AS-Level
Coordinate Geometry

May 2013-May 2025

Answer
Question 1
A(2,14), B (14,6) and C(7, 2).
(i) | mof AB = =24 Bl
m of perpendicular = = M1 For use of mym: =—1
eqnofas y—14=-=3(x-2) M1 Allow M1 for unsimplified eqn
eqnof CX y—-2=2(x-7) M1 Allow M1 for unsimplified eqn
Sim Eqns — X (11, 8) MI1 Al [6] | For solution of sim eqns.
(ii) | AX: XB=14-8:8-6 =3:1 MI Al Vector steps or Pythagoras.
Or V(92+62) : V(324+2%) = 3: | [2]
Question 2
3y+2x=33.
Gradient of line =—% Bl
Gradient of perpendicular = 3/2 M1 Use of mym,= —1 with gradient of line
_3-_3 M1 Correct form of perpendicular eqn.
Egn ofperp y =3 =3(x+1) MI Al Sim egns.
Sim Eqns — (3,9)
MI Al Vectors or other method.
(-1,3) = (3,9) — (7, 15) [7]




Question 3

(i) x*—dx+d=x=x>-5x+4=0 M1 Eliminate y to reach 3-term quadratic
(x = 1)(x —4)(= 0) or other valid method M1 Attempt solution
(1, 1), (4.4) Al 5
» E) k) | W st
Mid-point = (24, 214) Al " ft dependent on 1™ M1
(i) x*—(A+mx+4=0—>4+m)’-44)=0 Mi Applying b* —dac =0
44m==4 or m(8+m)=0 DM1 Attempt solution
m=—8 Al Ignore m = 0 in addition
rdx44=0 M1 Sub non-zero m and attempt to solve
x=-2,y=16 Al Ignore (2, 0) solution from m =0
' [5]
t(ii) 2x—4=m M1 OR2x—-4=m
m+4 m(m+4)
x2—4x+4=(2x—4}x DM1 Subx = 5 Ly = 5 into quad
x=-2 (ignore +2) Al m = —8 from resulting quad m(m + 8)=0
m=-8 (ignore 0) Al x=-2
y=16 Al y=16
Question 4
(i) gradient of perpendicular = - soi B1
y—1=-"%(x-3) Bl
2]
(i) C=(-9,6) Bl soi in (i) or (ii)
AC* = [3—(—9)]3+[1 —6]2 (ft on their C) | M1 OR AB*>=[3—21) )+ [1-11]? MI
AC=13 Al AB=26 Al
[3]| AC=13 Al
Question 5
A(0,8) B(4,0)8y+x=33
mof AB = -2 Bl
mof BC="% M1 Use of mym, =—1for BC or AD
EqnBC —y—0="%(x—4) M1 Correct method for equation of BC
Sim eqns — C (16, 6) M1 Al Sim Eqns for BC, AC.
Vector step method — D (12, 14) M1 Al M1 valid method.
(orAD y=Yx+8, CD y=-2x+38) [7]

(orM=(8,7)—D=(12,14))




Question 6

(i) mid-point= (3, 4) B1 soi
Grad. AB=-': — grad. of perp.,=2 M1 For use of —1/m soi
y—4=2(x-3) M1 ft on their (3, 4) and 2
y=2x-2 Al
[4]
(i) g=2p-2+ pP4+q’ =4 oe B1Y Bl | ft for 1% eqn.
P+ (2}7 - 2)2 =4-55p>-8p=0 M1 Attempt substn (linear into quadratic)
{ORV(g+2Y +q> =4—>5¢>+4g-12=0} & simplify
8 6
(0,~2) and [E’EJ AlA1
[51
Question 7
Simeqns — A4 (1, 3) M1 Al co Allow answer only B2
Vectors or mid-point — C (12, 14) M1 ALY Allow answer only B2
Eqnof BC 4y=x+44 orCD y=3x—22 M1 equation ok — unsimplified
Simeqns — B(4,12) orD (9, 5) DMIAL1 Sim egns. co
Vectors or mid-point — B(4, 12) or D (9, 5) DMIAI Valid method (or sim eqns) co
[9]
Question 8
(2,7) to (10, 3)
Mid-point (6, 5) Bl co
Gradient =—% B1 co
Perp gradient = 2 B1Y" co
Eqn y-5= Z(x = 6) Ml Must be correct form of Perp
Sets yto 0, — (3%, 0) Al cox= 3" only is ok.
[3]
Question 9
(@-3) +(2-b)* =125 oe Bl
270 5 oe B1
a-3
(a—3f +(2a—6) =125  (sub for a or b) M1 Or 1/4Q2 — b)Y +(2— by = 125
(5)a+2)a-8)(=0) Attempt factorise/solve M1 Or (5)(b—12)(b + 8) (=0)
a=-2or8, b=12o0r-8 AlAl Answers (no working) after 2 correct eqns
' [6] | score SCBIBI for each correct pair (a, b)




Question 10

, 3a+9-(2a-1) a+10 —a-10
(i) m= = oe e

2a+4-a a+4 —-a-4

Gradient of perpendicular = —(a+4) oe but
a+10

_71
(aJrlO
a+4

(i) (NH(a+4)7+ @+ 107 = (V)260

not

(O[(a+4) + @+ 10)°] cao
(2)a* +14a-72) (=0)

a=4or—18 cao

Question 11

-9
i) myp=-3or —
3

1
Myp=—

1
EqnAD y—-6= —-(x—-2) or 3y=x+16
3

(ii) EqnCD y—3=-3(x—8) or y=—3x+27
Sim Eqns
— D (6'2,7%)

(iii) Use of vectors or mid-point

— E (5, 12) or mid-point (5,4.5)
Length of BE = 15

Question 12

()| 32-4k=20=>k=3
4b+3%x2b =20
b=2

(ii) | Mid-point = (5, 0)

M1A1

AlY

3]
Mi

Al
Al

Al
4]

Bl

Ml

Al
(3]

B1+
M1

Al
[3]

Bl
Bl

2]

MIA1

M1
Al

[4]

B1/
[1]

cao Allow omission of brackets
for M1

Do not ISW. Max penalty for
erroneous cancellation 1 mark

Allow their (a + 4), (a +10) from
(i). Allow (—a — 4)° etc. Allow
omission of brackets

oe

use of mym, =—1 with grad AB

co — OK unsimplified

OK unsimplified. ¥on m of 4B.
Reasonable algebra leading to x = or
v =with AD and CD

May be implied
co
Sub (8,—4)  [alt: (2b+4)/(b—8)=—4/k
Sub (b,2b),  4b+2bk =20
M1 both M1 solving Al,
Al ]

Ft on their b



Question 13

G | 9-p)’+Gp)’ =169 M1 ory =13
10p>-18p-88(=0)  oe Al 3-term quad
p=4o0r-11/5 oe Al
131
(ii) | Gradient of given line = -3 B1
Hence gradient of AB :% M1 Attempt using mym, =—1
— 9- 3
§=3_p oe eg [—ZJ 3_p =1 M1 Or vectors [ pJ[ J
2 9-p 3 )\9-p 3p -2
(includes previous M1)
p=3 Al
[4]
Question 14
A4,6), B(10,2).
)] M=(7,4) Bl co
mofAB=—3 Bl co
m of perpendicular = %
— y—4:%(x—?) MI1 Al Use of mym,=—1 & their midpoint
[4] | in the equation of a line. co
(i) Eqn of line parallel to AB through (3, 11)
— y-11=-23(x-3) M1 Needs to use m of AB
Sim eqns — C(9,7) DMIA1 | Must be using their correct lines.
[3] | Co

Question 15

®

(i)

y=2t=-2(x-3t)(y+2x=8¢)
Set x to 0 — B(0, 8¢)

Sety to 0 — A(41,0)
— Area= 16F

1
m: —

2

oy 2=L(x=30)2y=x+1)
2

Setyto0 — C(—t,0)
Midpoint of CP is (t, 1)
This lies on the line y = x.

M1

M1
Al

Bl

M1
Al

Al

Unsimplified or equivalent forms

Attempt at both 4 and B, then using
cao

[3]

cao
Unsimplified or equivalent forms
co

correctly shown.

[4]




Question 16

A(-3,7), B(5,1) and C(—1, k)

(i) | AB=10 B1
6>+ (k—1y=10° M1 Use of Pythagoras
k=—7and 9 Al [3]
.. . 4 .
(ii) | m of AB =—% m perp = 3 B1 M1 Bl M1 Useof mym,=-1
M=(1,4)
4
Eqn y—4=§(x—1) B1
Setyto0, —» x=-2 M1 Al Complete method leading to D.
(3]
Question 17
(i) | x> -x+3=3x+a—->x"—4x+(3-a)=0 B1 AG
(1]
@ | 5+43-a)=0—>a=8 B1 Sub x =—1 into (i)
x? —4x-5=0—>x=5 B1 OR B2 forx =5 www
2]
(i) | 16-43-a)=0 (applying b —4ac=0) M1 OR dy/dx=2x-1->2x-1=3
a=-1 Al x=2
(x-2)*=0—>x=2 Al y=2>-2+3>5y=5
y=5 Al 5=6+a—>a=-1
(4]
Question 18
(a) 3x=—/3/2 M1 Accept —0.866 at this stage
-3 -3 -1
xX=—— oe Al Or — or —=
6 2] ‘o3 2B
(b) (2cos@—1)(sind-1)=0 M1 Reasonable attempt to factorise and solve
cosf=1/2 or sinf =1 Al Award B1B1 www
@=m/3orm/2 AlAl Allow 1.05, 1.57. SCATfor both 60°, 90°
[4]




Question 19

(i) AB* =6 +7* =85, BC* =2 +9? =85
(— 1sosceles)

AC* =8 +2* =68

M=(2,-2) or BM> =(\f85) —(%/68)
BM =22 +8> =/68 or +/85—17 =+/68

Area AABC:%J@J@:M

(iii) Gradient of AB =7/6
Equation of ABis y+1= %(x +2)
Gradientof CD = -6/17

Equation of CD is y+3= T(x -6)

Sim Eqns 2=__6x+£_3x_ﬂ
7 7 6 6
34 2
x=—== oe
8 5

Question 20
A (0, 7), B(8, 3) and C (3k, k)

(i) mof AB is =Y oe.
EqnofABisy=—Yax +7
Letx=3k,y=k

k=228 oe

OR

7-k 33—k
0-3k 8-3k

—20k=56—>k=2.8

OR
7-k 7-3
0-3k 0-8

—20k=56>k=28

B1B1

B1
B1
B1

B1

B1

M1
Ml
M1

M1

Al

[6]

B1
M1
M1
Al

MI1A1

DM1Al

MI1A1

DM1Al
(4]

Or AB:BC:JS_S etc

Where M is mid-point of AC

Or y—6=£(x—4)

Using 4,B or C to get an equation
Using C or 4,B in the equation

Using 4,B & C to equate gradients

Simplifies to a linear or 3 term
quadratic = 0.

Using 4,B and C to equate
gradients

Simplifies to a linear or 3 term
quadratic = 0.




(ii)

M4, 5)
Perpendicular gradient = 2.
Perp bisector has eqn y—5=2(x—4)
Letx=3k,y=k
k= 3 oe
5

OR

(0-3k)?+(7-kK*=(8-3k’*+(3-k)?*

Question 21

y=3x—i
x

d_y =3+ i

dx x?

mof AB=4

Equate — x=+2

— C(2,4) and D (—2,—4)

— M (0, 0) or stating M is the origin
mof CD =2

Perpendicular gradient (= —% )

—y=——X

Question 22

®

(iD)

m+y

2+x

=n = x=2n-2

=6 = y=-12-m

Sub theirx, yinto y=x+1 — —-12-m=2n-2+1
m+6
2—n
Eliminate a variable
m=-9 n=-1

=—1 oe Not nested in an equation

—14k +49 =73 - 54k —» 40k=24 - £k =0.6

B1
M1
M1
Al
MI1A1l
DMI1A1
[4]
B1
B1
M1 A1l
B1/*
M1
Al
[7]
Bl
B1
M1*
B1
DMI1
AlAl1

anywhere in (ii)

Use of mm>=—1 soi

Forming eqn using their M and
their “perpendicular m”

Use of Pythagoras.

Simplifies to a linear or 3 term
quadratic = 0.

Equating + solution.

" on their C and D

Use of mym»=—1, must use megp
(notm =4)

No MR for (Y2(2+n),
Ya(m — 6))

Expect (2n—2, =12—m)

Expect m+2n=-11

Expect m-—n=-8

Note: other methods possible

[5]




Question 23

A(;r. O);md B(0,D) Bl soi
@ +b" =100 Mi1* Uses Pythagoras with their 4 & B.
Mt dit ab h ~
1as coordinates ) B1Y +" on their 4 and B.
Mlies on 2x+y =10
b —
- at 5 10 M1+ Subs into given line, using their M, to link ¢ and
b.
2 2 P— - - -
Sub — a” +(20—2a)” =100 DM1 Forms quadratic in a or in b.
or {10—— +b* =100
_ 2
—a=6.b=8. Al cao
[6]
Question 24
G | c=@.-2) B1
Myp=—1/2>me,=2 M1 Use of mym, =—1 on their m
Equation of CDis y+2=2(x—4) oe M1 Use of their C and my, in a line
equation
y=2x10 Al
[4]
.. 2 2 . ]
(i) | 4D*=(14-0)" +(-7-(-10)) M1 Use their D in a correct method
AD =143 or V205 Al
(2]
Question 25
(1) tan x = cos X —> sin x = cos2x M1 | Use tan = sin/cos and multiply by cos
sinx =1—sin’x M1 | Use cos’x=1-sin’x
sinx =0.6180 . Allow (-1 + /5)/2 M1 | Attempt soln of quadratic in sinx . Ignore solution —1.618. Allow x =
0.618
x-coord of 4 = sin"10.618 = 0.666 cao Al | Must be radians. Accept 0.2127
Total: 4
(i) EITHER o1
x-coord of B is & — their0.666 Expect 2.475(3). Must be radians throughout
y-coord of B 1s tan(their 2.475) orcos(their 2.475) M1
x=2.48, y=-0.786 or -0.787 cao Al) | Acceptx =0.788x
OR o1
y-coord of B is — (cos or tan (their 0.666))
x-coord of Bis cos™ (their y) or m+ tan™ (their y) M1
x=2.48, y=-0.786 or -0.787 Al) | Acceptx=0.788x
Total: 3




Question 26

i@ (B-1)/(a+1)=2 M1 | OR Equation of 4P is y—1=2(x+1)— y=2x+3
b=2a+3 CAO Al [ Sub x=a.y=b > b=2a+3
Total: 2
(ii) ABY=1124+22=125 oe B1 AcceptAB=“-"125
(a+l)2+(b—1)2:125 B1 FT | FT on their 125.
(a + 1)2 +(Za+ 2]2 =125 M1 | sub from part (1) — quadratic eqn in a (or possibly in b — bt _2b-00=0 )
(5)(:}2 +20724)=0—>62(074J(a+6)=0 M1 | Simplify and attempt to solve
a=4or—6 Al
b=11o0r—9 Al [ OR (4. 11). (-6,-9)
If AOAO, SR1 for either (4. 11) or (—6.-9)
Total: 6
Question 27
EITHER
Elim y to form 3-term quad eqn in x (or 1 or y or even x) (M1 | Expect x*° —x1% - 2(= 0) oru’-u-2 (= O) efc.
P (oruoryorn)=2, -1 *A1l | Both required. But x = 2.—1 and not then cubed or cube rooted scores A0
Cube solution(s) DM1 | Expect x = 8, — 1. Both required
(8. 3). (-1.0) Al)
OR )
Elim x to form quadratic equation in y (M1 | Expect y+1=(y— 1]
32 =3y=0 Al
Attempt solution DM1 | Expecty=3.0
(8, 3). (-1.0) Al)
Total: 4
Question 28
(i) Gradient = 1.5 Gradient of perpendicular = —%; B1
Equationof 4Bis y—-6= _—3_/3( x+2) M1 A1l | Correct use of straight line equation with a changed gradient and (— 2, 6), the
Or 3v+2reld oe (— (= 2)) must be resolved for the A1 ISW.
Using y=mx+c¢ gets Al as soon as ¢ is evaluated.
Total: 3
(if) Simultaneous equations — Midpoint (1, 4) M1 | Attempt at solution of simultaneous equations as far as x =, or y =.
Use of midpoint or vectors — B (4, 2) M1A1 | Any valid method leading to x. or to y.
Total: 3




Question 29

(1) B1 | One whole cycle — starts and finishes at —ve value
DB1 | Smooth curve, flattens at ends and middle. Shows (0. 2).
Total: 2
i) T
B3 DO -2)
(27 \2 M1 A1 | Pythagoras (on their coordinates) must be correct, OE.
— PO = L“S | +30 —Po=37
Total: 2
i(iii) 9 T M1 | Correct form of line equation or sim equations from their P & @
EquofPQ y—-1=— A‘*—J
27\ 3
bV Al 57
Ify=0— h= AG, condone x =—
9 9
5 Al | SR: non-exact solutions A1 for both
fx=0—k=—,
2
Total: 3
Question 30
i(i) Mid-point of 4B = (3. 5) B1 | Answers may be derived from simultaneous equations
Gradient of 4B=2 B1
Eqn of perp. bisectoris y—5=—% (_\- - 3) — 2y=13—x MI1A1 | AG For M1 FT from mid-point and gradient of 4B
4
ii _ 29— 5,2 _ 18+ FY P ) Yo M1 | Equate equations and form 3-term quadratic
3x+39=5x" —18x+19— (5)(2* =32 —4)(=0)
x=4or-1 Al
yv=4%or7 Al
5 ) 125 MI1A1 | Or equivalent integer fractions ISW
cp?=5" 42 5 cp=, ==
5




Question 31

M1

6] 2 — +1 T P
—=—0r y—2=—f1x OE. Allow y—2=—x. Aftempt to express tan—or tan — exactly
'\/E X . \.’G J Jg P P! 6 3
is required or the use of 1/ V30rV3
(x=)243 A1|OE
2
(ii) Mid-point (a, b) = (% their (i), 1) BIFT | Expect (3, 1)
Gradient of AB leading to gradient of bisector. m M1 | Expect —1/3 leading to m =13
Equation is y —their b=m(x —theira) OE DM1 | pypect y—1= ,E[\ _ \E)
y=+3x-2 OE Al
4
Question 32
(1) 3 +5 —(k i 3) [ 2k+2 1 MI1A1 | Condone omission of brackets for M mark
Gradient, m, of 4B = OE |= =—
k+3—(-3k-1) \ dk+4 2
2
ii . 1 1 B1B1 2k +2 .
(i) Midpt=[—(-3k=1+k=3), = (3k+5+k+3)]= BI for kf _B1 for 4’1‘7:'8 (ISW) or better. i.e. (—k+1 2k +4)
[ —2k+2_4k+8w 50l
L2 2 )
) i i . M1 | Could appear in subsequent equation and/or could be in terms of k
Gradient of perpendicular bisector is —— SOI  Expect-2
Equation: y— (Zk +4) =-2 ["" - (4" v 1)] OE L Through their mid-point and with their a1 (now numerical)
m
y+2x=6 A1l | Use of numerical k in (ii) throughout scores SC2/5 for correct answer




Question 33

EITHER

. . 3 B1
Gradient of bisector = -3

Sh—h ‘M1 ¥ — ste
gradient AB= ——— Attempt at Yostep
4h+6-h X —step
, Sh—h 2 4h+6—h 3 "M1 | Using mm,;=— 1 appropriately to form an equation.
Either —— =—o —r— = ——
Ah+6—h 3 Sh—h 2

OR

. . 3 B1
Gradient of bisector = -3

. . . . 2 h ‘M1 | Obtain equation of 4B using gradient from mym,=— 1 and a point.
Using gradient of 4B and 4, B or midpoint — 3 X+ 3 =yoe
Substitute co-ordinates of one of the other points "M1 | Arrive at an equation in h.
h=2 Al
. (Sh+6 N B1FT | Algebraic expression or FT for numerical answer from ‘their i’
Midpoint is 3h | or (8, 6)
\ )
Uses midpoint and ‘their b’ with 3x + 2y =k DM1 . R 3 .
Substitutes ‘their midpoint’ into 3x + 2y=Fk If y= —SX+c s used
(expect ¢ = 18) the method mark should be withheld until they 2.
— k=236s0i Al
7

Question 34

@

(i)

1
Eqnof AC y= ot 4 (gradient must be Ay /Ax)

MI1A1 | Uses gradient and a given point for equa. CAO

Gradient of OB=2 — y=2x (If y missing only penalise once)

M1 Al | Use of mym, =— 1, answers only ok.

Simultaneous equations — ((1.6. 3.2))

M1 | Equate and solve for M1 and reach >1 solution

This is mid-point of OB. — B (3.2, 6.4)

M1 Al | Uses mid-point. CAO

or

Let coordinates of B (1, k)
04 =A4AB— =8k—I?
QC=BC — k?=16h—h* — (3.2.64)

M1 for both equations, M1 for solving with y=2x

or

k-4 k

gradients ( x
h-8

=-1)

M1 for gradient product as —1, M1 solving with
y=2x

or

Pythagoras: h® +(k—4)2 +(h- 8)2 vkl =448

M1 for complete equation, M1 solving with y=2x




Question 35

)

(i)

Gradient, m, of AB = 3/4

B1

Equation of BC is y—4:?{x—3)

MI1A1 —
Line through (3, 4) with gradient — (M1). (Expect
m

-4
y=Tx+8)

A1 | Ignore any y coordinate given.

(AC)z =741 5 AC=7.0T71

MiAl M mark for (rheir6+.-" —l]2 +1.

Question 36

@ 2x+£=k—x or y=2(k—-y)+ — 3 term quadratic. mi
X k—y

Use of b* —4dac — k* — 144 <0 DM1
-12<k<12 Al

3

(11) Using £ = 15 1in their 3 term quadratic M1
x=l4ory=11,14 Al

(1, 14) and (4, 11) Al

3

111) Gradient of AB = —1 — Perpendicular gradient = +1 BI1FT
Finding their midpoint using their (1, 14) and (4, 11) M1
Equation: y — 12%2= (x — 2%2) [y = x + 10] Al




Question 37

X1) A2 =x 43 M1 | Eliminate y from the 2 equations and then:
(#"2)? —4x"? +3 (=0) OR 16x=x> +6x+9 Either treat as quad in x> OR square both sides and
RHS is 3-term
M =lor 3 x> -10x+9 (=90) Al | If in 1st method x> becomes x, allow only M1 unless
subsequently squared
x=1lor9 Al
y=4orl2 Alft | Ft from their x values
If the 2 solutions are found by trial substitution B1 for
the first coordinate and B3 for the second coordinate
AB*=(9-1) +(12-4) M1
AB=+1280r8J2 oeor 11.3 Al
6
)ii) dyde =212 B1
2y V2= M1 | Set their derivative = their gradient of 4B and attempt
to solve
(4, 8) A1 | Alternative method without calculus:
Map= 1, tangent is y = mx + ¢ where m = 1 and meets
= 4x" when 4x'? = x + c. This is a quadratic with
b*=4ac,s016-4 x 1 X c=0soc¢=4 Bl Solving
4x'? = x + 4 gives v =4 and y = 8 M1A1
3
)(ii1) Equation of normal is y —8= 71( x— 4) M1 | Equation through rfeir T and with gradient —1/their
gradient of AB. Expect y=—x+12,
Eliminate y (orx) = —x+12=x+3 or yp-3=12-y M1 | May use their equation of AB
(A, 7%) Al




Question 38

@ | D=G.1 Bl
1
(i1) (x—5)2 +(},_1)2 20 oe B1 | FT on rheifD. )
Apply ISW, oe but not to contain square roots
1
(111) (x71)2 +(y 73)2 =(97x)2 +(y +1)2 soi M1 | Allow 1 sign slip - _ ]
For M1 allow with V signs round both sides but sides must be
equated
¥ =2x+1+1" =6y +9=x" —18x+81+ 7 +2y+1 Al
y=2x-9 www AG Al
Alternative method for question 7(iii)
grad. of 4B =-% — grad of perp bisector = :—l/lz M1
Equation of perp. bisector is vy —1=2(x—35) Al
y=2x-9 www AG Al
3
() Eliminate y (or x) using equations in (ii) and (iii) *M1 | To give an (unsimplified) quadratic equation
55 =50x + 105 (= 0) or 5(x-3)*=20 or 51*-101-75 (=0) or DM1 | Simplify to one of the forms shown on the right (allow arithmetic
5(-1)*=80 slips)
x=3and 7, or y=-3 and 5 Al
(3.-3),(7.5) Al | Both pairs of x & y correct implies A1A]L.
SC B2 for no working
4
Question 39
Attempt to find the midpoint M M1
(1,4) Al
Use a gradient of +%: and their M to find the equation of the line. M1
Equationisy—4=—%(x—1) Al | AFF
Alternative method for question 2
Attempt to find the midpoint M M1
(1,9) Al
Replace 1 in the given equation by ¢ and substitute their M M1
Equationisy—4=—3(x—1) Al | AFF




Question 40

(a) | Centre=(2,-1) B1
2 2 2 2 1
P =[2-(3) +[-1-~(=5)] er [2-7] +[-1-3] ©E MH o %[(—3—7)1 +(—5—3)2} OE
(1_2)3 +(y+1)2 —41 A1 | Must not involve surd form
SCB3 (x+3)(x—T7)+(¥+5)(y-3)=0
3
(®) _ 8 B1FT | SOL
Centre = their (2, 1) + 4} -(0,3) FT on their (2, 1)
(1_10)3 +{y—3)2 — their 41 BI1FT | FT on their 41 even if in surd form
SCB2 (x-5)(x-15)+(y+1)(y-7)=0
2
i . C. B1
©) Gradient m of line joining centres = 4 OE
Attempt to find mid-point of line. M1 | Expect (6, 1)
. oy 4 Ml B
Equation of RS is y~1=-2(x-6) Through their (6, 1) with gradient —
m
y=—2x+13 Al | AG
Alternative method for question 12(c)
(x—2) +(y+1)° —41=(x—10)" +(y—3)’ —41 OE M1
X —dx+4+37 +2y+1=x> —20x+100+*> —6y+9 OE A1 | Condone 1 error or errors caused by 1 error in the first line
16x+8y =104 Al
y=-2x+13 Al | AG
4
(d) (1—10)2 +{—2I+13—3)2 =41 M1 Orelim.inatey between Ci1 and C2
x* —20x+100+4x° —40x+100 =41 — 5x” —60x +159 =0 Al | AG




Question 41

)a) | Mid-point is (-1, 7) B1
Gradient, m, of 4B is 8/12 OE B1
y—?:—E(x—H) M1

8
3x+2y=11 AG Al
4

)(b) Solve simultaneously 12x—5y =70 andtheir3x+2y =11 M1
x=5y=-2 Al
Attempt to find distance between their (5, —2) and either (—7.3) or (5, 11) M1
(r)=v122+5* or 13 +0=13 M
Equation of circleis (x— 5}1 +(y+ 2)1 =169 Al

5

Question 42

(@ | Express as (x—4)2+(y+2)2:16+4+5 M1
Centre C(4, -2) Al
Radius = 25 =5 Al

3

® P(1,2) to C(4, —2) has gradient *% BIFT
(FT on coordinates of C) !

Tangent at P has gradient = % M1

Equation is y—2:%(x—l) ordy=3x+5 Al

3

(c) O has the same coordinate as Py =2 B1
Qisas farto therightof Cas Px=3+3+1=70(7,2) B1

2

@ Gradient of tangent at Q = — % by symmetry BIFT
(FT from part (b))

Eqn of tangent at O is y—2:—%(x—7) or 4y +3x =129 M1
Al

17
T4, —
@)




Question 43

)(a) Centre is (3, 1) B1
Radius = 5 (Pythagoras) B1
. . 2 2 M1
Equation of Cis (x—3)" +(y—-1)" =25
a fCis (x=3)" +(y-1) AIFT
(FT on their centre)
4
)(b) Gradient from (3, 1) to (7, 4) = % (this is the normal) B1
M1
Gradient of tangent = 7%
.. 4 M1A1
Equation is y—4=—;(x—7) or 3y+4x=40
4
)(c) B is centre of line joining centres — (11, 7) B1
Radius =5 M1
New equation is (x—11)> +(y—7)" =25 AIFT
(FT on coordinates of B)
3

Question 44

(H) ("’6‘—8)21’(6*4)2 M1 | OE
=200 Al
/200 > 10, hence outside circle Al

AG (‘Shown’ not sufficient). Accept equivalents of /200 > 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
(b) . [ theirl0 M1 | Allow decimals for 10V2 at this stage. If cosine used, angle ACT
angle =sin their lN2 or BCT must be 1dentified, or implied by use of 90°— 45°.
g i1 w2 10 10 ) Al | AG Do not allow decimals
angle = sin~ (—or— or ——or——) = 45°
V22 102 200

Alternative method for question 11(b)

(10,/2)" =107 + 742 AT

T4 =10 — 45° Al | AG




(c) : 1 Bl | OE
Gradient, m, of CT= _;

Attempt to find mid-point (M) of CT *M1 | Expect (1, 5)

i is y=5=7(x— DM1 - s 1
Bl AT 3—5=¥{F-1) Through their (1, 5) with gradient ——
m

y=Tx-2 Al
4
(d) (x- 8)2 5 (7x e 4)2 =100 or equivalent in terms of ¥ M1 | Substitute their equation of 4B into equation of circle.
50x% —100x (=0) Al
x=0and2 Al | WWW

Alternative method for question 11(d)

g M1
MC=
-1
1 -1 0 1 1 2 Al
+ — y +_|=
5 =il —2 k) 7 2
x=0and2 Al
3
Question 45
'(a) s (62+32) or 1225 B1 | Sight of r = 6.7 implies Bl
x—=5P+@—-12=ror x*-10x+y* -2y =r*-26 M1 | Using centre given and their radius or 7 in correct formula
RO % 5 IR Yo - 8 -2 2 e 2 5
(r—=5P+@—12=450r x* -10x+)y" -2y =19 Al | b ot allow ( /—45) for 12
3
(b) C has coordinates (11, 4) B1
0.5 B1 | OE, Gradient of AB, BC or AC.
Grad of CD =-2 M1 | Calculation of gradient needs to be shown for this M1.
] g Al | Clear reasoning needed.
(EX —2 =-1) then states + perpendicular — hence shown or tangent
Alternative method for question 9(b)
C has coordinates (11, 4) B1
0.5 B1 | OE, Gradient of 4B, BC or AC.
Gradient of the perpendicular 1s —2 M1 | Use of mym, = —1 with their gradient of AB, BC or AC and
— Equation of the perpendicular is y — 4 = -2 ( x—1 1) correct method for the equation of the perpendicular.
Could use D(5, 16) instead of C(11,4).
Checks D(S, 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.




()

Alternative method for question 9(b)

C has coordinates (11, 4) or Gradient of 4B, BC or AC=10.5

B1 | Only one of 4B, BC or AC needed.

Equation of the perpendicular is y —4=-2 (x -11)

B1 | Finding equation of CD.

(x=5) +(2x+26—1)" =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

A1 | Must state repeated root.

Alternative method for question 9(b)

C has coordmates (11, 4)

B1

Finding CD =+/180 and BD =+/225

B1 | 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

A1l | Triangle ACD could be used instead.

Alternative method for question 9(b)

C has coordinates (11, 4)

B1

Finding vectors AC and CD or BC and CD

(Sfoelia) (o)

B1 | Must be correct pairing.

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
(© E(-L4) B1B1 | WWW
B1 for each coordinate
Note: Equation of DE which is y =2x+ 6 may be used to
find E
-
Question 46
'(a) ” _4-2 1 B1
AB1-3 2
_ ) B1FT . ) . 1
Equation of tangent is y—2=2(x-3) (3, 2) with their gradient ———
4B
2
®) AB* =4* +27 =20 or 7* =20 or r=+20 or 4B=420 Bl
Equation of circle centre B is (x —3)2 +(» —2)2 =20 M1 Al | FT their 20 for M1
3
'(c) (x— 3)2 +(2x— 6)2 = their 20 M1 | Substitute their y—2=2x—06 1into their circle, centre B
5x2—30x+25=0 or 5(x—3)'=20 e
[(5)(;(—5)(,\'—1) or x—3:i2] x=5,1 Al
3




Question 47

i(a) Centre of circle is (4, 5) B1B1
P = (7 y 4)2 4 (1 » 5)2 M1 | OE. Either usmg their centre and 4 or C or using 4
and C and dividing by 2.
r=5 A1 FT | FT on their (4, 5) if used.
2
Equation is (x _4)2 + (y _ 5)2 =25 Al | OE. Allow 5° for 25.
5
h s . -5 1a
(b) GrisiE SR = 9-5 _ 4 B1FT | FT for use of their centre.
1-4 3
Equation of tangent is V—Q:—i(x—7) o or y_—_3x+i
; 4 4 4
2
Question 48
(a) i 3 ) 5 R . M1 | Attempting to find required gradients, sides or
Gradient of 4B = —— | gradient of BC'= — or lengths of all 3 sides or vectors : &
5°° 3 vectors
mg,m, =—1 or Pythagoras or ABBC=0 or cos ABC =0 from cosine rule Al )| WWW
2
(b) Centre = mid-point of 4C = (2.4) B1
1
(O (x—theirx, )’ + (v —theiry, )} [: rl]o,-( theirx, —x) +(their v, —y ) = {rl] M1 | Use of circle equation with rheir centre
(x=2) +(y—4) =17 Al | Accept x* —4x+3? -8y +3=0 OF
2
[ Y S e .
(d) %+3 p+0 = M1 | Use of mid-point formula, vectors, steps on a
( 5 «%]:(2,4) or BE=2BD =2 4 J diagram
Or Equation of BE is y= *4()’ ‘3)0{' ¥y —4= *4(){ — 2) leading to y= —Ax+12 May be seen to find x coordinate at E
Substitute equation of BE into circle and form a 3-term quadratic.
3} (=2 | Al | E=(1,8)
(x,y)=(18) or OE = gr . Accept without working for both marks SC B2
o) | 8 8 P €
B1 | Or gradient of BE = -4
Gradient of BD. m, = —4 or gradient AC =i = gradient of tangent R e
Equation of tangent is y—8=Y(x—1) OE M1 Al | For M1, equation through their E or (1, 8) (not,
~1
A, B or C) and with gradient ———
< = their — 4
5




Question 49

@) 11-5

(5-172+(11-57=520r =

M1 | For substituting (1,5) into circle equation or showing

3
radient=—.
¢ 2

For both circle equation and gradient, and proving line is
perpendicular and stating that A lies on the circle

Al | Clear reasoning.

Alternative method for Question 7(a)

2

(x=5)" +(y-11)" =52 and y—5=—§(x—l)

M1 | Both equations seen and attempt to solve.
May see y :—2x+£
3 3

Solving simultaneously to obtain (y —5)*=0or (x —1)*=0=> 1
root or tangent or discriminant = 0 = 1 root or tangent

Al | Clear reasoning.

Alternative method for Question 7(a)

dy_10-2x _10-2
dx 2y-227 10-22

M1 | Attempting implicit differentiation of circle equation and
substitute x =1 and y = 5.

Showing gradient of circle at A is _&

Al | Clear reasoning.

2
(b) Centre is (-3, 1) B1 Bl | BI for each correct co-ordinate.
Equation is (x + 3)* + (v + 1)* =52 B1 FT | FT their centre, but not if either (1, 5) or (5, 11). Do not accept
502
3
Question 50
y i} Bl | SOI
Gradient AB = 5
*MI1 | Equating given perpendicular bisector with the line through

Lines meet when —2x+4=%(x—8)+3

Solving as far as x =

(8, 3) using their gradient of 4B (but not -2) and solving.
Expagdlx—2, v 0.

Using mid-point to get as faras p =or g =

DM1

3
+p:2 or ﬂ:0

8
Expect

p=—44q=-3

Al

Allow coordinates of B are (—4, —3).

Alternative method for Question 6

; 1 B1 | SOI
Gradient AB = 5
qg—3 1 leadi _ *M1 | Equating gradient of 4B with their gradient of 4B (but not -2) and
8 2 [ CalWE 16 2 =p— 2]’ using mid-point in equation of perpendicular bisector.
—q;3=—2[—8;pJ+4 [leading to g =—11-2p]

Solving simultaneously their 2 linear equations

DM1

Equating and solving 2 correct equations as faras p=org =.

p=—4,9=-3

Al

Allow coordinates of B are (—4, —3).




Question 51

(@) 1.2679 Bl | AWRT. ISW if correct answer seen. 3 — +/3 scores B0
1
(b) 1.7321 B1 | AWRT. ISW if correct answer seen.
1
©) 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 Ox tends to 0.
2

Question 52

)(a)

I(b)

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
Centre of circle C'is (2, —3) B1
Gradi £AC 1 Gradi £BC s 1 M1 | For either gradient (M1 sign error,
radicnt. 6l 4GS 3 oriiagienty 15 3 MO if x-coordinate(s) in numerator)
Gradient of tangent at 4 is 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 is 2
Coordinates of point of intersection (2, 27) Al
Alternative method for Question 10(b)
L e - dy B1
Implicit differentiation: 2 y; seen
dy dy M1 | Fully differentiated =0 with at least one term
2x—4+2y—+6— =0 . L .
e % involving y differentiated correctly
Gradient of tangent at 4 is 3 or Gradient of tangent at B is —3 M1 | For either 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 is 2
Coordinates of point of intersection (2, 27) Al
6




Question 53

(2)

(®)

X+ (2x+ 5)2 =20 leadingto x* +4x7+20x+25=20 M1 | Substitute y =2x+5 and expand bracket.
(5)(x2 +4x+1)[= 0] Al | 3-term quadratic.
—4+.16-4 M1 | OE. Apply formula or complete the square.
o — S——
2
A =(_2+J§ 1+2\/§) Al | Or?2 correct x values.
B :(_2_,\/5 1_2\/5) A1 | Or all values correct.
’ SC B1 all 4 values correct in surd form without working.
SC B1 all 4 values correct in decimal form from correct
formula or completion of the square
M1 | Using their coordinates in a correct distance formula.

AB? =their(x, - )2 +their(y, =y )2

Condone one sign error in x, —X; or y, — )

[ABz =48+12 leading to] 4B =+/60 Al | OE. CAO. Do not accept dec_ima.l answer. Answer must
come from use of surd form in distance formula.
"
*M1 | Finding equation of tangent and substituting into circle

x> +m* (x-10)’ =20

equation.

xz(mz +1)—20m2x+20(5mz —1) [=0]

DM1

OE. Brackets expanded and all terms collected on one side
of the equation.

[b* — 4ac =]400m" —80(m? +1)(5m* -1)

M1

Using correct coefficients from their quadratic equation.

400m"* —80(5m" +4m* ~1)=0 — (~80)(4m* ~1)=0 AN O Mg have: <" for Ad.
el Al

2
Alternative method for question 9(b)
Length, / of tangent, is given by /* =107 —20 M1
1=+/80 Al

J20 1 M1 A1l | Where & is the angle between the tangent and the x-axis.
tana = —(—=—
80 2

e il Al

2




Question 54

(a)

(b)

Centre 1s (3, - 2)

B1

(fheir —2) -4

Gradient of radius = —————
(their3) -5

[= 3]

*M1

Finding gradient using their centre (not (0, 0)) and P (5.4).

Equation of tangent y —4 = —%(,\ -5)

DM1

Using P and the negative reciprocal of their gradient to find
the equation of 4B.

Sight of [x =]17 and [y =] %

Al

[Area=l><£><l7=} 28
2 6

Al

Or 48% or AWRT 48.2.

Alternative method for question 12(a)

B1
2x+2yd—y—6+4y=0
dx dx
dy dy dy 1 *M1 | Find the gradient using P (5.4) in their implicit differential
AtP: 10+ Sa =6+ 4& = 0{33 =73 (with at least one correctly differentiated y term).
DM1 | Using P and their value for the gradient to find the equation

Equation of tangent y —4 = —%(x -5)

of AB.

Sight of [x =]17 and [y =] % R
Al
Area=1 7| 2P Ord8L or AWRT 48.2.
2 3 6 6
Radius of circle = v/40 . Bl | 0r2410 or6.32 AWRT or #* =40.
o M1 ’ . "
Area of ACRQ = %X(z‘ifleir:')2 sinl20{:%x40x%} Using %"251119 with their r and 120 or 60 [<3]
OR 1
Using — xbasexheight in a correct right-angled triangle
Area of ACOX = % X 40c0530x\;%c0560 OE {:%x 30 x\/ﬁJ & 2 & = £ &
[x6].
OR
Area of circle — 3x Area of segment =401 — 3 x (40% -10 \/5)
OR
1 :
OR =+1200124/30 and area = EQRZSUJGO Use of cosine rule and area of large triangle
30ﬁ Al | AWRT 52[.0] implies BIM1AO.
3

See diagram for points stated in ‘Answer’ column.

&

N
W




Question 55

@ | 2=(5-2 +(7-5)"]=13 BL| 2 _13 0r r=v13
Equation of circle is (x— 5)2 +(y- 2)3 -13 B1FT | OE. FT on their 13 but LHS must be correct.
2
(b) (x— 5)1 + (Sx-10- 2)2 -13 M1 | Substitute y =5x—10 into their equation.
26x2 —130x+156 [: 0] A1FT | OE 3-term quadratic with all terms on one side.
FT on their circle equation.
[ 25]( 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*.
(2,0).(3.5) Al Al | Coordinates must be clearly paired; Al for each correct
point. A1 AO 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]2 =(3- 2)3 +(5 _0)1 M1 | SOL Using their points to find length of 4B.
AB=+26 Al | ISW. Dependent on final M1 only.
Question 56
i(a) (x+ 1)2 +(3x— 22)" =85 M1 | OE. Substitute equation of line info equation of circle.
10x% —130x + 400 [=0] A1l | Correct 3-term quadratic
[10](x—8)(x—5) leadingto x=8 or5 Al | Dependent on factors or formula or completing of square
seen.
(8.4).(5.-5) Al | If M1ATAOAO scored, then SC B1 for correct final answer
only.
4
® | Mid-point of 4B = (63.—%) M1 | Any valid method
Useof C=(-1,2) B1 | SOI
7 =(-1- 5%)3 +(2+ %)3 ML | Attempt to find . Expect r* =621
Al | OE.

Equation of circle is (x+1)" +(y-2)" =621




Question 57

@ Equation of BC'is {y =} {2} {-3x} B2,1,0 | OE forms y +4=-3(x-2)ory—2=-3(x-0).
2
® | (x=2)*+(2-3x+4)’ =20 *M1 | OE

Sub line equation into equation of circle to eliminate y.

10(x — 2)* = 20 or [10](x* — 4x + 2)[= 0]

Al | OE Accept (10x* — 40x + 20).

4[+]V16-8

xfzz[i]\/iorx: =

DM1 | Correctly solving their quadratic.

xzzfﬁ

A1l | OE only solution. Answer only SC B1 If DM1 not scored.

y:3\/574

Al | OE only solution. Answer only SC B1 If DM1 not scored.

Question 58

@ 1+leatb-12= ()[:> ath= 1()] B1 B1 | B1 for each equation. Allow unsimplified. Can be implied by
44364 20— 6h—15— 0[:> 2a—6b— —28] correct values for a and b.
a=4,b=6 B1
i i B1FT |Or x=-2,y=-3
i {7 theira [ theirbj [72773] y
D 2
4
i(b) l—theiry =~ 1--3 1+3 4 *M1 | Using their centre correctly.

Gradient of ACis —— [= ——= ——=—]
1—their x 1--2 1+2 3

Gradient of tangent is =

=] [7 3}
ﬂwir'i 4
3

A1FT | Use of mym, =—1 to obtain the gradient of the tangent.

5
Equation: y—1="their — ’(xfl) ory :*Zer%

~w

DM1 | Using (1,1) with their gradient of the tangent at 4.

3x+4y =7 or 4y+3x="7. or integer multiples of these

Al




Question 59

(a 2 2 M1 | Completing the square on x and y or using the form
(@ Express as (x+3) +(y71) :26+9+][i36] . it : g q! ¥ g
X+ +2g0c+2+¢=0, centre (—g—f ) and radius
Jg+f-c.
SOI by correct answer.
Centre (—3, 1) B1
Radius 6 B1
So lowest point is (=3, =5) A1FT | FT on their centre and their radius.
4
'(b) Intersects when x* + (/x — 5)2 +6x—2(kx—5)-26=0 *M1 | Substituting y =kx—5 into their circle equation or
rearranging and equating y.
r(x+3) + (ke -5-1)° =36 RS S
2 k%% 10k + 25+ 6x —2kc+10—26=0 DM1 Rearrgngjng to 3-term quadratic (terms grouped, all on
or x” +6x+9 +k’x’ ~12kr +36=36 snegide). Alfowr 1 emor.
. 5 A1 | Correct quadratic (need to see 9 as constant term).
leading to k%x* +x? +6x—12kx +9[=0] or (1(2 + l)x‘ +(6-12k)x +9[=0]
(6 ,12[()2 ,4(];2 + 1) %9 [>0] DM1 | Using discriminant b — 4ac[> 0] with their values.
) 5 & Allow if in square root.
[1eadmg to 144%> —144k + 3636k 36> o]
. 4 Al | Need not see method for solving.
[108%> — 144k =0 leadingto] k=0ork= 3
4 Al 4
k<0,k>— Douotaccep‘r§<k<0.
2 =
6
Question 60
2 2 2 2 4
(a) (5721}) +(p+2) :(10721)) +(3*p) M1 A1l | Allow one sign error for M mark only.
25-20p+4p* + p* +4p+4=100—40p+4p* +9—6p+p° Al | Allow 2.67 AWRT.
30p=80 — ng oe
3
(b)) p+2 P M1 | Allow a sign error.
My = > o
D=5 2p-10
p+2 y p-3 M1 | Use of mym; = -1 with their macand mgc.
2p-5 2p-10
p27p76:7(4p3730p+50) — 5p*-31p+44 (=0) Al
=ik (Tsnore :E) Al | Factors (p — 4)(5p 711) , or formula or
5 completing square must be seen.
4
(b)(i) | Mid-point of 4B = (7%, %) B1 | SOI
= . *M1 1 50
PP =2%" +2%° [:%} or 1‘:\/(2‘/2‘+2‘/;2) {: —5\2/2} Or 72:1(52 52) {:T} ete
2 DM1 e 7 - 2
Equation of circle is (x—rheir7‘/z)2 +(y—theirs) = their% Mustuse 7" mobszion dor
X2+ y*—15x—y+44=0 Al | CAO
4




Question 61

(a) : . X . B1 | Accept unsimplified.
Mid-point 4B is (10 ai] ,QJ :(E,l]
2 2 2 2
: —1-2 -3 i . 5 M1 Ch: 1 ; .
Gradient of 4B = —— =— Gradient perpendicular = — For use of M , condone inconsistent order of x and y,
10-5 5 3 Change in x
and mym,=—1.
' Al | OE ISW
2 5|, 1.5(, 15 A fversi 3 99 oriSi By 56
xﬁg 3 373 > ny correct version e.g. y73x or Sx—3y=36.
2
3
(®) [Radius =] +/34 or 5.8 AWRT or [(radius)® =] 34 B1 | Sight of /34 or 34. Condone confusion of 7 and .
(x=57 +(y-2) B1 | Sight of (x—5) +(y—2)°
(x_5)1+(y_2)2:34 B1 | CAO ISW
Alternative method for Question 1(b)
x4+ y? -10x -4y B1
[C :]501'[" :] =5 B1 | gybstitution of (10, 1) into g _vz —10x—-4y+c=0.
X’ +y*-10x-4y-5=0 B1
3

Question 62

(@)

()

** +(mx+10)° =20 or y2+(y710
m

j =20 or mx+10=+/20—x’

*M

=

Substitute equation of line into equation of circle.

(L4 +20mx+80 [=0] or
¥ (m* +1) =20y +(100 20m* ) [= 0]

A1l | Collect terms into a 3 term quadratic.

(20m)* —4(1+m*)x80[=0 = 80m27320:0:[80](m274):0]
or (-20) —4(nr* +1)(100—20m2)[: 0= [80](m" —4m?)=0]

DML1 | Use p? —4ac[=0].

m=12

Al | Two values for m .

Method 1: Use of quadratic

1427 )x* £20(2)x+80 | =0=>5x% +40x+80=0
(1+2%)% £20(2)w+80 | ]

or (2% +1)-20y+ (100 20(22))[:0:>[5](y2 ~4y+4) :o]

M1 | Sub their m into their quadratic in x or y or restart with
their tangent equation and equation of circle.

[5](xi4)2:0 = x=#+4 or y=2

A1 | Correct solutions or one correct pair (x, y).

(-42), (+.2)

Al | Two correct points with x and y paired correctly.

Method 2: Using equation of normal

2x+10:—lx or —2x+10:1x
2 2

M1 | Equate tangent and normal and solve for x.

x=14

Al | Two correct x-values or one correct pair (x, y).

(42), (42)

Al | Two correct points with x and y paired correctly.




(©) Method 1: Using angle at circumference

BC=8, BD:\/(«/%+4)Z+ZZ , CD:\/(«/%—4)2+22

— % ———— % i e %[: 2] *MI1 | Use a trig function in triangle 4O0B.
BOA=63.4° = BOC=126.8°0r126.9° DM1 | Strategy involving doubling
[BDC =]63.4° Al | AWRT
Metho 2: Using cosine rule
*MI1 | Calculate two lengths in triangle BCD.

Question 63

1 =(7+2) +(12-5)

2

64 =80—16+/5 cosBDC DM1 | Use cosine rule with their lengths

N Al | AWRT
cosBDC = ?:> [BDC :] 63.4°
Method 3: Subtract angles from 90 °
Calculate one angle at D [: 1 3.28] *M1 | ODB or angle between CD and the vertical from D
Calculate a second angle at D [: 13.28] and subtract both from 90° bM1
[BDC =]63.4° Al | AWRT

3

B1 | Expect 130, may use 4C rather than r.

Equation of circle is (x+ 2)1 +(y —5)2 =130

B1FT | OE FT their 130, may use distance BC rather than

circle.

(x+2) +(-2x+21)" =130

M1 | Substitute y =—2x+26 into a circle equation.

5x* —80x+315 [= O] leading to [5](x—9)(x—7)

M1 | Factorisation OE must be seen.

x=9

A1l | With or withoutx = 7.

y=8 OR (9, 8)

Al y= 801‘(9,8) only. Both A1’s dependent on the

first M1.

Question 64

(a) (x— 1)2 +(x=9+ 4)2 —40 M1 | Substitute line into circle.

X —6x-7 [: 0] leading to (x+1)(x—7) [: 0] M1 | Simplify to 3-term quadratic and factorise OE.

(-1,-10), (7,-2) orx=-1 and 7,y =10 and -2 Al A1 | Answers only SC B1, SC B1 but must see a correct

quadratic equation.
4
(b) [ mid-pormt=] ¢ their x, +their x, ) their y, +their y, ) M1 | Expect (3, -6).
2 2
Radius = \/(their x — their 3)Z +(their v —their (—6))2 OR M1 | Expect V32,
their((7-(-1))" +(-2~(-10))' )2
Al | OE

(x=3) +(y+6)" =32




Question65

)(a)

(®)

©

. (1 2 *MI1 | Obtaining an unsimplified equation in x or y only.
(x—a) +(5x+6—3J =20 orusing x=2y—12
2 Al 2 . 2 _
Ex‘+(3—2a)x+az—ll[:0] OE e.g. 5x* +4(3—2a)x+4a” —44
4 Rearranging to get a correct 3-term quadratic on one side.
Condone terms not grouped together.
5y° —y(54+4a)+133+a +24.
(3= 20)2 4 Xﬁ(az 1 1)[: 0] DML1 | OE Using 5* —4acon their3 term quadratic [: 0] :
] 4
Method 1 for final 2 marks
Using a =4: (3 —8)1 ~5(5)=0 A1l | Clearly substituting a = 4.
a=-16 B1 | Condone no method shown for this value.
Method 2 for final 2 marks
—a*-12a+64=0 > (a-4)(a+16)=0 = a=4 Al | AG Full method clearly shown.
a=-16 B1 | Condone no method shown for this value.
5 | If MO, SCB1 available for substituting a =4, finding
P(2, 7) and verifying that CP* = 20.
Centre (4, 3) identified or used or the point P is (2, 7) B1
- gradient of normal =-2 B1 | SOI
Forming normal equation using their gradient (not 0.5) and their centre or M1 | Condone use of ( +4, 13) )
P
—3 Al =
y =2 or y-7=-2(x2) OE Condone f(x)=.
(x=4)
4
Method 1 for Question 10(c)
" 1 : 1 *M1 : 2 1 .
Diameter: y—3= E(A —4) |leadingtoy = Ex +1 Using gradient E with their centre.
Or
dy ’ If i o g .
2(x—4)+2(y- S)d— =0 |leadingtoy = Ex +1 By implicit differentiation.
™
20, ]l Z 5 3 DMI1 | Obtaining an unsimplified equation in x or y only.
(x—4) +[Ex+173] =20 [Zx‘flox:ﬂ [ —6y+5=0].
x=0o0r8,y=1or5[(0,1)and (8,5)] Al | Correct co-ordinates for both points. Condone no method
shown for solution.
Equations are y—1=-2x and y—5=-2(x—-38) Al | 2x+y=1and 2x+y=21.
Method 2 for Question 10(c)
Coordinates of points at which tangents meet curve are *M1 A1 | Vector approach using their centre and gradient = 0.5 .
(4+4,3+2)=(8,5)and (4 -4,3-2)=(0,1) Condone answers only with no working.
Equations are y—5=-2(x-8) and y—1=-2x [DM1 A1 | Forming equations of tangents using treir (0, 1) and (8, 5).
Method 3 for Question 10(c)
(x- 4)3 i (—2x g 3)2 ~20 *M1 | Obtaining an unsimplified equation in x only using
) equation of circle with y =—2x+c.
[le +(4-4c)x+(c-3) —4:0}
DM1

(4—4c) - 20((c -3) 74)[: 0]

[leading to —4¢* —32¢+120c¢+16-100=0]

Using 4° — 4ac[: 0] X



Method 1 for Question 10(c)

*M1 5 . ) E %
Diameter: y-3= %(A —-4) {leading toy= %x + 1} Using gradient 3 with their centre.
Or
dy ’ 1 o iy o4 Bt
2(x-4)+2(y- 3)5 =0 |leadingtoy= 5% +1 By implicit differentiation.
a0 (i 2 5 DM1 | Obtaining an unsimplified equation in x or y only.
(x—4) +[§x+1—3] =20 {Zx‘—wx:o} [y —6y+5=0].
x=0o0r8,y=1o0r5[0,1)and (8,5)] A1 | Correct co-ordinates for both points. Condone no method
shown for solution.
Equations are y—1=-2x and y—5=-2(x-8) Al | 2x+y=1land 2x+y=21.
Method 2 for Question 10(c)
Coordinates of points at which tangents meet curve are *M1 A1 | Vector approach using their centre and gradient = 0.5 .
(4+4,3+2)=(8,5)and (4 —4,3-2)=(0,1) Condone answers only with no working.
Equations are y—5=-2(x-8) and y—1=-2x [DM1 A1 | Forming equations of tangents using ieir (0, 1) and (8, 5).
Method 3 for Question 10(c)
(x— 4)1 +(2x+c- 3)2 =20 *MI1 | Obtaining an unsimplified equation in x only using
7 equation of circle with y =—2x+c.
[5xZ +(4-4c)x+(c-3) 4:0}
(4—4c) - 20((C73)Z 74)[: 0] DM1 | Using 5 —4ac[=0].
[leading to —4¢* —32¢ +120c +16—-100=0 ]
(© 4c* —88c +84[=0] [leading to ¢* ~22¢+21=0 ] Al
c=2land c=1o0r y=-2x+21 and y=-2x+1 A1 | Condone no method shown for solution.
4
Question 66
(@) x*+(y-2)" =100 Bl| OEeg (x—0) +(y—2)" =10* ISW.
1
(b) i . [10-2 74 . i -3 M1 | OE SOI Use coordinates to find gradient of radius or
Gradient of radius = b o' = 3 or gradient of tangent = 7 differentiate to find 1,
dy dy -3
eg 2x+2(y-2)—=0=>—=— at (6, 10
g 2y - q 2610
= dp i N 3
=2+4100—x* => —==—(100—x") 2 (2x)=—=.
4 o Feg—y
Al 58
Equation of tangent is y —10= —%(x —6) [9 y= —%x + ?} OE ISW Allow e.g. i
2
'(c) . X 29 M1 | SOI From a linear equation in (b).
Coordinates of centre of circle O are O,ﬂwir?
20V (s5)T 125 AIFT | OEe.g. (x-0) +(y—14.5)" =31.25 ISW.
Equation of circle O is x* +(y —rheir—j === [: —}
2 2 4
. ; B ;5 Bl | OEeg x=[£]V19, x* -19=x"-19
#+(11-2) =100 =19 andx'+(11~§ B s 2o S . A
2 4 Correct argument to verify both y -coords are 11
2 ISW.
OReg. %—(y—?] +(y,2)2 =100 = 25y =275 = y=11
3




(@

2 3 29 29 125 25 , 125 2
X 4 ==t —e— | E—— | D=x =—=x°=20
4 16 4

or y* —29y +199[=0]

M1 | Substitute equation of their tangent into equation of

their circle. May see y =+/31.25—x% +14.5 .

x=425 or y:%

Al | OEe.g. x=+20
For 2 x-values or 2 y -values or correct (x,y) pair.

() 2] 22t

Al
OE e.g. %er@, 5748—@ Correct (x,y) pairs.

Question 67

(2) (0—3)2+(y75)2 =40 M1 | OE. Substitute x = 0, may use y* —10y—6=0.
y=5+ NETY Al | OE. Must be surd form.
2
(b) BIFT | Bl FT for their 5 and B1 FT for their 31. Don’t allow

{xz +(y—5)2} ={31} Allow (x-0)

BI1FT | surd form.

Question 68

! _ *M1 i i )
- their 74 |« their i =1 Their gradients must both come from 7D%fference i theys .
p—6 14-p Difference in the xs
OR Scalar product leading to (14— p)(6-p)-33=0
p*—20p+84=33 leading to p* —20p+ 51[=0]or P —20p=-51 Al | Clearing of fractions and collecting terms to arrive at the
three-term quadratic. Allow integer multiples.
Alternative method for first 2 marks of Question 11(a)
2 2 2 2 2 2 *M1 | For correct use of Pythagoras with 4,8 and C.
—6) +(7-4) +(14—p) +(18-7)" =(14—-6)" +(18—4
(p6) +(7-4) +(14-p) +(18-7)' =(14-6)' +(154) .=
OR N For correct use of Pythagoras with the centre, B and one of
Eg (10—p) +4 =447 the other two points.
2p* —40p+102[=0] Al | OE
Collecting terms to arrive at the three-term quadratic.
o2 DM1 | OE
20++20° —4x51
?-3)(p- O N~ X Solving their three-term quadratic.
[2] 3) 17 >
p=3 Al | If M1A1DMO scored then SC B1 is available for final
answer.
4
(b) [Midpoint or Centre 1s] (10, 11) B1 | SOI by final answer.
1 \lﬁ 3 3 J 5 M1 | Finding half of the length of AC or using their centre, which
—4/(14-6 18—-4 18 —theirll 14 — theirl0 2 :
2 ( ) +( ) or( e ) +( e ) or cannot be A, B or C, to find 7~ or r. Note: =65 is MO0.
(theirl1-4)’ + (their10~6)" [ r* =6Sorr =165 |
(x=10) +(y—11)* =65 or x> + > ~20x 22y +156=0 Al | (x-6)(x~14)+(y—4)(»-18)=0 scores 3/3.
3
(c) 18 — theirl 1 *M1 | Gradient of their centre, which cannot be A, B or C, from

theirll1—4 18—-4 ]
———— o ——or
14 —theirl0  theirl0—6  14—6

part (b), to A or C or the gradient of AC but working needed
if incorrect centre.
OR by clearly differentiating and substitution of (14,18).

DM1 | OE
y-18= (x—14)
their — Using (14,18) and — to form the equation of a
4 their —
4
straight line.
4x+7y—182=0 A1 | All terms on one side in any order. Allow multiples of this

format by an integer only.




Question 69

(a) Gradient of 4B =-1 B1 | SOI
Centre of circle = (4, —1) B1 | SOI
Equation of 4B is ¥+ = —1(x—4) leading to y=—x+3 B1 FT | FT their centre with gradient —1.
3
(b) ( = 4)2 +(7x %3 +1)2 40 *MI1 | Substitute their AB into circle equation.
2(}‘.74)2 —40 OR [2](xz 78_‘{74) Tcattmg fo DM1 | Forming and solving 3-term quadratic.
864416 16256464
2 4

et 4[i] m Al | OE. No fractions.

(4 Bl 4 J%) o Sfecial case: If M1 MO scored then SCB2 can be
awarded for correct coordinates or SCB1 for correct x
values only. Ignore other coordinate

4

© | y—their(-1+20)= 1{x7ﬂchr(4ﬂ/2_o)} M1 | OE
y=x-5+2420 or y=x-5+4/80 or y=x—5+45 Al
2

Question 70

)(a) | Obtain gradient of relevant radius is —2 B1
Using mym, =—1 obtain the gradient of the tangent and use it to form a M1 | 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.
mny=21 Al
Obtain y=1x+12 OBk, y—9:%(x+6).
3
I(b) State or imply (x+4)* +(y—-5)° =20 Bl | 1f x2 492 —20x—2f+c=0 isused correctly with
(-g.—f)=(-4,5) and c= g%+ f*—r" then M.
Obtain x> + 1% +8x—10y+21=0 B1 | Al if above method used.
2
)(c) Substitute ¥=0 in equation of circle to find y-values 3 and 7 B1 | May be implied by 4B = 4 or use of |x-coordinate of C].
or state C'to 4B =4
Attempt value of @ either using cosine rule or via 16 using right-angled M1 | Using their AB. If /2 used, must be multiplied by 2.
triangle
Obtain 8=0.9273 Al | Or greater accuracy. A correct answer implies the M1.
3
(d) | Attempt arc length using r¢ formula with rheir @ (not rheir 6/2) and M1 | Expect 4.15.

r=v20

Obtain perimeter = 8.15 or greater accuracy

Al | Condone missing units or incorrect units.

Attempt area using 1,2(6—sin@) formula or equivalent with their @ and
r=20

M1 | If sector — triangle used, both formulae must be correct.
If triangle 4 CM used, area must be multiplied by 2.

Obtain area = 1.27 or greater accuracy

Al | Condone missing units or incorrect units.




Question 71

Substitute x=0 and attempt solution of 3-term quadratic equation in M1 | If y =0 used can score a maximum of M0 A0 Bl
MI A0 AIFT DM1 A0, i.e. 4/8.
—5and 3 A1l | B1 SC if no working to solve the quadratic.
State or imply centre of circle is (3, —1) B1 | Condone errors which don’t affect finding centre.
May be implied by the correct final ¥ coordinate.
Attempt gradient of 4C or BC *M1
4 4
-4ord Al
State or imply gradient of tangent is % or 7% AI1FT | Following their gradient of radius.
Only FT when previous 2 marks are M1 A0.
Either solve simultaneous equations (of 2 tangent equations) to find x- coordinate DM1
Or Substitute y-value of centre into either tangent equation
x= %, y=-1 Al
Alternative Method 1: for the 4th and 5th marks
Rearrange and differentiate the circle equation or differentiate implicitly (M1) | Replaces the second M1.
dv 3-x dy 3-x (A1) | Replaces the second Al.
== o —=—
dv y+1  dx -l
(2563
Alternative Method 2: for the last 5 marks
e s a4 . A . - . (M1A1) | C is the circle centre, P is intersection of the two
L. _ 1. K
ACP=MAP =tan 5 or identifying similar triangles PMA4 and AMC tangents, M is intersection of PC and the y-axis.
MIi1A1
tan MAP = ™ i = ﬁ.PﬁL{ = 5 or use of similar triangles ( )
43 4 3
. (-16 (A1)
Pis ( = ,71J
¥
Alternative Method 3: for the last 5 marks
Pythagoras on triangle PAC, PC*=PA? + AC?, (M1) | Identifies the required 3 sides and sets up
formula.
PC? =(P1M+3)2 PA =PM? + 4. AC =r1adius =5 (A1) | Finds each side with two in terms of PAf OE.
(PM+3)2 =PM* +4" +5" leads to 6PM =32, PM = 176 (MIAUgpRctsalp and Jyresrequation.
(A1)

Pis (_—m,—lj
3




Question 72

'@ (xf6)2+ (2(1*.’{‘#(1)2:18

M1* | Replacing y with 2a —x in the circle equation,
condone incorrect expansion before substitution.

2x” =12x - 6ax +9a” +36—18[=0]

A1 | All terms collected on one side of the equation. May
be implied by the discriminant.

(12+6a)’ —4x2x(9a" +18) [=0]

DM1 | Cortect use of “b°>— 4ac” from their 3 term
quadratic equation in x ., with an x term of the form
(m +na)x with both m and n 2 0.

—36a” +144a[+0=0] A1
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+l=x-9 [leadingtoy=x—10]

BIFT | FT on their point of intersection or t/eir centre with
an x co-ordinate of 6 and gradient = 1.

Question 73

(Y73)2 eyP=18 y=nr—9 leading to (x o »1.)2 a (mx 79)2 -1 M1 | Finding equation of tangent and substituting into circle
* i 4 - equation.
Must be mv—9.
x2 —6x+9+m2x® —18mx + 81 =18 leading to M1 | Brackets expanded and all terms collected on one side of
(mz + 1) 2 (6 +18m)x+72 [: 0] the equation. May be implied in the discriminant. m
’ ’ cannot be numeric.
(6 -H8m)2 - 4(;112 + 1) x72[=0] *MI1 | Use of b? — 4ac . Not in quadratic formula. 72 cannot be
numeric, ¢ must be numeric.
36n’ +216m7252E:0] [leadjng e 4 6T 0] DM1 | 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 leading to x =6 DM1 | Must be correct x for their quadratic.
. 5 . 6 DM1 | Must be correct x for their quadratic.
m=—T7 leading to 50x> +120x+72 =0 leading to x = 2
6 3 Al
6.-3),| —.——
(6-3)(-5-3)
Alternative Method 1 for first 4 marks of Question 10
‘ 3m 71(0) 79‘ (M1) | Use of the formula for the length of a perpendicular from
> a point to a line.
m-+1
‘ 3m— 1(0) 79‘ (M1) | Equates length of a perpendicular from a point to a line to
5 =iz the radius.
m-+1
Gm —9°=18(m? +1) (M1) | Squares and clears the fraction.
9m*-54m +81=0 [leading tom? +6m—7= 0} (M1)
Alternative Method 2 for first 3 marks of Question 10
B-x)O0+6x-x2)2=, (M1) | OE
Differentiates implicitly or otherwise and equates 3—1 to
e
m.
. M1) | Brackets expanded and all terms collected on one side of
2) ¥2 _6(1+ )X +9(1 — n)[ = ( .
Ll ) 7 =<6( ) A=A =0 the equation. May be implied in the discriminant.
36(1+m* ) —4(1+m?) x 9(1 — m*)[ = 0] (M1) | Use of b* — 4ac.




Question 74

(@ | [F=4.00063 B1 | CAO
1
() [Gradient 4E] = 6.3566 B1 | CAO
1
© Suggests that ‘:f(Z)] =625 B1 | CAO
1
Question 75
@ Gradient of 4B = ;S:j [: 72] M
.. 8+4 —5+3 M1
Midpoint 4B = (T 5 ] [(6.—1)]
G Lz |:: % ] T mr— DM1 lz/glitll;e used to find equation of perpendicular through #heir
equation
Equation of perpendicular bisector is y+1= %(" —6). soy= %x =4 - yg—“\/vorkmg involving the perpendicular bisector must be
seen.
Alternative Method for Question 10(a)
AC*=(a—4) +(b-3), BC*=(a—8) +(b+5) both expanded Mz
Solving AC =BC [=10] DM1 | Only allow a single sign error.
Eliminating a>and b DM1 | May be awarded before the previous DMI.
a=2b+38, concluding y= % -4 Al )| W
4
(b) : 1 M1 | May see centre as (2y + 8. y) OE.
Using the centre as (”' E" - 4] May be seen in an incorrect equation.
(4_(,)2 +(3-0.5a +4)2 ~100 M1 | Subin (4, 3) or (8, —5).
Could use circle with (6,-1) and r= J30.
12547 —15a—35 [: 0] — 2125058 [: 0] (or 2 12b-15 [: 0]) DM1 | Obtain a 3-term quadratic in their x or y.
[(a—14)(a+2)=0] = a=14,a=-2 Al or [(b-3)(b+5)=[0]] = b=3 b=-5.
= (x—14) +(¥—3) =100 and (x+2) +(» +5)" =100 Al
Alternative Method 1 for the first 3 marks:
Make a or b the subject from a circle centre (a,b) using 4 or B Mig g3 e b Jm s Adfromeircle throughed,
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 aord DM1 | Expect a® —12a—28=0 or b>+2b—15=0, OE.
Alternative Method 2 for the first 3 marks:
Obtaining CM (C, centre; M, mid-point of 4B) M1 Expect \/@ Miist b clear this is CM siot AB.
Using the triangle CMT, where C7T is parallel to the x-axis, to find the DM1 | Expect MT =4.
vertical distance of C from M, MT
Using the triangle CMT, where MT is parallel to the y-axis, to find the DM1 | Expect CT =8.

horizontal distance of C from M, CT




Question 76

()

(®))

i(b)(i1)

(b)(i)

L i B Al L pando=-1 is [~Lp,-1
e b —(=1)) a=—— =-1, g ==l ||
(x [ zp)] +(y ( 1)) OE ow 2pan or centre is 2p
[ i ] 2 ( ( 1))2 . ( 1P]2 g DB1
x—|—= +(y—(-1)) =—g+1+|—=
2 2 3 4 2
2
: = B1 | OE
[Gradient of tangent =] =5 SOl
[Gradient of normal =] 2 M1 | Use of mym,=— 1with their numeric tangent gradient.
y-3 ) Al | OE
a2 [y=2x-3] ISW
Allowy =2x+c, 3=2x4+c = c=-5.
3
Method 1 for the first two marks:
1 M1+ . +p .
=L=3=9 751) —4|or -1=—p-5 Using their stated centre or o +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 R
> ali
p=—"4 Al
Method 3 for the first two marks:
Mi1*
2x+2yQ+p+2d—y:0 2}):7878Q
dx dx dx
1 Al
-] A
dx 2
Method 1 for the last 3 marks:
2 2 A M1+ i +th i 5
L= (472) +(3 7(71)) [’ 20] Using (4, 3) and their centre or (% s l] to find #* or 1.
1, DM1 | OE
—q+1+ Zp =20 Using their expression for 7* (from (a)) equated to their 20.
g=-15 Al
Method 2 for the last 3 marks:
l2-2-10| 10 M1* | Using (2.-1) and x +2y —10=0 (distance from a point to a
= = —
NG J5 line).
1, 10 2 DM1 | OE
—q+l+=p~ = (—)
4 */; Using their expression for 17 equated to their [ﬂ
g=-15 Al
Method 3 for the last 3 marks:
43 +4p+6+g=0 [= 4p+q+31=0] MI1* | Substituting (4.3) into their circle equation.
OR
WY B i ¥
4-|—= +(3-(-1)) =—g+1+| —
( ( 217)] (3-(-1)) = ( 21))
4(4) +g+31=0 DMI1 | Substituting their p =—4.
g=-15 Al




(b))

Alternative Method for Question 8(b)(ii)

£ +3+4p+6+g=0
xl+(2JC75)2+px+2(2x75)+q:0wilh x=4
10—

) xY 10
X+ 2 +px+2

5, +5 )
(y; ] +y'+p(%)+2y+q:0thh y=3

—

]+q:0with x=4

(10—2)})2 +37+p(10-2y)+2y+g=0with y=3

{Each of these = 4p+¢+31=0}

M1* | Substituting (4. 3) into their circle equation, or

replacing y with 2x —35 from the normal equation, or

: e BOEPE o .
replacing y with TA from the tangent equation, or

. e PES .
replacing x with T from the normal equation, or

replacing x with 10— 2y from the tangent equation, and using
either x=4 or y =3to form an equation in p and q.

%x2+(p76)x+35+qi0 = (p76)274><§><(35+q) =0

M1* | Solving the tangent and circle equations simultaneously to form

a quadratic equation in either x or y.

OR Then using 5° — 4ac =0 on their quadratic to form an equation
517 —(38+2p)+100+10p+g=0 = (38+2p)’ —4x5x(100+10p+4q)=0 npandg.
{Each of these = p* —~12p ~139-5¢ :0}
Solving the equations simultaneously to find p or ¢ DM1
p=—4 Al
g=-15 Al
5
Question 77
(a) State or imply centre of C; is (=3, 5) B1
State or imply centre of C, is (9,—4) B1
Attempt correct process for finding distance between centres M1
Obtain 15 Al
4
(b) R=4andR=38 B1
Obtain least or greatest distance B1FT | ‘15 —Ri—Roor ‘15’ +Ri +Ra.
Obtain 3 and 27 B1FT | ‘15°-R;—Ryand ‘15" +R; +Ra.
3
Question 78
y(a) (r+5. r+8) B1| OE
Allow x=r+5, y=r+8.
If values are stated without reference to x and y, take the
first value to be their x.
il
(b) P ND ) B1FT | OE
ey (l +D) et (l +8) =15 Following their answers to (a), which must both contain »
[,.2 o0 68[: 0] :] (r +17)(7.74)[: 0] M1 | Or other valid method of solution for their three-term
quadratic.
[»=]4 Al | CWO
r=—4=r=4 scores A0.
Special Case: After BIMO, =4 scores SCBI, but after
BIMO, »=—4 = r =4 scores B0.
3
i(c) their(r+8 . theirr from(b))+8 M1 | >0 only.
# from (a) with their r from (b), or %
their (r+5) (theirr from(b))+5
3 A1FT oF their (r+5) (theirr from(b))+8
5 or 7
4 their(r+8) (theirr from(b))+5
2




Question 79

(@)

(@)

(b)

k-5 . k-1
» or gradient of RQ = 2—

Gradient of PR =

v

B1

Obtain at least one relevant gradient.

(their gradient of PR) x (their gradient of RQ) = —1 and attempt to simplify

M1

Clear of fractions and expand brackets.
Expect k> — 6k +5 =45 OE.
Condone +/—sign errors during simplification.

K —6k—40 [=0] Al | OE
k=10, k=—4 Al
Alternative Method for Question 9(a)

B1

PR*= (k-5 +(2+13)’
orRQ® = (k—1)* +(2-5)

Obtain at least one of PR” and RQ’.
These expressions may be seen under a square root sign.

(their PR? ) + (their RO’ ) =18 +4° and attempt to simplify

M1

Expect 2&” —12k +260 =340 OE.
Condone +/—sign errors.

2k* ~12k-80 [=0] Al | OE
k=10, k=—4 Al
Alternative Method 2 for Question 9(a)
¥+’ +8x—6y—-60=0 B1 | OE
2’ +k +8x2-6xk—60=0 M1 | Substitution of (2,£) into their circle equation.
k* —6k—40 [=0] Al | OE
k=10, k=—4 Al
4 | If none of the above marks are awarded, then SC B1 for using

k=10 to find the gradients of OR (-3) and PR (%) and

showing that their product is —1 (or other similar verification),
and then stating that this shows that 10 is a possible value for

k.

[Centre is] (—4, 3) B1 | SOL
Radi dient (their3)-10 7 *MI | Attempt at finding the gradient of the radius using (2, 10)
adius gradient = ———— [ =—
& (their — 4) -2 6 and their centre, but not P, O, the mid-point of PR or OR.
. —~1 y-10 DM1 | OE
Either N 12 Correct method to find the equation of the tangent using
( their 7) -1
6 ————and (2, 10).
1 their radius gradient
Or10=———<x2+4+¢c = c=...
7
their —
(2)
6 6 82 Al | OE
y-10= _7(’“ —2) ory= (_ 7 Jx + = Correct equation but not stated in the required form.

6x+7y—82=0 or 82-6x-7y=0

Al

All correct terms on one side, but condone them being in the
wrong order.

Alternative Method for Question 9(b)

x4y’ +8x—6y—-60=0

B1

OE
Equation of the circle.

d
22y Pis 6P g
dr dx
dy -2x-8 ie
or L =2 (8547 —8x-16) 2
dx

Differentiate implicitly to arrive at an expression with two
. dy
terms containing —.
dx

Or rearrange to make y the subject and differentiate to arrive
at an expression of the form f'(x)x £ (x).



b ds d DMI1 | Substitute (2,10) into their implicit differential.
® 1 22)+200 28620 S P
dx dx g
5t & _ -2(2)-8 (85 7(2)2 “8(2)- 16)% Or substitute x =2 into their expression for Ey s
dx 2
6 6 82 Al | OE
y-10= ’7(’57 2) or y= ’7" *7 Correct equation but not stated in the required form.
6x+7y—-82=0 A1 | All correct terms on one side, but condone them being in the
wrong order.
5
Question 80
(a) (2, -2) B1 | Condone x =2 and y =-2 if seen together.
(12)_2) B1 | Condone x =12 and y = -2 if seen together.
(7.-4) B1
3 | If BO BO for the first two marks, then SC B1 available for
x=2and x=12.
(b) TN 5 B 5 (6) 5 0) 2 M1 | Or other correct method for an isosceles triangle using
e 59 g =20=21an 2 PR 2) J29 S 5)7@ their 4 and B of the form ( .—2) and C of the form
or H:n—than"%or n—2x0.381 ( ,—d),where’—d<—2.
> S5
_ r Note: tan@=— =>0/2 unless 6 is then doubled. Using
or 102:29+29—2><\/2_9><\/5c056 = cos@:Mzﬂ 2
2x29x429 29 7 =29 scores 0/2.
[6 =]2.38 Al | AWRT
Final answer of 136.4° scores max 1/2.
Ignore degree symbol if present.
Alternative Method for Question 8(b)
- M1 -
—2 — 2 Use of tan6 = u, where m; and m, are the gradients
o, B 5 [}@} 1+ mym, 2
[ 2.2 21 of their AC and BC, where 4, B and C are of the required
5 form.
[6=]2.38 Al | AWRT
Ignore degree symbol if present.
2
(© | [Length AC=Length BC= /5 +27 ] =29 [=5.385...] B1 | Sight of +/29. SOL
Condone 5.4. Could be found in parts (a) or (b), but do not
award unless it is seen in part (c).
1 M1 | Use of correct sector formula with their identified radius
=] = — thei =56.587..
[Area of large sector =] > 29 x+/29 x (27 — their 6) [=56.587.]] (6.:29Y andaletr (27— 6) or their 0.
or [Area of small sector =] %x 29 29 x their 6 [=34.518..] May begiibedded asparcof theisegient fortmila;
. 1 . 1 M1 | Use of correct triangle formula with their identified radius
Area of triangle = > 29 x~[29 xsin @ or 0% 10x2 [=10] (e.¢. 29) and their 5
May be embedded as part of the segment formula.
[Segment area = | 66.6 Al | AWRT

[Area of circle — smaller segment = wx29—34.52+10]




Question 81
2(L;‘Jy+5yl -24

24-5y%)
) i 4[=0
or( - J+y+ [=0]

*M1

or 2x(—4—2x)+5(—4-2x) =24

OE
For eliminating x or y.
Condone sign errors in the rearrangements.

DM1

4y —4y=24 or 16x*+72x+56 [=0]

OE

For simplifying to a 3-term quadratic; terms do not all
have to be on the same side.

Condone sign errors in the expansions or in the collecting
of terms.

4 . B1
= y=-2,y=3or xzfl,x:—i

OE
Not for a correct (x, ) pair.

Allow from a correct quadratic (ignore any working seen).

B1

(1, 2, [—% 3)

OE
Allow from a correct quadratic (ignore any working seen).

Condone x=—1andy=-2 and x:—% andy=3.

Question 82

Centre of circle is (3, -5) B1 | Seen or implied.
x=-2 =y’ +10y-11|=0] [:(yfl)(erl]):()] M1 | 3-term quadratic.
ot (35 =36 Terms need not all be on one side.
) ’ (3.—5) must be correct if it is used.
y=land y=-11 A1 | No method needed for solving quadratic.
S o 2 M1 | At least one correct.
Gradient of line PC is p—1 = ) or gradient of line OC is S| = &
3-(2) | 3 3-(2) | 3

. e 5 ! - e Al | At least one correct.

Gradient of tangent at P is P or gradient of tangent at Q is o
. . 3 46 M1 | Distance from point of intersection to line
Equation of tangent is y —1 ==(x+2). Crosses y=—5 at x=——, so
6 5 x 6 36
x=-218 6X= | == [,
: 36 5173
distance = = % L . 5%
) 5 5 Notey:’—er—andy:ix—JT.
or equations of two tangents are yflzg(x+2) andy+llzfg(x+2) and these o 3 o <
; 3
meet when x = = so distance = TG
1 36 M1 46
Area = —x12x their — Condone use of —.
2 5 5
432 216 Al
— or — or43.2
10 Bl
8






