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MATHEMATICS — PURE A - ALGEBRA & SURDS
Algebra & Surds

Surd simplification, completing the square and discriminant / range-of-k questions from the legacy WJEC C1 papers
(June 2011 - June 2017)

LEGACY 2008 SPECIFICATION

Estimated time for entire question pack: ~4 hours 1 minutes

Derived from the legacy C1/C2 paper’s pace of ~1.25 min/mark (193 marks over 29 questions).

You are advised to not attempt to complete all of this in one sitting.
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PAGE 2 - SPECIFICATION REMINDER

Pure A-21.2-2017 spec

Algebra & Surds — what the new spec asks

WJEC GCE AS / A Level Mathematics (from 2017) - Unit 1: Pure Mathematics A - Topic 2.1.2.

Indices & surds 2.1.2

e Laws of indices: a”a” = a™", (a™)" = a™, a™" = 1/a",

al/" = Wa.

e Surd rules:vab = v/avb, v/a/b = \/a/Vb.
e Rationalise denominators by multiplying by the
conjugate surd.

Discriminant 21.2
e Foraz?+bzx+c=0:A=0b%—4ac

e A > 0:two distinct real roots; A = 0: one repeated
root; A < 0: no real roots.

e Use to find a range of values of k for which a
parameterised quadratic behaves a given way.

Completing the square 2.1.2

ax2+bw+c:a(x+2—l;)2+ (c—i’—i).
Reveals the vertex (—b/(2a), ¢ — b*/(4a)) of the
parabola.

; 1
Max / min value of —TiaTs comes from the same
form.

Quadratic inequalities 2.1.2

Often arise after a discriminant condition produces a
quadratic in k.

Find the roots, sketch the parabola, read off the
values where > 0 or < 0.

If leading coefficient is positive: values outside the
roots are positive.
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Algebra & Surds in one page

Quick-reference notes — revisit before each section. Don’t use during questions.

Surd simplification
Vab = avb, \/afb = \/a/Vb.
(va)? =afora>0.

Collect like surds at the end: 3v/2 +
5v/2 = 8v/2.

Completing the square
Forz? + bz + c: (z + b/2)? + (c — b?/4).
For az? + bz + c: factor out a first.
2 2
a(a: + -2%) +c— L&

Vertex: (—b/(2a), ¢ — b*/(4a)).

Discriminant with parameter k
Substitute parameterised a, b, c into
b* — 4ac.

Expand carefully — signs matter when
binvolves k.

Result is a quadratic in k; apply
inequality condition.

Rationalising the denominator

Fo multiply top and bottom

1
[ —,
a+by/c
by a —by/c.
Denominator becomes a?> — b%c —
rational.

1
For —, multiply by v/a/+/a.
Vva

Using the completed form

Max / min of the quadratic equals the
constant term in the completed form.

1
Max of — — occurs at
(positive quadratic)

the quadratic's minimum.

Sketch: vertex + y-intercept tells you
the shape.

Quadratic inequalities in k

From A < 0 (or > 0): get f(k) < 0 (or >
0).

Find roots of f(k) = 0, sketch parabola.

Leading coefficient > 0: values
between roots are negative.

Index laws
a™ . q” = am+n am/an L
a™)® = a™, (ab)” = a"b"

a’ = l,a™" = ]_/a"’ am/" = am.

Discriminant

Foraz? + bz +c=0: A = b* — 4dac.
A > 0: two distinct real roots.

A = 0: one repeated root.

A < 0: no real roots.

Strategy

1. Surds: rationalise first, simplify last.
2. Completing the square: factor out
leading coefficient.

3. Discriminant problems: substitute,
expand, simplify.

4. Inequality on k: sketch the parabola
in k.



SECTION T1

Algebra & Surds

Questions 1-29 - 193 marks



Question1 WJEC C1June 2011 - Q2 8 marks

2. Simplify
9 T
(a) \/5—1+\/§+1 [4]
(b) %—%x\/@—(zx/?)3- 4]



Question 2 WJEC C1June 2011 - Q4 4 marks

4. Express —x2 +6x —7 in the form —(x +a)> +b , where the values of the constants ¢ and b are
to be found.
Hence sketch the graph of y = —x? + 6x — 7, indicating the coordinates of its stationary point.

[4]



Question 3 WJEC C1June 2011 - Q5 9 marks

5. The curve C has equation

y=x"+(4k+3)x+7,
and the line L has equation

y=x+k,
where k 1s a constant.
Given that L and C intersect at two distinct points,

(a) show that 4k*> +5k—-6>0, 6]
(b) find the range of values of & satisfying this inequality. [3]

(973-01)



Question 3 (cont.) WJEC C1June 2011 - Q5 9 marks



Question 4 WJEC ClJanuary 2012 - Q2 8 marks

2. Simplify

9442
@ San a

(b) (ExTO) + 0 -

[4]

e



Question 5

WJEC ClJanuary 2012 - Q5

(a) Express 3x2 — 6x + 5 in the form a(x + b)? + ¢, where a, b and ¢ are constants whose
values are to be found. [3]
(b)  Use your answer to part (a) to find the greatest value of

1
3x? —6x+11

(2]

(0973-01)

5 marks



Question 5 (cont.) WJEC C1January 2012 - Q5 5 marks



Question 6 WJEC ClJanuary 2012 - Q6 7 marks

6. Given that the quadratic equation
(k+6)x2+4x+(k+3)=0

has no real roots, show that

kK2 +9%+14> 0.

Find the range of values of & satisfying this inequality. [7]



Question?7 WJEC C1June 2012 - Q2 7 marks

2. Simplify
10
@ 7+2J11° B3l
(b) (4J§)2—(J§xﬁ)—%. [4]



Question 8

(a)

(b)

WJEC C1June 2012 - Q5

Express 3x> — 12x + 29 in the form a(x + b)2 + ¢, where the values of the constants
a, b and ¢ are to be found. [3]

Using your answer to part (a), write down the stationary value of y = 3x% = 12x + 29.
State whether this stationary value is a maximum or a minimum. [2]

© WIEC CBAC Ltd. (0973-01)

5 marks



Question 8 (cont.) WJEC C1June 2012 - Q5 5 marks



Question9 WJEC C1June 2012 - Q6 7 marks

6. (a) Show that the equation
N+ Qk=Dx+ (K —k+2)=0
has no real roots, whatever the value of the constant k. [4]
(b)  Find the range of values of x satisfying the inequality

3x% + 16x— 12> 0. 3]



Question 10 WJEC C1January 2013 - Q2 7 marks

2. Simplify
6J7 - 112
R SN A &

(b) %{%T. [3]



Question 11 WJEC C1January 2013 - Q4

4. (a) (i) Express x>+ 8x + 5in the form (x + a)> + b, where the values of a, b are to be
determined.

(i)  Use your answers to part (i) to find the least value of 3x* + 24x + 15 and the
corresponding value of x. [4]

(b)  Solve the simultaneous equations y = x> — x — 9 and y = 2x — 5 algebraically.
Write down a geometrical interpretation of your results. [5]

9 marks



Question 12 WJEC ClJanuary 2013 - Q5 7 marks

5. (a) Find the range of values of & for which the quadratic equation
5x2+ 6x-3k=0

has two distinct real roots. [4]

(b)  Solve the inequality 2x% — 11x + 15 < 0. [3]



Question 13 WJEC C1June 2013 - Q2 8 marks

2. Simplify
2457
w 224 &
(b) 360 — V2 x (V5) ~ L3O XE 4]

76



Question 14

(a)

(b)

WJEC C1June 2013 - Q4

Express 2x” — 16x — 8 in the form a(x + b)> + ¢, where the values of the constants a, » and
¢ are to be found. [3]

Using your answer to part (a), find the least value of x> — 8x — 4 and the corresponding
value of x. [2]

5 marks



Question 15

WJEC ClJune 2013 - Q6

(a¢) (1) Assuming that the quadratic equation
(k+Dx2+@k+Dx+k-5=0
has two equal roots, show that
4k* + 8k +7=0.
(11) Hence show that there are no real values of & such that the quadratic equation
k+Dx2+@k+ Dx+(k=5=0

has two equal roots. [6]

(b)  Find the range of values of x satistfying the inequality
4x2-9x -9 > 0. [3]

9 marks



Question 16 WJEC ClJanuary 2014 - Q2 4 marks

3J/3-2/5 4]

2. Simplify 2J3+45



Question 17 WJEC C1January 2014 - Q4 5 marks

4. Showthat x>+ 1-6x — 24:36 may be expressed in the form (x + p) — 25, where p is a constant
whose value is to be found.
Hence solve the quadratic equation x> + 1-:6x —24:36 =0 . [5]



Question 18

WJEC C1January 2014 - Q6

Given that the quadratic equation
(2k =3)x2+8x+(2k+3)=0
has no real roots, show that k satisfies an inequality of the form
m—nk? <0,
where m, n are integers whose values are to be found.
Hence find the range of values of k such that the quadratic equation
(2k =3)x> +8x+(2k+3)=0

has no real roots. [6]

© WJEC CBAC Ltd. (0973-01)

6 marks



Question 18 (cont.) WJEC C1January 2014 - Q6 6 marks



Question 19 WJEC C1June 2014 - Q2 8 marks

2. Simplify
343 +1
(a) m—_7 ; [4]
(b) (\/ﬁx\/ﬂ)v/@_ﬁ. [4]

V32



Question 20

(@)

(b)

WJEC C1June 2014 - Q5
Express 4x? — 8x + 11 in the form a(x + b)> + ¢, where a, b and ¢ are constants whose
values are to be found. [3]

. 1
Use your answer to part (a) to find the greatest value of ———F—— . 2
y part (a) g RS TY [2]

© WJEC CBAC Ltd. (0973-01)

5 marks



Question 20 (cont.) WJEC C1June 2014 - Q5 5 marks



Question 21 WJEC C1June 2014 - Q6 7 marks

6. Given that the quadratic equation
(k= Dx*+2kx+ (Tk—=4)=0
has no real roots, show that
6k - 11k + 4> 0.

Find the range of values of k satisfying this inequality. [7]



Question 22 WJEC C1June 2015 - Q2 7 marks

2.  Simplify
42 - J11
(a) 3o T [4]

(b) 7+(mf, 3]



Question 23

(@)

(b)

WJEC C1June 2015 - Q4

Express 4x2 — 24x — 189 in the form a(x + bh)2 + ¢, where the values of the constants a, b
and ¢ are to be found. [3]
Using your answer to part (a), solve the equation

432~ 24x — 189 = 0. 3]

© WJEC CBAC Ltd. (0973-01)

6 marks



Question 23 (cont.) WJEC C1June 2015 - Q4 6 marks



Question 24

(@)

(b)

WJEC C1June 2015 - Q5 5 marks

Find the range of values of k for which the quadratic equation
kx2+ 2k=5)x+(k-6)=0

has no real roots. [4]

Without carrying out any further calculation, write down the value of k for which the
quadratic equation

fx? + Q= S)x + (k—6) =0

has two equal roots. 1]



Question 25 WJEC C1June 2016 - Q2 4 marks

5
2. Simplify % [4]



Question 26 WJEC C1June 2016 - Q5 10 marks

5. (a) Express x2+ 4x -8 in the form (x + a)?> + b, where a and b are constants whose values
are to be found. [2]

(b) Use an algebraic method to solve the simultaneous equations y = x2 + 4x - 8 and
y=2x+17. [4]

(c) Draw a sketch illustrating geometrically the results of both part (a) and part (b). [4]



Question 27 WJEC C1June 2016 - Q6

6. (a) Find the range of values of k for which the quadratic equation
9x2+8x-2k=0

has two distinct real roots.

(b)  Solve the inequality x(5x -7) = ©.

© WJEC CBAC Ltd. (0873-01)

[4]

[4]

8 marks



Question 27 (cont.) WJEC C1June 2016 - Q6 8 marks



Question 28 WJEC C1June 2017 - Q2 8 marks

2.  Simplify
5J5-9 4
@ 3+2\/g l ]
(b) (2%)2—(3\/&@)—%. 4]



Question 29

(b)

WJEC C1June 2017 - Q4

Express —2x2—20x + 35 in the form a(x + b)? + ¢, where the values of the constants
a, b and ¢ are to be found. [3]

Without carrying out any further calculation, write down the stationary value of

y =-2x2-20x + 35 and state whether this stationary value is a maximum or a minimum.

[2]

© WJEC CBAC Ltd. (0973-01)

5 marks



Question 29 (cont.) WJEC C1June 2017 - Q4 5 marks



END OF ALGEBRA & SURDS PACK

Source: WJEC C1+ C2 (2008 modular spec) - 2011-2017
Curated for WJEC Maths 2017 spec AS Unit 1 — Topic 1(2.1.1)

© WJEC CBAC Ltd. Pack layout © revise.wales for revision purposes only.



