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CIE A-Level Further Mathemaics(9231)-P1&P2 CH1 - Roots of polynomial equations

1-(9231/11_Summer_2020_Q2)
The cubic equation 6x° +px? —3x—5 = 0, where p is a constant, has roots a, 3, y.

(a) Find a cubic equation whose roots are a?, 2, y°. [3]

(b) Itis given that a® + 8%+ 72 = 2(a+B+7).

(1) Find the value of p. [3]

(i) Find the value of o + 8+ 3. [2]

2-(9231/12_Summer_2020_Q2)

The cubic equation 6x3 +px? —3x—5 = 0, where p is a constant, has roots a, j3, 7.

(a) Find a cubic equation whose roots are o, 32, y°. [3]

(b) Itis given that o® + B2 +y% = 2(a+pB+7).

(i) Find the value of p. [3]

(i) Find the value of a®+ 8% + . [2]

3-(9231/13 _Summer_2020 Q1)

The cubic equation 7x3+3x? +5x+1 = 0 has roots a, S, 7.

(a) Find a cubic equation whose roots are o %, 874, y L. [3]
(b) Find the value of a2+ 82 +y 2. [2]
(c) Findthevalueof a3 +83+y73. [2]
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CIE A-Level Further Mathemaics(9231)-P1&P2 CH1 - Roots of polynomial equations

4-(9231/11_Winter_2020_Q3)

The cubic equation x3+cx+1 = 0, where c is a constant, has roots a, j3, y.

(a) Find a cubic equation whose roots are o, 83, y°. [3]

(b) Show that a® + 8% +y® = 3—2c3. [3]
1 as ﬁ3

(c) Find the real value of ¢ for which the matrix {@® 1 y3|is singular. [5]
By

5-(9231/12_Winter_2020_Q1)

The cubic equation x* +bx?+cx+d = 0, where b, ¢ and d are constants, has roots o, f, y. It is given
that afy =—1.

(a) State the value of d. [1]

(b) Find a cubic equation, with coefficients in terms of b and ¢, whose roots are o +1, B +1, y+1.

(3]
(c) Given also that y+1 =—a—1, deduce that (c—2b+3)(b—3) =b—c. [4]
6 - (9231/13_Winter_2020_Q3)
The cubic equation x* +cx+1 = 0, where c is a constant, has roots a, f3, 7.
(a) Find a cubic equation whose roots are o, 8%, y°. [3]
(b) Show that a® + % +y® = 3—2c3. [3]
1 o8 B
(c) Find the real value of c for which the matrix [@® 1 ¥?®]issingular. [5]
Byl
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CIE A-Level Further Mathemaics(9231)-P1&P2 CH1 - Roots of polynomial equations

7-(9231/11_Summer_2021_Q3)

The equation x*—2x3—1 =0 has roots @, 8, 7, 6.

(a) Find a quartic equation whose roots are o, 33, v3, 8° and state the value of o + % +7° +8°.

[4]
(b) Find the value of %+é + % + %. 3]
(c) Find the value of a* + g% +y* + 6. [2]

8-(9231/12_Summer_2021 Q3)
The equation x* —2x®—1 =0 has roots @, S, 7, 6.

(a) Find a quartic equation whose roots are o, 83, y*, 8% and state the value of o® + 8%+ + 8%,
Y Y

[4]

(b) Find the value of $+ #+%+§. 3]

(c) Find the value of a* + g% +y* + 8. [2]

9-(9231/13_Summer_2021_Q2)

The cubic equation 2x* —4x®+3 = 0 has roots o, B, v. Let S =a"+p"+y".

(a) State the value of S, and find the value of S,. [3]

(b) (i) ExpressS _,intermsof S ,andS.. [1]

(if) . Hence, or otherwise, find the value of S,. [2]

(c) Use the substitution y =S, —x, where S, is the numerical value found in part (a), to find and
simplify an equation whose roots are a+ 3, B+vy, y+«. [3]

(d) Find the value of —~— + -+ 4 1 2]

a+pB Bty v+a’
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CIE A-Level

Further Mathemaics(9231)-P1&P2

CH1 -

Roots of polynomial equations

1-(9231/11_Summer_2020 Q2)

@ y=x B1
6y + py—3y* ~5=0= y (6y—3)=—py+5 M1
y(6y-3)° = (—py+5)> = y(36y” — 36y +9) = p’y* ~10py + 25
36y° — (p? +36)y? +(10p+9)y - 25=0 AL

3
©)(0) 2, 2 p* +36 B1

a‘+p+y =

g+y %
i M1
P30 2P 2 12p+36=0

36 6
P=° Al
3

O | 6o+ 52+ 1% = 6(0 + 7 + )+ e+ f+ 1) +15 M1
o+ p+y=5 AL

2
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CIE A-Level

Further Mathemaics(9231)-P1&P2

2 -(9231/12_Summer_2020_Q2)

CH1 -

Roots of polynomial equations

@ y:x2 B1
6y + py—3y’ —~5=0= y? (6y—3)=—py+5 M1
y(6y—3)* = (—py +5)* = y(36y* — 36y +9) = p’y* —10py+ 25
36y° - (p® +36)y* + (10p+9)y—25=0 Al

3
(b)(i) - p?+36 Bl
o +p+y =
B+ %
2 M1
P30 2P 2 1op+36=0
36 6
3

O)I) | 6P+ B+ ) =6(a? + 2 + 1) + 3+ B+ 7) +15 M1

A+ B+ =5 Al
2
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CIE A-Level Further Mathemaics(9231)-P1&P2 CH1 - Roots of polynomial equations

3-(9231/13_Summer_2020_Q1)

@ y=x" Bl
7y 2 +3y 2 +5y t+1=0= y* +5y* +3y+7=0 M1A1l

3

(b) o+ fP+y?=(-57-2(3)=19 M1A1l
(©) a2+ B3+ y 3 =-5(19)-3(-5)-21=-101 M1A1
4
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CIE A-Level Further Mathemaics(9231)-P1&P2 CH1 - Roots of polynomial equations

4-(9231/11_Winter_2020_Q3)

@ | y=x®=x=yt B1 | Substitutes.
y+cy? +1:0:>—c3y:(y+1)3 =y3+3y? +3y+1 M1 | Correct attempt to eliminate cube root.
y*+3y?+(3+¢%)y+1=0 Al
3
(b) o+ R+ ==3 ®B+ B + 0 =3+¢ B1FT | Using their answer to (a).
o®+ B0+ 9% =(-3)° - 2(3+¢%) ML | o8+ B8+ 98 =+ B3+ ¥ - 2(0° % + B3 + °a)
=3-2¢ Al | AG
3
(©) By =-1 B1 | If using their answer to (a) FT
1 & B M1A1 | Evauates determinant.
@ 1 Pl=1-(a®+p°+7°)+22° % = 2% -4
F 7o
2c3-4=0 M1 | Setsdeterminant equal to zero.
c=%2 Al
5
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CIE A-Level

Further Mathemaics(9231)-P1&P2

5-(9231/12_Winter_2020_Q1)

CH1 - Roots of polynomial equations

(@ |d=1 B1
1
(b y=Xx+1l=x=y-1 B1 | Uses correct substitution.
v +(b-3)y*+(c-2b+3)y+b—c=0 M1 A1 | Substitutes and expands.
Alternative method for question 1(b)
(@+)(B+D)+(@+)Y(y+D)+(B+D(y+D)=c—2b+3 Bl
(x+1+ f+1+y+1)=3-b, (¢+D)(f+D)(y+D)=c-b M1 | Using these relationships.
Y2+ (b-3)y?+(c-2b+3)y+b-c=0) Al
3
© | B+1=—(b-3) B1 | Uses sum of roots.
—(a+D(a+D)=c-2b+3 B1 | Usessum of productsin pairs.
~(a+1)(B+1)(a+1)=—(b-c) M1 | Applies product of roots.
= (c-2b+3)(b-3)=b-c Al|AG
4
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CIE A-Level

Further Mathemaics(9231)-P1&P2

6 - (9231/13_Winter_2020_Q3)

CH1 - Roots of polynomial equations

@ y=x3=x=y* B1 | Substitutes.
y+oy: +1=0= —cgy:(y+1)3 =y3+3y? +3y+1 M1 | Correct attempt to eliminate cube root.
y*+3y*+(3+¢%)y+1=0 Al
3
(b) P+ B+ =-3 B+ P+ =3+c B1FT | Using their answer to (a).
o+ B0 +y°=(-3)" -2(3+¢°) ML| a®+ B8+ 9% =P+ B2+ °)2 =20 B + B°)° + o)
=3-2¢3 Al | AG
3
(© By =-1 B1 | If using their answer to (a) FT
1 o B M1A1 | Evaluates determinant.
@ 1 Pl=1-(a®+p+ )+ 22° P =2c% -4
g7
2¢3-4=0 M1 | Setsdeterminant equal to zero.
c=32 Al
5
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CIE A-Level Further Mathemaics(9231)-P1&P2 CH1 - Roots of polynomial equations

7-(9231/11_Summer_2021 Q3)

@ y=x° B1 | Correct substitution.
yi—2y—-1=0= y* = (2y +1)° =8y® +12y* + 6y +1 M1 | Obtainsan equation not involving radicals.
y' —8y*-12y* —6y-1=0 Al
A+p+y+6°=8 B1FT
4
3233 33 3,353 3,353 M1
() 1,1, 1.1 afo+ap r+Bre’+a’ys’ 6 ALFT Relatesi3+i3+i+i3 to coefficients.
S ARZAES By -1 @ Frs
-6 Al
3
© | & +p+y 0 =207+ B+ P+ %)+ 4 M1 | Usesoriginal equation.
=20 Al
2
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CIE A-Level

Further Mathemaics(9231)-P1&P2

8-(9231/12_Summer_2021_Q3)

CH1 - Roots of polynomial equations

(@ y=x B1 | Correct substitution.
yi—2y—1=0= y* = (2y+1)°®=8y* +12y? + 6y +1 M1 | Obtains an equation not involving radicals.
y* -8y’ -12y* -6y-1=0 Al
0{3+,B3+}/3+53=8 B1FT
4
b 303 ¢3 33 3,3¢3 3,3¢3 M1
®) %+%+% %:aﬂ J +aﬁ3;‘/;:y,3353/6 +ayo :% A1ET Rdatesi3+%+%+% to coefficients.
o o - o
-6 Al
3
© | +p+/+5 =2+ P+ +5%)+4 M1 | Usesoriginal equation.
=20 Al
2
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