(8 | Attempt correct process for solving 3-term quadratic equation in v/x M1 Acc‘flf"‘eg); —6y=9— (2y=3)dy+3),ify=nlr Nov/
specified.
11
Obtain at least 24fx —3=0 or equivalent Al | Ignore 44X +3=0. /202
SC B1 for J; - -;- with no method shown for 4
solving the 3-term quadratic. /Q 5
_9 . 9 Al | SC BI1 if no method shown for solving the 3-term
Conclude x = 7 ignore Im3 quadratic.
Alternative Method for Q5(a)
9 81 M1
3fx =dx- 3 — 16x" - 45x + T o.e and attempt correct process to solve
R 9 9 Al | SC B1 if no method shown for solving the 3-term
Obtain x = 7 or 16 quadratic.
_9. . 9 Al | SC Bl if no method shown for solving the 3-term
x= i ignore — quadratic.
3
(b) 3 M1
Integrate to obtain form &x* +k,x? + kX where kkyk, #0
3 Al | Allow unsimplified.
Obtain correct 2x* —2x% +x or cquivalent
Substitute x=4 andy =11 to attempt value of ¢ M1 | Dependent on at least 2 correct terms involving x.
) o3 Al | Must be simplificd.
Obtain y=2x"—2x? +x-9 Allow “f(x) ="
Allow y missing if y appears previously.
4
(a) State or imply centre of C, is (-3, 5) B1 Nov/
11/2
State or imply centre of C,is (9,-4) Bl 024
/Q6
Attempt correct process for finding distance between centres M1
Obtain 15 Al
4
b) R=4andR=8 B1
Obtain lcast or greatest distance BIFT [ ‘15'=Ri=Raor‘I5'+Ri +Ra.
Obtain 3 and 27 B1FT | ‘15’ -R,~Ryand ‘15’ +R, +R,.
3
(a) 4 M1 Nov/
Differentiate to obtain form & (2x+1) 3 11/
4 Al 2024
Obtain correct ~8(2x+1) * or unsimplified equivalent Q7

Attempt equation of tangent at G, 6) with numerical gradient

expression.

M1 | Gradient must come from a differentiated

1 1
Obtain y= —-2-x - -3‘-‘- or equivalent of requested form

Al




(®) . M
Integrate to obtain form £, (2x+1)}
. Al
Obtain correct 9(2x +1)* or unsimplified equivalent
Use correct limits correctly to find area M1 | Substitute correct limits into an integrated
expression,
36 -9 minimum working required.
Obtain 27 Al | SCB1if M1 A1 MO scored.
4
B | [f(2+h)=] 22+ -3 B1 | S0I Nov/
12/
2 M1 . 2 . 2024
2240)-3)-5 [ o {thezr 2(2+h)' -3 }-zhezrs
( (2+4) ) = 28 i ( (+4) ) can be implied by the Q3
(2+h)-2 h (2+h)-2
simplified expression or the correct answer.
Their 5 must come from 2(2)2 -3
2h+8 or 2(h+4) Al
3
b) h—0, or chord [AB] — tangent [at A] B1 | Either of these statements or any sight of 4 =0.
8 BIFT | Could come from anywhere except wrong working.
Either correct or FT their linear expression from (a).
2
i LY : sl PR e pe— | S R
(x_(_ip]] +(y—(-l)) OE ow a—-zpan =-1,or centre is 2p, A 12/
2024
2 2 DB1 /Q8
(x—(--;- p)] +(y-(-1)) =—q+l+(—-;-P] OE
2
b)(i Bl | OE
) [Gradient of tangent =] -% SOl
[Gradient of normal =] 2 M1 | Use of myms= - 1with their numeric tangent gradient.
y-3 Al | OE
T2 ly=2e-9] ISW

Allow y=2x+¢, 3=2x4+¢ = c¢=-5.




i(b)(ii)

®)(i)

Method 1 for the first two marks:

1 M| +p ; :
-1-3=2 —Ep—4 or =l=—p-5 Using their stated centre or > +1| in their equation of the
normal.
p=—4 Al
Method 2 for the first two marks:
1 M1* | Using their normal equation and their stated centre or
-1=2x-5=x=2 = -=p=2
2 P 4.
2
p=—4 Al
Method 3 for the first two marks:
dy dy dy MI1*
2x+2y—+p+2—=0 |=>p=-8-8—
yd\r d dx £ dx
dy 1 Al
A P S =4
[dx 2 ] P
Method 1 for the last 3 marks:
2 2 2 M1* ]
r=(4-2)" +(3-(-1)) [=20] Using (4, 3) and their centre o (# + |) to find 7 or .
1, DM1 | OE
-g+l+ i 20 Using their expression for 7 (from (a)) equated to their 20.
g=-15 Al
Method 2 for the last 3 marks:
. 2-2-10] [_ 10 MI* | Using (2,-1) and x+2y~10=0 (distance from a point to a
N3 5 line).
1, (10 2 DM1 | OE
=g +1+=p =[ ] -
4 3 Using their expression for /~ equated to their (ﬁ) .
==15 Al
Method 3 for the last 3 marks:
43 +4p+64g=0 [ 4p+g+31=0] M1* | Substituting (4,3) into their circle equation.
OR
1Y 2 i
dof| == +(3=(=1)) ==g+1+4]| ==
(+52)) -0 eeene(37]
4(-4)+q+31=0 DM1 | Substituting their p =-4.
q= -15 Al




3(b)(i) | Alternative Method for Question 8(b)(ii)
£ +3 +4p+6+g=0 MI* | Substituting (4, 3) into their circle equation, or
2 4,(2‘,‘_5)1 +px+2(2x=5)+¢=0with x=4 replacing y with 2x~5 from the normal equation, or
2 +(10-x) +p:t+2(w_x)+q T — replacing y with 3 from the tangent equation, or
2 2 X L y+S .
y+SY y+5 . replacing x with =5 from the normal equation, or
(TJ e p(TJ el et replacing x with 10 -2y from the tangent equation, and using
(10_2),)2 *)’2 +p(10-2y)+2y+g=0with y=3 either x=4 or y =310 form an equation in p and 4.
{Each of these = 4p+q+31=0}
s 5 M1* | Solving the tangent and circle eq ly to form
sz +(p-6)x+35+4=0 = (p-6)2-4xzx(35+q) =0 aquadbmlic equation in either x or y. ’
OR Then using b - 4ac =0 on their quadratic to form an equation
537 =3(38+2p) +100410p+g=0 => (38+2p)’ -4x5x(100+10p+¢)=0 inpandgq.
{Each of these = p* ~12p ~139- 54 =0}
Solving the equations simultancously to find p or ¢ DM1
p=-4 Al
g=-15 Al
5
a -5~ M1+ Nov/
© | Geadientof 48 =323 =] ‘ )
8-4 3/
2024
b M1
Midpoint 48 = [ 324, 75431 1(6.-1)) /Q10
2 2
s . DM1 | Must be used to find equation of perpendicular through their
Gradient of normal = _LZ [: %] and an attempt to find the required (6,-1) “ petpe gh
equation
3 i . X | 1 Al | WWW
Equation of perpendicular bisector is y+1= 5(“ -6), soy= 7* =4 AG - working involving the perpendicular bisector must be
seen.
Alternative Method for Question 10(a)
A(,"=(a-4)z +(b-3)2, BC‘3=(a-8)z +(b+5)2 both expanded M
Solving AC=BC [=10] DM1 | Only allow a single sign error.

Eliminating a”andb”

DM1 | May be awarded before the previous DM1.

a=2b+8, concluding y =§—4

Al | WWW




I(b) . 1
Using the centre as | a, Ea -4

M1 | May see centre as (2y + 8, y) OE.
May be seen in an incorrect equation.

(4-a) +(3-05a+4)" =100

M1 | Subin (4, 3) or (8, -5).
Could use circle with (6,~1) and = yf80.

125 ~15a-35 [=0] = @® ~12a~28 [=0] (or 5% +25-15 [=0))

DM1 | Obtain a 3-term quadratic in theirx or y.

[(a-14)(a+2)=0] = a=14,a=-2

Al or[(b-3)(b+5)=[0]] = b=3,b=-5.

= (x=14)" +(y=3)" =100 and (x+2)" +(y+5)" =100

Al

Alternative Method 1 for the first 3 marks:

Make a or b the subject from a circle centre (a,b) using A or B

M1 Eg b= f100-(y-3)7 +4 from circle through 4.

These equations may have been found in part (a).

Form an equation in aorb only

M1 | Substitute their a or b into their second circle equation.

Simplify to a quadratic in gorb

DMI | Expect a® =12a=28=0 or 4* +25-15=0, OE.

Alternative Method 2 for the first 3 marks:

Obtaining CM (C, centre; M, mid-point of AB)

MI | Expect f80. Must be clear this is CAf, not AB.

Using the triangle CMT, where CT is parallel to the x-axis, to find the DM1 | Expect MT =4.
vertical distance of C from M, MT
Using the triangle CAMT, where MT is parallel to the y-axis, to find the DM1 | Expect (T =8.
horizontal distance of C from M, CT
5
(x—3)2 +)2=18 y=nx=9 leading to (x- 3)2 +(me- 9)2 —18 M1 S;Z:i?fnmuation of tangent and substituting into circle
Must be mx—9.

x*—6x+9+m’x* —18mx +81=18 leading to
(m* +1)x* —(6+18m)x+72[=0]

M1 | Brackets expanded and all terms collected on one side of
the equation. May be implied in the discriminant. m
cannot be numeric.

(6+18m) —4(m* +1)x72[=0]

*M1 | Use of % — 4ac . Not in quadratic formula. m cannot be

numeric, ¢ must be numeric.

3607 +216m—252[=0] [Ieading tom> +6m—7= 0]

DMI1 | Simplifies to 3 term quadratic.

m=1or m=-7

Al | Condone no method for solving quadratic shown.

m=1 leading to 2x* —24x+72 =0 leadingto x=6

DM1 | Must be correct x for their quadratic.

m=-7 leading to 50x* +120x+72=0 leadingto x= —g

DM1 | Must be correct x for their quadratic.

(-3

Al

June/
11/

2024
/Q10




Alternative Method 1 for first 4 marks of Question 10

|3m -1(0) _9| (M1) | Use of the formula for the length of a perpendicular from
s a point to a line.

m +1
|3m -1(0) —9] (M1) | Equates length of a perpendicular from a point to a line to
N - e radius.

: =g the radi

m-+1
GBGm —9P=18(m* +1) (M1) | Squares and clears the fraction.
9m’-54m +81=0 [leading tom’ +6m—-7=0] 1)

Alternative Method 2 for first 3 marks of Question 10

B-x)9+6x-x2)y2= 4, (M1) | OE
Differentiates implicitly or otherwise and equates -:Zx to

m.

(M1) | Brackets expanded and all terms collected on one side of

2 2 28F =
el D R mz)x ol el =8 the equation. May be implied in the discriminant.

36(1+m* ) —4(1+m*) x 9(1 - m*)[=0] (M1) | Use of 5> - dac.
8
(a) (x- 6)2 + (2a-x+ a)2 =ig M1* Replacing ywith 2a -x irf the circle equafion_, June/
condone incorrect expansion before substitution. 12/
2x? =12x - 6ax +9a> +36 —18[= ()] Al All‘ten'ns collected on one side of the equation. May 2024
be implied by the discriminant. /Q7
(12+6a)’ —4x2x (902 o 18) [=0] DM1 | Correct use of “b° — dac” from their 3 term

quadratic equation in x, with an x term of the form
(m+na)x withbothm and n # 0.

-36a’ +144a[+0=0] Al
a=0,a=4 Al
5
(b) [Centre is] (6, —4) or [Point of intersection is] (9, 1) B1
[Gradient of diameter] =1 B1
y+4=x-6 or y+1=x-9 [Icading toy=x— 10] BIFT | FT on their point of intersection or their centre with

an x co-ordinate of +6 and gradient = 1.




Alternative Method 2: for the last S marks

June/

- - . - 13/
o7 Ry P L I W T s e (MI1ATL) | Cis the circle centre, P is intersection of the two
ACP=MAP =tan 3 or identifying similar triangles PAA and AMC tangents, M is intersection of PC and the y-axis. 2024
/Q8
tan MAP = ﬂ,-‘-‘- = ﬂ,P.\ = -lﬁ or use of similar triangles AR
4 3 4 3
- Al
Pis (ﬁ.-l) “én
3
Alternative Method 3: for the last S marks
Pythagoras on triangle PAC, PC* =PA* + AC?, (M1) | Identifies the required 3 sides and sets up
formula.
PC: = (PM +3)1 PA=PM +4. AC=radius=5 (A1) | Finds cach side with two in terms of PA OE.
» & ] - -
(PM +3)1 =PM*+4 +5 leads to 6PM =32, PM =% (MIAL) | Sets up and solves equation.
= Al
Pis (ﬁ,-l) @A
3
8
Differentiate to obtain form kx(2x* -5)7* Ml Mare
h/
Obtain correct ~12x(2x" - 5)™ Al| OE 12/
; . . 3 2024
—ad
Substitute (2, 1) to obtain gradient - & Al OE eg. _8 _Allow —2.67.
3 /Q5
Appl tive reci 1 to thei ical gradient to obtai dient of *Ml
n::“ilnega - s e Must have been some attempt at differentiation. Expect %
Attempt equation of normal using their gradient of the normal and (2, 1) DMI Expect y-l= % (x-2).
Obtain 3x~8y+2=0 (allow multiples) Al | Or equivalent of requested form e.g. 8y=3x-2=0.
6
(a) | Attempt substitution for y in quadratic equation *MI | Or substitution for x ... Marc
A . h/
Obtain Sx* +30x+75-k[=0] or 5y =20y +50-k[=0] A OF e x’+6x+l$-§ (ol erer pehered ety 1)
e " 2024
Use b° —4ac =0 with their a, b and ¢ DMI | “ = 0’ may be implied in subsequent working or the
answer. Q7
Obtain 900 ~20(75~4k)=0 or equivalent and hence &k =30 Al | ... obtaining 400-20(50-4)=0 and £ =30.
4
(b) Substitute their value of & in equation from part (a) and attempt solution Ml Expect 5x* +30x +45[=0] or 5)* ~20y +20[=0].
Obtain coordinates (=3, 2) Al | SCBIonly (-3, 2)without attempt at quadratic solution.




Na) | Obtain gradient of relevant radius is -2 Bl
Using mym, =~1 obtain the gradient of the tangent and use it to form a MI | m, must be from an attempt to find the gradient of the
straight line equation for a line containing (=6, 9) radius using the centre and the given point.
—
Gy puarld All oE eg. y-9=%(x+6).
3
(b) | State or imply (x+4)* +(y=5)" =20 B[ If x* 4 )" =2gx=2fp+c=0 is used correctly with
(=g.=f)=(4,5) and c=g* + f7 =r* then ML.
Obtain x* +)* +8x =10y +21=0 BI | Al if above method used.
2
Nc) | Substitute x=0 in equation of circle to find y-values 3 and 7 BI | May be implied by AB = 4 or use of |x-coordinate of C].

)(d)

orstate CtoAB = 4

Attempt value of @ either using cosine rule or via 16 using right-angled
triangle

MI

Using their AB. If 6/2 used, must be multiplied by 2.

Obtain #=0.9273 Al | Or greater accuracy. A correct answer implies the M1
3

Attempt arc length using @ formula with their @ (not their ¢/2) and MI | Expect 4.15.

r=v20

Obtain perimeter = 8.15 or greater accuracy Al | Condone missing units or incorrect units.

Attempt area using grz(o—sinoy formula or equivalent with their 8and
r=v20

MI

If sector — triangle used, both formulae must be correct.
If triangle ACAM used, area must be multiplied by 2.

Obtain area = 1.27 or greater accuracy

Al

Condone missing units or incorrect units.

Marc
h/
12/
2024
/Q10




