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Solving Quadratic Equations

1 (2 marks)
x=3)(x—4=0 M1
x=3orx=4 Al
Answer: x=3,x=4 2 marks
2 (1 mark)
x?=9,s0Xx =+3 Al
Answer: x =+3 1 mark
3 (2 marks)
XXX —4=0 M1
x=0orx=4 Al
Answer: x=0,x=4 2 marks
4 (2 marks)
2Xx—5=00rx+3=0 M1
=5 rx=—3
X=50rx= Al
Answer : x:g,x: -3 2 marks
5 (2 marks)
x+5x—3)=0 M1
XxX==50rx=3 Al
Answer: x==5x=3 2 marks
6 (2 marks)
(x—5)?=0 M1
x = 5 (repeated root) Al
Answer: x =5 2 marks
7 (3 marks)
2x—=1)x+3)=0 M1 Al
_1 - _3
X=%0rx= Al
Answer : x:%,x: -3 3 marks
8 (3 marks)
Bx+1)2x—-3)=0 M1 Al
- =3
X=—30X=5 Al
A 1 __3
nswer X——§,X—§ 3 marks
9 (3 marks)
(x—232?-9+2=0 M1 AL
(x—3)?=7,50x=3+47 AL
Answer: x = 3+47 3 marks
10 (3 marks)
X:4¢\/1f+24:4¢2/5 AL
x =258 or x = —0.581 Al
Answer: x = 2.58, x = —=0.581 3 marks
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11 (4 marks)
(2x —3)? — (x +4)?=4x*> — 12x + 9 — (x*> + 8x + 16)
=3x?>—20x — 7,503x?> — 20x — 32=0
Bx+4Hx—8)=0

4
x—80rx——§

Answer:x:8,x:—4

3
12 (4 marks)
Let theintegersbenandn + 1. n(n + 1) = 156
n>+n—156=0

(n — 12)(n + 13) =0, so n =12 (n must be positive)
The integers are 12 and 13
Answer: 12 and 13

13 (4 marks)
fx+2)=(x+2°?—6(x+2)+4
=x*—2x—4
X2 —6x+4=x>—2x—4
—4x=—8,50x=2
Answer: x =2

14 (5 marks)
Lety=x%y?>—10y+9=0
y—Dy—9=0,soy=1ory=9
x?=1orx?>=9
X=xlorx=%3
Answer: x = %1, X = %3

15 (5 marks)
Lety =yX, s0x =y?
y2—7y+12=0
(y—3)(ky—4)=0,soy=30ry=4
x=9o0rx=16

Answer: x=9,x =16

16 (6 marks)
Multiply by (X — D)(x +2): 3(Xx+2) +2(x — 1) = (x — 1)(X + 2)
BXx+4=x2+x—2
x> —4x—6=0
4+16+24

2

X = 21\/1_0
Answer: x = 2 %10

17 (6 marks)
(@ (2x +3)(x — 1) =33
2x?+x—3=33,502x*+x—36=0
Answer: Shown
(b)2x+9)(x—4) =0
Xx=4(xx= —% isimpossible for a length)
Sides 11 cm and 3 cm, perimeter 28 cm
Answer: x =4; 28 cm
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18 (4 marks)
Substitutex =3: 9+ 3k — 15=0 M1
k=2 Al
x?+2x—15=(x = 3)(x +5) =0 M1
The other root isx = =5 Al
Answer: k =2; x==5 4 marks
19 (5 marks)
Pythagoras: x? + (x + 7)% = 169 M1
2x? + 14x + 49 = 169 Al
x?+7x —60=0 Al
x+12)(x —5) =0 M1
X =5 (rgect x = —12) Al
Answer: x=5 5 marks
20 (5 marks)
2+12t—5t2=9 M1
5t2 — 12t +7=0 Al
Gt=—7t—-1)=0 M1 A1
t=l1lsort=14s Al
Answer:t=1ort=14 5 marks
21 (5 marks)
Square both sides: x + 6 = x? M1
X?—Xx—6=0 Al
Xx—3)(x+2)=0,so0x=30rx=-—2 M1 Al
Check: x = —2 givesy4 = 2 # —2, so rgject. x = 3 E1
Answer: x =3 5 marks
22 (5 marks)
(a) Sum of theroots: o + 20t =9 M1 A1
a=3 Al
Answer: o =3 3 marks
(b) Product of the roots: a x 2a = 2a = 18 M1
k=18 Al
Answer: k =18 2 marks
23 (7 marks)
Letu=x>—3x:u>’—2u—8=0 M1 A1l
(uUu=—Hu+2)=0,sou=4oru=-2 M1 A1
x?—3x—4=0givesx=4orx=—1 M1 AL
x> —3x+2=0givesx=10rx =2 Al
Answer: x=-=1,1,2,4 7 marks
24 (5 marks)
Lettheintegersben — 1, n,n+ 1: (n — 1)?+ n? + (n + 1) = 365 M1
3n?+2 =365 Al
n>=121,son=11orn=—11 M1 Al
The integers are 10, 11, 12 or —12, —11, —10 Al
Answer: 10, 11, 12 or —12, =11, =10 5 marks
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25 (4 marks)
_ 2y3+412+36
= 5 M1 A1
V48 = 43, s0x = M M1
x =33 0orx=—3 Al
Answer: x = 3/3,x = =3 4 marks
26 (7 marks)
(@) x? + (x + 3.5)> = 6.5° M1
X%+ x2+ 7x +12.25=42.25 Al
2x2+7x —30=0 Al
Answer: Shown 3 marks
(b) (2x = B5)(x+6) =0 M1 A1
x =25 (x = —6 isrejected) Al
Height =25+35=6m Al
Answer: 6m 4 marks
27 (8 marks)
(@ (x—k>?—k*+k’—1=0,ie.(x—k?=1 M1 AL
X—k=%+1,sox=k+lorx=k-—1 Al
Answer: Shown 3 marks
b)yk+)—(k-1=2 E1
Answer: Differenceis 2 1 mark
(c) Product (k + 1)(k — 1) =k* —1=38 M1
k?=9,sok=30ork=-3 Al
k =3: roots 4 and 2 Al
k =—3: roots —2 and —4 Al
Answer: k =3 (roots 2, 4) or k = =3 (roots —4, —2) 4 marks
28 (8 marks)
(@) (kx — 2)(x — k) = kx? — k?> — 2x + 2k M1 A1
_2 -k
X=qorx= Al
Answer : x:k,x:% 3 marks
(b) Repested root when k = = M1
k?=2,s0k =2 Al
Answer: k = 2 2 marks
©Qa+B=k+2 B1
(k — y2)? = 0 givesk® + 2 = 22k M1
Dividing by k > 0 k+% > 22 AL
Answer: Shown 3 marks
29 (6 marks)
Lettherootsbepandq: pg=24andp+q=k M1 Al
Integer pairs with product 24: (1, 24), (2, 12), (3, 8), (4, 6) and the same pairs of negative numbers M1 A1
The sums are 25, 14, 11, 10 and their negatives M1
k =+10, £11, +14, +25 Al
Answer: k = +10, 11, +14, +25 6 marks
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30 (8 marks)
A power equals 1 when the base is 1, the index is O, or the base is —1 with an even index M1
Basel: x?—5x+4=0,s0x=1orx=4 M1 Al
Index 0: x> — 9x +20=0,s0x =4 or x =5 (base 5 # 0) M1 AL
Base —1: x> —5x+6=0,s0x=20rx=3 M1
Indices at x = 2 and x = 3: 6 and 2, both even, so both valid Al
x=12345 Al
Answer: x=1,2,3,4,5 8 marks

The Discriminant

1 (2 marks)
b? — 4ac = (—3)% — 4(2)(5) = —-31 M1
Negative, so there are no real roots Al
Answer: —31; noreal roots 2 marks
2 (2 marks)
b? — 4ac=36—36=0 M1
The discriminant is zero, so there is one repeated root Al
Answer: Shown 2 marks
3 (3 marks)
b? — 4ac = 100 — 4k M1
No real roots; 100 — 4k <0 M1
k>25 Al
Answer: k > 25 3 marks
4 (2 marks)
16 —4k=0 M1
k=4 Al
Answer: k=4 2 marks
5 (2 marks)
b?—4ac=1—4=-3 M1
—3<0, sono rea roots Al
Answer: Shown 2 marks
6 (2 marks)
Crossing the x-axisneeds x> — 2x +5=0; b> — 4ac=4 — 20= —16 M1
No real roots, so the curve does not meet the x-axis Al
Answer: Shown 2 marks
7 (3 marks)
b? — 4ac = 36 — 12k M1
36— 12k=0 Al
k=3 Al
Answer: k=3 3 marks
8 (4 marks)
Real roots: k? — 36 = 0 M1 A1l
(k—6)k+6)=0 M1
k= —-6ork=6 Al
Answer: k = —6ork =6 4 marks

stemup.co.uk | page5



StemUp | A Level Mathematics | Pure Mathematics: Equations and Inequalities | Model Answers

9 (3 marks)
b? — 4ac = 16 — 8k
No real roots; 16 — 8k <0
k>2
Answer: k > 2

10 (3 marks)
b? — 4ac = k? + 12
k? = 0, so k? + 12 > O for al k, giving two distinct real roots
Answer: Shown

11 (4 marks)
x2+3=2x+k,sox>—2x+(3—-k)=0
Tangent: discriminant=0,4 — 43 — k) =0
k=2
Answer: k =2

12 (3 marks)
Curve A does not meet the x-axis; b?> — 4ac < 0
Curve B touches the x-axis: b®> — 4ac = 0

Curve C crosses the x-axis twice: b> — 4ac >0
Answer: A: negative, B: zero, C: positive

13 (3 marks)
The graph must lie above the x-axis, so there are no real roots
16 — 4k <0
k>4
Answer: k >4

14 (5 marks)
b? — 4ac =64 — 4k*=0
k?=16,sok=4o0ork=—4
k=4:4(x+1)?=0,s0x=-1
k=—4: —4(x —1)2=0,s0x=1
Answer: k=4 (x==1ork==4(x=1)

15 (5 marks)
b? — 4ac = k® — 8(k + 6)
=k?—8k — 48=(k — 12)(k + 4)
No real roots: (k — 12)(k +4) <0
Sketch of a positive parabola, negative between the roots
—4<k<12
Answer: —4<k <12

16 (4 marks)
The equation is a quadratic only when k # 2
b? — 4ac = [2(k + 1)]? — 4(k — 2)(k + 4)
=4k +8k+4— 4k> —8k+32=36
36 > 0O for every Kk, so there are two distinct real roots for all k # 2 (when k = 2 the equation is
linear)
Answer: Shown

17 (5 marks)
(@ x*—3x+5=x+1,50%x>—4x+4=0
b? — 4ac =16 — 16 = 0, s0 L touches C
Answer: Shown
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(b) (x —2)?=0,s0x=2
y=2+1=3,s0Pis(2, 3)
Answer: P(2, 3)

18 (5 marks)
x?—3x+5=kx+1,50x>— (3+k)x+4=0
Tangent: (3+k)?> — 16=0
3+k=214
k=1lork=-7
Answer: k =1or k=-=7

19 (4 marks)
b? — dac = (k + 2)2 — 4k
=k?+4k+4 — dk=k*+4
k?+4=4>0foral k
So the discriminant is positive and the roots are real
Answer: Shown

20 (4 marks)
Touching the x-axis means a repeated root: 36 — 4k =0
k=9
x? — 6x + 9= (x — 3)? so the point is (3, 0)
Answer: k =9; (3, 0)

21 (5 marks)
x> —4x+3—-k=0
b? — 4ac=16 — 43 — k) = 4 + 4k
Real roots: 4+ 4k = 0, sok = —1
The minimum value of y = (x — 1)(x — 3) is —1, so the horizontal liney = k meets the graph
only whenk = —1
Answer: k = —1

22 (6 marks)
x2+x+3=kx+2,s0x*+(L—Kkx+1=0
No intersection: (1 — k)> — 4<0
1-k—-21—-k+2)<0,ie(-1-k((B—-Kk)<0
(k+1)k—-3) <0
—-1<k<3
Answer: —=1<k <3

23 (7 marks)
(a) Other side=10 — x, so area A = X(10 — Xx)
x> —10x+A =0
Answer: Shown
(b) x isreal, so b> — 4ac = 0: 100 — 4A = 0
A=25
Answer: Shown
(c) A =25givesarepeated root x =5
It isasguare of side5m
Answer: A square of sde5m

24 (7 marks)
(@ (1):k*—16=0,s0k < —4ork=4
(2:16 -4k =0,s0k =4
Answer: (1): k=—4ork=4;(2: k=4
(b) For —4 <k <4 only (2) has real roots
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For k >4 only (1) hasreal roots. So —4<k<4ork>4
Answer: —4<k<4ork>4

25 (6 marks)
A linethrough (0, =1) isy=mx — 1
x?=mx —1,s0x>—mx+1=0
Tangent: m?> — 4=0
m =2
y=2x—1landy=-2x-1
Answer:y=2x—landy==-2x—1

g

(-1, 1) (1, 1)

\ 8

26 (6 marks)
X*—6x+1l=m+4x — x4, s02x* — 10x+11 —m=0
The curves touch, so the discriminant is zero: 100 — 8(11 — m) =0

8m:—12,som:—%

2x2 — 10x+%:09iv052(x - g)ZZO,SOX:g
5 5 9 .. ,5 9
y=(3)?—6(3) +11= 7,0 Pis(3, 3)
. _ 3..509
Answer: m = —3; P(§, Z)
27 (8 marks)
@y?+ky+4=0

Four distinct real x need two distinct positive real values of y
Distinct real: k> — 16 >0, s0k < —4ork > 4

Product of roots = 4 > 0, so the roots have the same sign; sum = —k >0 needsk <0

Hencek < —4

Answer: Shown

(b) Repeated positivey: k = —4
y=2s0x*=2

X =2

Answer: k = —4; x = +2

28 (6 marks)
Touching the x-axis: p> — 4q =0
Through (1,4): 1+p+g=4,500=3—p
P~ 43 -p)=0s0p>+4p—12=0
(p+6)(P—2=0
p=2,qg=1lorp=-6,9=9
Answer: p=2,q=1orp=—6,9=9

stemup.co.uk | page 8

Al
3 marks

B1
M1 Al

M1
Al
Al
6 marks

M1 Al
M1

Al

M1

Al

6 marks

Bl
M1
M1
M1
Al
5 marks
M1
Al
Al

3 marks

M1 A1l
M1

Al

M1

Al

6 marks



StemUp | A Level Mathematics | Pure Mathematics: Equations and Inequalities | Model Answers

29 (7 marks)
yx*?+2)=2x— 1, 0yx* —2x+ (2y +1) =0 M1 AL
For real x the discriminant is non-negative: 4 — 4y(2y + 1) = 0 M1
y°+y—1=<0 Al
y—-1y+1 =0 M1
—1<v< 1 Al
sSyss
When y = 0 the equation is linear with solution x = % so the working holds for every y in the El
interval
Answer: —1l=sy = % 7 marks
30 (8 marks)
(a) Expand: 2x*> — 2(a+ b)x + a2+ b?> — 2c=0 M1 AL
b? — 4ac = 4(a+ b)? — 8(a® + b? — 2¢) M1 AL
= —4(a— b)? + 16c Al
. 2 @-"b?’
Real roots. —4(a— b)“+ 16c = 0,s0c = 7 Al
Answer: Shown 6 marks
Rh\2
(b) The sum equals 2c for some real x only if 2c = w M1
AV
Least value (@ Zb) Al
2
Answer : (@ 2b) 2 marks
Simultaneous Equations
1 (2 marks)
Add the equations: 2x = 10, so x =5 M1
y = 7—5=2 Al
Answer: x =5y =2 2 marks
2 (2 marks)
Add: 3x =12,sox =4 M1
y=11-8=3 Al
Answer: x=4,y=3 2 marks
3 (2 marks)
Substitute; 3x +2x + 1 =11, sox = 2 M1
y=5 Al
Answer: x=2,y=5 2 marks
4 (2 marks)
From the second equationy =5 — x; 3x + 10 — 2x =12 M1
Xx=2,y=3 Al
Answer: x=2,y=3 2 marks
5 (3 marks)
Multiply the second equation by 2: 6x + 2y = 18 M1
Add to the first: 11x =22, sox =2 Al
y = 9—-6=3 Al
Answer: x=2,y=3 3 marks
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6 (3 marks)
From the second equationy = 2x — 1
Ix+6x —3=17,s0x =2
y=3
Answer: x=2,y=3

7 (4 marks)
X2=Xx+2
x2—x—2=0,0x—2)(x+1)=0
X=20rx=-1
(2,4 and (—1,1)
Answer: (2, 4) and (-1, 1)

8 (5 marks)
y=5—-x:x2+(5-x)2=17
2x?2 —10x +8=0
x?—5Bx+4=0,s0x=1orx=4
(14, 4) and (4, 1)
Answer: x=1,y=4o0rx=4,y=1

9 (5 marks)
y=7—2x:xX(7T—2X)=6
2X> = 7x+6=0
(x=3)(x—2=0

x:%,y:40rx:2,y:3

AnSNer:x:%,y:AOrx:Z,y:3

10 (4 marks)
x> —=3+1=x—-1
X2 —4x+2=0

4++/8
X:—2£:2i\/§

y =X — 1givesthe points (2 +2, 1 +2) and (2 — 2, 1 — y2)
Answer: (2++2,1++2) and (2 — 2,1 —2)

11 (5 marks)
Let aand ¢ be the costs: 3a+ 2¢c = 28 and 2a+ 5¢c = 37
Eliminate c: 15a+ 10c = 140 and 4a+ 10c = 74
1la=66,s0a=6
c=(28—18)+2=5
Adult £6, child £5
Answer: Adult £6, child £5

12 (5 marks)
X2+ (x+1)°2=25
2%+ 2x —24=0,0x*+x —12=0
x+Hx—-3)=0
(3,4) and (—4, —3)
Answer: (3, 4) and (—4, =3)
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13 (4 marks)
Multiply thefirst by 6: 3x + 2y =24
Multiply this by 3 and the second by 2: 9x + 6y = 72 and 10x — 6y = 4
Add: 19x =76,sox =4
y=(24—-12)+2=6
Answer: x=4,y=6

14 (6 marks)
y=1—-xx>=x(1-x)+(1—x)?=7
X2—x+x2+1—2x+x*=7
X*—3x—6=0,0x*—x—2=0
x—2(x+1)=0
x=2,y=-1
x==1y=2
Answer: (2, —1) and (-1, 2)

15 (7 marks)
(@x*—x—6=2x—2,50%x>—3x—4=0
X—4Hx+1)=0,sox=—lorx=4
A(—1, —4) and B(4, 6)

Answer: A(=1, —4), B(4, 6)
(b) AB?= (4 — (—=1))*+ (6 — (—4))* =25+ 100

AB =125 =5/5

Answer: 55

16 (6 marks)
From the first equationz=9 — x — 2y
Substituting into the second: 2x —y +27 — 3x — 6y =4,s0X + 7y = 23
Substituting into the third: 3x +y — 18 + 2x +4y =7,s0x+y =5
Subtracting: 6y =18, soy =3, x=2andz=1
Answer: x=2,y=3,z=1

17 (6 marks)
Perimeter: 2x + 2y =34,s0y =17 — X
Pythagoras: x? + y? = 169
X%+ (17 — x)> =169, so x*> — 17x + 60 =0
x=5x—-12=0
Therectangleis5 cm by 12 cm
Answer: 5cm by 12 cm

18 (4 marks)
X2 —y?=(x —y)(x+y)=3(x+y) =15
Xx+y=5adx—y=3
x=4,y=1
Answer: x=4,y=1

19 (5 marks)
l+ 1 _x+y _ 5

Xy~ oxy T xy

5 _5 _
X—y—E,S)X)/—G
X(5—X)=6,50%x>*—5x+6=0
Xx=20rx=3

(2,3)and (3, 2)
Answer: (2, 3) and (3, 2)
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20 (5 marks)
(a) When x =1 thelinegivesy =5 B1
1+k+7=5ss0k=-3 Al
Answer: k = =3 2 marks
b)x?—3x+7=2x+3,50x>—5x+4=0 M1
X—D(x—4=0,s0x=4 Al
y = 2(4) + 3=11: the point is (4, 11) Al
Answer: (4, 11) 3 marks
21 (8 marks)
(@x?—2x—2=x+3,50x?=—3x—-5=0 M1 AL
The sum of the x-coordinates is 3, so the midpoint has x = % M1
y=3+3=: themidpoint is (3, 3) AL
Answer: (%, %) 4 marks
(b) Xo — Xg =b? — dac =/9 + 20 =29 M1 Al
The line has gradient 1, so the y-difference is also 29 M1
AB =429 +29 =58 Al
Answer . \/@ 4 marks
22 (5 marks)
x?+ (3x — 10)°=10 M1
10x* — 60X + 90=0,0X* —6x+9=0 Al
(x — 3)2 =0, arepeated root, so the line is a tangent M1 E1
x=3,y=3(3) — 10 = —1: thepoint is (3, —1) Al
Answer: Shown; (3, —1) 5 marks
23 (8 marks)
(@) x> — 4x+3=—x*+2x+3 M1
2x> —6x=0,502x(x —3) =0 Al
x=0o0rx=3 Al
P(0, 3) and Q(3, 0) Al
Answer: P(0, 3), Q(3, 0) 4 marks
(b) Midpoint (%, %) B1
Gradient of PQ = % =-1 M1
Perpendicular gradient = 1 Al
3 _ 3 _
y—35=X=%,0y=X Al
Answer: y =x 4 marks
24 (6 marks)
(x+y)?=x>+y*+2xy=34+30=64 M1 AL
(x—y)>’=34—-30=4 M1
X+y=48andx —y =42 Al
Xx+y=8:(53) or (35 Al
x+y=-—8: (=3, =5) or (=5, —3) Al
Answer: (5, 3), (3, 5), (=3, =5), (=5, =3) 6 marks
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25 (6 marks)
x> —4x+9=kx,s0x>— (4+Kkx+9=0 M1 AL
One point of contact: (4 + k) — 36 =0 M1
k=2ork=-10 Al
k=2:x>—6x+9=0,x =3, point (3, 6) Al
k=—10:x?+6x+9=0,x=—3, point (—3, 30) Al
Answer: k =2at (3, 6); k =—=10at (—3, 30) 6 marks
26 (6 marks)
(a) Multiply the first by 3: 3x + 6y = 15 M1
Subtracting: (k — 6)y = —8, which has no solution if k = 6 M1
k=6 Al
Answer: k =6 3 marks
(b) For k # 6,y = . — and then x is found uniquely E1
The lines have gradients —% and —% M1
At k = 6 the gradients are equal and the lines are distinct, so they are parallel and never meet El
Answer: Parallel lineswhen k =6 3 marks
27 (8 marks)
Factorise the first equation: (x — 2y)(x +y) =0 M1 Al
Case1: x =2y. Then 4y? + y?> =20, s0y?> = 4,y = +2 M1 AL
(4,2) and (—4, —2) Al
Case2: x = —y. Then 2y? = 20, soy = +/10 M1 AL
(+/10,/10) and (10, —y10) AL
Answer: (4, 2), (—4, —2), (10, —10), (-/10, y10) 8 marks
28 (7 marks)
(@) (a+b)®=2a®+3a’b + 3ab?+b*=a’+ b+ 3ab(a+b) M1 A1l
72 =216 — 18ab M1
ab=8 Al
Answer: ab =8 4 marks
(b) aand b areroots of t> — 6t + 8 =0 M1
t—2(t—-4=0 Al
ab)y=(2,49o0r4,2 Al
Answer: (2, 4) or (4, 2) 3 marks
29 (9 marks)
(@) x>+ (x +k)?> =26 M1
2x?+2kx +k? — 26 =0 Al
Answer: Shown 2 marks
(b) (X5 — Xg)? = (sum)? — 4(product) = k? — 2(k* — 26) = 52 — k? M1 AL
The line has gradient 1, so AB? = 2(x, — Xxg)? = 104 — 2k? M1 Al
AB?=32 s02k?>=72andk =6 Al
2x°+12x+10=0,s0(x + 1)(x +5) =0 M1
A(—1,5) and B(—5, 1) Al
Answer: k =6; (=1, 5) and (=5, 1) 7 marks
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30 (6 marks)
X =y =(x = {y)x +1y)
So5(x —yy)=5i.eqx —fy=1
Adding tox ++y =5:2/x =6, s0yx = 3
fy =2
x=9andy=4
Answer: x=9,y=4

Polynomial Equations

1 (2 marks)
x=0,x—2=0o0rx+5=0
x=0,20r =5
Answer: x=0, 2, =5

2 (3 marks)

X(x*—4)=0
X(X—2)(x+2)=0
x=0,20r -2

Answer: x=0, 2, =2

3 (3 marks)
X(x* —5x+6) =0
XX —=2)(x—=3)=0
x=0,20r3
Answer: x=0, 2, 3

4 (2 marks)
Substitute x = 2: 25 — 3(2) — 2
=8—-6—2=0,s0x=2isaroot
Answer: Shown

5 (2 marks)
x3=-8
X==2
Answer: x = =2

6 (2 marks)
x2=4orx?=9
X=x20rx=%3
Answer: X = 2, +3

7 (4 marks)
f()=1—-—7+6=0,s0(x — 1) isafactor
XE—Tx+6=(x—DX?+x—6)=(x — D(x+3)(x — 2)
x=1,20r -3
Answer: x=1, 2, =3

8 (4 marks)
f(-2)=—-16—-4+26 —6=0, so (x + 2) isafactor
23 —=x2—13x —6=(x+2)(2Xx* —5x — 3) = (x + 2)(2x + 1)(x — 3)

_ 1
x-—2,—§or3

1

Answer: X = =2, —5 3
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9 (4 marks)
Lety=x%y>—5y+4=0
(y—D(y—4=0,soy=1ory=4
x*=1lorx*=4
X=zxlorx=4%2
Answer: x = +1, £2

10 (5 marks)
Substitutex =1: 1 —7+k —8=0
k=14
x3 — 7x?+14x — 8= (x — 1)(x* — 6x + 8)
(X=X —=2)(x—4)
The other rootsarex =2 and x =4
Answer: k=14; x=2,4

11 (4 marks)
y=0x(x>—-x—6)=0
Xx—=3)(x+2)=0
x=0,30r -2
(=2, 0), (0, 0) and (3, 0)
Answer: (=2, 0), (0, 0), (3,0)

12 (4 marks)
Do not divide by (x — 2). Rearrange: (x — 2)(x>+4x —3) — 2(x — 2) =0
(X—2)(x*+4x —5)=0
X=2x+5x—-1)=0
X=2,Xx=—50rx=1
Answer: x=2, =51

13 (4 marks)
f(-1)=—1+2+5—-6=0
f(x) = (x + (x> + x — 6)
X+Dx+3)H(x—2)=0,s0x=-1, —3o0r2
Answer: x=-=1, =3, 2

14 (6 marks)
fl)=1+1—7—-1+6=0andf(-1)=1—1—7+1+6=0
(x — )(x + 1) =x* — 1isafactor
f(x) = (x* — 1)(x* + x — 6)
=X =X+ Hx+3)(x —2),s0x=1,—-1,—-3o0r2
Answer: x=1, -1, -3, 2

15 (5 marks)
f(-1)=—-1—-3+4=0,s0(x +1)isafactor
x3 =32+ 4= (x+1)(X* — 4x + 4)
= (X + 1)(x — 2)?
x = —=1or x = 2 (repeated)
Answer: x = =1, x = 2 (repeated)

16 (5 marks)

y=aXx+2)(x - 1(x -3
x=0,y=-12a2)(—1)(—3) =6a=—12,s0a= —2

X+2)x—Dx—3)=x>—2x*—5x+6
y=—2x3+4x%+10x — 12
Answer:y = —2x3 + 4x? + 10x — 12

stemup.co.uk | page 15

M1
Al
M1
Al
4 marks

M1
Al
M1
Al
Al
5 marks

M1
Al
Al
Al
4 marks

M1

Al
M1
Al
4 marks

M1

M1 Al
Al
4 marks

M1 A1l
Al

M1 Al
Al
6 marks

M1 A1l
M1

Al
Al
5 marks

B1
M1 Al

M1
Al

5 marks



StemUp | A Level Mathematics | Pure Mathematics: Equations and Inequalities | Model Answers

17 (5 marks)
X+DX =X —3)=(X+DX>*—5x+6)=x>—4x>+x+6
The cubic termscancel: x3 — 2x2 — x®3+4x2 — x — 6=2x> — x — 6
2Xx>—x—15=0,0(2x+5)(x —3)=0

_ _ 5
x-30rx-—§

Answer: x:3,x:—g

18 (4 marks)
x(x —3) —4(x—3)=0
x—3)(x*—4)=0
x=3,20r =2
Answer: x=3,2, =2

19 (6 marks)
f()=1—-5+5—-1=0,s0(x — 1) isafactor
x3—5x2+5x — 1=(x — 1)(x*> — 4x + 1)

X2 ax+1=0x=4216=4

2
x=1x=2+ 3orx:2—x/§
Answer: x=1,2+43

20 (5 marks)
Lety=x%y?—7y—8=0
(y—-8(y+1)=0s0y=8ory=-1
x=2orx=-—1
Answer: x=2o0r x=-=1

21 (10 marks)
(a) Base is a sguare of side (24 — 2x), height x
V = x(24 — 2x)? = x(576 — 96X + 4x?)
= 4x3 — 96x” + 576x
Answer: Shown
(b) V(4) = 256 — 1536 + 2304 = 1024
4x3 — 96x2 + 576x — 1024 = 0, s0 x3 — 24x? + 144x — 256 = 0
Divide by (x — 4): (x — 4)(x?> — 20x + 64)
(X — 4)*x — 16)=0,sox=4orx = 16
Answer: x=4o0r x = 16
(c) x must be less than 12 so that the base has positive side

The repeated root means the cubic touches the line V = 1024 at x = 4, so 1024 cm® is the
maximum volume
Answer: x < 12; 1024 is the maximum

22 (6 marks)
x3—4x=3x—6
x> —7x+6=0
f)=0,s0(x — D(X°+x—6)=(x — D(x +3)(x — 2)
x=1 20r -3

y=3x —6: (1, —3), (2,0) and (—3, —15)
Answer: (1, =3), (2, 0), (=3, —=15)
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23 (6 marks)
@x3—1=(x—DE*+x+1) M1
Discriminant of X2+ x +1is1 — 4= -3<0 M1
So x = 1listhe only rea root E1l
Answer: Shown 3 marks
b)x®—1=03=13+1) M1
x3 =1 or x® = —1, each with exactly one real root M1
x=1lorx=-1 Al
Answer: x=1,x=-1 3 marks
24 (7 marks)
(@) (x* — 4)?=x*—8x*+ 16 M1
f(x) = (x — 2% (x + 2)? Al
X =2 and x = —2, both repeated Al
Answer: x = +2, both repeated 3 marks
(b) (x> —4)?=9,s0x*> — 4=43 M1 AL
x2=7orx?>=1 Al
X=xy70rx==%1 Al
Answer: x = 1, 7 4marks
25 (7 marks)
(a) Let theroots be m — d, m, m + d: the sum of the roots is 3m M1
For x® — 6x2 + ..., the sum of the roots is 6 M1
So3m=6andm=2 Al
Answer: Shown 3 marks
(b)f(2)=8—24+29—-6=0,s0q=11 M1 Al
X3 — 6x%+ 11x — 6= (x — 2)(x*> — 4x + 3) M1
The other rootsarex =1 and x =3 Al
Answer: g =11; roots1and 3 4 marks
26 (7 marks)
(@ (x—1)(x+5=x>+4x—-5=m—5 M1 A1
(X +1)(x + 3) =x?+4x + 3=m + 3, so the equation is(m — 5)(m+ 3) = 9 Al
Answer: Shown 3 marks
(b)m?>—2m—15=9,som*—2m—24=0and(m — 6)(M+4) =0 M1
m=6:x>+4x —6=0,50x=—2%+10 A1A1
m=—4x>+4x+4=0,s0Xx = —2 Al
Answer: x = =2, x = =2 + /10 4 marks
27 (8 marks)
(@) f'(x)=3x?—3=0,s0x=1orx=—1 M1 AL
f)=k—2 Al
f(-=D)=k+2 Al
Answer: x=x1;,y=k —2and k + 2 4 marks
(b) The curve is a positive cubic: local maximum at x = —1 and local minimum at x = 1 B1
Three distinct roots need the maximum above the axis and the minimum below it M1
k+2>0andk —2<0 Al
—2<k<?2 Al
Answer: Shown 4 marks
28 (8 marks)
(@ (P+2x — 12 =x*+4C+ 42— 2x2 —4x + 1 M1 A1
=xA+ A+ 2x2 —Ax+ 1 Al
Answer: Shown 3 marks
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(b) (x*+2x —1)°=0,50x*+2x —1=0 M1
_ —2% 3[4 +4

= 5 Al
Xx=—1+42 Al
Answer: x = —1++2 3 marks
(c) The quartic is a perfect square, so each root occurs twice El
The graph touches the x-axis at each root and never goes below it El
Answer: Graph touches the axis twice, lies above it 2 marks

29 (8 marks)
(@) x = 0isnot aroot, so divide by x*: 6x> — 35x + 62 — % + % =0 M1
6(x2+x—12)—35(x+§)+62=o AL
X% + iz =t?=2 M1

X
6(t>—2) — 35t +62=0,506t> — 35t +50=0 Al
Answer: Shown 4 marks
(b) (2t = 5)(3t —10)=0 M1
(=5 o= 10
=sort=3 Al
1_5 . 2 _ _ _1

x+;—§glve32x —5x+2—0,sox—20rx—§ Al
x+%=%ogiv&63x2—10x+3=0,sox=3orx=% Al
Answer: X = 2, % 3, % 4 marks

30 (9 marks)
(a) Touching meansf(2) =0andf'(2) =0 El
f2)=8+4a+2b—4=0,s02a+b=-2 M1 Al
f(x)=3x*+2ax+b,s012+4a+b=0 M1
Subtracting: 2a= —10,soa=—5andb=8 Al
Answer: a=-5b=8 5 marks
(b) x> —5x>+8x —4=(x — 2)(x* — 3x +2) M1 AL
=(x—2%x—1) Al
Touches the axis at x = 2, crosses at x = 1, meets the y-axis at (0, —4) B1
Answer: (x — 2)%(x — 1); see sketch 4 marks

g

S
0 1 2
-4
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Linear and Quadratic Inequalities

1 (2 marks)
3x>15 M1
X>5 Al
Answer: x >5 2 marks
2 (2 marks)
—-2X<6 M1
Dividing by —2 reverses the inequality: x = —3 Al
Answer: x = =3 2 marks
3 (2 marks)
(x = 3)(x + 3) <0, the graph is below the axis between the roots M1
—-3<x<3 Al
Answer: —3<x<3 2 marks
4 (3 marks)
Xx—=2)(x—=3)=0,roots2 and 3 M1
Positive parabola: above the axis outside the roots M1
XxX<s2o0orx=3 Al
Answer: x =2or x =3 3 marks
5 (2 marks)
2X+6<x+10 M1
X<4 Al
Answer: x <4 2 marks
6 (3 marks)
Subtract 1 from each part: —4 <2x < 8 M1
Divideby 2. —2<x =4 A1 A1
Answer: —2<x =4 3 marks
7 (3 marks)
x+5x—-3)<0 M1
Roots —5 and 3, below the axis between them Al
—5<x<3 Al
Answer: =5<x<3 3 marks
8 (4 marks)
2x+3)(x—2)>0 M1 Al
Roots —% and 2; positive parabola M1
X < —% orx>2 Al
AnSNer:x<—% or x>2 4 marks
9 (3 marks)
2Xx+1>9¢givesx >4 B1
33X —4<17givesx <7 B1
Both: 4<x <7 B1
Answer: 4<x<7 3 marks
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10 (4 marks)
x?—4x=0,50x(x—4) =0 M1 AL
Roots 0 and 4; positive parabola M1
x<=0orx=4 Al
Answer: x=0orx=4 4 marks
11 (4 marks)
x?—3x—10<0 M1
x—=5x+2)<0 Al
Roots 5 and —2, below the axis between them M1
—2<x<5 Al
Answer: —2<x<5 4 marks
12 (3 marks)
(a) The curve is below the x-axis between x = —1 and x = 3 B1
Answer: —1<x<3 1 mark
(b) The curveis on or above the x-axis outside the roots M1
XxX<-lorx=3 Al
Answer: x = —=lorx=3 2 marks
13 (4 marks)
n2—10n+13=Ogivesn=m%@=512\/§ M1 A1
5— 23 <n<5+23,that is1.54 < n < 8.46 (to 3 sf.) Al
n=2 34,5, 6,7, 8, sothere are 7 integers Al
Answer: 7 4 marks
14 (5 marks)
X2 —x—6<0:(x—3)(x+2)<0,s0-2<x<3 M1 AL
2X+1>3:x>1 B1
Both inequalities hold when M1
1<x<3 Al
Answer: 1<x<3 5 marks
15 (5 marks)
The graph must not touch or cross the axis, so b> — 4ac < 0 M1
4k? — 4(k +6) <0 Al
k®—k—6<0,s0(k—3)(kk+2)<0 M1 AL
—2<k<3 Al
Answer: —2<k <3 5 marks
16 (5 marks)
The cubic hasrootsx = —3, 0 and 2 B1
Sketch: positive cubic, below the axisfor x < —3 andfor 0 <x < 2 M1 A1l
It is above the axis between —3 and 0, and for x > 2 M1
—3<x<0orx>2 Al
Answer: —3<x<0or x>2 5 marks
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v
3 0] 2
17 (5 marks)
X +3>x% — 3x M1
x?—4x —3<0 Al
Roots:x:ﬁ@:?_r\ﬁ M1 A1
2—\T<x<2+47 Al
Answer: 2 =7 <x<2+47 5 marks
18 (6 marks)
Area: X(X + 5) < 84,50 x? + 5x — 84 <0 M1 Al
(x+12)(x — 7)<0,80 =12 <x < 7; withx > 0thisgives0<x <7 M1 Al
Perimeter: 2x + 2(x +5) = 26, s04x = 16 and x = 4 M1
4=x<7 Al
Answer: 4 = x<7 6 marks
19 (5 marks)
3X
t2 2=<0 M1
AX—2x+2) _x—4
X+ 2 T x+2 =0 Al
The critical values are x = —2 (excluded, since the fraction is undefined) and x = 4 M1
The fraction is negative for —2<x <4 Al
andzeroat x =4,s0 —2<x <4 Al
Answer: —2<x =4 5 marks
20 (4 marks)
x2—4x+1:09ivesx:$:2*_m/§ M1 A1
The graph is on or below the axis between the roots M1
2—3=x=2+3 Al
AnsNer:Z—\/§sx52+\/§ 4 marks
21 (6 marks)
2~ Tx+3= (X~ )(x— 3 < 0,905 <x=3 M1 AL
X2 =x—2=(x—2)(x+1)>0,s0x<—1lorx>2 M1 Al
Intersection of the two sets M1
2<x=3 Al
Answer: 2<x =3 6 marks
22 (7 marks)
(@x?—4=x—2,0x>—x—2=0 M1
x—2(x+1)=0 Al
(2,0) and (—1, —3) Al
Answer: (2, 0) and (=1, =3) 3 marks
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(b) Integer x from —1to 2 M1
XxX==1y==-3x=0y=-4 -3 -2 Al
x=1ly=-3-2,-1x=22y=0 Al
8 pointsin total Al
Answer: (=1, =3), (0, —4), (0, =3), (0, =2), (1, =3), (1, =2), (1, =1), (2, 0) 4 marks
23 (5 marks)
(a) x may be negative or zero, and dividing by a negative number reverses the inequality El
Dividing loses the solutions with x < 0 El
Answer: Dividing by x can reverse the inequality and loses solutions 2 marks
(b) x(x — 4) >0 M1
x<Qorx>4 Al
For example x = —1: 1 > —4, true, but —1 is not greater than 4 B1
Answer: x<0or x> 4 3 marks
24 (6 marks)
(a) & + b® — 2ab = (a — b)? M1
A square is never negative, so a2 + b? = 2ab E1
Answer: Shown 2 marks
(b) Takea=xandb =~ |n(a)x+i2>2><x><§ M1 Al
=4 Al
Equalitywhena:b:x—— ox?=2,x =42 AL
Answer: Shown; x = +2 4 marks
25 (6 marks)
x2+2x=kx —5,50x*+(2—Kx+5=0 M1 AL
Two distinct points: (2 — k)2 — 20> 0 M1
k?—4k —16>0 Al
k = 4+— M =2+ 2\/_ M1
k<2—2\/§ork>2+2\/_ Al
Answer: k<2 —2(50r k >2+2/5 6 marks
26 (6 marks)
Lety=x%y?—5y+4<0,s0(y — 1)(y —4) <0 M1 Al
1<y<4,s01<x?<4 Al
x?<4gives—2<x<2 M1
x?>1givesx<—1lorx>1 M1
—2<x<-=lorl<x<2 Al
Answer: —2<x<-=1or 1<x<2 6 marks
27 (7 marks)
f(8) =27 —27—12+12=0, s0 (x — 3) isafactor M1 Al
X3 =32 —4x+12=(x —3)(X* —4) = (x — (X — 2)(x + 2) M1 AL
Roots —2, 2, 3; positive cubic B1
The graph is above the axis between —2 and 2 and for x > 3 M1
—2=x=<2o0x=3 Al
Answer: —2=x=s2o0orx=3 7 marks
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28 (8 marks)
Multiply by (x — 2)?, which is positive for x # 2
X(x — 2) > 3(x — 2)2
X=2[x—=3x—2]>0
x—2)(6—2x)>0,s0(x —2)(x —3) <0
Negative parabolareversed: 2 <x < 3

—or 25 _
Check x =2.5: 52 =5>3[]

2<x<3
Answer: 2<x<3

29 (9 marks)
(a) The inequality isequivalent to 1 + «/7 > «/1_0; both sides are positive, so square them
(1+47)% =8+ 27, sowe need 8 + 2(7 > 10, that isy7 > 1
Thisistrue, so 3 +47 > 2+ 10
Answer: Shown

(b) (fa+yb)?=a+b+2yad

(fa — yb)? = O givesa+b = 2/ab

So (Ja ++4b)? < 2(a+b)

Both sides are positive, so taking square roots gives the result
Answer: Shown

(c) Takea=5andb=11: 2(a+ b) = 32

5 + 11 < 32 = 42

Answer: Shown

30 (9 marks)
(@) (a— b)?>+ (b — )2+ (c — @)% = 2a® + 2b® + 2¢®> — 2ab — 2bc — 2ca
Halving gives the left-hand side
Answer: Shown
(b) Each squarein (a) is = 0, so the right-hand sideis = 0
Rearranging gives the result
Answer: Proved
(c) Equality whena=b=c
(a+b+c)?=a’+b?+c*+2(ab + bc + ca) = 3(ab + bc + ca)
36 = 3(@+bc+ca),soab+bc+ca< 12
Answer: Equalityata=b=c;ab+bc+ca=12

Modulus Equations and Inequalities

1 (2 marks)
|3—8/=[-5/=5
5+2=7
Answer: 7

2 (2 marks)
X—3=50x—3=-5
Xx=8orx=-2
Answer: x=8,x=-=2

3 (3 marks)
2X+1=70r2x+1=—-7
Xx=3
Xx=-4
Answer: x=3,x=-4

stemup.co.uk | page 23

M1
Al
M1
M1 Al
Al

B1

Al
8 marks

M1
M1
Al
3 marks
B1
M1
Al
Al
4 marks
M1
Al
2 marks

M1 A1AL
Al

4 marks
M1

E1l

2 marks
B1

M1

Al

3 marks

M1
Al
2 marks

M1
Al
2 marks

M1
Al
Al
3 marks



StemUp | A Level Mathematics | Pure Mathematics: Equations and Inequalities | Model Answers

4 (2 marks)
The distance of x from O is |less than 4 M1
—4<x<4 Al
Answer: —4<x<4 2 marks

5 (3 marks)
—3<x—2<3 M1
Add2: —1<x<5 A1AL
Answer: —1<x<5 3 marks

6 (3 marks)
X+1l=2ox+1=<-2 M1
x=1 Al
Xx<-3 Al
Answer: x = =3orx=1 3 marks

7 (3 marks)
The graph of y = x — 2 with the part below the x-axis reflected in the axis M1
V-shape with vertex at (2, 0) Al
y-intercept: x =0 givesy = 2, s0 (0, 2) Al
Answer: See sketch 3 marks

¥
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3
O 2

8 (3 marks)
—8<3x —4<8 M1
—4<3x<12 Al

4

-3 <x<4 Al
Answer: —%<X<4 3 marks

9 (3 marks)
2X—5>30r2x —5< -3 M1
X>4 Al
x<1 Al
Answer: x<lor x>4 3 marks

10 (4 marks)
X+3=2x—1lorx+3=—(2x—1) M1
First: x =4 Al
Second: X +3=—-2x+1,s03x=—-2 M1
2

X=-3 Al

2
Answer: x =4, x = — 4 marks

3
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11 (4 marks)
x?—4=50rx>—4=-5
x>=9, s0x=+3

x? = —1 has no real solutions

Answer: X = +3

12 (4 marks)
Casex=0:x=2x—3,s0x=3
Casex <0: —x =2x — 3, s0 x = 1, which is not less than 0, so rejected
x=3
Answer: x =3

13 (5 marks)
3

The critical valuesarex =0 and x = >

xz%:X:ZX—3—3,sox:6,whichisvalid

0=x<3:x=(3~2X) — 3= —2x 90X = 0, which s valid

X<0:—=x=(3—2x) — 3=—2xgivesx =0, which is not less than 0, so there is no new solution
Check: x=0:0=3—-—3andx=6:6=9—3.Sox=00rx=6

Answer: x=0,x=6

14 (5 marks)
2X+3=x+6gvesx=3
2X+3=—(X+6)gives3x=—9,s0x =—3
Check both: [9]=9[], |[-3|=3=-=3+6[]
Answer: x=3,x=-=3

15 (5 marks)
x?—5x=6:(x—6)(x+1)=0,s0x=60rx=—1
x?=5x=—=6:(x—2)(x —3) =0
x=-=1,230r6
Answer: x=-1,2,3,6

16 (5 marks)
Both sides are non-negative, so square: (3x — 1)2 < (x + 5)?
Ox? — 6x + 1< x?+10x + 25
8x? — 16x — 24<0,50%x*> — 2x — 3<0
x=3)(x+1)<0
—-1<x<3
Answer: —1<x<3

17 (5 marks)
Ontheright-hand branchy =2x — 3: 2x = 3=x+1
x=4
Onthe left-hand branchy = —(2x — 3): =2x +3=x+1
_ _ 2
3X=2,s0x= 3
Both lie on the correct branches (x > % and x < %)

AnsNer:x=%andx=4
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18 (6 marks)
—5<x?—4x<5 M1
x? —4x <5 (x —5)(x+1)<0,s0-1<x<5 M1 Al
x? —4x>—5:x* — 4x +5=(x — 2)?+ 1> Oistruefor all x M1 A1
—1<x<5 Al
Answer: —1<x<5 6 marks

19 (4 marks)
(@ -8=m-—500<8 M1
492 = m < 508 Al
Answer: 492 = m = 508 2 marks
(b) The midpoint isa= 16 B1
The half-widthisb =4, so |x — 16| < 4 B1
Answer: [x — 16| < 4 2 marks

20 (6 marks)
Critical valuesx = —2 and x = 1 split the line into three regions B1
Xzl X—1D)+XxX+2)=2x+1=5s0x=2[] M1 Al
—2=x<1(1—-x)+(x+2)=3=5,nosolution M1 Al
X<=22(1—X)—(x+2)=—2x—1=5s0x=-3[] Al
Answer: x=2o0or x= -3 6 marks

21 (7 marks)

X2 —x —6=(x — 3)(x + 2): roots —2 and 3, y-intercept —6 B1
Reflect the part below the axis: the graph meets the axes at (—2, 0), (3, 0), (O, 6) M1 Al
X>—X—6=6:x>—x—12=0,s0x=4o0rx=-3 M1 A1
X! —=x—6=—6:x(x—1)=0,s0x=00rx=1 M1
x=-3014 Al
Answer: x=-=3,0,1,4 7 marks
y==6
=2 0 3
22 (6 marks)
@x<—4fx)=—(x+4) —(2—-—x)=—6 M1 Al
—4=Xx<2fX)=x+4) —2—=—X)=22X+2x=22fX)=(x+4) —(Xx—2)=6 Al
Answer: —6,2x + 2, 6 3 marks
(b) x < —4: —6>2isfase B1
—4=X<2:2X+2>2,00<x<2;x=2:6>2isawaystrue M1
Combining: x >0 Al
Answer: x>0 3 marks
23 (8 marks)
(a) [2x — 5] s least (0) when x = 5 M1
Vertex (%, -3) Al
Range: f(x) = —3 Al
Answer: (g, =3); f(x) = =3 3 marks
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(b) |2x — 5|=3,s02x — 5=43 M1
x=4orx=1 Al
Answer: x=1,x=4 2 marks
(©|2x — 5|<5 M1
—5<2x—-5<5 Al
0<x<5 Al
Answer: 0<x<5 3 marks
24 (5 marks)
(a) The student ignored the lower bound: the inequality means —5<2x — 1<5 E1l
—4<2X<6 M1
—2<x<3 Al
Answer: —2<x<3 3 marks
(b) x| is never negative, so |x| = —3 isimpossible El
There are no solutions B1
Answer: No solutions 2 marks
25 (5 marks)
x? =[x, s0 x| — 5jx| +6=0 M1
Letu=x:u—2)(u—3)=0 M1 A1
X|=2orx|=3 Al
X=%20rx==3 Al
Answer: X = 2, +3 5 marks
26 (7 marks)
(a) The graph never goes below y = 0: no solutions B1
(b) The liney = 0 meets the graph at x = £2: 2 solutions B1
(c) The line cuts both branches of the W: 4 solutions B1B1
(d) Theliney = k passes through the local maximum (0, 4): 3 solutions B1
(e) Only the two outer branches are above y = 4: 2 solutions B1B1
Answer: (a) 0(b) 2(c) 4 (d) 3(e) 2 7 marks

A

\

4

A2
\/

3
0]
27 (8 marks)
Critical valuesx = —1and x =3 B1
X=3 (X+D)+(x—3)=2x—2<8,s0x<5 M1 Al
S03=x<5 Al
—1=x<3:(x+1)+(3—x)=4<8, dwaystrue M1 Al
X<—=L-—-x+1)+@B—-Xx)=2—2x<8,s0x>—-3 M1
—3<x<5 Al
Answer: —3<x<5 8 marks
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28 (6 marks)
Since|x—3|20,weneed2x—1>0,sox>% B1
—(2xX—1)<x—3<2x—-1 M1
X —3<2x — lgivesx > —2 Al
x—3>—2x+1giv&s3x>4,sox>% M1 A1l
Combining al conditions: x > % Al
Answer: x > % 6 marks

29 (8 marks)
(a) |cJ* = ¢* for any red ¢, o |a+ b|* = (a+ b)? B1
ab is either |ab] or -|ab), so ab < |ab] = [a]|b]| B1
Answer: Shown 2 marks
(b) [a+ b]? = & + 2ab + b? < a° + 2Ja||b| + b? M1 AL
= (e + |p))? Al
Both sides are non-negative, so taking square roots gives the result E1l
Answer: Proved 4 marks
(cLeta=x—1andb=4—-x,s0a+b=3 M1
3=latb=sla+pj=x—21+4—=X|=x—1+|x =4 Al
Answer: Shown 2 marks

30 (9 marks)
@ D=|xl+x—4+[x— 10| B1
Answer: D = |x| + [x — 4| + [x = 10] 1 mark
(b) For4 = x<10: D=x+ (X — 4) + (10 — x) M1
=X+6 Al
For 0 = x<4,D =14 — x, which decreasesto 10at x =4 M1
Least value 10, a x = 4 (the house in the middie) Al
Answer: D=x+6;leastD=10at x =4 4 marks
(c)x=10:D=3x—14=<16,s0x =10 M1 Al
0=x<10:D=14—xorx+6,both = 16for0 = x =10 M1
x<0:D=14—3x516,sox2—%.Overall—%sxslo Al
Answer: —% =x=10 4 marks
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