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Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 1

Question:

Factorise completely
(@) 23 - 132 - 7x
(b) % - 16

(c)x*+ 7x2 -8

Solution:

(a)

23 - 13¢ - x
=x(2¢-1%~-7)
=X (2 +x-14-7)

=x[x(2x+1) - 7(Xx+1) ]
=x(2x+1) (x-7)

ox% - 16
= (3x) 2-4#
= (3+4) (X-4)

(c)

X+ 7% -8

=y2+7y-8

:y2—y+8y—8

=y(y-1) +8(y-1)

(y-1) (y+8)

= (X*-1) (¥*+8)

= (x+1) (x-1)

(x2+8) squares,
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X is a common factor
So takex outside the bracket.

For the quadraticac = - 14 and
1-14= -13=b
Factorise

This is a difference of two
squares (3x) 2 and £
Usex? -y = (x+Yy) (x-y)

Lety= X2

ac= —-8and -1+8=+7b
Factorise

Replacey by x2
x2 - 1 is a difference of two

sousex?—y?= (x+y) (x-Y)
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Algebraic fractions
Exercise A, Question 2

Question:

Find the value of

(a) 81%

(b) 814

3

(c) 814 .
Solution:
(a)

1 1
811/2 Useam ="™a soaz=\a

=81

=9

(b)
81

»lw

aw=m(a") or (Wa) "

= (4 It is easier to find the fourth root,
(81) 3  then cube this

4
_ a3
=3 (81 = 3 because 3 x3x3x3=81
=27
(©)
3 1 _ 1
81~ 4 T gp3/4 Usea™ M= am

1

> Use the answer from part (b)
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Algebraic fractions
Exercise A, Question 3

Question:

1
(a) Write down the value of 8 .

2
3

(b) Find the value of 8

Solution:

(a)

1 1 1
83 Useam=m\|3, soa3=3\|3
- 3\g

= 3[8 =2 because 2x2x2=8
(b)

g-

2 n
2 = (3 First find 83 aF="'\I (a") or
83 8)2
(™a) "

:22 =4
8~ 1 1
2 = 2 Usea™ M= —
3 83 a

_ 1

T4
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Exercise A, Question 4

Question:

4
(a) Find the value of 125 .

4
3

(b) Simplify 24¢ + 18x
Solution:
(@

4 n

1253 am=m(a") or (Ma)"

= (3\| 125) 4 It is easier to find the cube root,
then the fourth power

=4 3125 = 5 because 5 x5 x 5 = 125
=625
()
24x2 + 18x
4
3
24x2 452
= 4 = 4
18 X by 6
= 4x 3

UsedM+a"=gm" "

$)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\cl revl a 4.l

Pagel of 1

Divide

3/10/201:



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 5

Question:
(a) Express IWSO in the forra\|_5 , Wherea is an integer.

(b) Expres (4 —\|_5) 2 in the form b + c\|€, where b anc c are integer:

Solution:

@)

(80 =16 x |5 Use [ (ab) =Valb

=45 (a=4)

(b)

(4-\5) 2 = (4-y5) (4-[5)
=4(4-Y5) -[5(4-)5) Multiply the brackets.
=16-4[5-45+5 (5x{5=5
=21-8[5

(b=21 andc= -8)
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Algebraic fractions
Exercise A, Question 6

Question:
(a) Expand and simplify (4413) (4 F\13).

26
(b) Express 7 3 in the forma + b\|§ , wherea and b are integers.

Solution:

(@)
(4+Y3) (4-13)

=4(4-13) +[{3(4-]\3) Multiply the brackets.
=16-4[{3+43-3 (3x{3=3
=13
(b)
26 4-\3 To
X . . . .
4+\3~ 4-Y3 rationalise the denominator, multiply
top anc
bottom by 4 —|\_3
26 (4-13)
(4+Y3) (4-{3)
_26(4-13) Use the
B 13 answer from part (a)
=8-2(3

(a=8 andb= -2)
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Algebraic fractions
Exercise A, Question 7

Question:
(a) Express WS in the forra\|§ , Wherea is an integer.

(b) Expres (2 —\|_3) 2 in the form b + c\|§, where b anc c¢ are integers to be four

Solution:

(@)

108 =36 x {3 Use [ (ab) =Yalb

=6{3 (a=6)

(b)

(2-V3)2 = (2-y3) (2-[3)
=2(2-Y3) -{3(2-]3) Multiply the brackets
=4-2{3-2[3+3 [3x{3=3
=7-4y3

(b=7 andc= -4)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\cl revl a 7.l 3/10/201.



Heinemann Solutionbank: Core Maths 1 Pagel of 1

Solutionbank C1

Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 8

Question:
(a) Express ( ﬁ? ¥ in the form a\|_7 , wherea is an integer.

(b) Express (8 +|T7 ) (3- E 7) inthe forfo + c\|_7 , whereb and c are integers.

6+2{7 :
(c) Express 5 7 in the fornd + e\|_7 , whered and e are integers.

Solution:

(@)

(2(7)3 =2{7x2[7x A7 Multiply the 2s.
=8 (Y7 x{7x[7)
=8(7(7) V7 x{7=7

=56{7 (a=56)

(b)
(8+Y7) (3-2f7)

=8(3-2[7) +}7(3-4\7) (7 x2{7=2x7
=24-16f7+37-14
=10-13} 7

(b=10 andc= -13)

(©)
6+2{7 . 3t {7 To rationalise the
3-\7 3+\7 denominator, multiply

top and bottom

by 3+\7
(6+2{7) (3+}7)
(3-Y7) (3+{7)
_ 6(3+Y7) +2j7(3+\7)
o 3(3+Y7) -f7(3+}7)
_18+6f7+6l7+14
9+3[7-3[7-7
= 3“712‘_7:16+6F7 Divide by 2

(d=16 ande=6)
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Algebraic fractions
Exercise A, Question 9

Question:

Solve the equations
(@x2-x-72=0
(b) 2¢+ 7x=0

(€)1Cx2+9x-9=0

Solution:
(@
X2 = x =72 =0
(x+8) (x-9) =0
} ol Although

x+8=0,x-9=04 equation could be solved using the

o B quadratic
Xx= -8,x=9 formula or ‘completing

square’, factorisation is quicker.

(b)

2 =
X(2x+7) =0

) B Don't
x=0,X%+7= Oforget thex = 0 solution.

7

x=0,x= - 2
(b)

2 =
X(2x+7) =0

) _ Don't
x=0,X%+7= Oforget thex = 0 solution.

7
x=0,x= - 2
(c)
10x2 + 9x — 9 =0
(2x+3) (5x=3) =0 Factorise

2X+3=0,%-3=0
3
2l

o lw

X= - X =
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Algebraic fractions
Exercise A, Question 10

Question:

Solve the equations, giving your answers to 3 figanit figures
(@)x2+1x+17=0

(b) 2?-5x-1=0

) (2x-3) 2=7

Solution:

(@)
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X +1X+17=0

_ —b+\ (b?-4ac)

X =
2a

quadratic will not factorise.

a=1,b=10,c=17
X

the formula first.

at least 4 sig. figs.

X= —-217 x= -7.83
Alternative method:

X2 + 10x + 17

X2 + 10x
(x+5)2-25
(x+5) 2

(x+5) 2
X+5

X
x= -5+{8,x= -5-\8

Xx= -217 x= - 7.83

(b)

Since the question requires
answers to

3 significant figures, you know
that the

_ 10+ W Use the quadratic formula, quoting

-10+Y32
2

- 10 +5.656 ...

=— Intermediate working should be to

- 10+5.656 ...
=,
~ 10 - 5.656 ...

2

Divide by 2, and round to 3 sig.

figs.

=0

- _17 Subtract 17 to get LHS in the
a required form.

= -17 Complete the square for® + 10x
= -17+25 Add 25 to both sides

= +\8 Square root both sides.

= -5+\8 Subtract 5 from both sides.
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22 -Bx-1=0
X = ~b+\ (b?-4ac)
2a

a=2,b=-5,c=-1

_ 5\ (-5)2-(4x2x -1) Use the

X = . .
4 guadratic formula, quoting
the

formula first.

_ 5+\[(25+8) _ 5+\33

- 4 't

_ 5+5744.. 5-5744 ..

- 4 ' 4

_ _ Divide by 4, anc
X=269 ,x= -0.186 round to 3 sig. figs.
(©)
(2x-3) 2 =7
_ _ The quickest
23 = =\7 method is to take the
square root
of both sides.
_ Add 3 to botl
2 =3:\7 sides.
_3+y7 _

X T %T Divide both
3-\7 sides by 2

x=2.82,x=0.177
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Algebraic fractions
Exercise A, Question 11

Question:

x2—8x—-29= (x+a) 2+b,
wherea andb are constants.

(a) Find the value d and the value db.
(b) Hence, or otherwise, show that the roots of

X2 -8-29=0
arec d\|§ , Wherec andd are integers to be fout

Solution:
(a)
Complete the square
2 — _ 2 _
X< — 8x = (x=4) 716 ¢ 2 _ gy
> o = (x-4)
X5 —8x—29 2_16-29
= (x-4)2-45
(a= -4 andb= -45)
(b)
X2 - 8x — 29 =0
Use
- 2 _ =
(x-4)“-45 0 the result from part (a)
(x-4)?2 =45
- Take
x=4 = +\45 the square root of both sides.

X =4+ {45

45=Y9x[5=3 Use | (ab)
5 e

Roots are 4 + §\ 5

(c=4 andd=3)
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Algebraic fractions
Exercise A, Question 12

Question:

Given that
f(x) =x2-6x+18, x>0,

(a) express K) in the form (x—a) 2+ b, wherea andb are integers.

The curveC with equatiory = f ( x) , x>0, meets thg-axis atP and has a minimum point &
(b) Sketch the graph @&, showing the coordinates BfandQ.

The liney = 41 meet< at the poinR.

(c) Find thex-coordinate oR, giving your answer in the forp + q\|_2 , Wherep andq are integer:

Solution:
(@)
F(x) =x2 - 6x+ 18
2 — Bx = (x-3) 2_g o 2 6 Complete the square
X2 - 6x + 18 2 (9X+_1?3)
= (x-3)2+9

(a=3 andb=9)

(b)

y= x2 - 6x + 18

y= (x=3)2+9

Squaring a number cannot give a negative

(x-3) 220 result
The minimum value of k- 3) 2 is zero,

whenx=3.

So the minimum value o is 0 +9=9 ,

whenx=3.

Q is the point (3, 9)

The curve crosses thgaxis wherex =0 .
For x=0,y=18

P is the point (0, 18)

IU Fory:ax2+bx+|c, if
=2 _ i
The graph off = x“ - 6x + 18 is a shape. a>0, the shape U

file://C:\Users\Buba\kaz\ouba\cl revl a 12.| 3/10/201:
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FH

Use the information about P and
Q to sketch the curve

x>0, sothe part wherg<0

is not needed.

Y

(©)
y = (x-3)2+9
Puty =41 into
_ _ 2
41 = (x=3)“+9 the equation of C.
Subtract 9 from
_ _ 2
32 = (x-3) both sides.
(x-3) 2 =32
s _ . \|3_2 Take the square

root of both sides.

X =3+\32
32 =16 x{2 =42 VAl Use | (ab)

X =3 4‘{_2
x-coordinate
of Ris 3+4
\2

The other
value 3 - 4|\_2 is less than O,

So not
needed

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 13

Question:

Given that the equatickx? + 12x + k = 0, wherek is a positive constant, has equal roots, findvtilae ofk.

Solution:

Kx2 + 12X+ K =0

a=K. b=12 .c=K Write down the

values ofa, b and c

For equal rootsp? = 4ac for the quadratic
(or b>-4ac=0) equation.
122 =4 xK x K
4K? =144
K2 =36
K =+6
So K =6 The question says

that K is a positive constant.

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 14

Question:

Given that
X2+ 1k +36= (x+a) 2+b,
wherea andb are constants,

(a) find the value o& and the value db.
(b) Hence show that the equatiod+ 10x + 36 = 0 has no real roots.

The equationx? + 10x + k = 0 has equal roots.

(c) Find the value dk.

(d) For this value ok, sketch the graph gf= x2 + 10x + k, showing the coordinates of any points at whighgraph
meets the coordinate ax

Solution:

€Y
X2 + 10x + 36
X2 + 10x = (x+5)2-25 Complete the square fof + 10x
X2 +10x+36 = (x+5)2-25+36
= (x+5)2+11
a=5andb=11

(b)
X2 + 10x + 36 =

(x+5) 2+ 11 -0 Hence’ implies that part (a) must be

(x+5) 2 = -1

A real number squared
cannot

be negative,. no real roots

(c)

X2+ 10x+ K =0
a=1,b=10,c=K
For equal rootsp? = 4ac

102 =4 x 1 xK
4K =100
K =25

(d)

file://C:\Users\Buba\kaz\ouba\cl revl a 14.| 3/10/201.
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U Fory:ax2+bx+c, if
The graph ofy = X2+ 10x + 25 is a shapeé1

>0, the shape

x=0: y=0+0+25=25

. Putx=0 to
Meetsy-axisat (0,25) g intersections with the
y_
y=0: x2+10x+25 =0 axis, andy = 0 to find
intersections
_ with
(x+5) (x+5) =0 the x-axis.
X = -5
Meets x-axis at
(-5,0)
a y
- 30
(0, 25) /
- 20
The graph meets the-axis at just
one point, so it ‘touches’ thg-axis
.10
(-5, 0)

S —

-2 -10 -8 6 4 =2 X

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 15

Question:
X2+ 2x+3= (x+a) 2+b.
(a) Find the values of the constaatandb.
(b) Sketch the graph gf= x2 + 2x + 3, indicating clearly the coordinates of any iat&tions with the coordinate axes.

(c) Find the value of the discriminantx#+ 2x + 3.
Explain how the sign of the discriminant relategdar sketch in part (b).

The equationx? + kx + 3 =0, wherek is a constant, has no real roots.

(d) Find the set of possible valuesk, giving your answer in surd for

Solution:
(a)
X2+ 2X + 3
Complete the square

2 - 2 _
XT+ 2 = (X1 =1 o w24 ox
2 = (x+1)
X“+2x+ 3 2_1+3

= (x+1)2+2
a=1andb=2
(b)

IU Fory:ax2+bx+cl,

The graph of = x2 + 2x + 3is a shape

if a>0, the shape

x=0: y=0+0+3
Put x=0 to find

Meets y-axisat (0, 3) intersections with they-axis,

andy =0 to find

-0 2 =

y=0: Xx°+2x+3 =0 intersections with thex-axis.
(x+1)2+2 =0

(x+1) 2 = -2

A real number squared cannot
be negative,.

no real roots, so no intersecti
with x-axis.
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-1tk
=21
(c)
X2+ 2x + 3
a=1l,b=2,c=3
b2 - 4ac =22 _4x1x3
= -8

Since the discriminant is negative
(b2-4ac<0) ,x2+2+3=0

has no real roots, so the graph
9raph - eal roots: b2 < 4ac

does not cross thg-axis.

(d)

X2+ ke+3=0
a=1,b=k,c=3

For no real rootsp? < 4ac
K2< 12

K2-12<0

(K+\J12) (k-\12) <0

file://C:\Users\Buba\kaz\ouba\cl revl a 15.|

Page2 of 3

The minimum value of K+ 1) 2 s
zero, whenx= -1, sothe

minimum point on the graph is at
x= -1

The
discriminant isb? - 4ac

No

This is a quadratic inequality with

critical values —|_12 and| \ 12
F 3

\ | /.,

SONPZCE
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Critical values:

K=-\12 ,K =\12
-V12 <k <\12
(12=1ax{3= 47

( -2{3<K<2(3
[ (ab) =Yalb

The surds can be simplified using

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 16

Question:

Solve the simultaneous equations

Xx+y =2
X2 + 2y =12
Solution:
— 2 _y Rearrange
y the linear equation to get= ...
Substitute
2 _ =
X*+2(2-x) 12 into the quadratic equation
X2+ 4 - X =12
X2 —2x+ 4 - 12 =0
X2 - 2x -8 =0
- Solve
(x+2) (x-4) =0 for x using factorisation
X=—-2o0rx=4
X=-2: y=2- Substitute
(-2) =4 the x values back inty = 2 — x

X=4: y=2-4= -2
Solution: x= -2 ,y=4
andx=4,y= -2

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 17

Question:

(a) By eliminatingy from the equations

y =x-4,
show that
X2+ 4x-8=0.

(b) Hence, or otherwise, solve the simultaneousitops

Pagel of 2

y =x-4,
22 -xy =8,
giving your answers in the fora + b\|_3 , Wherea andb are integer:
Solution:
(a)
252 = X -3 Substitutey = x — 4 into the quadratic
(x—4) equation.
222 -x2+4x =8
X2 + 4x — 8 =0

(b)

file://C:\Users\Buba\kaz\ouba\cl revl a 17.|
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Solve the equation found in part
(@). The | 3

in the given answer suggests that
factorisation

will not be possible, so use the

quadratic
formula, or complete the square.
X2+ 4x - 8 =
X2 + 4x = (x+2) 24 Complete the square fo + 4x
(x+2)2-4-8 =
(x+2) 2 =12

X+ 2 = +\12
X -2+\12
12 =

|
N
X
@l
g
ol

Use [ (ab) =Yalb

X = -2+2(3
(a= -2 andb=2)
USingy =x-4,

= (-2x2(3)
y -4

= -6+2(3
Solution: x = -2+2(3
y = -6+2(3

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 18

Question:

Solve the simultaneous equations

2Xx-y-5 =0
XX +xy-2=0
Solution:
— oy _ Rearrange
y=2-=5 the linear
equation to
gety= ...
Substitute
2 _ — =
X“+x(2x=-5) -2 0 into the quadratic equation.
X2 + 262 = Bx = 2 =0
3x2 - 5x - 2 =0
_ Solve
(3x+1) (x-2) =0 for x using factorisation
1
X= - 3 0rx =2
1
X= — —: = - .
3 Substitute
2 _g__ 4 the x values
3 B 3
A g A B — _ back
XxX=2:y=4-5= -1 into y=2x-5
Solution x = -
1 - _ u
30 Y~ 3

andx=2, y= -1

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 19

Question:

Find the set of values affor which
@3(x+1) >5-%,

(b) 2¢-7x+3>0,

(c)bott 3(2x+1) >5-2x anc 2x2— 7x +3>0.

Solution:

(@)
3(2x+1) >5-%
6x+3>5-X%
6X+2x+3>5
8x > 2

1

X> =
4

(b)
2X% - 7x + 3 =0
(2x-1) -0
(x=-3) guadratic equation.

[ %] B
<
=¥

22 - 7x+3>0 where, oart

1
X < > or x>3

(©)

file://C:\Users\Buba\kaz\ouba\cl revl a 19.|

Multiply out
Add 2x to both sides.
Subtract 3 from both sides

Divide both sides by 8

Factorise to solve the

Sketch the graph of
y:ZXZT 7x+ 3. The

shape isu The sketch

does not need to be accurate.

2X% - 7x+3>0 (y>0) for

of the graph above the-axis
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1
-

o X 4
-0 o—-—x{%.xaz
l<x<
4
1
= x>
R 3

(@)

© Pearson Education Ltd 2C
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Page2 of 2

Use a number line. The

two sets of values (from part
and part (b)) overlap for

1 1
- < < - >
2 SX< 3 and x> 3
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Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 20

Question:
Find the set of values affor which
(@x(x-5) <™-x?

(b)yx(3x+7) >20

Solution:

(a)
X(x-5) <7x-x2

x2—5x< 7x — X2

2%2 — 12x < 0
2X(x-6) <0

2xX(x-6) =0
X=0,Xx=6

L'}

= ¥

Dk‘/ﬁ

2x2 — 12x < 0 where
0<x<6

(b)

x(3x+7) >20

3x2 + 7x > 20

32+ 7x-20>0
(3x=-5) (x+4) >0
(3x-5) (x+4) =0

w o

X S, X= -4

file://C:\Users\Buba\kaz\ouba\cl revl a 20.|

Multiply out

Factorise using the common
factor

Solve the quadratic equation
to find the critical values

Sketch the graph
y=2x2 - 12X

2% -1 <0 (y<0)
for the part of the graph below
the x-axis

Multiply out

Factorise
Solve the quadratic equation to

find the critical values
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Sketch the graph
y=23x2+ 7x - 20

-

_4\//2 :

3x% + 7x — 20 > 0 where R+7x-20>0 (y>0)

X< —4 orx> 2 for the part of the graph

above thex-axis.

© Pearson Education Ltd 2C
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Edexcel Modular Mathematics for AS and A-Level

Algebraic fractions
Exercise A, Question 21

Question:

(a) Solve the simultaneous equations
y + 2 =5,
2¢-3x-y =16.

(b) Hence, or otherwise, find the set of valueg fafr which
2x2-3x-16>5-2x.

Solution:
(@)
y=5-x the linear equation
gety= ...
22 -3x- (5- ) =16
2x2 - 3x - 5 + X =16
2x2 - x - 21 =0
(2x=-7) (x+3) =0
1
x-3§ orx= -3
x=3
%. y=5-7= -2 the x-values back into
Xx=-3: y=5+6=11
Solution x = 3
1
2 Y= 72

andx= -3,y=11

(b)
The equations in (a) could be written as

y=5-2 andy=2x% - 3x - 16 .

The solutions to & — 3x - 16 =5 - X

are thex solutions from (a). These are the
critical values for 22 - 3x - 16 > 5 — X.
Critical values

x=3% andx= - 3.
2%2 - 3x—-16>5 - X

(2*-3x-16 -5+ X>0)
2% -x—-21>0

file://C:\Users\Buba\kaz\ouba\cl revl a 21.|

Rearrange
to

Substitute
into the quadratic equation.

Solve
for x using factorisation.

Substitute

y=5-2X
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Vi

Sketch the graph
y=2x-x-21

[X]
| =
=Y

s

1
X< -3 0rx>33 2% -x-21>0 (y>0) forthe

part of the graph above theaxis.

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 22

Question:

The equationx® + kx + (k+3) =0, wherek is a constant, has different real roots.

(a) Show thatk? — 4k — 12 > 0.

(b) Find the set of possible valuesk.

Solution:

(a)

X2 +ka+ (k+3) =0
a=1,b=k,c=k+3
b2 > dac
K2>4(k+3)
k2> 4k + 12

k2 -4k -12 >0

(b)
K2 — 4k — 12 =0

(k+2)
(k=6)
k=-2,k=6
Yi

equation.

=0

—2\ /ﬁ K
[

k2 — 4k — 12 > 0 where
k< -2 ork>6

© Pearson Education Ltd 2C
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of y=k%-4k - 12.

Write downa, b and ¢ for the equation

For different real rootsb2 > 4ac

Factorise to solve the quadre

Sketch the graph

The shape U The sketch does

not need to be accurate

kK2-4k-12>0 (y>0) forthe
part of the graph above theaxis.
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Algebraic fractions
Exercise A, Question 23

Question:

Given that the equatickx? + 3kx + 2 = 0, wherek is a constant, has no real roots, find the spossible values k.

Solution:
ke + 3kx+ 2 =0
_ _ _ Write
a=k,b=3,c= 2down a, b and c for the equation.
b2 < 4ac
3k) 2<4xkx?2 For
(3k) no real roots,b? < 4ac.
ok? < 8k
k% - 8k<0
ok — 8k =0
_ Factorise

k(%K -8) =0 to solve the quadratic equation

8
k=0,k= S

Yi
Sketch the graph of
y= 9k%2 - 8k . The shape is
The sketch does not
- need to be accurate .
0 8 K
9

9k? - 8k < 0 where @2 - 8k< 0 (y<0) forthe part
0<k< % of the graph below thé-axis.

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 24

Question:

The equation (@+5)x2+px+ 1=0, whergis a constant, has different real roots.
(a) Show thap? - 8p - 20> 0

(b) Find the set of possible valuespof

Giventhatp= -3,

(c) find the exact roots ((2p+5) x2+ px+ 1= 0.

Solution:

(@)

(2p+5)X%+px+1=0

a=2p+5,b=p,c=1 Write downa, b and ¢ for the equation.
b2 > 4ac

p?>4(2p+5) For different real rootsp? > 4ac

p2 > 8p + 20

p2-8p-20>0

(b)
p2 - 8p - 20 =0

(p+t2) ~0 Factorise to solve the quadratic
(p-10) ~ ~ equation.

p=-2,p=10
FH

Sketch the graph of

y= p2 — 8p - 20 The shape

- isU . The sketch does
-2 10
\ J ? not need to be accurate

p2—8p—20>0 where p2—8p—20>0 (y>0) forthe part
p< -2 orp>10 of the graph above the-axis

(©)
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Forp= -3
_ Substitutep = - 3 into

(-6+5)x°-3x+1 =0 the equation.

-x2-3x+1 =0 Multiply by -1

The equation does not

2 _ =

X“+3x-1 0 factorise,

_ _ _ SO use the

a=1,b=3,c=-1 quadratics formula.

= ~b+\ (b? - 4ac) Quote the

- 2a formula.

-3+{9+4
X= ————
2
_ 1, Exact roots
X=3 (-3% ‘|T3) are required.
13 cannot be

simplified.
x:%(—3+1T3) orx=
> (-3-113)

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 25

Question:
(a) Factorise completely® — 4x

(b) Sketch the curve with equatigre x3 — 4x, showing the coordinates of the points where theecrosses the
axis.

(c) On a separate diagram, sketch the curve witlatémn
y= (x-1)3-4(x-1)
showing the coordinates of the points where theecarosses thx-axis

Solution:
(a)

X3 — 4x X is a common factor

2 _ . .
=x (X% -4) (x<—4) is adifference of
squares
=x(x+2)
(x=2)

(b)
Curve crossex-axis wherey = 0

x(x+2) (x-2) =0 Put y = 0 and solve forx
x=0,x=-2,x=2
Whenx=0,y=0 Put x = 0 to find where the

curve crosses
the y-axis.
Check what happens tp for

When x — o ,y — o large

Whenx — — o,y — —w positive and negative values
’ of x
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YA
y = % = 4x
2 0 2 x
Crosses at (0, 0)
Crossex-axis at (-2, 0), (2, 0).
()
Compare with the equation from part
y =3 - 4x (b). P aq P
y:(x—1)3—4(x—1) X has been replaced by— 1.
This is a translation of + 1 in thg- , ,
direction. f(x+a) isatranslation of
- a in the x-direction.
Yi
/\ The shape is the same as in part (b).

|

-

[ ]
3

Crosse x-axisa ( -1,0), (212,0), (3,0)

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 26

Question:

_1; L

k\l |
I .| L ____\.!:‘___ R >
AN\, ;
0 % i;//q X

P(3, -2)

The figure shows a sketch of the curve with equatie f ( x). The curve crosses theaxis at the points (2, 0) and (4,
0). The minimum point on the curveR$3, -2).

In separate diagrams, sketch the curve with equatio
(@y=-f(x)
(b)y="f(2x)

On each diagram, give the coordinates of the paintghich the curve crosses thaxis, and the coordinates of the
image ofP under the given transformatir

Solution:

(@)

> 4 - The transformation f( x)
X T .
multiplies the y-coordinates
by - 1. Thisturns the graph

upside-down.
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Crosses thec-axisat (2,0) , (4,0)
Image of P is (3,2)

(b)

f(2x) isastretch of%

in the x-direction. ( Multiply

. . 1
1\/2 X x-coordinates by 5 . )

Crosses thec-axisat (1,0) ,
(2,0)

. 1 y-coordinates are
Image of P is (15, -2) unchanged.

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 27

Question:

\ N

\
\ \(4, 0)
S '| =
O| (1,0) \ X

1
|

|
|

The figure shows a sketch of the curve with equatie f ( x). The curve passes through the points (0, 3) 4nd)(
and touches theaxis at the point (1, 0).

On separate diagrams, sketch the curve with equatio

(@y=f(x+1)

(b)y = 2f (x)
(1)

©y=t | 3x
)

On each diagram, show clearly the coordinatesl dhalpoints where the curve meets the ¢

Solution:

(@)

f(x+1) isatranslation
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s ¥

Meets thex-axisat (0,0) , (3,0)
Meets they-axisat (0,0)

(b)

1 4\ rx

Meets thex-axisat (1,0) ,

(4,0)

unchanged.

Meets they-axisat (0, 6)

(©)
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Page2 of 3

—1 in the x-direction.

2f (x) is a stretch of scale
factor 2 in they-direction
(Multiply y-coordinates by 2)

x-coordinates are

1 .
f( EX) is a stretch of scale

1

factor 1. =2 inthe
( > )

x-direction. (Multiply

x-coordinates by 2)

3/10/201:
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Meets thex-axisat (2,0) ,
(8,0)
Meets they-axisat (0, 3)

© Pearson Education Ltd 2C
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unchanged.

Page3 of 3

y-coordinates are
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Algebraic fractions
Exercise A, Question 28

Question:

1
Given that f(x} =5, X#0,
(a) sketch the graph gf=f ( x) + 3 and state the equations of the asymptotes.
(b) Find the coordinates of the point why =f ( x) + 3 crosses a coordinate a:

Solution:

(@)

L '
You should know the shape
- this curve.
X
1
Y=
Y 'y
_________ Bl e f(x) +3 isatranslation of
\ + 3 in the y-direction.
\ i
W= % +3
y=3 isan
asymptote
x=0 isan The equation of the-axis
asymptote isx=0

(b)
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The graph does not cross get If you usedx =0 you would
the y-axis ( see sketch in y= % + 3 but % is
(a) ) undefined ,
Crosses thec-axis wherey = 0 : or infinite.
=43 =0
X
1 - -3
X

x

1

|

|
~—

|

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 29

Question:

Giventhatf(x) = (X2 -6x) (x-2) + X,

(a) express ) in the formx (ax? + bx + ¢) , wherea, b andc are constants
(b) hence factorisexf completely

(c) sketch the graph v =f (x) , showing the coordinates of each point at whichgttagh meets the a»

Solution:
(a)
Multipl
F(x) = (@ =6x) (x=2) + Xt the bracket Py
=x2(x-2) -&(x-2)
+ 3X
=x3 - 22 - 6x% + 12x + 3x
_ U3 au? X isa
=x° - 8¢ + 15K common factor
=x(x2-8x+15)
(a=1,b=-8,c=15)
(b)
X (X% -8x+15) Factorise the quadratic
f(x) =x(x-3) (x-5)
(©)
Curve meetsx-axis
wherey = 0.
x(x-3) (x=-5) =0 Put y = 0 and solve forx
x=0,x=3,x=5
Whenx=0,y=0 Put x = 0 to find where the curve

crosses they-axis

When x — o , y — o | Check what happens tp for
arge

Whenx — -,y — —w positive and negative values
’ of x.
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Y

¥ =xX-3)x-5)

Meets x-axisat (0,0) , (3,0), (5,0)
Meetsy-axisat (0,0)

© Pearson Education Ltd 2C
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Algebraic fractions
Exercise A, Question 30

Question:
(@) Sketch on the same diagram the graph=ok (x+2) (x-4) and the graph of= 3x — X2, showing the coordinates of the points at which each graggits thex-axis.

(b) Find the exact coordinates of each of the intersectionigofy = x (x +2) (x-4) andy =3x - x2.

Solution:

@)

y=x(x+2) (x-4)

Curve meetsx-axis wherey = 0.
X(x+2) (x-4) =0
x=0,x= -2,x=4
Whenx=0,y=0

Puty = 0 and solve forx .

Put x = 0 to find where the curve
crosses they-axis

Whenx — o,y — o
Whenx— —ow,y— —o Check what happens tp for large

positive and negative values &f.

y=3X-X
m Fory=ax+bx+c,
— 2y -2 ic -
The graph of y = 3x — x* is shape if a<0, the shapel_
Puty=0 and
-_— 2 =
I -x 0 solve for x .
x(3-x) =0
x=0,x=3
_ _ Put x=10 to
Whenx=0,y=0 find where the curve
crosses

the y-axis.

¥ Y= X(x+2)(x - 4)

-2 0 3 4 X
y=3x-x?

y=x(x+2) (x—-4) meetsthe
xaxisat (-2,0),(0,0), (4,0)
y = 3x - X2 meets thex-axis

at (0,0), (3,0)

(b)

X(x+2) (x-4) =3x- X2 To find where the graphs intersect,
X(x+2) (x=-4) =X(3-x) equate the two expressions fpr

to give an equation irx .

(x+2) (x-4) =3-x If you divide by x, remember that
One solution isx = 0 x =0 is a solution.

¥ -2x-8 =3-x

¥ -2x+x-8-3 =0

X2 —x—-11 =0 The equation does not factorise, so

a=1l,b=-1,c= -11

use the quadratic formula.
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- \ 2 _
X = W Quote the formula
X _ 13\ (-1)2- (4x1x -11)
B 2
= MT\JTS Exact values are required, not rounded
\45 =\9{5=3[5 decimals, so leave the answers in surd form.
X = 2 (1+3(5)
X = 2(1+3(5) orx= 5 (1-3(5)
x=0:y=0 The y-coordinates for the intersection
X = % (1+ 31_5 ) points are also needed.
3(1+3[5 2
y = U +2 5 _ u +j1_5) Usey=3x- X2, the simpler equation
(1+3(5)2=(1+3[5) (1+35)
=1(1+3[5) +35(1+3\5)
=1+3[5+35+45 \5x{5=5
=46 +6[5
_ 6(1+3[5) 46 + 6[5 .
y == - T Use a common denominator 4.
_ 6+18[5-46-4\5
- 4
_ —40: 12f5 - _10+ 3r5
1
x = 3 (1-3f5)
- 3@-sls)
- 2
y (1-3(5)2
_ 6(1-35) 46-6[5
y - 4 4 that for
1+3Y5, soneed not be fully
repeated.

_ 6-18[5-46+4\5

\5
Intersection points are

(0,0), (5 (1+35), -10+§5)

these with your sketch, as a rough check.

and (5 (1-45), -10-§5)

© Pearson Education Ltd 2C

_ -40-125 _
— =

4

-10-3

Page2 of 2

The working will be similar to

Finally, write down the coordinates of all the

points you have found. You can compare
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