©

Circles - Edexcel Past Exam Questions 2 MARK SCHEME

Question 1
Question Scheme Marks
number
The equation of the circle is (x +1)* +(y=7)* =) M1 Al
The radius of the circle is ,f(—l)2 +77 = \/% or 5\[5 or 7 =50 Ml
So (x+1)* +(¥—7)* =50 or equivalent Al @
4
4
Notes M1 1s for this expression on left hand side— allow errors in sign of 1 and 7.
Al correct signs (just LHS)
M1 is for Pythagoras or substitution into equation of circle to give  or 7
Giving this value as diameter 1s MO
Al, cao for cartesian equation with numerical values but allow (V 50)* or (5\/5)2 or any exact
equivalent
A correct answer implies a correct method — so answer given with no working eams all four
marks for this question.
Altemative | Equation of circle is x* 4+ y* +2x+14y+¢=0 M1
method
Equation of circle s x* + y* +2x—14y+¢=0 Al
Uses (0.0) to givec=0_ or findsr= ,/(-—l)“ +7% =4/50 or 5\/5 or ¥ =50 M1
So x*+3*+2x—14y =0 orequivalent Al
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Question 2

or for using equation of circle in  (x +10)° + (¥ +8)® =¥ form to identify r=

3 Al r=5 (NB This is a given answer so should follow & =25 orr” =100+ 64-139 )
Special case: if centre is given as (-10, -8) or (10, -8) or (-10. 8) allow MIAI for r= 5 worked correctly

as r =100+64-119

Question Scheme Marks
number
Obtain (x +10)* and (y = 8)° Ml
(2) Obtain (x-10)* and (y - 8)* Al
Centre is (10, 8). N.B. This may be indicated on diagram only as (10, 8) Al 3
(b) See (x+10)* + (y+8)® =25(= ) or (r* =)"100"+64"-130 M1
r=5 * (this is a printed answer so need one of the above two reasons) | Al
2)
(<) Use x= 13 in either form of equation of circle and solve resulting quadratic o give y = M1
x=132(13-10)° +( y-8)' =25= (y-8)' =16 e
or 13 + ¥ —20x13-16y+139=0> y* 16y +48=0
v=»A4crl? (onE 1) Al Al
> . K3}
Alternatives | Mathod 2: From x* + y* +2gx+2 fy+c =0 centra 1s (g, /) M1
(2) Centreis (—g. —1) and so centre is (10, §). Al, Al
OR Method 3: Use any valee of yto give two points (£ and M) on circle. x co-ordinate of M1
mid point of LA is 10" and Use any value of x to give two poiats (P and () on circle.
¥ co-ordinate of mid point of PQis 8" (Centre - chord theorem) . (10,8) 1s M1A1A1 | AT Al =
(b) Methiod 2: Using \jgz + £ —c or (rF =)"100"+"64"-139 M1
r=5* Al
O Method 3 Use point le with find radiis. E J(13 10)* +(12-8)* e
! - Use point on circle with centre to s, Eg - - Kl
ek @
(<) Divide triangle PTQ and use Pythagoras with r~ —(13="10")* = A* . then evaluate
"8+h" - (N.B.Could use 3.4.5 Triangle and 8+4). Mi
Accuracy as before
Notes Mark (a) and (b) together
(a) M1 as in scheme and can be implied by (£10,18) . Correct centre (10, 8) implies M1A1A1
(b) M1 fora correct method leading tor=....or © = "100"+"64"-130 (not 139 - “100" -~ 647)
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Question 3

Question

o By Scheme Marks
(a)
; Bl:x=10
1 b
(i) The centre 1s at (10, 12) Bl v=12 Bl Bl
(ii) Uses (x=10)° + (v—=12)* =—195+100+ 144 = r=... M1
Completes the square for both x and y in an attempt to find ».
(x£"10")’ £aand(y£"12")’ +band+195=0,(a.b#0)
Allow errors in obtaining their 7 but must find square root
A correct numerical expression for r
r =107 +12* —195 including the square root and can Al
umplied by a correct value for »
r=17 Not r = £7unless— 7isrejected Al
(5)
C ompares the given equation \\‘i@ Bl:x=10
X +y +2gx+2fy+c=0 townte B1BI1
(2) down centre (-g.— f) 1e. (10.12) Bl:y=12
Way 2 3 L. ;12 )
Uses 7 =\/(¢"10")3 +(2"12") —¢ Ml
r= ,/1 0 +122 —195 A correct numerical expression for» | Al
r=7 Al

—_— 9

(b) MN = \/(25 = 0"+ (32="12") Correct use of Pythagoras M1
MN (=+/625)=25 Al

(2)
(©) | NP=y("25"-"7") NP = [(MN? —1?) M1
NP(=+/576)=24 Al

(2)
“'(:‘). 2 cos(NMP) =~ s NP ="25"sin(NMP) | Correct strategy for finding NP | M1
. NP =24 Al

(2)

[9]
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Question 4

Question Scheme Marks
Number
(a)
Equation of form (x £5)° + (» £9)° =k ., k>0 M1
Equation of form(x — a)* + (v — )’ =5°, with values for a and b M1
(x+5+(¥-97=25=5 Al
3)
P(8.-7). Let centre of circle = X(-5.9)
(b) PX?= (8-"-5") +(=7-"9")" or PX= (8 ~=5)" + (=7 -9)’ Ml
(PX =\4250r5J17) PT?=(PX )’ -5 with numerical PX dMm1
PT (=400} =20 (allow 20.0) Al cso
3)
[6]
Alternative - S S O,
2 for (a) Equation of the form x“ + y“ +10x+18y+¢=0 Ml
Uses a” +b" — 57 = ¢ with their a and b or substitutes (0, 9) giving +9° +2bx9+¢c=0 | Ml
X2+’ +10x-18y+81=0 Al
3)
An attempt to find the pomnt 7 may result i pages of algebra, but solution needs to reach
Alternative -8 5 M1
2for (b) | (-8,5)or (—1—7 llﬁ] to get first M1 (even if gradient 1s found first)
M1: Use either of the correct pownts with P (8, -7) and distance between two ponts aM1
formula
Al:20 Alcso
3)
.-\;t;::a::;'e Substitutes (8, -7) mto circle equation so PT°= g2 (-7)2 +10x8-18x(-7)+81 Ml
Square roots to give PT {= J400} =20 dMlA(;)
Notes for Question
The three marks in (a) each require a circle equation — (see special cases which are not circles)
(a) M1: Uses coordinates of centre to obtan LHS of circle equation (RHS must be 7* ork>0ora
positive value)
M1: Uses r = 5 to obtain RHS of circle equation as 25 or 5°
Al: correct circle equation 1n any equivalent form
Special cases (x £5)° + (x+9)° =(5%) is not a circle equation so MOMOAO
Also (x £5)° + (y-9) =(5°) And (x £5)° - (3£9)° =(5°) are not circles and gain MOMOAO
But (x - 0)? + (¥ - 9)° = 5% gains MOM1AO
(b) M1: Attempts to find distance from their centre of circle to P (or square of this value). If this 1s
called PT and given as answer this 1s MO. Solution may use letter other than X', as centre was not
labelled in the question.
N.B. Distance from (0, 9) to (8, -7) 15 incorrect method and 1s MO, followed by MOAO.
dM1: Applies the subtraction form of Pythagoras to find PT or PT* (depends on previous method
mark for distance from centre to P) or uses appropriate complete method involving trigonometry
Al:20cso
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Question 5

Question
Number

Scheme

Mark (a) and (b) together

(a)

0Q* =(6,/§)1 +4 or 00 = (f»/?)2 +4 (=14}

Uses the addition form of Pythagoras
on 6v/5 and 4. Condone nussing

brackets on (6v5 )’

(Working or 14 may be seen on the
diagram)

Ml

yo =14 -1F°

¥p = /(their 0Q)* —11°
Must include ¥ and is dependent on
the first M1 and requires OQ > 11

=75 or 53

V506543

Alcso

[3]

(b)

(1‘-11)2-»(_1*-5\/;):-16

MI: (x £11)° + (v £ theirk)’ = 4°
Equation must be of this form and
must use x and y not other letters. &k
could be their last answer to part
(a). Allow their & = 0 or just the
letter k.

Al: (x-11) +(y-—5s/§)l =16
or (x-11)’ +()'-—5J§)2 =4

NB 5~/§ must come from correct
work in (a) and allow awrt 8.66

MIAl

Allow m expanded form for the final Al
eg ¥ -22x+121+37 103y +75=16

[2]

Total 5

Watch out for:

@ 00=[(6J3) +4 =6 M
Yo =46 -1 MO (0Q < 11)
¥ =75 A0
®) (x-11)" = (¥ - 543) =16M1A0
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Question 6

Question
Number

Scheme

Marks

(a)

MI1: A correct attempt to find the

midpomt between P and Q. Can be

] =A(3,-1) implied by one of x or y-coordinates
correctly evaluated.

A(_9+15,8_10
2 2

Al: (3,-1)

MI1Al

[2]

(b)

(-9-3) +(8+1)° or (-9-3) +(8+1)

or (15=3)" + (=10 +1) or /(15 = 3)° +(=10+1)’
Uses Pythagoras correctly in order to find the radius. Must clearly be identified as

the radius and may be implied by their circle equation.
Or

(1549)" +(-10-8)" or |/(15+9) +(-10-8)’
Uses Pythagoras correctly in order to find the diameter. Must clearly be identified
as the diameter and may be implied by their circle equation.
This mark can be implied by just 30 clearly seen as the diameter or 15 clearly seen
as the radius (may be seen or implied in their circle equation)
Allow this mark if there is a correct statement involving the radius or the
diameter but must be seen in (b)

M1

(xta) + (£ B =k where 4(a, p)

(x-3) +(y+D’ =225 (or (15)2) and k 1s their radius

MI1

(x=3)+(v+1)°’ =225 Allow (x-3)' + (v + 1) =15°

Al

Accept correct answer onl)'

[3]

Alternative using x* +2ax+y* +2by+¢=0

Uses A(%a, = f)andx’ +2ax+ )" +2by+c=0
eg X +2(=3)x+y" +2(1)y+c=0

MIl

Uses PorQ andx* +2ax+)° +2by +¢=0
e.g. (-9) +2(-3)(-9)+(8)" +2(1)(8) +c=0=>c=-215

M1

X —6x+y +2y-215=0

Al

()

= |/(their r)* — 107 or a correct method

Distance = /15 - 10 for the distance ¢.g.
their r x cos[sin'1 (-&?;)]

M1

{=V125} =55 5V5

Al

2]
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Question
Number

Scheme

Marks

()

- 10
ARO = 90 - cos"(-—)
(¢ 15

20 = 10
(2 xtherr ) theirr

s ko) -

their r
Part (¢) ]

their r

or A§Q=90—ms“{ 20 ]

or ARQ = cos“[

- a4 P
or ARQ = 90 _Sm_,[_an_(c)]
their r
or 20° =15" +15° —2x15x15¢c0s(24RQ)
or

15 =15° + (1045 —2x15x104/5 cos(4RQ)

A fully correct method to find .4th.
where their 7 > 10.

Must be a correct statement mvolving
angle ARQ

M1

ARQ = 41.8103...

awrt 41.8

Al

[2]

Total 9
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Question 7

Question

Mambes Scheme Marks
Way 1 Way 2
@ | cm2)+( ) =k.k>0 X+ mdx+2y+c=0 M1
Attempts touse 7> =(4-2)> +(-5+1)" | 42 +(-5° -4x4+2x-54+¢=0 M1
Obtains (x —2)* + (y+1)* =20 X+’ —4x+2y-15=0 . @)
N.B. Special case: (x —2)* —(y +1)* = 201s not a circle equation but earns MOM1A0
“(:‘) 1 Gradient of radius from centre to (4. -5) = -2 (must be correct) B1
' 1
Tangent gradient = ——— - - - M1
their numerical gradient of radius
Equation of tangent is (y +3) ="1'(x—4) M1
So equationis x—2y—-14=0 (or 2y —x +14 =0 or other integer multiples of this answer) =
| | ... )
b)Way 2 | Quotes xx’+ ' —2(x+x")+(y+)")—15 =0 and substitutes (4, -5)_ Bl
4x—5y—2(x+4)+(y—5)—15=0s0 2x — 4y — 28 = 0 (or alternatives as in Way 1) MI1IMI1A1
N e n e (4D
b)Way 3 | Use differentiation to find expression for gradient of circle
/ -2
Either2(x-2) +2(» +l)d—y =0 or states y =—l—\’20—(x—2 ? s0 Q=(x—)’ Bl
dx dx \,20—(1’— 2)*
Substitute x = 4, y = -5 after valid differentiation to give gradient = M1
Then as Way 1 above (y+5)="1'(x—4) sox—-2y-14=0 M1 Al @
[7]
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Notes
(a) M1: Uses centre to write down equation of circle in one of these forms. There may be sign slips as shown.

M1: Attempts distance between two points to establish r (independent of first M1)- allow one sign slip only using distance
formula with -5 or -1, usually (— 5 — 1) in 2* bracket. Must not identify this distance as diameter.

This mark may alternatively (e.g. way 2)be given for substituting (4, -3) into a correct circle equation with one unknown

Can be awarded for 7= JZO or for 7% = 20 stated or implied but not for 7° = J2O orr=200r r= Jg

Al: Either of the answers printed or correct equivalente.g. (x —2)" +(y +1)° = 25)" is Al but 25 g (no bracket) is A0
unless there is recovery
Also (x —2)" + (y —(-1))’ = (24/5)" may be awarded M1M1A1as a correct equivalent.
NB. (x—=2)’ + (¥ +1)° = 40 commonly arises from one sign error evaluating r and earns MIM1A0Q
(b) Way 1:
B1: Must be correct answer -2 if evaluated (otherwise may be implied by the following work)
M1: Uses negative reciprocal of their gradient
Ml: Uses y—y, =m(x— xl) with (4.-5) and their changed gradient or uses y = mx + ¢ and (4. -5) with their
changed gradient (not gradient of radms) to find ¢
Al: answers in scheme or mmltiples of these answers (must have “=07). NB Allow Ix—2y-14=0
N.B. (y+5)="1'(x—4) following gradient of is 2 after errors leads to x — 2y —14 = 0 but is worth BOMOMOAOQ
Way 2: Alternative method (b) is rare.
Way 3: Some may use implicit differentiation to differentiate- others may attempt to make y the subject and use chain rule
B1: the differentiation must be accurate and the algebra accurate too. Need to take (-) root not (+)root in the alternative
M1: Substitutes into their gradient function but must follow valid accurate differentiation

M1: Must use “their” tangent gradient and Vv + 3 = m(x —4) but allow over simplified attempts at differentiation for this mark.
Al: Asin Way 1
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Question 8

Question
Number

Scheme

(@)

P(7.8) and Q(10.13)

\2 32 ) 32 Applies distance formula.
{PO=} {[(7-10) +(8-13)" or |J(10-7) + (13-8) e it

{Po} = V34 31 or V1742

....................................................................................................................

X +y +14x+16y +¢=0,

Xt +y: -14x-16y+79=0 where ¢ is any value <113.

Gradient of tangent = — i(= —%} 1

il _%(x ~10) y —13 = (their changed gradieat) (x — 10)
3x+5y—-95=0 3x+5y-95=00.e.

Correct differentiation (or equivalent).
Seen or implied

d - "Substituting both x =10 and y=13intoa
[y y

2010 = 7) + 2(13 - 8)—= = Cabnan St .
QD= 23 - 8) dx =2 dx 5 valid differentiation to find a value for %

_v—l3=—%(x—10) ¥ — 13 = (their gradient) (x — 10)

3x+5y-95=0 3x+5y-95=00.e.

...................................................................................................................

10x+13y - 7(x+10)-8(y+13)+79=0 10x +13y - 7(x+10)-8(y +13) +c=0 T

x+5y-95=0  UTTmmmmmmmmmmme 3x+5y-95=0oe.

M1

]
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Question Notes

(®)

(c)

Ml

Al

M1

Al

Bl

1M1

28d )

Al

Common
error

Allow for {PQ =} (7 ~10)" +(8~13)" or for {PQ =} /3 + 5 . Can be implied by answer.
Need to see JS_; . You can ignore subsequent work so Jé? followed by 5.83 earns M1 Al, but
{PQ =} \jm = 5.83 . with no exact value for the answer given, eamns M1A0. Allow

+/34 this time.

NB Some use equation of circle to find this distance Achieving \/3—5 gets M1A1

Others find half of their i‘/ﬁ . Do not isw here as it is an error — confusing d with diameter.
Give M1AO

Either of the correct approaches for equation of circle (as shown on scheme)

Correct equation (two are shown and any correct equivalent is acceptable)

A correct start to finding the gradient of the tangent (see each scheme)

Complete method for finding the gradient of the tangent (see each scheme) Where implicit
differentiation has been used the only slips allowed here should be sign slips.

Correct attempt at line equation for tangent at correct point (10, 13) with their tangent gradient.
If the y = mx +¢ method is used to find the equation, this M1 is earned at the point where the x-
and y-values are substituted to find¢ eg. 13=-3/5x10 +¢

Accept any correct answer of the required format; so integer multiple of 3x +5y —95=0 or
3x-95+5y=0 or —3x -5y + 95 =0 (must include “=07) e.g. 6x+ 10y — 190 =0 earns Al
Also allow S5y + 3x— 95=0 etc

% =2(x-T7)+2(y-8)=6+10=16 so (y-13)=16(x-10) is marked BO MO M1 A0 (Way 2)
X
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Question 9

Question Scheme Marks
number
x* 4+ 3P —10x +6y+30=0
(a) Uses any appropriate method to find the coordinates of the centre, e.g
achieves (x +5)° + (¥ +3)" =... Accept (£5.£3) as indication of this. M1
! oo Al
Centre 1s (5, —3).
2
(b) Way 1 | Uses (x £"5") ="5*" + (3 £"3") = "3*" +30=0 to give
= M1
r= ,"’25"*—"9"— 30 or »° ="25"+"9"-30 (not30-25-9)
r=2 Alcao
2
Or Way 2 i 2 2 L T Ty POy O 7 _
Using ,,g +f°—c _from x +y +2gx+2fy+c=0 (Needs formula M1
stated or correct working)
T, Al
(2
Way 1 : . i ) .
() Way Use x =4 1n an equation of circle and obtain equation 1n y only M1
1, 2 5.
e.g (4-5) +(y+3)' =4 o 4 +3y " —-10x4+6y+30=0
Solve their quadratic in y and obtain two solutions for y dM1
~ = - 2 Al
eg (y+3) =30r y"+6y+6=0s0y= —3+.f3
3
Or Way 2 Divide triangle PTQ and use
Pythagoras with M1
"7'"2— (usu_ 4)2 s h."‘ .
Find % and evaluate "—3"th .
May recognise (1.V3. 2) triangle. dM1
Sov=-3£43
Al
3
[71
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(@)

(b)

()

Notes

Parts (a) and (b) can be marked together
M1 as in scheme and can be implied by (£5,13) May be awarded for writing LHS as

(x+5)P +(v£3)* =._.

or by comparing with x* +y° +2gx+2£ +¢ =0 to write down centre (—g.— f)
directly

Al: (5, —3). This correct answer implies M1A1l

M1 for a full correct method leadingtor= ..., or 2 =with their 5. their —3, their 25 and
their 9 and their “—30”. Completion of square method errors result in MO here. Usually =
4 or =16 1mply MOAO

Al 2cao Do notaccept » =22 unless it 1s followed by (=) 2 The correct answer with
no wrong work seen implies M1A1

Special case: 1f centre 1s grven as (-5, -3) or (5. 3) or (-5, 3) allow M1A1 for » = 2 worked
correctly. 1.e. 72 ="25"+"9"-30

M1: Way I: Use x =4 1n a circle equation (may have wrong centre and/or radius) to obtain
an equation in y only

or May 2. Uses geometry to find equation m 7 (ft on their radius and centre)

dM1: (needs first method mark) Solve their quadratic in y or Way 2. Uses their /2 and their y
coordinate correctly

Al: cao
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