Solving Quadratic Equations (H) - Algebra
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1 @O | (v+6)(y+8) 2 MI
=8y +6) Al
(c)(ii) 8,6 1 Bl  must ft from their factors in (c)(i)
2 (X +4 eg, where b = number eg, where = number of M1 for making a correct start by finding
[ B ] Y44 of blue counters red counters the probability of the first counter
———(= — ) or being blue for their method
X oYX R
. . b b-1 r+4 r+3
X+4 or - or
[ ]*1 _ 2b-4 2b-5 2r+4 2r+3
2 (= X+2 )
X-1 2X-2
X+4 X +2 b b-1 r+4 r+3 M1 oe correct calculation for 2 blue
eg X eg X eg X . .
SToxy 2x-2 S9h_4 2b-5 Sor+d4 2r+3 (using one variable)
eg B(2+6X+8)= eg 8h(b-1)= eg 8(r+4)(r+3)= M1 dep for a correct equation with no
3(487 - 4X) 32b-4)(2b-3) 32r+4(2r+3) algebraic fractions eg could have
X +6X+8 :§(4X2 —4X)
Eg4X?— 60X~ 64 (=0) | eg 40> —46b + 60 (= 0) | eg 47 — 14r— 60 (= 0) M1 for rearranging their equation to a
or or or correct 3 term quadratic
X -15X-16(=0)oe |[20°-23b+30(=0)0e | 2*—Tr—30(=0)oe
16 | 5| Al caodep on M4
Total S marks
3 (x=9)(x=4) -5+ f(—i)z —4x1x(=36) M1 or (x+a)(x+b) where ab=-36ora+b=-5
2] OR correct substitution into quadratic formula
x (condone one sign etror in a, b or ¢)
5£+25+144 (if + rather than + shown then award M1 only unless
o 2 recovered with answers)
(v = 9)x +4) 54169 5413 ML 51169 5413
— o ——— or————— or ——
2 2 2 2
9,4 3 Al dep on at least M1
Total 3 marks
4 (v=)3P+2x4r—5 M1 2 out of 3 terms differentiated
correctly
37°+87-5=VOR3T*+8T-5-V=0 Al correct equation
22 8 < 2 2 s 17 M1 attempt to complete the square
P+ 21D-5 —8+4/8 —4x3x(=5-V P P q
3( 3 n (T=) > :x( ) OR use quadratic formula
2, 8 5 =% (condone one sign error in a, b
ORI+ =T—=— e A
3( 3 3 ) or ¢ and ft their quadratic with
mistake in a or b)
(condone + instead of +)
4V (4V F+5 —R+f124+121 Ml :_51g11tl of this 111er110d mark
[ T+— ] :[ — | t— (=) ——— implies the previous M1
hj > 3
! (condone + mstead of +)
(ft their quadratic with mistake
i a or b)
_ 41 s 3 M1 (condone + mnstead of +)
T=_""+2. 3 5 8E£24/31+3V ) - )
3 = 3 16+37 +13 (T=) 7 (ft therr quadratic with mistake
inaor b)
43137 6 | Al acceptk=31andm=3
Total 6 marks
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5 (b) (dy ) M1 for the correct differentiation of at least 2 correct terms from
o ]16—2x+(3x -2x")oe
Lde
16 or —2x or (3 x —2x%)
fdy o Al for a correct differentiated expression
cT: ]16—1\'—6.\*’ oe
‘N

'16-2x—-6x"'=00e

M1 (dep on M1) for equating their differentiated expression to zero

Eg

24422 —4x6x-16
(x=) ——— oe
2x6

(accept + in place of ) or

Eg.

[+ 5.

2 ]—16(:0)06

MI (dep on M1) for a complete method to solve their 3-term
quadratic equation (allow one sign error and some simplification —

—24a+ I
12

allow as far as

1.47

Al dep on M1 for answer in range 1.47 — 1.5 from correct working
(Must reject —1.80 to —1.81 if calculated)

6 gradient of JK=—05orm=x2=-1

6 | M1 for finding the gradient of JK using m1 x mz=—1

F+24

M1 for expressing the gradient of JK in terms of j and & or
a correct equivalent equation

(j+4) +196 =100+ (k1) oe

ko151 or 2k —j=24orj=2k—24 or =T 0
6-j 2 2
(=60 + (k- 1572 =80 0e
or
j+6‘]r+15 ] oe
2 2
or

M1 for finding equation of JK in terms of j and &

or
for finding the midpoint of M

or
for equating length ZJ with length HK

eg 32— 78k +495=0 oe
or 572 — 60/ —140=0 oe
or 5K — 150k + 1045 =0 oe
or 37 —12j-36=0oe

M1 (dep on M3) writing a correct quadratic expression in
the form ax”+ by + ¢ (=0) (allow ax®> + bx =¢)

or
k+15 1
adient HM: eg —2—— —20rk=2+15 or j=+ 2 o
gradient 204 eg j+6 SeorAT T = o¢ A correct equation for the gradient of HM in terms ofj
2 +4 and & or a correct equivalent equation
eg (k- 15)(k—11)(=0) eg (j—06)j+2)(=0) M1 (dep on M3) for a complete method to solve their 3-
or or term quadratic equation (allow one sign error in the use of
78+ I(JS)Z Ax3x493 124J(~12) —4x3x—36 the quadratic formula)
or
23 23 a correct method to eliminate either j or &
or or < )
13 i) 71‘—“4=k—boeor ﬂ=“'+lioe
(k-13)"-169+165(=0) (j-2) —-4-12(=0) eg 2k-2 5 5 27 + 13
j==2.k=11 Al
\ Total 6 marks
6 (j+6 k+15" M1 for finding the midpoint of M/
272 ] e
ALT k+15 M1 for expressing the gradient of JK in terms of / and & or a correct
. 2 —2ork—2=150rk=2+150r equivalent equation
j+6
+4
2
je k—15 oe
) 2
(j—6)*+ (k—15)>=80 oe M1 for finding the length of JK in terms of j and &
or (j+ 4)2 +196 =100+ (k- 1) 0e or for equating length HJ with length AKX
Eg Eg M1 (dep on M3) writing the correct quadratic expression in form
57 -12/-44=0 52— 174k +1309=0 ax* +bx+¢(=0)
or or
377 +48+84=00e |3 +6k—429=00e allow ax’ + bx=¢
Eg Eg M1 (dep on M3) for a complete method to solve their 3-term
(55=-22)G+2)(=0) Sk=119)k-11)(= quadratic equation (allow one sign error in the use of the quadratic
or 0) formula)
124(—12) —4x5x—44 | OF
T a5 |z
or
L or
(j+8) —64+28(=0) ,
(k+1) —1-143(=0)
Jj="2k=11 Al
‘ Total 6 marks
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(x£8)(x£5) (-3) 4 J(-3) —4x1x(—40) M1 or(x+a)x+b)whereab=-400ora+b=-3
7 (b) — x1 OR correct substitution into quadratic formula
=% (condone one sign error in a, » or ¢ and missing
brackets)
or 3++4/9+160 (if + rather than = shown then award M1 only unless
2 recovered with answers)
(=8 +5) | 3£4169  3z13 ML 3:.169 3413
> " 2 2
8. —5 3 Al dep on at least M1 for correct values
(1) (x=6)(xx4) 2 M1  or(x +a)(x + b) where ab=-24 ora+b=2
Working not required, so correct (x+6)x—4) Al
answer scores _full marks
(ii) Answer must come from the 6,4 1 Blft Must follow through from their factors in (i),
Jfactors in (i) as the questions says so even if the answers 4 and —6 are given the mark
‘Hence solve...’ can only be awarded if it follows from the
factorisation in (i) (dep on 2 factors)
Total 3 marks
NB: Some students may show the whole of their
working in the space for (i) or (ii). Please award
the marks for (i) and (ii) so long as there is no
ambiguity.
9 ¥ +(3-2x) =18 3y 2 B 3 M1 _substimtion pf linear equation
3 +y =18 into quadratic
5x% —12x—9[=0] oe 5y —6v—63[=0] oe M1  simplified to a correct 3 term
quadratic
Gx+3)x-3)[=0] Sy —2D(»+3)[=0] MIlft dep on M1 for solving their 3
term quadratic equation using
(1) £J(-12) ~4x5x(-9) | ~(-6)£4J(-6) ~4x5x(-63) any correct method (if ,
P 5os factorising, allow brackets which
=% =% expanded give 2 out of 3 terms
correct ) (if using formula allow
12, 144, _ ; 6., 36, __ . LSS &
S[(x——=)* ——]-9=00e S[(y——)" — 1-63=0 0¢ one sign error and some
10° 100 1o 100 simplification — allow as far as
12+4/144+180
—_—or
10
6++36+1260 .
—1 0 )(1f completing
the square allow as far as shown)
x=—0.6 Al  oedep on M2 for both x-values
andx=3 OR both y-values
ORy=42
and vy =-3
Working must be shown Al oedep on M2 (must be clearly
shown as correct pairs), accept
answers given as coordinates
Total 5§ marks
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10 N+3 eg where b = number of black pens | eg where » = number of red pens 5 | ML for making a correct start by
[ 2 ] N+3 b o r+3 or finding the probability of the
eg N - [: N ] 2h -3 2743 first pen being black for their
B - method. If in 2 variables, one
b B o N+3 must also be defined in terms of
Ean(l N=1b-3(orb= ) 43 e N=3 the other. (any letter may be
—y AN =2r+ 3or r= 5 ) used for the variable)
eg b b-3 _9 o eg 7*3 " _9 or M1 oe dep on previous M1 for a
N+3 , N-3 _9 | " 2b-3 2b-4 35 T2r+3 2r+2 35 correct equation for black, red
2N 2(N-1) 35| b b-3 9 r+3 ro . — must be in one variable or if 2
N ON_1 35 N N_1 35 and N =2r+3 variables, one must be defined
in terms of other.
eg 35(N+3)N-3) |eg35(bh?-3b)= eg 35(r2+3r)= M1  dep on previous marks
=9(2N(2N - 2)) 945 — 14b +12) 9(dr2 + 107 + 6)
or for a correct equation in one
35(\2-9)= variable with no algebraic
9(4N? - 4N) fractions — brackets may or may
not be expanded
eg N2 —36N+315(= |egh®—21b+ 108 (=0) egr?— 15+ 54(=0) M1 For correctly rearranging their
0) equation to a 3 term quadratic
Working must be seen Al cao dep on M4
Total S marks

11 eg (2Dt 1(72 1’ —4x1x20 3 Ml If factorising, allow brackets w_h}ch_ expanded
(x+20)(x= 1) Ixl give 2 out of 3 terms correct — if using formula
= x N or completing the square allow one sign error
21 (21 and some simplification — allow as far as eg
or | x— | —|— | +20=0 ) =
2) \2) 21+4/441-80 f 21y 361
—————ore [x——]— =0 oe
2 X 2 :
(.\‘—20)(.‘\’— l) 21+4/441-80 Ml dep on M1
e —— or for correct factorisation,
- ) or a correct expression for x if completing the
21+4361 21*19 square.
2 ot 2 or a correct substitution into quadratic formula
361 21 with some processing.
or x==,/- —
1,20 Al for both correct values,
dep on 1st M1 with no incorrect working
Total 3 marks
12 (b) (x-10P2+6=x>+6 3 M1  Using f(x — 10) and setting equal
tox?+6
¥ —10x —10x +100 oe M1 for (x — 10)° expanded correctly.
5 Al dep Ist M1
13 5 N 3 2 5 Ml  Factorising x* + 2x in correct expression on LHS
142 x(x+2) - or for writing the two fractions over a common
Sy 3 denominator.
or += a (=2)
X 4+2x x +2x
S5x+3 5x+3 ) M1  Correct simplified single fraction = 2
xx+2) - eI or correct equation with no fractions.
or 5x +3 =2x(x+2)oe
or Sx+3=2¢"+4x0e
23 —x-3(=0) M1  Correct 3 term quadratic
2x—3)x+ 1) (=0) MIft independent
1+ f(—1)2 —4x2x(=3) For solving their 3 term quadratic equation
or — — using any correct method
- xs If factorising, allow brackets which expanded
or \’*l\]i 1 3, oe give 2 out of 3 terms correct (if using formula
4) 16 2 or completing the square allow one sign error
and some simplification — allow as far as eg
1+4/1+24 ( 1‘]2 25
————— oreg|x—— | =— oe
4 L4 16
1.5and -1 Al oedeponM3
Total S marks
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Alternative Mark Scheme for question 13 (obtaining a cubic)

13 5(x" +2x)+3(x+2)
(X +2x)(x+2)

(=2) oe

oe

eg SO +20)+3(x+2)=2(x" +2x)(x +2)

22 43 —5x -6 (=0)

(x+D)(2x-3)(x+2) (=0)

1.5 and
-1

N

M1  Correct fraction over a common denominator
(may be 2 separate fractions)

M1  Correct equation with no fractions.

M1  Correct cubic

M1  For product of 3 correct linear factors.

Al oedepon M3
Do not award A mark 1f extra solution (—2)
given.

Total 5 marks

4 00 |x=9x<4)

[§%)

M1 for(x=9)(x+4)
or for (x + a)(x + b)
where ab=-36o0ra+b=35

G+ 9 —4) Al

(ii)

9.4

1 Bl fi from (b)(i)

15 (v=)37+10r—8

n

M1 For at least 2 terms differentiated correctly

3r+10t-8=0

M1 Their v=0 dep on M1 could be implied by
correct values

3r—-2)(r+4)(=0)
(r=) 2 or (r=)—4

-
hl

M1

w2

dep on M1 for correct values for  or for r =

or
correct method to solve their 3 term quadratic
equation:

If factorising, allow brackets which when
expanded give 2 out of 3 terms correct (If
using formula or completing the square allow
one sign error and some simiplification — allow

—10£4/100+96 oe

as far as eg
6
30+ -0y

-
> k]

w2

69(2) 52 2o

M1 2 . :
For — (only) substituted into formula for s or
J

for selecting the value from this substitution or
for an answer of 7.185...

194
27

Al oe but numerator and denominator must be
integers.

Total S marks

16 (1))

(88}

M1 for (x+9)(xx1)
or for (x+a)(x+b) with ab=-9 or
a+b=8§

(x+9(x—1) Al for correct factors

(i)

9.1

1 B1 ft dep on factorising in the form
(x+p)x+q)

17 5 (x—4)

—X oe or

X X

=

(x=5) 6

Ml

for a correct expression for P(R.G) or P(G,R)

X X X X

éx(\-,g,) " (xfﬁ)x(_i 0e

Ml

for a correct expression for P(R,G) + P(G,R)

or 19x% — 352x = —1600 oe

19x% —332x + 1600 (= 0) oe

Ml

for a correct equation in the form
ax? +bx + ¢ (=0)oe or ax’ + bx =—coe

(x — 8)(19x — 200) (= 0)
or

——352+,[(-352)> —(4x19x1600)

(=) 2x19

19 19

or 19{[x—&]7—(ﬁJ_}+1600(: 0)

Ml

for solving their 3-term quadratic equation using any correct
method - if factorising, allow brackets which expanded give 2
out of 3 terms correct (if using formula or completing the
square allow one sign error and some simplification — allow as
far as

3524+/123904 121600

38

2

5

oe or 19(,\’—EJ —ﬂ(: 0)oe)
19 19

Al

cao, dep on M2. Do not award if non—integer solution also
given.
8 must come from correct working.

Total S marks
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18 () [(x=3)(x=£8) 2 M1 or(x+a)(x +b) where ab=—-"24ora+b=35
(x—3)(x+8) Al
(11) 3.8 1 Blft Must ft from their answer to (1)
ft from their incorrect factors in the form
(x +a)x+b)
Total 3 marks
19 Qx+3)x—1)<75 5 Bl  For writing the correct inequality sign with a
correct calculation or correct value — this
could be initially or saying that
x < 6 at the end
2% +x-78<0 M1 rearranged to form correct quadratic << 0
(allow = 0 or other incorrect inequality sign)
oe
(x=6)2x+13)(<0) M1 first step to find critical values from the
—1x (1) —(4x2%x-78) correct quadratic
or x=
2x2
[ 1y (1y
or 2| x+— | =2 —| -78=0
) g
x=6 Al  x=o61identified as critical value, ignore
—6.5 if given
1<x<6 Al correct inequality
Total S marks
20 v=)12F-27(=0) 5 M1  Correct differentiation
27 9 y o
2= (=) oe M1 dep M1 first stage to solve v=10
12 4 by rearranging, factorising,
or (3)(2r +3)2r — 3) (= 0) quadratic formula, or completing
the square
3 k “orrect v allow +
¥ 0e =2 yor +  oe(= 15 Al  Correct value of 7 (allow +)
4 2 4 2
(a=)24z1 M1  dep Ist M1 for differentiating v
36 Al  correct answer
Total 5 marks
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21 (a) 3¢ (6cd* =7) 2 B2 fully correct or _ o _
B1 for a correct partial factorisation with at least

two terms outside the bracket ie 3¢(6¢’d” —7¢)
orc? (18cd® —21)

or the fully correct factor outside the bracket
with two terms inside the bracket and at most

one mistake 3¢’( )
() (@) |eg (v+6)(y£3) or 2 M1 or (y+a)y +b) whereab=—18 ora +b=-3
¥ +3)-6(y+3)or or
Wy—6)+3(1—6) factorisation which expands to give 2 out of 3
correct terms
[allow use of x rather than y] (v=06)(y+3) Al
(i1) 6, —3 1 Bl ft must come from their factors in (b)(i)

Total § marks

21(b) As we have always done, (11) must ft from (1)

If they do nothing in (i) and then factorise and give the solutions in (ii) can we give marks retrospectively — yes, as long as nothing in (1) —
this could gain M1A1B1 (correct factorisation and correct solutions) or M1AOBI (factorisation worthy of the method mark, but not correct and
ft solutions from incorrect factorisation) or MOAOBI (incorrect factorisation that is worthy of no marks and then answers which ft from their
mcorrect factorisation)

What do we do if they give the incorrect factorisation in (i) and then start again in (ii), showing the correct factors and give the correct
answers from their factorisation in (ii) as answers? Award M0AO in (1) and then B1 in (i1)

What do we do if nothing is done in (i) and then we see they have used the quadratic formula and got the answers from this in (ii)? No
marks at all MOAOBO

What do we do if the student has got the correct factorisation in (i) and the correct answers in (ii) but also has the quadratic formula
shown in (ii)? We award M1A1B1 — assuming that the quadratic formula 1s a check

What if they factorise and solve in part (i) with nothing in (ii)

MI1AI1BI if fully correct or M1A0BI1(allowable factorisation) or MOAOBI (ft from incorrect factorisation that is not allowable)

What if they factorise in (i) and give the correct answers for (ii) in (i) and then a different answer for the solution in (ii)

Award M1A1 in (1) and BO in (i1)
What if they factorise correctly and then expand and give the original expression on the answer line — award full marks; the student knows
how to factorise and is checking and gives their check as the answer.

22 5 M1 for volume of cylinder (in terms of

, 2800 ) ) 3
(V =)ax (—a\’JOl 800x —zx~ 0e one variable, e.g. x or )

\ Tx

(dV ) M1ft for differentiating an expression in
= 1800-37x° : g an exj

\K - J‘ oY one variable to find
800 or +37x>
(must come from a cubic in the form
800x = 7x* or 800x £ax’ or by + 7x°
where a #0 and b # 0)

"800 —37x""=0 M1ft dep on previous M1 for equating

,

. dV
their i to zero (must be a quadratic in
ax

the form 800 + ax’or b +37x”
where a #0 and b # 0)

Al for a correct value of x

300 - J96007
(x=) S, (: ,f84.8(8263...)) or ——— or Allow use of quadratic formula

(%4
9.2(13177...)

Award marks within the range from correct 4914 Al accept 4910 —4914
working

Total 5 marks
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23 (b 12x? +2x-20=4 0e 4 M1 ft, for equating their dy/dx to 4
12v2+2x—24 (=0) or 6x? +x— 12 (= 0) M1 (dep on M1) ft their dy/dx in the
form ax” + bx (+ ¢)
eg (6x—8)2x+3)(=0) M1 for solving their three-term quadratic
or Gx—4)(2x+3)(=0) equation using any correct method - if
or factorising, allow brackets which expanded
oy ((7>3 —(Ax12x—24) give 2 out of 3 terms correct (if using
y=—¥ formula or completing the square allow one
2x12 sign error and some simplification — allow
2241115
as far as eg Z2ENVAElg oe)

24

Vor e 3 y
Working required i —% Al (dep on M2) oe, allow 1.33(3...) for é .
J P4 )
both values — isw any attempt to find y
coordinates
—~
24 (b) (h(v)) i 11 =1) 3 Ml
2x"+4)-5
11-3=2x20eceg x> =4 M1 correct expansion and rearrangement with x
or 2x2_8=0 0; ¥ _4=0 term on one side and number terms the other
side or all terms on one side in an equation
Correct answer scores full marks (unless 2 Al cao. an answer of =2 gains M2 only
from obvious incorrect working)
If no other marks awarded,
award SCB1 for answer of 2.2 oe




