) Pat £ d nat
— = — ver a single ator
\1—sing 12smd I_sin’@ ut over a single common denominator
i 2
,_>|n1 6 Replace 1—sin’ @ by cos® @ and simplify numerator
cos @
Al [ AG
3
7(b) 2tan’ @ =8 — tanf=(+)2 Bl | 501
B1 | FT on 180 — st solution (with justification)
B1FT
3
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Question Answer Marks Guidance
G(a) (1 sinx | 1 N l\" B1 | Uses “tanx = siny + cosx™ throughout
| cost cosx lsine )
(1=sinx ) 1+ sinx | 1—sin®x ) M1 | Correct algebra leading to two or four terms
| cosx M sine )\ cosxsine)
[ cos’x ) Al | OE. A correct expression which can be cancelled directly to
| cosxsinx ‘ COosY cos x|l —sin® \)
sint " sinx(1—sin’ x)
[ cosx | _(cosx) 1 Al | AG. Must show cancelling. If x is missing throughout their
| cosysiny / - | siny J - tanx working withhold this mark.
4
6(b) 1 ; | M1 | Reducing to tan’x = k.
( Uses (a) - ——=2tanx tanx= — =
tanx 2
(x=)384° Al | AWRT.
Ignore extra answers outside the range 0 to 1807 but A0 1if
within.
2
8.
Question Answer Marks Guidance
11{a) 5.-1 B1 B1 | Sight of each value
2
11{b) . *B1 | Needs to be a curve, not straight lines.
| One complete cycle starting and finishing at their largest
| value.
. DB1 | One complete cycle starting and finishing at y = 5 and going
| down to y = —1 and starting to level off at least one end.
I
2
11{c)(1) 0 solution B1
1
11{c)(1) 2 solutions B1
1
11{c)(1i) | solution B1
1
9.
Question Answer Marks Guidance
3 3tan*f +tan’@—2 (=0) M1 | SOI 3-term quartic, condone sign errors for this mark only
(3tan’8 - 2]{Ian:6‘-.- I] (=0) M1 | Attempt to factorise or solve 3-term quadratic in tan’8.
) 2 ) Al | S0I Implied by final answer = 39.2° after 1st M| scored
tang = (=) 3 * (£)0.816 or (£)0.817
39.2°, 140.8° Al | FT for 2nd solution =180° — Ist solution
A1FT
5
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Question Answer Marks Guidance
3 tang+ 2sing = 3tang — 6sing leading to 2tand —&sind [=0] M1 [ OE
2sing—Ssinfosf (=0) leadingto [2]sin@(1-4cosé) [=0] M1
cosf = 1 Al | Ignore sm# =0
4
=755 only Al
4
11.
Question Answer Marks Guidance
4 a=2 B1
B1 27
b= or —
c=1 B1
3
12.
Question Answer Marks Guidance
7(a) Roach cos*f—sin’0 or | —sin’0  sin’0 or sin*0+ cos®0 2tan’0 M1 | May start with 1—tan’8
€d 3 T 3 3 —=
cos B l—sin"® cos 8 cos B
N 2sin’0 3 s2
or scc‘ﬁ—i or 2—sec” @ or ca>1€
cost cos B
| —tan’@ Al | AG, must show sufficient stages
2
7(b) 1-tan’@=2tan’# = 2tan’#+ tan’@ —1 [= 0] M1 | Forming a 3-term quadratic in tan @ or e.g. u
tan’@ = 0.5 or -1 leading to tan@ =[+]+/0.3 M1
#=35.3"and 144.7° (AWRT) Al | Both correct. Radians 0.615, 2.53 scores A0.
3
13.
Question Answer Marks Guidance
10{a) I+siny 1—siny  (1+sinx)® —(1—sinx)’ *MI | For using a common denominator of (1—sinx)(1+sinv) and
1—sinx 14sine (1—sinx)(1+ sinx) reasonable attempt at the numerator(s).
| + Zsiny +sin’x —{I _ 2siny +sin:.t] DM | For multiplying out the numerators correctly. Condone sign errors
= - — for this mark.
(1—sinx)(1+sinx)
- 4sinx _ 4sinx DMI | For simplifying denominator to cos’x.
l—sin’x cos’x
_ dsinv _ 4tany Al | AG. _ ) o
T costcost | cosr Do not award Al if undefined notation such as s, ¢, t or missing
x"s used throughout or brackets are missing.
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4tanxy _ 4sinx 4siny *MlI . sinr 5 .
= — = — Using tany = andcos x= 1-sin‘x
cost  cos'x l—sin’x cosx
=2 2 DM | Separating into partial fractions.
T l+siny  1-siny
14 -2 ] DMI1 | Use of 1-1 or similar
"~ l+sinv  1—sinx
1—sinx _ 1+siny Al
l+siny 1 —siny
4
10(b) 1 *B1 | OE. WWW.
cosy =—
2
n DBI1 | Or AWRT 1.05
x=—
3
x =0fromtanx = Oorsinxy =0 Bl . . . T
WWW. Condone extra solutions outside the domain 0 to 5 but
B0 if any inside.
3
14.
Question Answer Marks Guidance
4(a) tany + siny . SINX + SINYCOSY M1 | Multiply numerator and denominator by cosx.
————([=#] leadingto —————[=k] divid dd ' by tan £
{ATY — Siny sinx — sinycolk or divide numerator and denominator by tan x or
1 sin x
— 1 i
or €05 ko tanx + tanxcosx =]
[ I tanx — tanxcosx
COsX
1 | Al | AG. WWW
st (1 + cosx -t x  tanx(l+cosx . 1
- [ }or cosx  COST ¥ leading to Frosx [: R‘]
sy (1 —cosx) 1 _| cosx tanx (1 —cosx ) — COSX
cosx
2
4(b) k—kcosx=1+cosx leading to k—1=kcosx+cosx M1 | Gather like terms on LHS and RHS
. — Al | WWW, OE
k—-1=(k+1)jcosx leadingto cosx= I
F+
2
4(c) Obtaining cosx from their (b) or (a) M1 3
Expect cosx=—
5
+0.927 (only solutions in the given range) Al | AWRT. Accept £0.2951
2
15.
Question Answer Marks Guidance
3 3cos#(2tan@—1)+2(2tan g —1) [=0] M1 | Or simular partial factorisation; condone sign errors.
(2tan@—1) (3cos@+2) [:0] M1 | OE. At least 2 out of 4 products correct.
, 1 2
[leading to tanﬂ:: , cosd =-3 ]
26.6° 131.8° Al Al | WWW. Must be 1 d.p. or better.
Final A0 if extra solution within the interval.
SC B1 No factorisation: Division by 2tan #-1 leading to
131.8° or division by 3cos@+ 2 or similar leading to 26.6°.

Naturalsciencesolution — Accelerating academic skills

Page 55 of 73


https://naturalsciencesolution.com/

N—

naturalsciencesolution

Accelerating Academic Skills ——

Alternative method for question 3

hcos&| sing |—3c0s6‘+-l- sind |—2 [=0] Using tanf = siné and reaching a partial factorisation;
\ cos@ ) \ cosg ) _ cos@
6eos@sin @ —3cos @ +4sin g —2cosd [=0] condone sign errors.
2sin#(3cos@ +2) —cosf(3cosf+2) [=0]
(25in8 —cos@)(3cos8+2) [=0] M1 | At least 2 out of 4 products correct.
ol
[leading to tan® _1 Lcosf=—=
2 3
26.6° 131.8° Al Al | WWW. Must be 1 d.p. or better.
Final A0 if extra solution within the interval.
SC B1 No factorisation: Division by 2tan #—1 leading to
131.8° or division by 3cos&+ 2 or similar leading to 26.6°.
4
16.
Question Answer Marks Guidance
5(a) a=>5 B1
h=2 B1
c=3 B1
3
S(hyi) |3 B1
1
S(bytii) | 2 B1
1
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1.
Question Answer Marks
9a) dv .. , 2 B1B1
o " 2rx 2424 = —6(3-20)" +24
N
(B1 without x—2. B1 for x-2)
iy B1FT
% = —12(3-2x)x-2 = 24(3 - 2v) B
(B1FT from j—; without — 2)
4
2.
Question Answer Marks Guidance
4 % =2x-2 B1
7.
dr 4 B1 | OE, 501
dv 6
. M1 ! .
their(2x-2) :r.’mr’r% LHS and RHS must be their & expression and value
"
4 Al
X== oe
-
4
3.
Question | Answer Marks
10(a ' B2,1
) 3—1 =54-06(2x-T7)
N
d*y B2,1 FT
—— =-24{2x-T7)
dx?
(FT only for omission of *x2 * from the bracket)
4
4,
Question Answer Marks Guidance
[ ) \-112 Bl B1
% [%{"5—.1"‘ ) I } x [-2x]
— 2 M1 4 .
' . =i .. _= 1o Set= — and square both sides
(25—¢)" 3 2-x9 :
16(25—x")=9x" — 25x =400 — x=(+)4 Al
Wheny=-4,y=5 — (-4, 5) Al
5
5.
Question Answer Marks Guidance
8(a) dy -2 B1 B1
E:[:] [ 2(2x+1)7]
- § B1
i—-l=3[2.\-+|]‘
3
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Question Answer Marks Guidance
10{a) dy 2 x _+”0]] B2, 1,0 [[G]] implies that more than 2 terms counts as an error
dv | 2k 2 |
y M1
Sub Y =3 when x= ! Expect 3 - 4
d 4 k
Al
k= lim‘O.H}}
7
4
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1.
Question Answer Marks Guidance
] f’{.‘f}:[—(3_\'+2)"‘]x[3]+[21‘] B2,1,0
<0 hence decreasing Bl | Dependent on at least Bl for f*(x) and must include < 0 or
‘(always) neg’
3
2.
Question Answer Marks
9a ' 2 B1B1
@) i—l =3(3-2xpPx-2+24=-06(3-2x) +24
N
(B1 without x—2. B1 for x-2)
2y BIFT
i\-_‘: = —12(3-2x)x-2 = 24(3 - ) B
(BIFT from % without — 2)
4
9(b) y 2 M1
di: 0 when 6(3-2x) =24 = 3-2x=42
dx )
x=%,y=20 or x=2,y=>52 AlAl
(A1 for both x values or a correct pair)
3
9(c d=y . BIFT
) Ifx =14, —1 = 48 Minimum
]
d*y . BIFT
If x=2%, 1 = —48 Maximum
dl._
2
3.
Question Answer Marks Guidance
2 / a3 5
2 / ) 1 3 B2, L0 | Expect {2x—11"*_2
=T 20 =11 o] L2 2 | (22 xpect (Zx—1) " -2
[(x)=]((2x-1) _]xlij *gJ‘ )
(2x-1)7-2<0 — 2x-1<4 or 2x-1<4 M1 | SOL. Rearranging and then squaring, must have
power of 12 not present
Allow *=0"at this stage but do not allow * =0’ or
e
If *—2" missed then must see < or < for the M1
Value [of a] 1s 2% or a=2"% Al WWW. OF C.E.g 25
Do not allow from *=0" unless some reference to
negative gradient.
4
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Question Answer Marks Guidance
10(a) ] 1 M1 | SOL
3!::+3]2—u:0 dv
Set cL =0 when x = a. Can be implied by an answer in terms of @
1_
4(a+3)=a*—a*—4a—12=0 M1 | Take a to RHS and square. Form 3-term quadratic
(a—6){a+2)—> a=6 Al | Must show factors, or formula or completing square. Ignore a =-2
SC If @ 1s never used maximum of M1A1 for x=6 .with visible
solution
3
10(b) &y B1
—=(x+3) -1
dv*
v 1 2 MI1A1 | A mark only if completely correct
Sub theira — —==—1=-= (or <0) > MAX ) o 2 )
Xt 3 3 If the second differential is not —% correct conclusion must be
drawn to award the M1
3
10{c) . 2{.‘_4_3}71 1 . B1B1
(=) == 3 (+)
) 4, .32 M1 | Substitute into an integrated expression. ¢ must be present.
Subx=theiraand y=14 — l4=?{9]: —18+¢ Expect ¢ = —4
4 EN Al | Allow f(x)=....
y==(x+3)2 -—=x"-4 ow f(x)
3 2
4
2.
Question | Answer Marks
10(a , B2,1
@) d—‘ =54 - 6(2x - Ty
dr
d*y B2.1 FT
=L = q2x -7
dx? )
(FT only for omission of *x2* from the bracket)
4
10(b dy 1 M1
© W, (277 =9
dr
x=5y=243o0rx=2,y=135 Al Al
3
10{c) d*y . BIFT
x=5 —— =-72 — Maximum
X
(FT only for omission of %2 * from the bracket)
x =2 d—l =72 — Minimum BIFT
dr?
(FT only for omission of *x2* from the bracket)
2
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Question Answer Marks Guidance
12{a) ! ! *MI1 . .
4x7 —2x=3—x —x—4x? +3(=0) 3-term quadratic. Can be expressed as e.g. u” —4u+3 (=0)
[T DM1
H x? =1 H x?=3((=0)or (u—-1)(u-3)(=0) Or quadratic formula or completing square
F-13 Al sor
x=19 Al
Alternative method for question 12(a)
I _I \_I] *hl] I
E —P_t—j =(3+x) Isolate x°
loxr=9+6x+x" — x"—10x+9 (=0) Al | 3.term quadratic
D9y (=0 DM1 | Or formula or completing square on a quadratic obtained by a
(x=1)(x=9) (= 0) correct method
x=19 Al
4
12(b) ﬂ_q\_u o "Bl
de -
, ) . , . DB1
j% or 2x"* —2=0when x =1 hence B is a stationary point
"
2
4.
Question Answer Marks Guidance
8(a , 2 Bl B1
N d-—‘=[2] [- 2(2x+1)7]
dv
2 ) B1
d—-lzsa(z.rﬂ]‘
dy”
3
8(b) ' : M1
Set their 3—1 = {0 and attempt solution
N
(e +1P=1—2r+1= (%) lor 47 +4xr=0— (p(x+1)=0 M1 | Solving as farasx = ...
x=0 Al | WWW. Ignore other solution.
(0.2) Al | One solution only. Accept x =10,y =2 only.
Vo R . Bl . . L d’y
o = () from a solution x > -5 hence minimum Ignore other solution. Condone arithmetic slip in value of o
. 2 .
Their j—i must be of the form &(2x+ l}_'.‘
5
5.
1) 9y 3 ( —l.\'+ 6 \ -0 MU Set their 3_1 to zero and an attempt to solve.
v o2 ) X
x=12 Al | Condone (£)12 from use of a correct method.
2
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Question | Answer Marks | Guidance
11(z . . ' 3 s M1 . . ' L . .
(@) At stationary point 3—1 =0 s0 6(3x2-5) —kx2* =0 Setting given i—‘ =0 and substituting x = 2 into it.
X X
3 Al | OE
[k =]:
2
11(b N *M1 , , . ) J
® [¥= %[M—S)J —%k\" [+c]. AIFT | Integrating (increase of power by 1 in at least one term) given %
Lo o 15
. Expect E{‘h -3) —5.1 .
FT their non zero k.
7T 1 1en_ 5\ I 3 ., . L. DMI | Using (2.-3.5) in an integrated expression. + ¢ needed.
-3 :E[- ®x1-3) TRNgRe T [leading to —3.5+¢=-3.5] Substitution needs to be seen, simply stating ¢ = 0 is DM0.
1 P Al | y=or f{x)= must be seen somewhere in solution.
y==(3x-3) —=x
2 2
1 1(b) Alternative method for Question 11(b)
Bl , 541, . o Lo x ML dy s ESNTIE ST
[» _]?_1 _Tl +675x% —750x(+c) or-270 ¥ _,!._T Al FT | From d‘_—lc._.x 810x" —kx™ —1350x—750. FT their k
—gzgxf —¥x23+b?5x23 2 150%2-+ ¢ DM1 | Using (2, -3.5) in an integrated expression. + ¢ needed
41 . i, 2 Al | y=or fix)= must be seen somewhere in solution.
Bl Mo 675w —75054 98 :
2 2 2
4
Ilic) 3xI18(30 =5V [[—2kx B2.LLOFT | FT their k.
[ ][ (3x-5) }[ ] Square brackets indicate each required component.
B2 for fully correct, Bl for one error or one missing component,
B0 for 2 or more errors.
Alternative method for Question 11(c)
486x" —1623x+1350 or —1620x — 2k« BLLOFT | FT their k.
B2 for fully correct, Bl for one error, BO for 2 or more errors.
2
11(d) a2, ] ) M1 [ OE. Substituting x = 2 into their second differential or other valid
[.ﬁ[ = 2] — = .54E3X2 = 5}_ —4k or 48 method.
[ 0] Minimum Al | WWW
2
7.
Question Answer Marks Guidance
11(a) dy 1 . | fEg B1 B1 | Allow any correct unsimplified form
& 2 2
[T R . L 2 an M1 | OE. Set to zero and one correct algebraic step
BN _E'!‘ x77 =0 leadingto 3" :j'!‘ x towards the solutions.
dy
? must only have 2 terms.
[R 2 _ﬂ.] Al
4
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11{b , dv 3 B1 | OE
® When x = 4, d—": 13
dv [ 4k ek |16k
s ‘ B1 k
1':|:2ﬁ'+k'xL:|:i OE. Accept 2k +—
. 2k 2 2
. . Sk 3 ) : 3 ) M1 | Use of line equation with their gradient and
Equation of tangent is y _3k = _1'—-1.{"] or _1'=m_r+c—>i= = [—1.{"]+r 2 _L a e
2 16k 2 16k ( 4k~ .their y).
sk 3k )7k . Tk Al | OE
When x=0, y= [— 2212 orfrom y=mx+c¢, c=—
2 14 4
4
11{c) . ) El | B1 | Any unsimplified form
| 2x? a3
| 2 +57% 7 |de= 2 + 2k x
\ I
3 N oLl M1 _ N 3 . .
16k 4k° '_‘ 9% 3> Apply limits %»’r‘ — 4k~ to an integration of y.
(Q M0 if volume attempted.
49k* Al | OF. Accept 4.08 k°
12
3
8.
Question Answer Marks Guidance
9a) f(x)=2x" —Tx+4x" [4c] B2, 1,0 | Allow terms on different lines: allow unsimplified.
—J- = - =T+4+4+c¢ leadingto ¢=[2] M1 | substitute fi1) = —i into an integrated expression and
evaluate c.
fx)=23x"-Tx+4x" +2 Al | OE.
4
9b) 234 Ty 4 [: 0] M1 | Forms 3-term quadratic in x* with all terms on one side.
Accept use of substitution e.g. 2y” — Ty —4[=0].
(20 + l}{r: _ 4'J [=0] M1 | Attempt ff_tclms or use formula or complete Ihr_e square.
' ! Allow =+ sign errors. Factors must expand to give their
coefficient of x* or e.g. y. Must be quartic equation.
Accept use of substitution e.g. (2y+1)(y—4).
v=[+]2 Al | If MO for solving quadratic, SC Bl can be awarded for
[£]2.
[200 o4, ] (, 143 B1 B1 | Bl Bl for correct coordinates clearly paired; Bl for each
| 3(—) ‘?‘-—]"'E"'— leading to (=773 correct point; Bl BO if additional point.
[2, L4 : [, 26)
| =(-2) -7(-2)+—+2 leadingto| | -2, —
3277245 g } 23
5
el | Fr(x)=dr+80 Bl | OE
1
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9(d)

£°(2)=9>0 MINIMUM at x = their2 B1FT | FT on their x = [£]2 provided £"(x) is concii.
Must have correct value of f"(x)if x=2.
f'(-2)=—9<0 MAXIMUM at x =their -2 B1FT | FT on their x = [+]2 provided f*(x) is correct.
Must have correct value of f"(x)if x=-2.
Special case: If values not shown and BOBO scored, SC B1
for £°(2)>0 MIN and f"{-2) <0 MAX
Alternative method for question 9(d)
Evaluate f'(x) for x-values either side of 2 and -2 M1 | FT on their x = [£]2
MINIMUM at x=their2, MAXIMUM at x = their2 A1 FT | FT on theirx = [t]2 . Must have correct values of f'(x) if
shown.
Special case: If values not shown and MOAD scored SC Bl
£'(2) —/0/+ MIN and f'(~2) +/0/—~ MAX
Alternative method for question 9(d)
Justify maximum and minimum using correct sketch graph B1 B1 | Need correct coordinates in (b) for this method.
2
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1.
Question Answer Marks
2 3 3, Bl Bl
W=7 %)
T=16-12+¢ Mi
(M1 for subsituting x =4, v = 7 into their integrated expansion)
y= 2% —6xt +3 Al
4
2.
Question Answer Marks
11{a) y 5 5 Bl
d‘—l =3r —dbx+h"
dy
3x7 <4bx+b* =0 — (3x-b)(x-b) (=0) M1
b Al
x=—orh
3
Al
u=lr—: — bh=3a AG
3
Alternative method for question 11(a)
dy 5 5 Bl
—=3x"—4dhv+b"
dr
. ! Mi
Sub b = 3a & obtain j‘—1: 0 when x = @ and when.x= 3a
.
2, Al
—=bHx-12a
g
<0 Max at x=ga and > 0 Min at x = 3a. Hence b = 3a AG Al
4
11(b) | Area under curve = ][.\-1 —6ax” +9a"x | dx M1
s 9t B2,1,0
—_——Lax +
- 2
0,30 [_at) Wi
2 | 4 )
(M1 for applying limits 0 — a)
Whenx=a, v =g’ —6a’ +9a" =4a’ Bl
. 1 i 1 M1
Area under line = Sax their 4a
4 Al
Shaded area = " _ 2a* = i“-’
4 4
7
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3.
Question Answer Marks Guidance
2 : S : B1 Bl
(v=) [—{.1‘—3] } +=x" | (+c)
To1+2+¢ M1 | Substitute x =2, y = 7 into an integrated expansion (¢ present).
=7 Expectc =4
IR Al | OE
v=—(x-3) 42 #
4
4.
Question Answer Marks Guidance
12{a) 3 1 *MI1 . .
432 —2x=3-x —x—4x?+3(=0) 3-term quadratic. Can be expressed as e.g. u” —4u+3 (=0)
(WA DM1
H x -1 “ x2 —3] (=0) or (u—1){u-3)(=0) Or quadratic formula or completing square
1 Al
x2=13 S01
=19 Al
Alternative method for question 12(a)
7 1 32 =M1 |
| 4 J =(3+a) Isolate x7
16r=9+6x+x — x*—10x+9 (=0) Al | 3.term quadratic
i gy — DM1 | Or formula or completing square on a quadratic obtained by a
(x=1){x=9) (=0) X .
correct method
x=19 Al
4
12(b) ﬂ:l\_u_: "Bl
dx
, S . , . DB1
j% or 2x"* —2 =0when x =1 hence B is a stationary point
"
2
12(c) | M| _ .
Area of correct triangle = = (9-3)=6 or J[3—.1‘]!d1‘] :[31‘ —;.1“]—) —18
[ 3 B1 B1
I S
J(4xz —2x)( dr)=| 4%—_1"
L 2
(64 M1 . . .
(72-81) |3 IUJ‘ Apply limits 4 — their 9 to an integrated expression
—141 Al | OE
Shaded region = 18141 =33 Al | OE
6
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Question Answer Marks Guidance
7(a) ol 5 *M1 | Substituting 4 into f'(x)
f'(4)] ==
L2
dy _dy dv)  (dy)_5 ., DMI | Multiplies their £'(4) by 0.12
Ldi dr er Ler 2 -
Fdv Al | OE
(&_ J 0.3
Ldr
3
7(b) 1 L B1 B1 | Bl for each unsimplified integral.
6x7 4x? (+¢)
1 1
2 2
Uses (4, 7) leading to ¢ = (-21) M1 | Uses (4, 7) to find a ¢ value
1 1 8 Al | Need to see y or f{x) = somewhere in their solution and 12
yorf(x)=12x* +8x 2 -21 or 124x +—=—21 and 8
Jx
4
Question Answer Marks Guidance
10{a) dv g B2, 1, 0 | B2 for all three elements correct, B1 for two elements
(—)=[8] X{(3 = I-T)_":I +[ 1] = — -1 J correct, BO for only one or no elements correct.
dx | (3-2x)
a2y 48 \ B1 FT | FT providing their bracket is to a negative power
— =—3x8x(3-2x)"*x(-2) :—JJ
& -2
. 1 B1 B1 B1 | Simplification not needed, Bl for each correct element
Iydx = [(3—2x) "T[2+ (-1 x =2)] [ - ¥&x7] (+¢) (= ——x’ +c']
. 3-2x /
1]
10(b) dy M1 | Setting their 2-term differential to 0 and attempts to solve
—=0-03-)P=8-3-=k—x= f: S
dr as far as x
| Al
=
Alternative method for question 10(b)
: 2 2 : . Teen : M1 | Setting y to 0 and attempts to solve a cubic as far as x =
== G-2x) —x=0-(x-2)2x-1) =0->x= (3 factors needed)
1 Al
2
2
10(c) 1), M1 | Using their integral, their positive x limit from part (b) and
| ‘ :)" | 1 0 correctly.
Area under curve = their | ——8— ——" |- -0
( 1) 2 3-2x0 |
3-2x|—|
) \2)
Al
24
2
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Question Answer Marks Guidance
2a) -2 Bl Integrate f{x). Accept —3{.\'+2]_' . Can be unsimplified.
x+2
0 {23 2 M1 Al | Apply limit(s) to an integrated expansion. CAO for Al
L3) 3
3
2{b) —-l==2+¢ M1 | Substitute x =—1,y =—1 into their integrated expression (¢
present)
__—2 +1 Al Accept _1‘=—2(.1‘+2J_' +1. -2 must be resolved.
x+2
2
8.
Question Answer Marks Guidance
10(b}) 1 2?] ra Tx B2,1,0 | OE
J—x" 4+ p—= | =—— |+ 2_1"‘}+‘ =
&k 3k . L&
(24° (2 1 Ml N ST : .
— 2k +1 ‘—' —+k+— Apply limits —— &~ to an integrated expression.
3 (124 3
7, 3
Expect —k~ +k +
12 -
7., 3 13 M1 13 . . .
— kb +k+==— Equate to — and simplify to quadratic.
12 4 12 12
OE, expect 7k +12k—4 (=0)
2 Al :—2)(k+2) (=0) or formule ;
k=2 only (or 0.286) Dependent on (7k—2)(k+2) (=0) or formula or completing
7 square.
5
9.
Question Answer Marks Guidance
11(d) - ) B2, 1,0 1 1
(L 30 2 4y 2 | x? —4x?
J’gL_‘. 1_4y 2 :,i,.-zg T _ = 1 | B2; all 3 terms correct: 9, T
Y :
B1: 2 of the 3 terms correct
8 M1 | Apply limits their 4 — 9 to an integrated
9 [0 +;J—{4+ 4) expression with no consideration of other areas.
6 Al | Use of n scores AD
4
10.
Question Answer Marks Guidance
1 B1 | Allow any correct form
[f{_r]=:| w42 [+¢] yeone
x
T=16+4+c¢ M1 | Substitute f{2) = 7 into an integral.
¢ must be present. Expect c=-13
. Al Fy= ¢ ' can appes rlier i
£(x)= 20 +§—13 Allow y=, f(x) ory can appear earlier in
X answer
3
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Question Answer Marks Guidance
9(a) f(x)=2x' —Tr+dx" [+c] B2, 1,0 | Allow terms on different lines: allow unsimplified.
—4=2-T+4+c leadingto ¢=[2] M1 | substitute f{1) = —l into an integrated expression and
evaluate c.
fx)=2x"—Tx+4x"'+2 Al | OE.
4
12.
Question Answer Marks Guidance
10{a) !{3.1‘— -]-g l B2, 1,0 | Attempt to integrate
<| T12 ‘; - {3}
l
~2[0-1] M1 | M1 for applying limits | — oo to an integrated expression
i (either correct power or dividing by their power).
2 Al
3
4
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1.
Question Answer Marks
3 (1) (y=1)d *M1 | SOI
Attempt to integrate x* or (y—1)
2 Al
)
(m) T_'1:|
25 3\ (1 1 DM1 | Apply limits | — 5 to an integrated expression
@ =-5]-{5-1/|
8mor AWRT 25.1 Al
4
2.
Question Answer Marks
Il(a) . y 8 M1
Simultaneous equations =4 - lax
x+2
x=0orx=6—4(0.4)and B (6. 1) B1A1
ac—=_-_1_.cey Bl
(x+2)° 2
- . . . MI1A1
(B1 for the differentiation. M1 for equating and solving)
[
1w | _ L ol M1
Volume under line = [ —sx+4)de =x E—I_I‘ +16x | = (42m) A21
(M1 for volume formula. A2.,1 for integration)
f ] \2 —64 Al
Volume under curve = rrﬂ | dr =x =(24x)
\x+2) x+2
Subtracts and uses 0 to 6 — 187 MI1A1
[
3.
Question | Answer Marks
8(a) 36 *MI1
Volume =n [ x®dy = [ —dy
.1I_
36 Al
=n —
Ly
Uses limits 2 to 6 correctly — (12m) DM1
Vol of cylinder =m.1°.4 or jlz.d_l' =[] from2to6 M1
Vol = 12n - 4n=8xn Al
5
8(b) dp _ -6 Bl
de  x?
—6 M1
L S
1’
6 . Al
P= — = ,"_'~.|'r§ Liesony=2x
. ﬁ 5 ULl
3
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Question Answer Marks Guidance
9 Curve intersects y = 1 at (3, 1) Bl | Throughout Question 9: 1 < their3 <5
Sight of x=3
Volume = [1][(x—2)[dx] M1 | M1 for showing the intention to integrate (x—2).
Condone missing m or using 2 r.
o, 1 N Al | Correct integral. Condone missing & or using 2 x.
[n]| =a* —2x | or [n]| =(x-2
|2 2
[f 5 N | their 3 R M1 | Correct use of ‘their 3* and 5 in an integrated expression.
=[n] | =235 _‘ s 2xtheir3 ‘ Condone missing m or using 2 7. Condone +c.
(2 / Can be obtained by integrating and substituting between 5 and 2
5 3 - , | and then 3 and 2 then subtracting.
=[] <+ | as a minimum requirement for their values
Volume of cylinder = mx1? x (5 —their3)[= 2] Bl FT | Or by integrating | to obtain x (condone v if 5 and their 3 used).
[Volume of solid =4 n—2n=]2n or 6.28 Al | AWRT
9 Alternative method for Question 9
Curve intersects y =1 at (3, 1) Bl | Sightofx=3
Volume of solid = wf{x—2)—1[dx] MI BI [ M1 for showing the intention to integrate ( x—2)
Bl for correct integration of —1.
Condone missing x or 2 for M1 but not for BI1.
[, . B o) Al | Correct integral, allow as two integrals.
[n']| Che [’r]| 3{-"_” i Condone missing = or using 2 1.
[f5? V ( their3? ) M1 [ Correct use of *their 3" and 5 in an integrated expression.
=[] | —-3x5 J —| ——— 3xtheir3 Condone missing = or using 2 =. Condone +c.
[\ 2 A / Can be obtained by integrating and substituting between 5 and 2
and then 3 and 2 then subtracting.
[Volume of solid =4 n—2n=]2x or 6.28 Al | AWRT
[
5.
Question Answer Marks Guidance
10(a) ]{3.\'— :]-4 | . {]} B2, 1, 0 | Attempt to integrate
[ -1/2 | ’
~2[o-1] M1 | M1 for applying limits | — oo to an integrated expression
’ (either correct power or dividing by their power).
2 Al
3
4
10(b) . B L_;_‘._;_p]'f *M1 Al | M1 for attempt to integrate * (power increases); allow 1
[n]fy*de=[a]f(3x-2)" d\':[n]T error. Al for correct result in any form.
[ DM1 | Apply limits | and 2 to an integrated expression and
[“]| kv I subtract correctly; allow 1 error.
| allle Y
5n Al | OE
32
4
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10{c)

dv 3 5 M1 | M1 for attempt to differentiate {power w.ooTZASeerang Academic Skills —
——=—-x3(3x-2): error.
de 2 :
odv 9 *M1 | Substitute x = | into their differentiated expression; allow 1
Atx= I‘E =73 error.
. . . 2 DM1 | Forms equation of line or evaluates ¢ using (1, 1) and
[Equation of normal is] y—1==(x—1) OR evaluates ¢ q e g(l, 1)
9 gradient
theirs,
dr
AtA Al | OE e.g. AWRT 0.778; must clearly identify y-intercept
td, y=—=
4
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