AS-Level

Topic : Quadratics
May 2013-May 2025

Answer
Question 1
12 5
mx+14=—+2 — mx" +12x-12=0
X
2 L Ml Eliminates x (or y)
Uses b7 =4ac —m=—3 M1 Any use of discriminant
-3x* +12x-12=0 — P(2,8) Al
DMI1 Al Any valid method.
[Or m=—12x *M1 Sub M1 x=2 Al] [5]
[>m=—-3andy=8 M1 Al]
Question 2
f:x > 2x* —3x, g:x B3x+k,
() 2x°-3x-9>0
—x=3or—1% M1 Al For solving quadratic. Ignore > or =
Setofxx>=3,orx<-—-1% Al condone = or =
[3]
s 32 9 , .
(i) 2x>—3x= Z(X_Z) —= B3,2,1 — x? in bracket is an error.
3 9
Vertex (—,——) B14 ¥ on ‘¢’ and *b’.
4 8 4
[4]
(iii) gflx)=6x>—9x+k=0 Bl
s _ 27 . X
Use of * —4ac — k= ?oe. MI Al Used on a quadratic (even fg).
[3]
Question 3
2 —10x +8 — a(x+b)’ +c
. 1 1 17 1
i) a=2, b=-2—, c=-4— 3 x Bl Or 2[,-:—2_]—4—
() a=2. b=-2-, . 343
, 1 11 N . 1.
— min value is —45 Allow (25,—45) Bl~ Can score by subx = 25 into original but
not by differentiation
[4]
(i) 2 —10x+8—kxr=0 Sets equation to 0 and uses
Use of “b? — dac” Ml discriminant correctly
(—10—k)P—-64<0o0rk+20k+36<0 Ml Realises discriminant < 0. Allow <
— k=—18 or—2 Al co Dep on 1% M1 only
—18<k<—2 Al co
[4]




Question 4

() x*+dx+c—8(=0)
16 -4(c—8)=0
c=12

2-2%=2x=(-2)
4+c=8+4-4

c=12

C+dx+35x+1Dx+3) =0 >
=—] or—3

(ii)

j(S— 2x—x* )— [_[(Zx +11)orarea of trapezium]

3 3
—xz—x—]—[xz+11x]o{8x—x2—x—]—1—(5+9)x2
3 3| 2

Apply their limits to at least integral for curve

1l oe
3

Question 5
G (2x-3)2-9

(i) 2x-3>4 2x-3<-4

x>3l (or) x<—l cao
2 2

Allow —l>x>3l
2 2

4 - 12x-7 > (2x-T)(2x+ 1)

x>3l (or) <—l cao
2 2

Allow —l>x>3l
2 2

Question 6
x*+x(k=2)+(k-2)(=0)

(k=2)* =4(k =2)(>0) soi

(k =2)(k —6)(>0)

k<2 or k>6 (condone =, =)
Allow {—o0, 2}U{6, oo} etc.

M1 Attempt to simplify to 3-term quadratic
M1 Apply b —4dac=0. ‘=0 soi
Al
M1 Equate derivs of curve and line. Expect x=—2
M1 Sub their x = —2 into line and curve, and
equate
Al
13]
B1
MIM1 | Attempt to integrate. At some stage subtract
AlB1 Al for curve, B1 for line
3
OR {— 3x—2x7 —x?] A2,1,0
M1 For M marks allow reversed limits and/or
Al subtraction of areas but then final A0
(7]
B1B1 For —3 and —9
2]
M1 At least one of these statements
Al Allow “and’ 3%, —% soi scores first M1
M1 Attempt to solve 3-term quadratic
Al Allow ‘and’ 3l, 1 sol scores first M1
2 2
[2]
M1 Equate and move terms to one side of equ.
Apply b*> —4ac (>0). Allow = at this
M1 stage.
DM1
A2 Attempt to factorise or solve or find 2
[5] | solns. SCAT1 for 2, 6 seen with wrong
inequalities




Question 7

2(x-3)> —11 BIBIBI | For2, (x-3)*,—11.0ra=2, b= 3,
Bl [c= 11
Question 8
x'—4x+c=2x-T>x —6x+c+7(=0) M1 All terms on one side
36-4(c+7)<0 DM1 | Apply b% — 4ac < 0. Allow <.
c>2 Al
[3]
Question 9
(a) y=2x2—4x+8 M1
Equates with y = mx and selects a, b, ¢ M1 Equate + solution or use of dy/dx
Uses b?=4ac Al Use of discriminant
—m=4or—12. [3] | for both.
() () |f(x)=x>+ax+b M1 Any valid method allow
Eqn of form (x—1)(x-9) (x+1)(x+9) for M1
—a=-10,b=9 Al must be stated
(or using 2 sim eqns M1 A1) [2]
(i) | 1 ,
Calculus or x = 2 (1 +9) by symmetry M1 Any valid method
— (5,-16) Al
(2]
Question 10
b =3x=x—k = ki’ —4x+k(=0) M1 Eliminate y and rearrange into 3-
term quad
(—4)" —4(k)(k) soi M1 b* —4ac .

k>2 . k<-2 cao Allow (2, o) etc. Allow 2<k<-k Al

[3]




Question 11

() 2x* —6x+5>13
2x" —6x—8(>0) M1 Sets to 0 + attempts to solve
(x=)—1and 4. Al Both values required
x>4. v<—1 Al Allow all recognisable notation.
(3]
(i) 2x% —6x+5=2x+k
— 2x" —8x+5-k(=0) M1* Equates and sets to 0.
Use of b2—4ac DM1 Use of discriminant
— =3 Al
3]
OR
Y =4x-6
dx dv
4x-6=2 M1* Sets (their —)=2
x=2 dx
x=2->y=1
Using their (2,1) in vy =2x+k DM1 Uses their x = 2 and their y = 1
or y= 2> —6x+5
—k=-3 Al
El
Question 12
® | (x+3)°-7 B1B1 Fora=3, b=-7
[2]
(i) | L-7 seen B1 x>1or x<-7
x=1, x<-7 oe B1 Allow x<-7.x>=1 oe
(2]
Question 13
(3k)? —4x2xk M1 | Attempt b” —4ac
ok _8k>0 soi Allow 9k> —8k = 0 A1l | Must involve correct inequality. Can be mmplied by correct answers
0. 8/9 soi Al
k<0, k> 8/9 (or 0.889) Al | Allow (—=. 0), (8/9, =)
Total: 4
Question 14
PR 2 a4 3ars2 (=0) *M1 | Rearrange into a 3-term quadratic.
X
Apply b* —4ac>0 SOI DM1 | Allow . If no inequalities seen, M1 is implied by 2 correct final
answers in a or x.
Al A1

8
a<0,a>= 5 (or 0.889) OE

8
For final answers accept 0 >a > 0 but not <. >.




Question 15

(i) l+exr=ex’ —3x — oxt — x(e+3)-1(=0) M1 Mul[i_ply throughout by x and rearrange terms on one side of
equality
Use b? — 4m’|:: (c+ 3)2 sdc=cl+106+9 or (c+ 5)2 _ 16} M1 | Select their correct coefﬁcie_nts which must contain ‘c” twice
Ignore = 0, < 0, >0 etc. at this stage
(Critical values) -1, -9 A1l | sOI
c<-9, c2-1 Al
4
'(id) Sub their ¢ to obtain a quadratic [c’ ——1o-x*-2x —1(: 0)} M1
x=-1 Al
Sub their ¢ to obtain a quadratic [¢c= ['—9 —-0x? + 6x -1(= 0_)} M1
x=1/3 Al

[Alt1: dy/dx=-1/ x* =c.when c=-lx=+lc=-9,x= J_r%
Give M1 for equating the gradients, Al for all four answers and
M1A1 for checking and eliminating]

[Alt2: dv/dc=-1/ P =c leading to

1x-1/x =(-1/x%)(x)-3

Give M1 Al at this stage and M1A1 for solving]

4
Question 16
[3] |:(T - 2)2:| [-5] B1B1B1 | 0R g =3, h=-2, c =—5. Ist mark is dependent on the form (x+ a]2
following 3
| 3
Question 17
(i) A complete method as far as finding a set of values for k by:
Either (x -3 +k—-9>0.k—9>0 Either completing the square and using ‘their k — 9’ > or > 0 OR
or2x—6=0—(3k—9).,k-9>0 M1 | Differentiating and setting to 0, using ‘their x=3"to find y and
using ‘their k— 9" > or 20 OR
or b2 < 4ac oe — 36 < 4K Use of discriminant < or < 0. Beware use of > and incorrect
algebra.
— k> 9 Note: not > Al | T&I leading to (or no working) correct answer 2/2 otherwise 0/2.
2
(ii) EITHER
A —6x+k =7-2r— X —dx+k -7 (=0) "M1 | Equates and collects terms.
Useof b*—4ac=0(16—-4k—7)=0) DM1 | Correct use of discriminant = 0, invelving & from a 3 term
quadratic.
OR
2r—6=-2—x=2(y=3) M1 _dy !
Equates their d._ to + 2, finds a value for x.
.
(their 3) or 7— 2(their 2) = (their 2)2 — 6(their 2) + k DM1 | Substitutes their value(s) into the appropriate equation.
— k=11 Al
3




Question 18

()

(i)

For their 3-term quad a recognisable application of 5> —4ac

M1 | Expect 2x° 7,\”(3 +k) +1-k? (= 0) oe for the 3-term quad.

(b —4ac =) (3+k)" =4(2)(1-/") oe

A1 | Must be correct. Ignore any RHS

9k + 6k +1

A1 | Ignore any RHS

(3k + 1)2 >0 Do not allow > 0. Hence curve and line meet. AG

Al

Allow (9)[/{ + %J > 0. Conclusion required.

ALT Attempt solution of 3-term quadratic M1
Solutions x =k +1, Y5(1-k) AlA1
Which exist for all values of k. Hence curve and line meet. AG Al
4
k=-1/3 Bl | ALT dy/dx=4x-3=>4x-3=k

. . . > 8 8
Sub (one of) their k =-}, into either line 1 — 2x° —;x + = (= 0)

Or into the derivative of line 1 — 4x —(3 + k)(: 0)

ML | Sub & =4x-3 into line 1 — 25 —x(4x)+l—(4x—3)l (: 0)

x = 2/3 Do not allow unsubstantiated (% 7%) following k = —%

Al |y = 2/3, y = —1/9 (both required) [from —18x” +24x -8 (=0)

’ oe]
y =-1/9 Do not allow unsubstantiated [%—%J following & = 7% A%
4
Question 19
) 2x +% =k-xory=2(k-y) +% — 3 term quadratic. by g:;zf;;g Ehﬁt; ﬁr(gg,?jzgym?(;é t_:_grfg)qéf c;;atic.
Useof * —4ac — k- 144 <0 DMI1 | Using the discriminant, allow < , = 0; expect 12 and —12
-12<k<12 Al | Do NOT accept < . Separate statements OK.
i
1(a1) Using k= 15 in their 3 term quadratic M1 | From (i) or restart. Expect 3x2 — 15x + 12 or 3y” — 75y + 462
=0
x=14o0ry=11,14 A1l | Either pair of x or y values correct
(1, 14) and (4, 11) Al | Both pairs of coordinates
3
(111) Gradient of AB = —1 — Perpendicular gradient = +1 BIFT | Use of mymy=—1 to give +1 or ft from their 4 and B.
Finding their midpoint using their (1, 14) and (4, 11) M1 | Expect (2%, 12%%)
Equation: y — 12% = (x — 2%) [y =x + 10] Al | Accept correct unsimplified and 1sw
3




Question 20

(ax* —3][_6* ~2) oe soi Alt: 4x+6 =1x =165 - 73x+36

M1 Attempt solution for x* orsubu= x*

x*=3/4o0r2
{16x—9){x—4)

Al | Reasonable solutions for x* implies M1 (x = 2,3/4,

MI1A0)

x=9/160eo0r4

Al | Little or no working shown scores SCB3, spotting one
solution, BO

Question 21

Y Ebr+5=x+1— 12 +x(b _1) +4 (z 0) M1 | Elininate x or y with all terms on side of an equation
(* -4ac=) (b-1)'-16 M1
b associated with -3 & +5 or b—1 associated with +4 Al (x- 2)3 =0or(x+ 2)2 —0,x=+2,b—1=+4 (M1A1)
Association can be an equality or an inequality
b>5b<3 Al
4

Question 22

‘(i) Eliminates x ory — »*—4y+¢—3=0
or x*+(2c-16)x+¢c>—48=0

M1 | Eliminates x or y completely to a quadratic

Uses b>=4ac —4¢c—28=0

M1 | Uses discriminant = 0. (c the only variable)

Any valid method (may be seen in part (i))

c=7 Al

Alternative method for question 2(i)

dy 1 1 M1

a2 fiey 4

Solving M1

c=17 Al
3

(i) Usese=7,"—4y+4=0

M1 | Ignore (1.-2), c=-9

(1.2

Al




Question 23

(1) 3bx—2k=x"—k+2 = X' —4kx+2k+2 (=0) B1 | fx terms combined correctly-implied by correct b —4ac
Attempt to find 4* — 4ac M1 | Form a quadratic equation in k&
land —3 Al | sOI
k>l k<-% Al | Allow x>1, x<-1/2
4
(11) M1 | Use of their k values (twice) in y =3kx—2k

3
=3x-2, y=——x+1
y Y 2

3x—2:—§x+1 OR y+2=2-2y

M1

Equate their tangent equations OR substitute y = 0 into both
lines

(%]

x= E.—>y=0i.noncorb0th]incs

2
Substitute x = é in one or both lines

Question 24

Equation of line is y=mx—2 Bl | OR
o 2x+T=mx-2 = xz—x[2+m)+9=0 M1
Apply b —4ac(=0)— (2+m]2 —-4x9 (=0) *M1
m=4 or—8 Al
m=4—x'-6x+9=0—>x=3 DM1
m=-_8—x +ox+9=0—-x=-3

(3,10), (-3,22) A1A1

Question 25

3x? +2x+4=mx+1— 33" +x(2-m)+3(=0) Bl
(2-m)*-36 SOI L
(m+4)(m—-8)(==0)or 2—-m>/=6and2-m</=—6 OE Al
m<—4,m>8 WWW Al




Question 26

@ |2 +kc+k—1=2x+3 = 20 +(k—=2)x+k—4=0 M1
Useof *—4ac=0— (k-2 =8(k—4) M1
k=6 Al

3
®) I+ 2x+1= 2(x+%]3+1—%
a=L p=1 B1 Bl
2 2
( 1 ]) BIFT
vertex | ——,—
.22
(FT on a and b values)
3

Question 27

(@) x(mx+c} =16 - mx* +cx—16=0 Bl
Use of b* — 4ac = c* + 64m M1

—c* Al
Setsto0 - m=—
64
3
(®) x{—4x+c) =16 M1
Use of b — 4ac — ¢ — 256
c>16and c<—16 Al Al
3

Question 28

A curve has equation y = 3x> —4x+4 and a straight line has equation y = mx + m — 1, where m is a
constant.

Find the set of values of m for which the curve and the line have two distinct points of intersection.

[5]
3x? —dx+d=mx+m—1 = 3x° —(4+m)x+(5-m) (=0) M1 | 3-term quadratic
b* —4ac=(4+ m)2 —4x3%(5-m) M1 | Find b* —4ac for their quadratic
m* +20m — 44 Al
(m+22)(m—2) Al | Or use of formula or completing square. This step must be seen
m>2 ,m<-22 Al | Allow x>2 |, x<-22
5




Question 29

2x% +m(2x+1)—6x—4(=0)

*M1

v eliminated and all terms on one side with correct
algebraic steps. Condone + errors

Using b?—4ac on 2x* +x(2m—6)+m—4 (=0) DM1 | Any use of discriminant with their @, 4 and ¢ identified
correctly.
4m* —32m+68 or 2m* —16m+34 or m* —Sm+17 Al
(2m— 8)2 + or (m- 4)2 +k or minimum point (4,) DM1 | OE. Any valid method attempted on their 3-term quadratic
or finds b>—4ac (=-4,-16 ,—64)
(m— 4)2 +1 oe + always > 0 — 2 solutions for all values of m A1 | Clear and correct reasoning and conclusion without wrong
i working.
Minimum point (4,1) + (fn) always > 0 — 2 solutions for all values of m
or
b*—4ac < 0+ no solutions — 2 solutions for the original equation for all
values of m
5

Question 30

237 +5=mx—3 — 2x° —mx+8 (=0) B1 | Form 3-term quadratic

m* — 64 M1 | Find b* - 4ac .

—-8<m<8 Al | Accept (-8, 8) and equality included
3

Question 31

X’ +lc+6=3x+k leadingto x°+ x(k=3)+(6-k) [=0] M1 | Eliminate y and form 3-term quadratic.

(k—-3)" —4(6-k)[>0] M1 | OE. Apply b — 4ac .

K —2k-15 [> 0] Al | Form 3-term quadratic.

(k+3)(k—5)[>0] Al | Or f =-3, 5 from use of formula or completing
square.

k<-3, k>5 A1 FT | Or any correct alternative notation, do not allow
<, 2
FT for their outside regions.

5
Question 32

u=2x-3 leadingto u'-3u" -4 [=0] M1 | Or 4 =(2x-3) leadingto u’ —3u—4 [=0]

(12 4)(u +1) [=0] M| O (u-4)(u+1) [0]

2x=3=[+]2 Al

e L only Al

2




Question 33

x* —4x+3=mx—6 leading to x* —x(4+m)+9

*M1 | Equating and gathering terms.
May be implied on the next line.

b* —4ac leadingto (4+m) —4x9

DMI1 | SOL Use of the discriminant with teir a, b and

c

4+m==6 or(m—2)(m+10)=0 leading to m=2 or—10

Al | Must come from 5° —4ac=0 SOI

Substitute both teir m values into their equation in line 1

DM1

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

Al

(3.0, 3.249

Question 34

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

(a) (@x—3) or (4x +(=3))*ora=-3 Bl | k(4x — 3)* where & # 1 scores BO but mark final answer, allow
recovery.
+lorb=1 Bl
2
(b) [For one root] k=1 or ‘their b’ B1 FT | Either by inspection or solving or from
242 4x16x(10-FH)=0 WWW
3 B1 | SC B2 for correct final answer WWW.
[Root or x =]Z or 0.75
2

Question 35
(2k-3)x" —hr—(k=2)=3x—4

*M1 | Equating curve and line

(2 =3)x" = (k+3)x=(k-6)[=0]

DM1 | Forming a 3-term quadratic

(k+3)* +4(2k-3)(k-6)[=0]

DM1 | Use of discriminant (dependent on both previous M
marks)

9k* — 54k +81|=0] [leading to k* —6k+9=0]

M1 | Simplifying and solving their 3-term quadratic in &

k=3

Question 36

{s(r-37} {+s}

Question 37
b +2x—k=kx-2 leadingto ke +(-k+2)x-k+2][=0]

Al

B1B1 ‘ Accepta=-3,b=5

*M1 | Eliminate y and form 3-term quadratic. Allow 1 error.

(ke +2) —dk(—k+2)

DM1 | Apply b* —4ac : allow 1 error but a. b and ¢ must be

correct for rheir quadratic.

5K —12k+4 or (—k+2)(—k+2—4k)

Al | May be shown in quadratic formula.

(~k+2)(-5k+2)

DMI1 | Solving a 3-term quadratic in 4 (all terms on one side) by

factorising, use of formula or completing the square.
Factors must expand to give their coefficient of k2.

z<r'r<2
S

Al | WWW, accept two separate correct inequalities.

If MO for solving quadratic, SC B1 can be awarded for
correct final answer.




Question 38

¥ +2cx+4=4x+c leadingto x’+2cx—4x+4—c [=0] *M1 | Equate ys and move terms fo one side of equation.
b —4dac=(2c- 4)3 ~4(4-c¢) DM1 | Use of discriminant with zheir correct coefficients.
[4® ~16c+16-16+4c=] 4c>~12¢ Al
b —4ac>0 leading to (4)c(c—3)>0 M1 | Correctly apply “> 0" considering both regions.
c<0, e>3 A1 | Must be in terms of ¢.
SC Bl instead of M1A1 fore < 0, ¢ > 3
3
Question 39
(@ i = et rii—0 M1 | All x terms in the numerator. OFE e.g. mx” +cx=—m
x
b dac=0 = ¢t —4m’ =0 M1 | OE &’ —4ac = 0 is implied by ¢* — 4m* = 0.
c :[ir]Zm A1l | SOI. Allow + at this stage.
mx? [£]2mx +m=0=> x* [i] el = 0 M1 | Sub c=+2m Ignore substitution of -2m.
(x+1)2:0 = x=-1 only Al
y=m only or (-1, m) only Al
Alternative method to question 11(a)
dy M1 | As this is a method mark a sign error is allowed.
¥
m M1 A1l X . dy
—=m =>x =1 Equating their W and m and attempt to solve.
b o
x=%]lor x=-1 Al | If x=—1 and y =m are the only answers offered here
award the final M1 Al.
Selecting x =—1 as the only answer and attempt to find y M1
y=m or (=1, m) Al
6
®) . . -1 *M1 _ ) |
Equation of normal is y —m=—(x+1) Through their P with gradient —, OE
m m
-1 m -1
e.g y=—x+ ;
m m

m
(their .\')2

1
Allow use of the gradient of the curve as 7ﬁ with

their P.
Coordinates of P must be in terms of m only.

DMI1 | OE Equating their normal equation to the equation of the

_ 2 2 B
;_;4—’"77 - +x(1—m )—m [70] curve and removing x from the denominator.
(x+1)(x—mz) [=0] = x=m’ Al | or
R el T et I
%= _ —
2 2
- Al g Ay, o
Y=w or | m~, — |, ignore the coordinates of P.
m m -




Question 40

i(a)

(®)

o | . M1 | Equating the equations of curve and line and substituting x =0 .
4x0*—0+=k*=0-a C : :
B “ondone slight errors e.g. + sign errors.
3y 3.1, 3 M1 : : ‘ w8
ax| 2| —Zk+—k*=2_g Equating the equations of curve and line and substituting x = 4
+ 2
Condone slight errors e.g. + sign errors.
k=2, a=-2 Al Al | WWW
Alternative method for question 5(a)
3 *M1 3 . .
(x—()) x—Z =0 or x(4x-3)=0[= 4x* —3x=0] Use 0, i to form a quadratic equation. Do not allow
3
(x+0)(x+fj:0 .
4
T . 1 DM1 | Equating the equations of curve and line and rearranging so that
2 2 _ 2 2 -
4" ke +5k =x—a leadingto 4x” - (k +1)x+ Ek & 0[7 0] terms are all on same side. Condone slight errors e.g. + sign errors.
k=2, d4=-2 Al Al | WWW
Alternative method for question 5(a)
b 3 c 3 *M1 | Using sum and product of roots. Condone + sign errors.
—=—+0and —=0x—
a 4 a 4
1.6 DM1 ] ] ! . 3
Eal 3 57» +a Equating the equations of curve and line and equating to o and 0.
——=—and =0
4 4 4
k=2, a=_2 ALAL | WWW
4
2 . 118 : 1., § M1 . 7
4x* —x +5k =x+— =d4x’ —kx—x+ Ek 75[70] OE Substitute a = = and rearrange so that terms are all on same
side, condone + sign errors. Watch for multiples.
3 ., W *DMI1 | Use of b* — 4ac with the coefficients from their 3-term quadratic.
(k + 1) —4x4 Ek ) Both coefficients ‘5’ and ‘c’ must consist of two components.
= Tk* -2k —57 Al | OE
(k _ 3) (7 4+ 19) or other valid method DMI1 | Factorising or use of the formula or completing the square. Must
be evidence of an attempt to solve for this mark.
Dependent upon both previous method marks.
i ._ 19 Al | OE e.g. AWRT —2.71. No ISW if inequalities used.
k=3,k= 7 SC: If second DM1 not scored, SC B1 available for correct final
answers.
Alternative method for question 5(b)
| 7 *M1 | Equating gradients and equating line and curve.
8x—k=1 and 4’ ~kx+—k" =x+— SeeR L
2 2
1 7 *DM1 | Forming an equation in x or & only.
4 ~(8r—T)x+@r-17 =x+ or SRESE x v
4(k+1)1 % k+1 +lk2 :k+1 +z
8 8 2 8 2
28x2 _8x—3 or 7k: —2k—57 Al | OE A correct 3 term quadratic in x or & only.
DM1 | OE Factorising or use of the formula or completing the square.

(14x+3)(2x—1) or (k—3)(7k +19) or other valid method

Must be evidence of an attempt to solve for this mark. Dependent
upon both previous method marks.



Question 41

(a) F¥—8x+1l=(x-4Y..orp=—4 B1 | If p and g-values given after rheir completed square
expression, mark the expression and ISW.
.. Sorg=—>5 B1
2
(b) 5 - A 4:[ i] \B M1 | Using their p and g values or by quadratic formula
8++/24 A1l | Or exact equivalent.
x=4zx6 Or 2 No FT; must have  for this mark.
ISW decimals 1.55, 6.45 if exact answers seen.
If MO, SC B1 possible for correct answers.
2
Question 42

K —4x8x2 [<0]

M1 | Use of b* — 4 a ¢ but not just in the quadratic formula.

—8<k<8or—-8<k,k<8or ‘k‘<8 or (-8, 8)

Al | condone - 8<kork<8, — 8<kand k<8 butnot /64 .

2
Question 43
(a) 52 There 1s no requirement for the candidate to list a , » and c.
¥ :4(?‘ +EJ & 19 Look at values in their final expression, condone omission of 2,
and award marks as follows:
Bl | a=4
B1 5
b== OE
2
Bl | c=-19
3
(b) ) g7 s B2 *M1 | Equate their quadratic completed square form from 6(a) to 45 or
Thelr4(x + EJ -19 =45 | > (er E] =16 re-start and use completing the square.
Solve as far as x = DM1 | Any valid method leading to two answers.
13 13 Al | SC: If MO or M1 DMO awarded, B1 available for correct final
[ *]E’f 2 answers.
3
(c) Quadratic curve that is the right way up (must be seen either side B1 | No axes required, ignore any axes even if incorrect.
of stationary point)
Stationary point stated using any valid method or correctly B1 FT | FT their values from 6(a) as long as their expression is of the
labelled on their diagram. N 2 5
B1 FT | form p(gx+r) +s. Expect —5,—19 I

Condone if stated correctly but plotted incorrectly.




Question 44

(3x +2)(x—1) S B BBl [: 0] M1 | OE Multiply by denominator and obtain a quadratic.
(3x-— 4)(x =5 1)[: ()] M1 | Solve by factorising, formula or completing the square.
11 4 Al | Allow 1.33
#=1-1 7 If M1 MO, SC B1 possible for two correct answers.
3
Question 45
x> —kx+2=3x—2k leading to x* — x(k + 3) +(2 i 2k) [: 0] M1 | 3-term quadratic, may be implied in the
discriminant.
b? —dac = (k +3)2 —8(1 + k) (ignore = 0° at this stage) DM1 | Cannot just be seen in the quadratic formula.
— (k _ 1)2 accept (k _ l)(k _1) A1 | Or use of calculus to show minimum of zero at
k=1 or sketch of t(k) =k* -2k +1.
= 0 Hence will meet for all values of & A1 | Clear conclusion.
4
Question 46
x? —6x+c>2 leading to (X, 3)2 _94cs2 M1 Al | M1 for completion of the square with an equation or in
equality with the ‘2’.
e>11-(x-3)° and (x-3)°>0 M1 | SOI
c>11 Al
Alternative Method 1
dy M1 - 5 . dy
™ =2x—-6=0 M1 for differentiating and setting ™ =0,
x=3 Al
Whenx=3, y=9-18+c¢ M1
[-9+¢>2] e>11 Al
Alternative Method 2
x> —6x+c>2 leading to x> —6x+c—2[>0] then use of '4* —4ac' M1
36— 4(1)(c _ 2) <0 M1 A1l | OE Must be correct inequality for M1.
c>11 Al
4
Question 47
(a) 4(x— 3)1 ool 6f @=Aditdb=-3 B1 | OE Award marks for the correct expression or their values
a, b and c¢. Condone 4 (x—3)+ p—36 =0 and 4(379) ‘
—36+p or p—36seen or c=p-36 B1 4
2
(b) p—36>0 leading to p >36 or 24> —4x 4p<0:> p>36 or 36<p B1 | Allow (36,%) or 36 < p <o . Consider final answer only.




Question 48

[8x° +215x° ~27=0] leading to (8x° ~1)(x* +27)[= 0]
OR

—215++/215% - 4.8.-27 or —215+/47089

M1 | OE
If a substitution is used then the correct coefficients must
be retained. Condone substitution of x = x>.

2.8 2.8
1 27 A1l | Both correct values seen.
8 SC: if MO scored SC B1 is available for sight of % and
-27 OE
1 05 3 Al | SC: it MOSCBI scored then SCBI1 is available for the
2 b correct answers and no others. Do not ISW if answers
given as a range.
3
Question 49
*M1
kxﬂ’c:fL = 2k’ 72/or+1[: 0] OEeg. i’ 7/cx+l[: O], ¥ —x+ : [: 0]
2x 2 2k
v+ k ) Equate li d to f¢ 3-t dratic (all
Ol guadiaie in 2 et +k " _ 1 O T quate line and curve to form 3-term quadratic (a

I . 2(y+k)
k

terms on one side).

B* —dac[=0] = ([-]2k) —4(2k)(1)[=0]
or 4k* -8k [=0 = 4k(k-2)=0]
OR using equation in y: (2k)’ -4(2)(k)=0

DM1 | Use discriminant correctly with their a,b,c not in
quadratic formula. DMO if x still present.

: 1 1
M k" —4(k)|=|=0or1-4 =0.
ay sce ( )(2] or [2/’}

K

k= 2 only

A1l | If DMO then £ = 2, award A0 XP then BO B0
Allow Al even if divides by & to solve.
If £ =0 also present butuses t =2, award Al.

4x° 74x+1:0[:>(2x71)2 :0} —

| =

B1

1
)=2x——2=-1
Y=

Question 50

(lel)(erZ)[: 0]9 x:% or—2

B1

A1l | Dependent on factorisation. Both required.

c=4 and-1

A1l | Both required, if DMO given SC B1 for both.

y=—land—11

A1l | Both required, if DMO given SC B1 for both.
SC one correct (x, y). Al only

Question 51

ex® +3x—c =2ex+3 leading to CIX'Z+(3*ZC)}C*(C+3) [:0]

M1 | Forming a 3-term quadratic, all terms on one side.

B —4ac=(3-2c)’ +4c(c+3)

M1 | 2nd M1 for > —4ac correct for their a, b, ¢
1.€. N0 sign errors.

=82+9

Al

> ( [for all values of ¢] leading to B [Intersects for all values of ¢]

Al | WWW




Question 52

(a) Attempt substitution for y in quadratic equation *M1 | Or substitution for x ...
i 2 [= r 512 20 il Al q
Obtain 5x*+30x+75—k[=0] or 5y —20y+50—k[=0] OE e.g. x> +6x+15 E (all terms gathered together).
5
Use b —dac =0 with their a, b and ¢ DM1 | © =0’ may be implied in subsequent working or the
answer.
Obtain 900—20(75—k)=0 or equivalent and hence k=30 Al | ... obtaining 400—20(50—4)=0 and £ =30.
4
(b) Substitute rheir value of £ in equation from part (a) and attempt solution M1 | Expect 5x% +30x+45 [=0] o 5% —20y +20[=0].
Obtain coordinates (-3, 2) Al | SCB1 only (-3, 2)without attempt at quadratic solution.
2
Question 53
@ | 3(yp-2) =27 or a=-2, =27 Bi.BL
2
(b) (xl _2)3 —9 leading to x? -2 =3 M1 | Must be x? unless substitution is clear.
B M1 | Allow omission of -1 if £3 seen.
=45 A1l | B1 SC if MIM1 not awarded. Ignore +1,1, -1, V-1,
Use of calculator with no working scores 0/3.
Alternative method for Question 1(b)
30912, 15=0 leading to 3(x” —5)(x? +1)[=0] M1)
2 =—lorx*=5 (M1) | Allow omission of —1 if factors seen. Factorising or other
valid method.
r=+5 (A1) | B1 SC if MIMI not scored. Ignore £ i, i, -, V1.
Use of calculator with no working scores 0/3.
3
Question 54
a 5 M1 5
@ l/;l x 25_ 2 x i+ 2= 1 Using [l l] in the curve equation or equating the line and
2 4 2 2 2880
5
Ok the curve and then using x=— and p= L =k
Uog 95 oo 5 W (T, 2 2
E]‘ A 2k 2 +2=kx 3 % Can E/‘ Simplify to get a three-term quadratic in k. Condone errors in
” simplification.
25K 40k +12 [=0]
2 Al | OE
k== 6
5 Condone inclusion of & = =
1 AT DM1* 53 1 s s -
—=|their=|| = |+p =p= Using | —, — | and their k in an equation in p.
2 SN2 2 2
Either the line (as shown) or 4}72 +12p +5=0 are the most
likely and solving for p.
il Al | OE
P==_ 5
2 Condone inclusion of p = o
N 5 N DMI1 | Equating the line and curve using their k and p and simplify to
*\-"‘ ’f"'JrE [=9] [4"' —60x+125 [= O]] get a three-term quadratic [= 0].
[ 25 9} Al Al | OE
272 Acceplng,yzg.
2 2




(a) Alternative Method for Question 9(a)

1., 25 S ]
[—k'x——2k><—+2: kX—+p:|
2 4 2 2

4p* +12p+5 [=0]

Mi1* | OE

S s
Using [3 5) in the curve equation or equating the line and

5 1
the curve and then using x = o and k= = B

Simplify to get a three-term quadratic in p [= 0].

1 Al e 5
pP= 75 OE Condone inclusion of p = 75
1 DM1* . 5 1 . . . .
2 = [51\] + ( their — 7) = Using [E E] and their p in the line equation and solving for
k.

2 Al | OE
k== 6

2 Condone inclusion of k=—.

>

2.5 6 .5 B ) - DM1 | Equating the line and curve using their k and p and simplify to
25 T5F & E[’ o] [4A —60x+125[= 0]] get a three-term quadratic [= 0].

Al1Al1| OE

25 9
Accept x=—,y=—.
2 2

(b) | 1 snia
Ek x*—2kx+2=lkx+p = 5/; x° -3l D

M1* | Equate the original equations of the curve and the line and

collect like terms; k and p must still be present.

9k* —4x%kl(2—p)

DM1 | Use of 5% —4ac for their quadratic in x to give an expression in

Jcand p. This expression can come from their equation in (a).

3
L
i3 2

Al

Question 55

Substitute for y (or x) in first equation and simplify

*M1 | All terms to one side and brackets expanded.

Obtain 10x* +3%x —40 [=0] (or 10y +11ky +£* ~360[=0])

Al

Attempt b° —4ac for 3-term quadratic involving k&

DML | Not in quadratic formula unless 5* —4ac is
isolated.

Obtain 9%% +1600 (or 81k* +14400)

Al

9k* +1600 >0

A1FT | FT for ai? + b >0 witha, b >0.

5
Question 56
2 B1| OE
ke+13=5+3x-22" =] 227 +(k—3)x+8 [=0 " . .
L ] ( ) [ ] Eliminate y to obtain a three-term quadratic.
Use of b> —4ac<0 or b> — 4ac = 0 with their coefficients of their new M1 | OE
quadratic equation. Condone + errors only. Use of “>(’ scores MO, unless recovered.
—5and 11 A1 | Identification of correct critical values, may only be seen in
their final answer.
—5<k<11 Al CWO
Do not allow ‘or’.
A0 if < sign or signs used.
4
Question 57
Dt (12)(,2),(-3 B1 | Correct differential but can be unsimplified.
24 (12) (72 ) (72)*3 [: 5] *MI1 | Substitute x =—2 into their differential, which must contain
S
Bither (their 5) = y-(-1) DM1 Att'empt to ﬁnd equa'tion of té.mgem Ihrough (-2, -1) with
x=(-2) their numerical gradient obtained as described above.
or —1=(their5)x(-2)+c = c=
y=5x+9 Al




Question 58

(@

®)

23" —2x(11x+3)+2 [=0]

*M1

Substitutes k=2, p = 11 and eliminates y or x.

2
Note: 2242 qqzpa

—20x” —6x+2[=0]= [(5x—1)(2x+1)=0]

DM1

Simplifies to a 3-term quadratic.
Terms need not all be on one side.

Coordinates [7172J (léj
272 5

Al Al

Al for either both x-values correct or for both
coordinates of one point correct.

Need not be written as coordinates.

Fractions must be simplified.

2x7 —kx(4x+3)+2=0 = (2-4k)x" -3k +2 [=0]

*M1

Substitute and reduce to 3-term quadratic.
Terms need not all be on one side.
Allow 2x°— 4k — 3kx + 2 [= 0].

(2-4k)x* —3kx+2 [=0]

Al

Correct quadratic.
All terms to one side.
Allow 2x° — 4o — 3kx + 2 [= 0].

b* —4ac =9k —4x(2—4k)x2

DM1

Use of b* —4ac. Must be correct for their a, b,
c.
a term must have two components.

9k +32k—16 [<0] = (k+4)(% —4) [<0]

Attempt to solve a 3-term quadratic in k by
factorising or other accepted method for solving
their 3-term quadratic.

—4<k<i
9

Al

SC B1 following MO if no method shown for
solving quadratic.

A0 for correct answer following incorrect
quadratic.

Must be k.

Allow other correct notation.






