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(a)

(b)

(c)

(i)

(ii)

The diagram shows a circle and the origin O.

V&

v

O X

The circle has centre C(—8, 12) and radius /13 .

Write down the equation of the circle in the form

(x—a)P +(—b*=k
[2 marks]

The point P has coordinates (—35, 10).

Verify that P lies on the circle.
[1 mark]

Find an equation of the tangent to the circle at the point P, giving your answer in the
form px + gv+r =0, where p, ¢ and r are integers.
[5 marks]

Find the coordinates of the point on the circle that is closest to O.
[4 marks]




Q6 Solution Mark | Total Comment
(@) ] (x+8) +(y—12)° =...
or RHS=13 M1
(x+8)> +(y—12)> =13 Al 2 Jor (x——S8)Y? +(v—12)? =13
(b)) | (-5+8)* +(10-12)’ =9+4=13 correct convincing arithmetic
Therefore P lies on the circle B1 1 plus statement (not just ticks etc)
. . 10-12
1l 114 '= . .
(1) | Gradient PC 548 M1 correct unsimplified
=2
3 Al
Gradient of tangent = 3
‘ angent = = Alft
10 ="their 2" (x+5
Y= e 2 (x+3) dM1 must be attempting tangent and not normal
Equation of tangent 3x—2y+35=0 Al 5 terms all on one side with integer
or 0=2y—-3x—-35 etc coetficients
P 3
(¢) |[EmmofOC: y :—Ex B1
(x+8)* +(-1.5x—12)* =13 M1 Sub into circle eqn or equate to radius
3, . 2
IT.\" +532x+208=13=x +16x+60=0
x=—06,—-10 OE Al both values of x
Closest point  (—6,9) Al 4 must simplify to integers

Total

12




(a)

(b)

(c)

(d)

(@)

(b)

(c)

(1)

(i)

A circle with centre C(7, —8) passes through the point P(2, —2).

Find the gradient of the normal to the circle at the point P.

[2 marks]
Find the equation of the circle in the form
(x—a)l+(v—>bP =k
[3 marks]
The point Q is the point on the circle that is closest to the x-axis.
Find the exact value of the y-coordinate of Q.
[2 marks]

The point R also lies on the circle. The length of the chord PR is 8. Show that the
shortest distance from C to PR is ny/5, where n is an integer.

[3 marks]
A circle with centre C has equation x* + ¥ 4+20x —14y +49=0.
Express this equation in the form
(x=a) +(y=b)’ =7’
[3 marks]

Show that the circle touches the y-axis and crosses the x-axis in two distinct points.
[4 marks]

A line has equation y =kx+2, where k is a constant.

Show that the x-coordinates of any points of intersection of the circle and the line satisfy
the equation

(1+E)x* +102 —k)x+25=0
[2 marks]

Hence, find the value of & for which the line is a tangent to the circle.
[3 marks]



Qs Solution Mark | Total Comment
(a) | Grad PC = —2—8 M1 condone one sign error in one term
-
_ 6 OF Al withhold A1 if gradient of perpendicular
s 2 attempted.  No ISW here.
b)) x=7)+(+8) =... M1 or (x—7)* +(y——8)* =...
3 +6° or 25+36 or 61 B1 or seen under square root
(x=7)* +(v+8)* =61 Al 3 or (x—7) +(v——8)* =61
(€) | —8+"their "\/A_’ or -8 i”ﬂrer‘r"'\/l? M1 also allow —8—"their "\/A_f for M1
—8+f61 Al 2
(d) | M is midpoint of PR
[(ﬁ'M? =) “their 61"-4 M1 Pythagoras used correctly with “4” and
’ with hyp>= “ their”k  or correct
(crr? =) 45 Al or (CM =) J45
(shortest distance =) 35 Alcso 3 all notation correct
Total 10
(@ | (x+10) +(v=7)* =... M1 one of these terms correct
Al LHS correct ignoring any extra constants
or (x——10) +(y—-7)* =...
(x+10)> +(y—7)" =10" (or ...=100) Al 3 or (x——10)" +(v—7)" =10" (or ...=100)
(b) | 10* + (v=7)* =107 M1 putting x=0 in “their” equation
=(-77=0 =y=7 7 and attempt to solve for y
Repeated root means circle touches y-axis E1 _completely correct working and both
parts of the conclusion
(x+10)*+7° =100 M1 putting y = 0 in “their” equation
(x+10° =51 =x=—-10+51 } “Tland attempt to solve for x
Two roots so circle crosses y—axis twice E1l 4 completely correct working and both
parts of the conclusion
(e)i) | (x+10)* +(kx—35)> =100 M1 sub v =/x+2 into “their” circle equation
21205 +£100< 2% —10/v+25=100 and attempt to multiply out brackets
(1+E)x" +102-k)x+25=0 Alcso 2 AG be convinced -
must have terms exactly as printed answer condone 0=(1+4")x" +10(2 —k)x+25
(i) | 10°2-k) —4x25(1+k") M1 correct discriminant unsimplified
400 — 400k + 100/ =100 —100%> (: 0) Al multiplying out correctly
o Alcso 3 must see “=0" before final answer




(a)

(b)

(c)

(d)

(@)

(b)

(c)

(d)

(i)

(ii)

A circle with centre (5, —3) passes through the point A(—2, 1).

Find the equation of the circle in the form

(x—a)l +(—b?=k
[3 marks]

Given that AB is a diameter of the circle, find the coordinates of the point B.
[2 marks]

Find an equation of the tangent to the circle at the point 4, giving your answer in the
form px + gv+r =0, where p, ¢ and r are integers.

[5 marks]
The point 7 lies on the tangent to the circle at 4 such that AT = 4.
Find the length of CT.

[3 marks]
A circle with centre C has equation x? + y? +2x — 6y — 40 = 0.
Express this equation in the form

(x — .ﬁ')2 + (v — b)2 =d

[3 marks]

State the coordinates of C.
[1 mark]

Find the radius of the circle, giving your answer in the form /2.

[2 marks]

The point P with coordinates (4, k) lies on the circle. Find the possible values of £.
[3 marks]

The points O and R also lie on the circle, and the length of the chord QR is 2.
Calculate the shortest distance from C to the chord OR.
[2 marks]



Qs Solution Mark | Total Comment
(@) ] (x=35*+(r+3)* =... M1 or (x—5) +(v—-3)" =...
7244 or 49+16 or 65 B1 or seen under square root
(x—=5) +(¥+3)" =65 Al 3 or (x—5)" +(v—-3)>=65
(b) | x;=12 B1
vy, =—7 B1 2 B(12,-7)
4y 1—-3 , condone one sign error in one term
(€) | Grad AC = 2.5 Mi FT their B if grad 4B or grad BC is used.
= _=Z Al
7
7
Grad tgt = 1 B1F
. . e 7 :
Equation of tgt: v —1="rheir E( x—-2) m1 or y ="their "Ex +¢ & attempt to find ¢
using x=-2 and v=1
Tx—4y+18=0 Al 5 any multiple — must have mteger
coefficients and all terms on one side
(d)| cT* = 4T + 4C*
( cT? =) 22 4" their" 65 M1 Pythagoras with hyp=CT
/ & AC'="their” k or correct
(c1?=) 81 Al or (€T =)¥B81
(CT=)9 Al 3 all notation correct; must simplify /81
Total 13
@ | (x+D)"+(v-3) ... M1 one of these terms correct
Al LHS correct with perhaps extra constant
terms
(x+1)" +(v—=3)"=50 Al 3
(b)(1) | C(-1,3) B1./ 1 correct or FT from their equation in (a)
(i) (r=)50 M1 correct or FT their \RHS
provided RHS >0
=52 Al 2
(€©) | 42472 +2x4—-6l—40=0 M1 sub x =4, correctly into given circle
or “their” (4+1)° +(k—3)? =50 equation ( or their circle equation)
k*—6k—16(=0) or (k-3)"=25 Al
k=-2k=8 Al 3
(d) D?+1*= “theirr?” M1 Pythagoras used correctly with 1 and r
D?*=50-1=49
(distance =) 7 Al 2 Do not accept /49 or 17
Total 11




5.

th

The circle C has equation
x2+y?=3x+6y=1
Find

(a) the coordinates of the centre of C,

2)
(b) the value of the radius of C.

2)
The point P (5, =3) lies on the circle C.
(¢) Find an equation of the tangent to C at the point P.

2
The circle C has equation

P+ =2x+14y=0

Find
(a) the coordinates of the centre of C,

)
(b) the exact value of the radius of C,

)
(c) the y coordinates of the points where the circle C crosses the y-axis.

2

(d) Find an equation of the tangent to C at the point (2, 0), giving your answer in the form
ax + by + ¢ = 0, where a, b and c are integers.

)



(@)

Obtain LHS as (x i%)z +(y+3)7 =.. M1
e (3 Al
Centre 1 (E -3). @)
(b) 3,
Uses (x J_ri)‘ —2+ (y£3)"-9=1 togive r = 1+"2”+ "9" orjust
24 === 4
9— Ml
}”2 :1+1|_|1+119n
4
7
r=- Al )
Special case 3, o
Uses (5, -3) from (c) to find radius S _5) +(3+3) = Ml
7
Y Al ()
(c) Way 1: Deduces gradient is infinite (from diagram or from perpendicular to
zero gradient Ml
So equation is x =5 Al
- @)
) 3—2i _
Way 2: Implicit differentiation L =272t S so infinite gradient o.e. | M1
dx 2y+6 0
. Al
So equation1sx =35
1 2)
(6 marks)
S You may mark (a) and (b) together x* + 3° —2x +14y=0
(a) Obtain LHS as (x £1)° +(y+7)° =... M1
. Al
Centre 1s (1. —7).
(2)
(b) Uses r*=a* +b* or r = Ja* +b* where their centre was at (a,b) M1
r=50 or 5\2 Al (2)
(c) Substitute x = 0 1n either form of equation of circle and solve resulting
quadratic to give y = Ml
y+14y=0s0 y=0and—14 or (y+7)> —49 =050 y=0and —14 Al 2
n__ ’7 n__ 0 B 7 M]_
(d) Gradient of radius joining centre to (2.0) is “wyn_» =7)
. -1 1 MI
Gradient of tangent1s — (=——)
mo 7 Ml Al
So equation1s y—0=—%(x—-2) andsox+7y —2=0 @)

(10 marks)




S.

The circle C has equation

x?+y?—10x+ 6y +30=0

Find
(a) the coordinates of the centre of C,

2)
(b) the radius of C.

(2)

¢) the y coordiates of the points where the circle C crosses the line with equation x = 4,
) p q
giving your answers as simplified surds.

&)



h

(b) Way 1

Or Way 2

(c) Way 1

Or Way 2

2+ 37 —10x +6y+30=0
Uses any appropriate method to find the coordinates of the centre, e.g

achieves (x £5)> + (¥ £3)> =... Accept (£5,%3) as indication of this.

Centre is (5, —3).
Uses (x £"5") ="5*" + (v +"3")* = "3*" +30=0 to give
r= J"ZS"+ "9"-30 or * ="25"+"9"-30 (not30-25-9)

r=2

Using ,\/gz +f7—c from x? + y? +2gx + 2/ +¢c =0 (Needs formula

stated or correct working)

r=2

Use x =4 in an equation of circle and obtain equation in y only

2 ) 2 R 5
eg (4-5) +(y+3) =4 or 4°+37-10x4+6y+30=0
Solve their quadratic in v and obtain two solutions for y

e.g (j.-=+3)2 =3or > +6y+6=0s0 y= —3++3

Divide triangle P70 and use
Pythagoras with

||rllz_(1|5u_4)2 _ ]?2 i
Find % and evaluate "—3"+ /7 .
May recognise (1,\3, 2) triangle.

Soy=-3+43

M1

Al
2

M1

Alcao
(2)

Ml

Al
)

M1

dM1

Al
Q)

M1

dM1

Al

)
[7]




Diagram not
drawn to scale

=V

Figure 2

The circle C has centre P(7.8) and passes through the pomnt Q(10,13). as shown in
Figure 2.

(a) Find the length PQ. giving your answer as an exact value.

2)
(b) Hence write down an equation for C.

)
The line / 1s a tangent to C at the point O, as shown in Figure 2.
(c) Find an equation for /., giving your answer in the form ax + by + ¢ =0,

where a, b and ¢ are integers.

C))
A circle C with centre at the point (2, —1) passes through the point 4 at (4, -5).
(a) Find an equation for the circle C.

)

(b) Find an equation of the tangent to the circle C at the point 4, giving your answer in
the form ax + by + ¢ = 0, where a, b and ¢ are integers.
“4)



3. P(7.8) and 0(10.13)
S 2 2 [ 2 2 Applies distance formula. |
(a) {PQ 7} J[\7 - 10) + (8 - ]-J) 01 J(IO - 7) + (13 - 8) ________________________ _Cjz_]}]__l)_?_i_l}}P_l!?g]:_- --B:]il- ---------
{PQ} :‘/ﬁ J34 01‘@.\@ Al
_____________________________________________________________________________________________________________ .- 2L
(x£7)+(£8)’ =k, |,
2 2 | - Ml
W(:i L | DAy -8) =34 [01‘ (V34) ) ,,,,,,,,,,,,,,,,,,,,,,,,, where f is a positive value |
O (=77 £ (87 =34 | Al oe
(c) . ., 13-8 5 ) . o
Way 1 {Gradient of radius | = 10_7 or 3 This must be seen or implied in part (¢). | Bl
. " Using a perpendicular gradient method on their |
Gradient of fangent = — m[: _g ] g1‘adient. SO Gradient of tangent = — ! M
o gradient of radius
y—13= f%(x —-10) y — 13 = (their changed gradient) (x —10) | M1
3x+5y-95=0 3y +5y-95=0oe. | Al
_________________________________________________________________________________________________________________________________ ML
(c) dy Correct differentiation (or equivalent). .
Way 2 =7+ 20y _S)E =0 Seen or implied Bl
4 d ; Substituting both x =10 and y =13into a
v v 3
200-7)+2(13-8)—=0 > —=—— 1 ogen . ) M1
( )+ 203-8) dx dx 5 valid differentiation to find a value for %
................................................. 2 S P
y—13= —%(r —10) v — 13 = (their gradient)(x —10) | M1
3x+5y-95=0 - 3x+5y-95=0oe |Al
[41
Way 1 Way 2
2@ | ¥+ () =k k>0 X+ Fax+2y+c=0 Ml
Attempts to use 7> =(4—2)* +(-5+1)° 4 4 (-5) 4x4+2x5+c=0 M1
Obtains (x —2)> + (y +1)* = 20 41— dx+2y—15=0 Al 5
N.B. Special case: (x —2)* —(y +1)* = 201is not a circle equation but earns MOM1A0
. radient of radius from centre to (4, -5) = -2 must be correct '
Wayy | Gradient of radius f 4.-5) = 2 t ) BI
‘ | 1
Tangent gradient = — - - - —— Ml
their numerical gradient of radius
Equation of tangent is (y+5) ="1"(x—4) M1
Al

So equationis x—2y—14=0 (or 2y —x +14 = 0 or other integer multiples of this answer)

@)



