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PAGE 2 - SPECIFICATION REMINDER Pure A-21.2-2017 spec

Polynomials & Function Sketching — what the new spec asks

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

Factor & remainder theorems 2.1.2 Polynomial division 2.1.2
e Factor theorem: (z — a) is a factor of p(z) iff p(a) = 0. e Longdivision of p(z) by (z — a) produces a quadratic
e Remainder theorem: when p(z) is divided by (z — a), quotient.
the remainder is p(a). e Synthetic division (a shortcut) works for linear
e Use to find unknown coefficients before solving divisors of the form (z — a).
cubics. ¢ After finding one root, factor and solve the resulting
quadratic.
Graph transformations 2.1.2 Quadratic inequalities 2.1.2
o y = f(x)+ a:vertical shift by a. e Solve az? + bz + ¢ < 0 by finding the roots and
e y = f(z + a): horizontal shift by —a. sketching the parabola.
e y = kf(z): vertical stretch by k; y = f(kz): horizontal e Values between the roots if a < 0; outside the roots if
stretch by 1/k. a>0.

e Cubic inequalities: factor and use sign-table
reasoning.



PAGE 3 - CRIB SHEET

Pure A-21.2-2017 spec

Polynomials & Function Sketching in one page

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

Factor theorem

(z — a) is a factor of p(z) iff p(a) = 0.
(z + a) is a factor iff p(—a) = 0.

To check whether (az — b) is a factor:
testp(b/a) = 0.

Solving cubic equations

1. Spot a rational root using the factor
theorem.

2. Divide p(z) by (z — root) to get a
quadratic.

3. Solve the quadratic using formula or
factorisation.

Quadratic inequalities

Solve ax? 4 bz + ¢ < 0:

1. Find the roots of az? + bz + ¢ = 0.
2. Sketch the parabola.

3. Read off values where the curve is
below the z-axis.

Remainder theorem

When p(z) is divided by (z — a), the
remainder is p(a).

When divided by (az — b), the
remainder is p(b/a).

Use to find an unknown coefficient:
set p(a) = given remainder.

Graph transformations (vertical)
y = f(z) + a: shiftup by a.

y = kf(z): stretch vertically by k
(reflection in z-axis if k < 0).
Stationary points and z-intercepts
move accordingly.

Polynomial inequalities

Factor the polynomial into linear
factors.

Use a sign table: test sign in each
interval between roots.

Combine into the answer in interval
notation.

Polynomial long division

Divide p(z) by a linear factor (z — a) to
get a quadratic quotient.

Result: p(z) = (z — a) - Q(z) + R where
R = p(a).

Solve Q(z) = 0 to find the remaining
roots.

Graph transformations
(horizontal)
y = f(z + a): shift left by a.

y = f(kz): stretch horizontally by 1/k
(reflection in y-axis if k < 0).

y-coordinates of stationary points stay
the same.

Strategy

1. Factor theorem = find a root.

2. Long division = quadratic factor.
3. Quadratic formula = remaining
roots.

4. Sketches: roots, y-intercept, end
behaviour.



SECTION T2

Polynomials & Function Sketching

Questions 1-21-128 marks



Question1

(973-01)

WJEC C1June 2011 - Q8 9 marks

The polynomial px>—x>—31x+¢ has x + 2 as a factor. When the polynomial is divided by
x — 1, the remainder is —36.

(a) Show that p =6 and ¢ = -10. [6]

(b) Factorise 6x°—x?=31x-10 . [3]

TURN OVER



Question 1 (cont.) WJEC C1June 2011 - Q8 9 marks



Question 2 WJEC C1June 2011 - Q9 5 marks

9. Figure 1 shows a sketch of the graph of y = f(x). The graph has a minimum point at (-3, —4)
and intersects the x-axis at the points (=8, 0) and (2, 0).

y
A

(-8, O)\_ﬁ /(2. 0)

(=3,-4)

Figure 1
(a) Sketch the graph of y = f(x + 3), indicating the coordinates of the stationary point and
the coordinates of the points of intersection of the graph with the x-axis. [3]

(b) Figure 2 shows a sketch of the graph having one of the following equations with an
appropriate value of either p, g or r.

y = f(px), where p is a constant

y = f(x) + ¢, where ¢ is a constant
y = rf(x), where r is a constant.

(=3,2)

(=8,0) 01 \(2,0

Figure 2

Write down the equation of the graph sketched in Figure 2, together with the value of
the corresponding constant. [2]

(973-01)



Question 2 (cont.) WJEC C1June 2011 - Q9 5 marks



Question 3 WJEC C1January 2012 - Q8 7 marks

8. (a) When ax?®-2lx-10is divided by x — 3, the remainder is 35.
Write down an equation satistied by @ and hence show that a = 4. [2]

(b)  Factorise 4x3 —21x —10. [3]

TURN OVER

(0973-01)



Question 3 (cont.) WJEC C1January 2012 - Q8 7 marks



Question 4

WJEC C1January 2012 - Q9

9. The diagram shows a sketch of the graph of y = f(x). The graph has a maximum point at
(1, 3) and intersects the x-axis at the points (-2, 0) and (4, 0).

IR

1.3)

2,0

(a)  Sketch the graph of y = f(2x), indicating the coordinates of the stationary point and

0

(4.0)

the coordinates of the points of intersection of the graph with the x-axis.

(b) (1) Sketch the graph of y = f(x) — 5, indicating the coordinates of the stationary

point.

(i)  Given that fis a quadratic function, use the graph you have drawn in part (i) to

write down the number of real roots of the equation

f(x)-5=0.

6 marks



Question 5 WJEC C1June 2012 - Q8 8 marks

8. (a) Solve the equation 6x° — 19x* + 11x + 6 = 0. [6]

(b)  When x* - 53 is divided by x — a, the remainder is 11. Find the value of the constant a.

(2]

TURN OVER

© WIEC CBAC Ltd. (0973-01)



Question 5 (cont.) WJEC C1June 2012 - Q8 8 marks



Question 6 WJEC C1June 2012 - Q9

9. The diagram shows a sketch of the graph of y = f(x). The graph passes through the points
(=6, 0) and (2, 0) and has a minimum point at (-2, —7).

y

(-6,0) ) 2,0

-=2,-7)

Sketch the following graphs, using a separate set of axes for each graph. In each case, you
should indicate the coordinates of the stationary point and the coordinates of the points of
intersection of the graph with the x-axis.

@ y=fx-3) 3]
) y=r(3) 3]

6 marks



Question 7 WJEC ClJanuary 2013 - Q8 6 marks

8. (a) Given that x + 2is a factor of px* + 18x? —4x — 8, write down an equation satisfied by p.
Hence show that p = 9. [2]

(b)  Solve the equation 9x? + 18x% —4x -8 = 0. [4]



Question 8 WJEC C1January 2013 - Q9

9. The diagram shows a sketch of the graph of y = f(x). The graph passes through the points
(-5, 0) and (7, 0) and has a minimum point at (1, —2).

y

(=5,0) o (7,0)

(1,-2)

Sketch the following graphs, using a separate set of axes for each graph. In each case, you
should indicate the coordinates of the stationary point and the coordinates of the points of
intersection of the graph with the x-axis.

(@) y=3[x) [3]
(b)  y=f(=x) [3]

6 marks



Question 9 WJEC C1June 2013 - Q8 6 marks

8. Solve the equation 8x3 - 2x> = 7x + 3 = 0. [6]



Question 10 WJEC C1June 2013 - Q9

9. The diagram shows a sketch of the graph of y = f(x). The graph passes through the points
(=2, 0) and (6, 0) and has a maximum point at (2, 4).

y

A

2,4

(-2, 07 9] Ké, 0) *

Sketch the following graphs, using a separate set of axes for each graph. In each case, you
should indicate the coordinates of the stationary point and the coordinates of the points of
intersection of the graph with the x-axis.

(a) y=flx+5) [3]
(b) y=/f=2x) [3]

TURN OVER

© WIEC CBAC Ltd. (0973-01)

6 marks



Question 10 (cont.) WJEC C1June 2013 - Q9 6 marks



Question 11

WJEC C1January 2014 - Q7

Figure 1 shows a sketch of the graph of v = f(x). The graph has a maximum point at (2, 6) and
intersects the x-axis at the points (-4, 0) and (8, 0).

¥

(2. 6)

X

(—4, 07 @) \(8, 0)

Figure 1

(a) Sketch the graph of y = f(x — 3), indicating the coordinates of the stationary point and the
coordinates of the points of intersection of the graph with the x-axis. [3]

(b) Figure 2 shows a sketch of the graph having one of the following equations with an
appropriate value of p, g or r.

y = f(x) + p, where p is a constant
¥ = f(gx), where ¢ is a constant
¥y = rf(x), where r is a constant

¥

(-1, 6)

(—4, 0)/ @) \(2, 0)

Figure 2

Write down the equation of the graph sketched in Figure 2, together with the value of the
corresponding constant. [2]

TURN OVER

© WJEC CBAC Ltd. (0973-01)

5 marks



Question 11 (cont.) WJEC ClJanuary 2014 - Q7 5 marks



Question 12 WJEC C1January 2014 - Q9 8 marks

9. (@ When ax’®+13x? —10x —24 is divided by x + 3, the remainder is —39.
Write down an equation satisfied by @ and hence show that a = 6. [2]

(b) Solve the equation 6x3 +13x2 —10x —24 = 0. [6]



Question 13 WJEC C1June 2014 - Q8 6 marks

8. Solve the equation 6x3 — 13x% + 4 = 0. [6]



Question 14 WJEC C1June 2014 - Q9 7 marks

9. The diagram shows a sketch of the graph of y = f(x). The graph passes through the points
(=1, 0) and (7, 0) and has a maximum point at (3, 2).

}:

\

(3,2)

(=1,0) 0 (7,0)

(a) Sketch the following graphs, using a separate set of axes for each graph. In each case,
you should indicate the coordinates of the stationary point and the coordinates of the
points of intersection of the graph with the x-axis.

(i) y=/fix+4)
(i) y=-2/(x) [6]
(b) Hence write down one root of the equation

Slx+4)==-2f(x) + 4. [1]

TURN OVER

© WJEC CBAC Ltd (0873-01)



Question 14 (cont.) WJEC C1June 2014 - Q9 7 marks



Question 15 WJEC C1June 2015 - Q8 6 marks

8. (a) Giventhat x—3is afactor of px3 - 13x2 - 19x + 12, write down an equation satisfied by p.
Hence show that p = 6. [2]

(b)  Solve the equation 6x3 — 13x2 - 19x + 12 = 0. [4]

TURN OVER

© WJEC CBAC Ltd. (0973-01)



Question 15 (cont.) WJEC C1June 2015 - Q8 6 marks



Question 16 WJEC C1June 2015 - Q9

9. The diagram shows a sketch of the graph of y = f(x). The graph passes through the points
(-6, 0) and (2, 0) and has a minimum point at (-2, —3).

(-6.0) @) (2, 0)

(-2,-3)

(a) Sketch the graph of y =f(;— x), indicating the coordinates of the stationary point and the

coordinates of the points of intersection of the graph with the x-axis. [3]

(b) Angharad is asked by her teacher to draw the graph of y = af(x) for various non-zero
values of the constant . One of Angharad’s graphs passes through the origin O. Explain
why this cannot possibly be correct. [1]

4 marks



Question 17 WJEC C1June 2016 - Q7

7. Figure 1 shows a sketch of the graph of y = f'(x). The graph has a minimum point at (1, —3) and
intersects the x-axis at the points (— 4, 0) and (6, 0).

(-4, 0)\0 (6, 0)

(1,-3)

Figure 1

(a) Sketch the graph of y = —3f(x), indicating the coordinates of the stationary point and the
coordinates of the points of intersection of the graph with the x-axis. [3]

(b)  Figure 2 shows a sketch of the graph of y = g(x), where
g(x) = f(x) + p, where p is a constant,
or g(x) = f(¢gx), where ¢ is a constant,
or g(x) =rf(x), where r is a constant,
or g(x)=f(x+s), where s is a constant.

})

=1,-3)

Figure 2

The function g can in fact be any one of two of the above functions. In each of these
two cases, write down the expression for g(x), including the value of the corresponding
constant. [2]

TURN OVER

© WJEC CBAC Ltd. (0973-01)

5 marks



Question 17 (cont.) WJEC C1June 2016 - Q7 5 marks



Question 18 WJEC C1June 2016 - Q9 7 marks

9. The polynomial f(x) is given by
f(x) =8x3 +2xZ—4lx + 10.

(a) Factorise f(x). [3]

(b) Hence or otherwise, evaluate f(2-25). [2]



Question 19 WJEC C1June 2017 - Q6 3 marks

6. Solve the inequality 2x2 + 11x + 12 > 0. [3]



Question 20

(b)

(c

WJEC C1June 2017 - Q7

Given that x — 2 is a factor of kx3 + 2x2 — 41x + 10, write down an equation satisfied
by k. Hence show that & = 8. [2]

Factorise 8x3 + 2x2 — 41x + 10. [3]

Find the remainder when 8x3 + 2x2 — 41x + 10 is divided by 2x + 1. [2]

7 marks



Question 21

WJEC C1June 2017 - Q8 5 marks

8. The diagram shows a sketch of the graph of y = f(x). The graph passes through the points
(-4, 0) and (8, 0) and has a minimum point at (2, —6).

(@)

(b)

(2,-6)

Sketch the graph of y= —% f(x), indicating the coordinates of the stationary point and

the coordinates of the points of intersection of the graph with the x-axis. [3]

Sian is asked by her teacher to draw the graph of y = f(ax) for various non-zero values of
the constant a. Write down two facts about the stationary point on Sian’s graph which will
always be true whatever her choice of a. [2]

TURN OVER

© WJEC CBAC Ltd. (0973-01)



Question 21 (cont.) WJEC C1June 2017 - Q8 5 marks



END OF POLYNOMIALS & FUNCTION SKETCHING PACK

Source: WJEC C1+ C2 (2008 modular spec) - 2011-2017
Curated for WJEC Maths 2017 spec AS Unit 1 — Topic 2 (2.1.2 + 2.1.3)

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



