Past Paper Questions: Roots of Polynomial Equations

1 The equation
8  + 1202 +4x=1=0

has roots @, B, y. Show that the equation with roots 2¢ + 1, 28+1,2y+1is

y-y-1=0. 3]

The sum (2¢ +1)" + (28 + 1)" + (27 + 1)" is denoted by S . Find the values of S, and § . [5]
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2 The roots of the equation

X-x-1=0
are o, f3, v, and
S, =a"+p"+v7"

(i) Use the relation y = x* to show that o, B2, y* are the roots of the equation

Yy -2 +y-1=0.

(3]
(i) Hence, or otherwise, find the value of S, [2]
(i) Find the values of S, S|, and S 9]

;) 3 =z = z=4:-j‘ . 5@4##%5 ia the oginel ':W““Fk”d:“es’
C\G‘)S,_ \]3— -1=0

Ve - S[{_ = 2 '

¥) Let , = |
GE)B—Q@;)ZA—E—-I—‘*O
=Jz-22+Jz —| =0 N
[&(zﬂ)] =[l+27:£l

2 2.2-{'-221") - l-‘\-((-z_-{- l-!zl
23'{“221"\" 2 = l-l— ‘-{:z—}'qzl‘
ZB —22*—3=z— | =0 .
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F“ »2-222~-32-1=20
*‘ 2 5a-28g -85, -8 =0

5,2—200)-5(2) -3 =0

S = 49

ﬁu\kflJ;n >3_-222-32-[=0 Ld 2 giwes:
24-222-322-2 =0

2 S, -25,,-2355-s, = O

t
S —2(2%) -3(e) -2 =0
S¢ -58-30 -2 =C)
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Show that the sum of the cubes of the roots of the equation

» +Ax+1=0

31

is 3.
Show also that there is no real value of A for which the sum of the fourth powers of the roots is
negative. 3]

2 Sp+a5+5 =0
Sa=Rats (Sa) 222
_ (o) =2(r)=-2X
S*Jr)\(—p;h)—*-ozo
Sy = 2
{ X s sl 5 2> 20 = A2*=0 =2 5,20
e Gy is gresder Hashesuel Fo O if A s vead.
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4 Obtain the sum of the squares of the roots of the equation

2
x4+3x3+5x2+12x+4=0. [2]

[3]
Deduce that this equation does not have more than 2 real roots.

. . [5]
Show that, in fact, the equation has exactly 2 real roots in the interval -3 <x <0.

2
= = [4
Denoting these roots by azand B, and the other 2 roots by yand &5, show that [y| = 3] 7(@B) [4]

Sa” = (Z—»a)z—- 2 St

_ *_Slele 9-10 = .
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7697(—3)-: (343 (3)°+5 (-3) +2ala)th =13

g(—z) = (—2)”+3(—2)3—} s (a) +12()+ 4 =~ Q.
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§ The equation
X +3x=1=0 3
3 p3 A3
3 to show that the equation whose roots are &~, B,y is

[2]

has roots @, B, y. Use the substitutiony = x

Y =3y% +30p-1=0.

[5]

Find the value of a® + ﬂ° + Tq.
a: -{—5 :) Z:EJ—K:}’- l -I',O'Yr ves:
gxbs-k-}u-}wzj in —“,e 0“’8\"“‘-\ ejr-lcx @
(r »r.3 )’\ =
'34-5 d - | =
(33 ]- [*
21y = |~3J*3d‘—d3
JS"BJQ'A- BD(j o | = O hag vools 4:3,’33? 3’3.
(Shown) -
513_-_- sa:;A_B_:”!;),;

{gds)"; 2 S22p” = (3)’-2(3;) . q-go=-5!"
53 fsdﬂgoJ —1=0
S Sq-356+305; ~-3=0
Sq ~3(—5|)*30 (3) _
Sq =~ 240
. a4+ pl+ yl= -2k 0.
2 o
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6 The equation
x3 +x=1= 0
; 33 a3
has roots @, B, y. Show that the equation with roots &, B, ¥ 18 .,

y3-3y2+4y-l =0.

find the val 0fa6+ 6+YG.
R ’ I
_ 23 2 x=N

(31

Le«l;\j.» z i
§$s¥4u$n(j o ~the rna-\ml e-:wc\—})md es
Crg)« 3 ~1=9°
gy s 1=
3
fag)-i-d
d = l"‘.Bd""Bd d . 5
ds cZB;F 75
JB/BJQ-,*[’J,,, :O )-,as-rzvo
“6"&786'* 2’6 2 33 3P.3
S F Cél 2’) = _
. S aral=9-8°4

0234/01/M1J/0B

AR

Scanne d with CamScanner



7 The equation
H-x-1=0 f
lue o
i 3 method, find the exact va
has roots &, B, 7, 8. By using the substitution y = X7, Of by any other =

o + B8+ 9% + 85
;5 ]
Le-\7d=z3 =) zz\rd/‘ " q*ﬂ”dwcs
Sbshha d Mie Hhe g™ ™

@) - @/)*‘”
g -y 120
d [dﬂ St

d’* = +BJ ﬂtBJ*‘\

3!

* = "" so \ﬁm‘*&d 7P D’;
g ~d J
é
2648278 . .
zp 6 - (5) -2 &P
= e
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The equation
L+x-1=0

has roots «, B, 7. Use the relation x = J/y to show that the equation

y3+2y1+ye-1=0

2]
has roots a2, B2, 12
Let S, =" + 5"+ 7" 131
(i) Write down the value of S, and show that §, = 2.
[4]

(ii) Find the values of S and Sg.

%:f =) 6,. | .
Subsi—)-v}"zj indo he a9’ mal efwﬂr}vm aive

@)’ \‘a""
3599, !
{_\r’(d—klj-—]
gG+1)" =
y (g7~ ’Ej*l)
34,23 J—Ir—

)-_,_--_2 —;’2'
) §a= S 7T

ap?
Sq-’- gdq:ézd’-)—lga_fg =

v) i B
56'1’251{—1-52 -3 = O
Se +2@+()-37 =0

S =1

1
O (Shown)-

Cﬂl)n—-l (-—I-'—) = lp-2= 2. (Shawn) '

Hbbpling >+ %797 170 R g 97
gheay*yt-g =0
o 5‘84255"’5&.-5 *-O
Sg+.2(|)+:2.—-(,9.) =0

— —
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9 The equation
He+ext+4x-2=0,
where c is a constant, has roots «, 8, 7, 6.

1

1111 2]

(i) Use the substitution y = % to find an equation which has roots =, By s
. . 1, 1 1 1 [3]

(i) Find, in terms of ¢, the values of o + B*+ y> + 8 and —=t5 B2 o [

(iii) Hence find
2
1 2 1 2 ( 1 )2 (6 )
.S -=| +ly-= -3
(«-5) +(e-5) + (v

in terms of c. -
(iv) Deduce that when ¢ = —3 the roots of the given equation are not all real. B3]

i) Ld;dz.\— = l""dL‘

Sbshhding in e sdginal efyuq41m J.ves

(,,I._) (O +c -r—Ll'éJ -2=0

_1‘+_,\_+_9_+,.L.t- -2=0

‘Fwﬂ s, ahal esuepon,

) = ()R E=p = (:%)1—1 —f—)= |- 2c-

2 74
9 (e (- (3 (8
( @ P 27 i
= g -2+i.2.‘ + P ’2+‘l‘1+ 2 ‘_‘24})_+ &"

32311’13!M!Jl10
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“Then e 47}3; Y8 are verl, Y,
N N
D «=p=¥=6-=

Buj' dpfé:""lﬂz’"gx'

|
This sna—}}?oss:E jﬂﬁ(;“ﬁ ¥=g==%1
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/(LEIC{)’”Q/ we hove & compencls P

Scanned with CamScanner



10 ‘The roots of the equation
Baptrger=0
-1 [4]
are -f—,. B. kB, where p, g, r, k and § are non-zero real constants, Show that 8 7

[2]
Deduce that rp* = ¢".

2,(=—b,‘:.:_ﬁ.:'|)

-
|

A
ﬁ('l__‘_\‘\-k) = P —-9(')

STap = ’_,_—-,_‘3‘—- = 9
ég)gu- fi(la‘s) (ﬁﬁﬁ) Y
,9——-"" Kﬁ + P’ 2‘1(
(_1.+ ) a)(——-)(-l)

Dividing () ¥ () gves
(L r k) | o
e+ T
B = —,ffx;-- (Ghown)-

r 3
0231/11MIM1 _
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hu Find a cubic equzition with roots «,  and v, given that
o +p2+y> =38,  ofy=30 3]

[3]

o+ p+y=-6,

Hence find the numerical values of the roots.

let, %— 23+bz*+cx+d =0 be fhe e,cy.a.a',-izm with yeots R’;P; 7 -

o 1
-5 = =b
b: é‘

30 = -4d

g = =320

» Cabi e,cwa—l-ia'n with wots d;?) P: 2°4612—2—30~7 0.
o ubkc

Led) J(’i—) = 134-.61.7?1"3

) = 22+6R)*-2-30 =

© =6
L+224y-2-30= O

L -2 is afacter of $G)-
2 \ & -1 —30

| 4 A 16 30
—T7 8 5 [x

o $G) = (e DGrA8er1S)
= (= -2) (P +32+ 5% 4—15)
O :(x-—l)(z)fB)CxﬂLS)
x= —5—3; X
= -—5.,?.—:—3) T=2.
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‘12 ‘The roots of the cubic equation x* = 7x? + 2x - 3 = 0 are ¢,

B, 7. Find the values of

@) o2+ B+ 7%
G @’ +B+ 7"

Sd) - 2 ia‘fﬂ
‘v (‘1) »-2 ]: qu—lf'—"» l{‘S

23 -T?+22-3=0
S 7 Saa?+ 2 TR -9=0
213-7(45%2[:.(_)"" -9=0
Se?-315+ -9=0
s S2 =310

92311111 2
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33 The cubic equation x* - x? - 3x — 10 = 0 has roots o, B, v.

i) Letu=-
(@) Letu=-c+B+y. Show thatu +20 = 1, and hence find a cubic equation having roots —o: + B +7,

a—[3+y.a+B—'y. 2
ii) State th i 1 1
(ii) ¢ the value of By and hence find a cubjc equation having roots %’ yo' o’ Bl
:) W+ 2 = ("z)rp“*y)‘rfbc = ct+f3+ Y =5z = =b_ :_';G_') =1
A |
e w2z = | C‘SHOM\)'

U o= | -2 + Similor wa-r‘z\‘nd shows 5@;
u1=x-P+”6 = @:—p+a’)+2{3 =) D w=1—2p

Wy = &4 - P =) aod («4]3-2()+23’=|' o Uy = —2F-

Then we want on espadon in w with yeots 1-24¢, '—2}8’]‘23"
led, u= 1-2¢ 29 == I1=4 .

2,
S&bS’}""‘.")"ﬂ(j in Hhe ‘ﬁ;(j;"al eﬂYq_a:’am Q-L@S:

) e e
an a. 2
1=3u+3u> - - l-2utu® _ 3-34 —10 =0
& 4 2
| =2+ 3{‘-»&3 - 2(|~;u+u?)-4(3—3¢) - |o (8) =0
| B 42322+ fu -2 =12 +1au =80 =0
CWP4u® +13u —93 =0

_:) us_u2—|3¢+q5:0- /

:"510.
P e

R a ' _Y'G‘Q'l' 5 l’ .
e Ten e waort o cubic & o i * [0 710 [e)

let,gr—= =2 == |od-
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e B i .

14 The cubic equation =2 -3x+4 = 0 has roots a, B, y. Given that ¢ = a + B + y, state the value

of c. (11
Use the substitution y = ¢ - x to find a cubic cquation whose roots are @ + 8, B+ 7, v + @. [3]
Find a cubic equation whose roots are ! 1 1 [2]

a+f' p+y’ y+a

Hence evaluate .
en ("+B)2+(ﬁ+¥)2+(7’+u)2. 2]

c= a}PM’f Sa= B -B -—(-2 -

Pd: c-z :<¢+p+ D’)‘ x.
Vhen = &, d:¢+ﬁ+b'—-d—“ B+

WVhen x = P,J ac.fp.hy [3 — 4+ Y-
£} J —d+}3+a’— 7= d"'P
ve an ec}utq—{,m it yoots =P /?+ ¥, 8+ -

wWhen x =
Then ushg 3=
d,;z._z =) L:—'Q—J-
S.Lbs-ka‘rknd nte the cmt‘jiml- esgmatom gives:
(.2 "6)3 ’2@‘3)1—3(211)* 4 = QO
~ 124+ &y* -3 -2 4-yyg] —6 3y =0
8—133+6J’“—dz~ 248y ~* —€+ 3+ 4 =0
~§*+kT -9 —_ =0
-553*‘{Jl+d +2 =0"

] /L_' L = -\ y=
F?rrcz:(m%wm% roots oy E;’;?—f—f—i:;) et; = al_ N
S-&\’.':'*’."%‘ktzj in 6?49*)1‘571 ds"lfd —!-‘3—!-_'2~ =0 gives:

(2wl rase
A - +..J_+—2 Q
2z T=2*

V =Yz 4224223 e
>3

Rz>+2>- L4z 4+|=0

82311 1ML

c-¥¢ = 2A-% w\”(j

e
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15 The roots oftheequalionx4-4162+3x—2=0are,a, B, v and &; the sum o* + p* + 7" + &" is denoted

by Sﬂ: By using the relation y = x2, or otherwise, show that o2, B2, v* and 5? are the roots of the
equation

Y-8+ 122 +Ty+4=0. [3]

State the value of S, and hence show that

Sy =855 —128,-72. (3]

Led 74= z? =) "-=*r3‘

S-&:S“H‘K‘}’ﬂa in e oﬁqul E‘iqa:-}u\q 8i¢€5:
(3" %33y -2=0
- 4 ~ 28y 2 =0

(3# 83)] = [-2 -

(355) = @r4=s™)

qd =44 160-4J°+!@’+d*—%3
ald =(‘j*“ &>+ 24>+ 16 +4
O :d‘f-gd3+|23"+7d+l-r
Cshown),
z,zﬁs;g_,:;(—_g_):g. e S, = 8.

l
Foe §'-8y2 1295+ +4 = 0
Sg —85,+254+75,+ 16 = O
Sg -8S¢+1RSy +1(8)+ 6 = O
Sg = 8S¢— 125, -0 . CS‘\W“) '

92311313
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g . 3 . .
16 Th‘? equation x” + px + g = 0, where p and g are constants, with g # 0, has one root which 1s L
reciprocal of another root. Prove that p+ qv2 =1. [5]

Siwce one voot is a red[pmml 05 Pe other, e} voots be d?;,_L"P'
SNa=b=-0 -0
a \

ca+r 4y p =0 - G)
a

s — @)

Sbshbdng () 7 0) gives

. —q. =0
o
= 7

— (r)

Idr"if(“*’l—);?”)(s)

Subshidding () » G) 8
\ *7(@) =P

9231/12/M14
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1 The roots of the cubic equation x> = 7x2 +2x -3 = are o, Band . Find the values of

. 1
)

(61

and —.

: . — 1
Deduce a cubic equation, with integer coefficieats, having roots o 73-1; n ya
o

.’) "—J = l 2 :’-I Y :"‘\_':L:-"'L":—-L"
@E)0)  (<p2)” &) () T

__S,‘z_:"él_
£ J M U B Y s B = S o T

2P PT Yt < ¥

7z 3

l
-1

|

+ = A = & (
By +a¥+aP = S P "f'jé_')'z ta]z

Gpr)” € .

| +__,L-+,__L——- - ——Y
@;Fé? «p>8 ap i’ <*p* 7 (=p?

2 _ 2.,
= —= - q

3
/_' Fion writh s —-—L")'-L")._I——-: z3+£~.’+¢z_+d=0
Tor o cdbic G "’P 57 v,

s 1. =1 b =1 2 b=zl

=573 7 2 3
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18 The quartic equatign x* <px* + qx—r =0, where p, q and r are real constants, has two pairs of equal
roots. Show that p* + 4r = 0 and state the value of q. [6]

Since ;e guar¥e hag -]voes}qglm'}s, let he voots be dJQ’;vF;vP.
W R = _-Bl_i_ ;_:_‘9_. =0
24+2P:_O
a==B — ()

Sap= o
raprap s Apaap p= =B = =p
22 hapr p™ = —p > ()
Sxpd= :o’fL
Pra’praplrapt = 5
22%P+22p%* = —q, )
wpyd = L. =

d_lF’- - —v = (“)

Subshipding G) w (2) ghes:
CO (PP =T
~2p* =P
S pE 2’3" - (g)
Spskhding (1) (1) gres’
8 P ="
Pq = —Y
o= pT2(e)
Ss kg (5) o0 () i pric gees:
o = @) T 4(F)E bpt-ipt= 0
N r-)1+L|Y' = O @Lawﬂ),

9231/13/MIIMS
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Subg*;olm‘k“(j C\) ' (2») gives:
2(pyP+2(-P(F)- -3

+2'33 ¢-2p >

A
|
~

= GF:':O
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i jtutiony =1+ —, 0T
19 The roots of the cubic equation 2x° + x> —7 = 0 are a, f and y. Using the substitution y =

1 1 .1. ivi our answer in the
otherwise, find the cubic equation whose roots are 1+ =5 1+ -ﬂ- and 1+ 7" giving y .

form ay® + by? + cy +d = 0, where a, b, ¢ and d are constants to be found.

= 14 1 = -l = 1"'
g= D gt -9 FR

sab%’)““?"d m ‘We ov;‘jmal Gvkﬁ‘,im (3"’5-5
( )
ar -1

7=0
(o- ‘)3 (d"')
2+ g "’T(EJ*‘) -
2ny _|-7[d¢33*3‘j«|] =0
7d3+:uJ*--2lJ +1=0

O

2 y4-L -
-—7\\1 +Q|d - QOJ-;—S =0
3-’1\3 +20(j g =0

'2)7C:202 d’-" "8'

A

a__::P)')b‘-‘

9231M11M/INE
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20

The cubic equation
2=-z2-2z-5=0

4]
has roots «, B and y. Show that the value of o + f* + 1 is 19.

2
Find the value of o* + g* + 9. (2]

Show that the cubic equation with roots i 1, B ; . and 1= : may be found using the substitution
a

—_ A r
and find this equation, giving your answer in the form pxj + qx2 +rx + 5 =0, where p, e_r[ -

Z-‘—‘l

_x‘
and s are constants to be determined.
22 -2%-z-b =0-

6‘="b="-| ',:.I-

——

2
Sa = gx’=(é§d)1—2(é§czﬁ) = IQ—QGI) =3
" S3-5,-8, -15 =0
S,-3- | —15=0
Sy = 19.

3
f.e-¢5+[33+ = 1.

min 232-22-2-5=0 bd =z gives’
ZQ”ZB‘ZQ’SZ =0
5 S4-53-52-55=0
SH—H—3~5(|)=:O
s =27
-
\We require voots fj’:_':_'.-;_,@_'él_, %_‘__,*Hen le-+

el

d__:-?-"‘" .._—_5 lz,:Z-"l = 22 =

= Ter 2= L -
-z

(Showm)
S‘M’}*\'hf& ™ ’*\e Oﬂbw e—‘y(ﬂ:)"a‘ﬁ aiues .

=) @ ()

- -1 __5=0
Q"L)z Q-z)

g .
(-

9231/13MI/16
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| ”(l- 7—)- 6-—1)2—"5 (""‘")f = 0
()
|~ 1 +% —(l-2z+z") - 5(! -31+3:z_°‘-—13) = QO

|-l+2 - ]+2z-2" ~5+I5% ~15x"+523=(

= B — 16"+ B x -& =0

- F:S, ﬁ(:-—lé 77‘:\8) 53”6'
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21 By finding a cubic equation whose roots are a, f§ and y, solve the sct of simultancous equations

at+f+y==1,
a? 4 p? 4yl =29,

-4 ===l
+d=0-

a By
led, cubie eﬁuwh.m be °§ the :F;m x 24 bt cx

Bar 2

Qc_-—"a'lg
c=-— 14
S,_L.: -S_:_:__'EE.
& d,laj
B o
- ;‘_‘L o= d=-1%
Nr o -7 A
T

e -
Let f@): wpa ; L le-14 =9

£) - @) =HEN S e

+\ is ajF“ °¥ 3@)
o Avisiey
U"‘hﬁ 50“%9141&’\ l L =gy
| o Y
KT F:

2 56 = () -1)

- D231MUMINAT
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22 The roots of the cubic equation x? + 242 — 3 = 0 are o, 8 and 7.

(i) By using the substitution y= ! :

=-J-=) = _L 2o — =
= 525

Subs-\i-}u-htj R m‘a\,,,qj es;uar}v‘m aues:

i Nea (L) -2 =©
S
4y 4

Y = 3‘3—>1

(a55) "L

- Q-1z 4+ 4

J° d 4

1= C[d’——\:l;j—l-lf

g*® 3%

| =943 -19>+
0 = ~134* 4y -1

1

1 1 1
(ii) Hence find the value of ;i' + ﬁ2 + F
S 1L o= -b--(C12) = 2= i
< o q T 3
1 1

(iii) Find also the value of —— zﬁz -[377_2 + W.

S L e =4
dnﬁz o q

9231/13/M/I117

1 1
=3, find the cubic equation with roots 27 and 7

(3]

(11

[1]
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23 Itis given that the equation

X =21x? + kx-216=0,
where k is a constant, has real roots a, ar and ar!.

(i) Find the numerical values of the roots.
For fhe cqudon, apd = —d.= —(Al
wom Cua ) a \

QE6) 2

o2 = 2lé

=) q:ﬁrf‘é'

v
6[\"4—( + | = 2|
=
r?—+f"'+‘ .-,_8_1-'-'—--;-:
—_— é

2
(&v "\) (v ,—;L) =0
2{__\:__0 o r.-:L:O
v=_\L =
et
When f"'ﬁ'? .
Rosts : 676(5’)>6(a") = 6,32
\hen Y7 27

Reots : 6,6(&),6@)" _6,12,3 -

Ea’b'l.SOdf 3,6,\9—.

9231/11/M/J/18 -

[6]
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(i) Deduce the valye of k.
[2]

9231/11/M/J/18 -
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24 The equation

913—9x2+x—2=0
has roots ¢, 8, y.

@) Use the substitution ¥ =3x—1 to show that 30— 1, 3 — 1, 3y — 1 are the roots of the equation

Y -2y-7=0. 121

$ ngX—l =) == ;4—‘ .
2
Sul-’s-}i')u-lina in m-,‘aim_\ eﬁrc.q"l\‘m a{oeS'-

9 ,ﬁ__) +\3_q/ g\ y a4t -2 =0
3 (3)+ 3

33+5§’¢33ﬂ _4[5’+3ﬂ+j_, yrl -2 =0
ﬂ[ 2T 3 ] A 3

$:L31—3l12+3d+l -é(d’»f.'gﬁl) + gl — 6=0
B — 3

da—l-Bd"—fBJH -3&’“—-6\:’-—34:11-\—6:0
g -3y -1=0

The sum (3. = 1)" + (38— 1)" + (3y — 1)" is denoted by S,.
(ii) Find the value of S;- ,
r\’m'\ d?" = :26'1 = O
5_3 - QS, "Q\ = O

=E —9{:%.]41\ =0
S3 -2\ =0

8352\'

(2]

9231/13/M/)118
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(iii) Find the value of S_,.
Dn‘h‘d‘iﬂd d?"_ga -1=0 l{j Jn O""’S"
4 -1 R
3 _QJ -1y =0
":) S. "QS’I "75"2 =O‘

[4]

Sl:_-_-ab_':_:_lo_-::o
So= & Ge)Ep) (B T

=
= TS
=
S"R:""‘t_'

9231/13/M/)/18
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25 The equation

3
XT=x4+1=0
has roots @, B, y.

(i) Use the relation x = v}
M.x'= y* to show that the equation

)’3+3y2+2y+1 =0

has roots o, B%, ¥*, Hence write down the value of o + ° + 7°. (3]
) w=y3
SubS'}f‘Ll‘kﬂa in He awndn\nal eswn-’w}m aiues '
3 L
(33)-43+1-

—da+l*0

o+ =[]

d3+3d1+3d+| =Y
d3+§d"‘+23+ |=0O- has ots ds)lga7 0’3

=5
[» W

:"'3 = "3'
!

9231/11/M/J/19
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LetS, =a" + p" + ",

(ii) Find the value of § o

2]
Sa=_1 = S“BES = _-:_\_ "% 2. 2
a3 3023vw3 ~d T T — =
By == o -
a )

(ii) Show that S¢ = 5 and find the value of S,
Se Sd)= (S 25 g’

= (—3)1—-2(2)
= q9-4

Se =5 (5\“"““\'
g+ 2>+ 2g+1=0

(5 rabtalocd s -0
Sq + 3(5) +-2(*5) +3=0
Sc‘ 415-6+3 = 0

S_.‘:—I:Z,.

[4]

9231/11/M/V/19
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L5
@ BTyt
ofy = -12,
o +p 1 y3 =90
(i) Find the values of ¢ and g,
A= S<p x3+bzt +cz4d =0
=
B ¥
— = !
12 g “Ta = =
_ﬁ =_c
R -l A
c=5

(i) Express oc7'+ﬁz+1r2 in terms of b.
zdﬂ ::(gi)z‘f 2 Sdﬁ
= (:'_‘E) a2 (—?—) = b*-2¢
|
= 51—2(5)
Sa”z p*-10

(iii) Show that b° — 15b+ 126 = 0.
22 +bx*+cx+d4=0

=) 2% +bx* 45x+12=0

S2+b51 458,43 =0

q0 +b(b‘-1o)+5(:ih)+36 =0

90 +b3-10b ~5b +36 =0
L2 -1sb + 126 =0

9231/13/M/J/19
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(iv) Given that 3 4. j i
1V(12) is a rooy of y3 15

Y+ 126 = 0, ded
FW Phe a ‘}:crn 53— < gm UﬁeCuthe value of b. [2]
v \3+126 =0 ,Lrod{s exvst as eandudode Po:nrs.

S =2()- 0.
|, g
Le*'\')OCLe%e veal veot p,’b’au-e mPle:z-IIjl p=3+~rl5:£,:‘ﬂaen ¥=3-J12 ¢.

- e+ 3+dni+3-Jac =0
<+ &£=0
of =—§
e Real rot of Ssuatim =—6.

S\'ﬂce ‘o 'S v-e_aJ., .‘a“we cm,?’é:( ruO'I'S So B =—6-'

9231/13/M/J/19
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27 Find the sum of the Squares of the roots of the cquation

X4x+12=0,
and deduce that only one of the roots is real,

[4]
The real root o :
modulus of eg f the equation is denote

d.by o, _ .
ch of the other roots lies hetwyccn 2%%?/2@ i =2 andfhericerprodeithat t[]%tj:’

?+=x+12=0.

Ntz ~b==0=0 ;gdp=_&.=..|1—=|'
a

| a
N Rt =(Re) 2 2P = o*-a(i)="2-
T o able espoadon, the number "f compkx veods 18 at west 3. Hoever when o
cubic eguation has veal Ooefé;'dmb ) ca-mflew_ vots ezst as Cd':jﬂij“—"‘e f"‘l"s'
For e eguation L2HA+1220, Sha> = 2 <O - e exisly complex roots -
“Then 2 veots must be Cmnrlez ond wam a caqjutaak pen- while 4he -H-n\rolvgsk
voor con ke veal-

Le.-‘7‘$GL):= 763+ z+ 2.
£ (3)= €2)°+(2)+12= &
f‘(/Q) = (—2)3—%(—2) 4 12= 2.
Since _5(‘,3) < Q end f (2) = O, then Here excsts o vt « such
Hod —B<x< 2. (Shoon). |
Since. f37 T ot amf]ez and ewst as “""J“O"“‘j'e j’m\"st Y = ﬁfk
= —d = =12 = -l
“Then az,@f = <=2
-2

ie “PP*‘*‘
voie het pEY = BT
«pp¥=-12
9 =)= -2

— 12

—

2

e -

(|

9231/01/0/N/03
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“Then —323< 12 - -2
(B)”
« ~
S 212 12
PP I
IR <12 ¢ &=(p)”
)™ =4 Je= | g
gl > =X
2 <|[B] <Je

Nt Jel=[B%=)y] » o <

(Ianmrf ne@w’v\'e
mage smce |B|>
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28 Given that

**+P+y=qo, o+ 212y

3 p3

. . o =—

find a cubic equation whoge roots are o, g +8+y =-18,
B, y.

[4]
[2]

Hence find possible values for o,B,y

Let; cubic eauakon be °§‘H|e F 3 +becxtd =0-
et = =b -0

Fe? = (Zoee) -2 =P

I - 02—2(—%)

-1 = <
x3 +0x*-Tx+d = O
S x2 —Tx+d =0
Then Sz -71S +34=0
-18 -7 (e)+34=0
3d = I8
d=6
3 e AF ,,_;?m-{;m: z3-Tz+€ =0 .

———

Lek 5 5(’1)'— %= 71; . Oo
(1) 5 \3"'7(‘ t6 =
e o ek of O
\ \ 0 =i
| | -é€
R E
§60 =) e
0 :(x—l)(“f3)(l'l)

=N

. x—-

2 =13

e d’l) P.__-Q’ =-3.

923101/0/N/04
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79 In the equation

k]
X +ax2+bx+c=0.

the coefficients a, b and ¢ 5
re real. It is given that all the roots are real and greater than 1.
(i) Prove thata < -3,

[1]

it) By consideri
(i) By considering the sum of the squares of the roots, prove that a* > 2b + 3. (2]
(iii) By considering the sum of the cubes of the roots, prove that a® < ~95 ~ 3¢ - 3. [4]

i) ¢717ﬁ>l7 B‘Dl .‘.q{qP+B’>3
e, SLa >3

:_B..'P-?’
A

- =3
)
a<-3:

CS how "') '

_=) SRee™ = (S_’,.—.z)znﬂ Sap = (:_“_-)2—'2(_‘3_) = a?- 2p.
| |

d_'?]:)d_:l?‘
g = | =2p7 =1
F=>1 2 7 =)

Q‘Q','PQ”'XQ >3 e S>3

. a®-2b=3
a2 =>2b+3 -
(S\q&wh)‘

2 Sa+aSa+ bS+3c=0

§3+q@1_2|9)+ b(-—a)+3(: =0
3_2.b _qb+3c =0

3
= & 4
=l 2 ¢5+'g3+3’3>3 i-e. Sd3283>3.

3
57 ) = .4 ?l 9231/01/0/N/05
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—-q5+5ab—-3c, >3
3ab - 3c -3 >a’
A a5 < 3ab "3C."‘3 .

Note Sap=ap+ad+BY >0 becouse 2Bl ,xd >l ard B¥ > |-

C - b -0 =5b=0
A |

’ﬂe_n o < -3 -"—-—“) ab <_Sb
v 3o < -9b.
’n\m 0> < 3ab-3c—3 << -9b —3c -3

/Ilne.n a? < ~-9b-3c -3 -

CS\-pwn) -
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30 The roots of the equation

x3+x+1=0

are &, f, 7. Show that the equation whose roots are

da+1  4f+1  4y+1
a+1’ B+1" y+1

is of the form

Y+py+q=0,

where the numbers p and q are to be determined. [51
Hence find the value of

do+1\"  (4B+1 4y +1\"

(‘3‘ ) (ﬁ+1)+(7+1)’
forn=2and forn =3, 4]
leby y=bztl o agry=ler] S bz Iy 9 x(g4)= 1y

x+ |
:_) 1 = |—§ .
J- 4

S‘u.bs—kh"}-‘va e the d"{j“m] cquq-}:‘cm @‘Nes:
(i'é—)a—s- _'_’S.) +1=0

g-) - \gh
G > y1l=4 + | = O
@0 g

3
\-34139> 4>+ (-9)(s-85+16)+ (3-9°= O
-3y 347y Y- EP R Gy TRy 48y - 64 = 0
_d34:zld -7 =0
d3—2ld +47=0-
Csl-pum)

4 g+ 1\"
Lel; Sn= 1':_:—: (p+|) (BH)
- 'M-*l Yot | \[ -2 ST [ Gt \[UB+1
52_ - d,‘i—l F‘<6¢+l J (q.., ,)(ﬁ+‘ )
[ ] [-21]— 0+2 = k.

9231/01/0/N/06
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Fom denved e‘iuﬁ‘k"" d}—~2ld+'{7 = Q

"‘QI S, + I‘(

-—QI[__..,] +14q | =

= - ly].
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31 The roots of the equation

ety s5=0
are @, B, y. Show that

1 5 (4]
i pay

Itis given that the roots are all real, Without reference to a graph, show that one of the roots is negative
and the other two roots are positive. [3]

F;W\ x> —81"*5=0,
ax+Ba¥e=-b =-(8) - 8.
& \

2 B = Q- — (1)
Since o s a vool 05 Fhe e?m',fm x3-82%+45 =0
o x3-84¢24+5 =0

5&3:9;&“-’}:"’6 C|) " (:1) gives

'2:-___L own ).
e 225 (Shown)

Fodick of veste = <7222 =08
=BT 15 negative cither cll Hhree roots are negedve ov me voot S
»,ea.,s,;,gfa-s:-hvemal o vouks are wemechie psitive.
Let » @12 ¥ * all "eﬂa'k“e' But =t B4 = 8 . This is nod possible .'f
all Hyce vorts AT nedad-;ve-"\'\zn we have a cmtradichon . o B, § ore o

aﬂveaa’"\‘e' Terelere 5 e root is neacdv‘ue and —the aHer o are fbsi)"ve.

8231/01/0/N/07
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32 Theroots of the equation

are @, B, 7, 8. Let S" ="

(i) Show that

X = 5x2 42120
+ﬁ"+7"+5".

S’H'4 = 5Sn+2 + 2S"+] —Sﬂ = 0.

(ii) Find the values of S, and Sy

(i) Find the value of S; and hence find the value of Sg-

(iv) Hence find the value of

o (B + 7'+ 8% + B2y + 5% 4 o) + (8% + o + p*) + 82 (o + B+ 7).

)

Ma “ipla\"\d lvd X

at —Gx*+2x - | =0

o~ 8.\'65:

a2 n+l n_
-5 222 M= x" = 0

Sh(‘e & 'S a veot )

) n_

5‘*"‘"‘“’8 G over he espadivns with B Yand & ges:

Sh+y ~B5Spa™ 2Snsi ~ S =0-

) S = (@ Gaep) - (5) -2 ()=

Swbshhdng n=0 gves:

S;f_ ~55,428,- S, = O
SH’ --5(|o)1~2(:\2)—1'|' = O

Sy -50+0 -4 =0
Sy =5%-

‘u’l) Sa.bs']'i'Ju:kn ne -l gves:

S, = éZs;i“‘ =

_ 58,428, — S, = O

Sa
Sap = T =2
=pré 5

2 Sa -5(0) 1a(y) -2 =9

Subshhtng

N

53 = '-6
n=2 ghes:
= -5(Wt2(-€)-10 =0
6 9231/01/0/N/0B _
Ss=10+12+270
Sg =292

Scanne d with CamScanner
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\‘4) dg(ﬁ‘l_,,Ul(ﬁ-sq)-i- fz"(duj”’réq),; Ug(dq’f ﬁl‘—l—éq)"r 52(43‘&; pq_,_alf):_g‘tﬂ.ﬁq

S2 Sy = (ae Byl 6"‘) (am gt ¥ 6")
S 66+56)+ Sy
S, Sy = Seg+ FZap

. Za’ﬁ”s S, Sy — Se

= (0 (k) - 298 = 24&-
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33 The equation

has roots ¢ T N
. B,y Use the Substitutje, 3 o
IS equatio S
nare By, yo, g, y '©find a cubic equation in y and show that the roots of
Find the exact ya[yeq of B2y2 4 4202 . »
+ 2
2= -3 @B and pPy3 4 353, o’p?. 5
d x
&bs‘)i'}-:kva aves:  x3,544.3-0

d )

=21 -154+3=0

39

-27 -153*+ 39% _ D
dB

a ]
S -2 - _=f7.
z x
When =<5 d=ﬁ1=ﬁ2‘;
a

When 2= d=f£%a: i
e 50 o)+ €Y

5., Sy ==
Sdpzs'z;f::_g}é)—5 ? 5(’9 . ao)-
2 )2 ()= 572 O
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34 The roots of the equation 2 hdxo 1500 arg
N u‘
the equation 6):3 - 7-‘,2 +3y B and

=1=0has rootg 1

1
a+ 1 Fr1 and AT
Forthecasesn =1 and p = 2, find the valye of

1 1

T !
()" @y

. ('Y+ 1)"'

Deduce the value of — 1, _ 1 1
@+ " e Y

Hence show that Lﬁf_lﬂ."_"‘_‘l 3 r+(a+1)

(a+1)2 (B +1)2 patBeD 73

(y+1)2 36
2244z -|=0 -
!.5"' ds { :) 4= ::._al_ __:) = aL...' :’)ZZ’J_SJ_-

=

z2344x-] =0
(_l_'d_)3+ f{(a-__q_)..p; O

J N|
1—334-33‘334- -4y - | = O
iy J
‘__33_’__3:"-:‘3-}-[!3’;[@3 ".js =0
. d 3

2= A Y p+] g1

i, 8, = gyt A
Led, n E‘;‘!;T)ﬂn (ﬁ"‘l) (B'Mw)

D 653-152 +38,-3=0

1
7. Use the substitution y = T to show that

(2]

[2]

[2]

(3]

foi@)a(@)-2=0 > s, 16&) @)

9231/01/0/N/M0
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(P*")(X*') +_(“')(“"‘ ') p (d—rl)(p-fl)
(1) B0 CG)?
= @4!)@+l)(6+|) 4 (a'-f\)(Fﬁ‘)(Zf’f‘) 4 cﬁ!)(p-r\)(b’ﬂl

(d+l)3 (p+ |)3 (5+ |)3
= E)(a) (1) [ A | L
G ) () | (x41)? +(p«\)3+(af+|)f]
= || - 3‘3
(24 0) (p-r l)(h \)
Nole —2 L = 2 Foduct of cots of equedon £3-742434-]=0
@7\)(@4\)(%\) df f s J J J
1 xSy =l x T3 - €x 13 _73
b e 216 216 36
DY) ¢

(SM M) .
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la.—-
=

L. Prove that 4p* + 2742 = 0. 2

& "-'"Gf-&p-:- @]

2a = (1)

=P ='§T :"%: P o a:ﬂa:la-uzp_—f:

d.‘,'. 24’,3 = ,D - (-1)

Sula.s-h‘—)u-h\(j G) » (?) ges:
22y 22 G—.Qaz) =P
22-Ye? =P
—Bdl — ()

i

gcﬁpd :é- =% - dlﬁ 2—7/—3 (3)
Su)osﬂu-},\fa () ™ CB) gves:

. |

2 (—.Qa:)

g_.—%

.;25.1‘3 =9, ’9

The Up®+ 2197 = U [-ad] "+ 272

5:] 9-: [ [—271{' + 21 (lf‘xé)
- —|08¢6+_l°gfdé

=0

© Lp2rA1g7 =0

Cﬁwen)'

9231/11/0/NA%
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36 The equation> o
x*+5x*-3x-15=0

has roots , B, y. Find the value of o + B* + v B
[4]

1 o
Hence show that the matrix ( oa 1 '}’) is singular.
B v 1
234627~ 3z -15=0
- =3 =3
a = —

= —b = ::-"5 = ==
§’>4: __.o_:, __I.S ? Zsz,ﬁ .
(’5)1—2 (-3)= RS+ 6=

Fr meh o be 8"'8“Laf, deéqmvm4 s zero:
o«

; l l:/ - *j’z[ﬂ"ﬁﬂﬂ“ﬁfﬂ’ﬁ]

Py

\_g"_-d,“-m:pa/»rasz'? = ’

- @2+f32+12)+2“f32( = |-—[3|:]+2[—__Q_lfg_z]

. max 1S SM(jqiaJ‘.

| — 2 ﬁnr ¥ 5 ﬂdPK
_1-3|+30 = O

—_—

[\

\)

- determnset = O

923113/0/N/11
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137 The roots of the equation x* - 3x? + 5x~2 = 0 are @, B, 7, 6, and & + B + 7" + 8" is denoted by S,
Show that
Syia = 38,0 +55,,,-25,=0. [2]

Find the values of
@ S, and S,,
(i) S, and S,

[3]
[6]

Hence find the value of

B +7°+8%) + B2y + 8 + @) + (8 + 02 + B) + 8%(o + B* + 7). 3]

24 -3245x-2 =0

H*M\HJMJ La -;(_ a.ues .
z (t“ 3z5x-2) = % (=)
21 gt gt gt= 0

- Sﬁq_asn_rl_t_gsnﬂ_,’zsnzo. @hown).
_3.

)5 =Sa--t--0-0,58.c=23=
\ l

oo

_ 511:(2;#)’:__2g¢[5 =0%-2(3)= &

n=0 2) Sy ~35455,-25,:093, -3, +55, ~8=0

Sy-3(6)+s5(0) -8 =0

ao

) 5‘.4);3\13&%8 m=-[ ghes :
' 53-35,+5S.-28,=0"

S-\:g—l—-=8£§_.=:£‘* :lf- =5
< aprs "= —= =

\
53—3(o)+5(1+.)..2 ,5_5:.)::0

Sdosttutng n=1 gves:
Sg -~ 3S3 +538,-28,=0

Ss-3(-15)+5(8) ~2(@) =0
55 = —75'

923111/0/N112
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) oghs &) (o Do) (8 ) (upha ) = Sep

Sa. S, = @’4 '32+3'2+ 5") (xigr [33+b'3-r83)
S, 8, = é5+P5+ 2f5+55> - 2«253

S, S3 = Sg+ g)%ip3
2 SaP’ = 585-Ss

= 6(-15) - (-15)
= -90+75
Sﬁ”‘}fg?’ = ~15
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38 A cubic cquation has roots a, f§ and y such that

a+f+y=4
“l+p2+12 = 14,
Find the value of af + By + ya, ;
Show that the cubic equation is

P-4 +x+6=0,

(6]

and solve this equation.

ve- dﬁmﬁa’—rﬁﬂ’: 4.

23+b2?+cx+Ad= O

LB‘\, cubi e eﬁw-ﬁx'}"m 'S
Sa =k o -b=l 2 b=t
zdp:-w o oc= |\

Then eswx-}hm 'S o§ Fhe d;mn 23 -4+ 2+ =0
=) 53*"’5.2*\-8,-}—3& =0

3 -4(y)+4y+3d = O
d =&

Cauabeon is «2-Ux*+x+6=0.

Let, '5:(1,)= 2l 2 +€=0
$C-1) = (04 () (Wrb= 1 =t-1+6=0
x+\ is a §ac%w ojt f(x).

-1 | - L | 6
_ | 5 -¢
1) 5 ¢ [x

9231/13/0/N/12
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39 The cubic ion x3
o 2 ©quation x” - px — g = 0, where p and g are constants, has roots , B, y. Show that
@) o+ ﬁz + 72 = 2p‘ (1]
(i) o+ 87443 = 3g, [2]
XX 5 s
(i) 6(c” +p° + 95) = 5(o® + B +4%)(a + p + ).
\ 2, =
l\ S.a"= (é',d.) =0 5 @,]B
' 2
= ;—_O_\ -2(—[2):0-1—2():2[)-
W, (

i-e- oz"+/31+31 = 2p

[3]

—'ﬁ) xa—[’z—fiﬁo o
ﬂu\—"’\r‘dtﬂa both sides Of G%\LR""IGT) LCj z (j\ :

Sg =

& («5+P* 75) -5 (<% ) G 2)
& (5qu> - 5N (%)
2pq = P
()’

9231/11/0/NM3
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40 The equation
8xY +36x% + kx-21=0,

where k j .
IS & constant, hag roots a - d, a, a + d. Find the numerical values of the roots and determine

the value of .,

S = =B - 36

ce = =
o"d*aﬂ'C\—\-A = —_EL
~

) -3
3a =-9 Da=z 2 3==

R
R
oL
n
3o M

Cq_"\)("\)(a - ol) = —g -2\ 2

a o\"—a\l) = 2

S’ubS'Ft‘)\'\'iﬂa a==-3 SgNes:
2

3V d2] = 2L

2[4

N

v r

e

)
S
¥

S
¥
\

=\
S
3
8
A
f
\
)

o
I\
\

n

S

.‘-

9
I
+
o
I

923113/Q/NM13
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o e T e

+ 2x = r ind the values of
7 1 ¢ x+1 Y and 8. Find
t 3 ALt equation x* 43 +2x2—4x+1=0are o, B,

[1]
] a+ﬁ+y+6’ .
@ o +f 4212, 2]
oo 11 1 1
Wity 2]
) — 4 B v 5

Brs  ays aﬁ6+Ep_]7‘

Using the substitutio

find n i ic e ion and hence
1 find a quartic equation i y. Solve this qllﬂIt.lC quatlo

ny=x4+ .

nd the roots of the

equation x* + 4x + 22— 4x + 1 = 0. [7]

i) L= —b =-W __y,

—

\ | . e ko2
95 o (00 R
S D/z ~ = .
St L=
m)_i‘#?ﬁ»,;#gla_gd ’;'];}EZ !

2y a’n—f-sg_ = ,._l.\:}— =12
B J +§_§__.-= __gijtg__gg-—"‘"
") 553 25E 4pe < “p

et

= 24| =)—t7_—';d”' ) S
Nt e 2 G e ()  aer oLy Jo 10
s Gy>-Hyt | [y ey -eale =2 ealialad
Yo Ly2+ 64— e g ..
J l“’éda g+ Ry Ry -t e 2 T
L\'-l{d t -
’ th—dl—f-lf-zogro
(s~ 207 )E) 2
" =0
(\,_39. _,_1) =
a _n =0
S . n
d =
= d :.:t\ﬁ: =1L"ice'

Ja
zl=*
Knm ) 1:-‘[fE —}’Wl.Ce

923111/0/N/M4
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such that

42 The cubic equation »° + PP igxtr= g and r are integers, has 100t &, pand 7,

0, where p,

a+p+y=15,
a2+ﬁ2+72 = 83.
Write down the value of P and find the value of g. 5

Given that o, § and 7 are all real and that o8 + ay = 36, find « and hence find the value of r. [51

a |

o F = |5‘

29
. d!},+“’1y:36
w(pr¥) =%
. p+X¢—?f6~"
o
d*ﬁ*j =15
s P 2 = IS
- el
or+ 36 15
¢2,|5d+36 =00
=0
@wa)@é"l) o
=3 °F - . 2__”{[{‘783)'
a - %=
: C’_%nafﬂa‘"z ahce
ca=3
=—c = 7l
Sz :zﬁmﬁb’*ﬁf = l
! Biop= =S -
_-d = =X=-
5 923111/0IN/15 ‘ﬂ'm dFa’ - 'E-.'" |
* 3@5):-——\"
s = =05
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43 Find the cubic equation with roots a, fi and y such that

a4+ 4+ y=3,
s Paylel,
a4 pY eyt = =30,

giving your answer in the form x* + pa? + gx + r = 0, where p, ¢ and r are Integers to be found.

23 +pat +gqx+r =0

Sy +pSa +4.8, +3¢ =0

~30 +F(|)+o),(3) + 3¢ =0

—30+ (9)(1)* 4 )+ 3w =©
r =]

« 2 --*3':!,14‘[{’1 +7:O

. 8231/11/0/N/16
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44 The cubic equation 21" - 33?4 4y = 10 = 0 has roots @, A and y.

() Find the value of (a + 1)(p+ 1)(y41) “
Le*\', J=x+| =) by “

2(y1)> = afg- 1) i) -0
—),J’ 3>+ 3y I_l 314 .'Jd\\]f‘u Y -
- 6J ~|6J—- ~ 347 'GJ 3+hy- y
Q\Ja —-‘h"-f I(JJ — 19 = 0O Las rots -l

s () (pa)(r) = “{ - "4 :-_13': I

10=0
-10=0
P»fl ad ¥+

(ii) Find the value of (8 + 7)(y + a)(a + fB). [4]
Neote d*ﬁ'i"a' = *’§'3> =2
=2

bl
T (penep) - (YY)
LE“'JJ:—‘?—-’Z =) x:_f_—d___@_ 'E:_i_gd

Sas%rzg%apes (/:_‘E‘é)+‘r< ) 0 =0

[;fiwﬁ@;%—i[ [ty [+ 23 e =?

27 - sigeagPo By ~alaBbyT By e MBS = O
L*-ze
-‘8d + 2ry™ —‘256-4/,83 O

lfd le + IBd +8 =0 .
- o &( —a(.) — —AQ- =—L’.-§ =

(P*f)gi(awp) = -
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45 The roots of the €quation
i X+prgx+r=0
are o, 2a,
o, 40, where p, g, r and o are non-zero real constants,
(i) Show that

2pa+gq=0. (4]

Sl =-b=-=-F

a 1

2 +2a4+Yot = —P
T = p 2 F:—7d-—')<|)

2’;«:& = ,‘i_ =_3—

\
a‘,@d.)‘l—d@d)* Qd(lﬂi) =93
lf 2™ = 9 - Cs'-)

Did\'o\.‘na (=) b () gves:

he” - 9.
-1 P

~2c¢ = _9-
P

-lFaf_ = 9
ﬂy—f—ﬂr‘z_ = O .

(ii) Show that
EEC RS [2]

ac,B ¥y = =x
d(kz)@ﬁ) =Y

gz> =-v— (V)
+ =0 = «=-9 -5 @a
Frem 9q+2p< r @)

su,\gg—‘r)'u.'}!\nd (2_) 1 (l) d-‘ue_s:

C
:,Ei‘ig’—.r—-—ff‘ =2 92 -v D 4°=p°r
9231/11/0/N/18 F3 M 3y —a 2 =0
8p° * PP=% —

Cskown)-
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46 The roots of the cubic equation
X =52413x-4=0
are av ﬁl T‘

(i) Find the value of 2 4 B+ 2. 3]
412-1-?5‘4.3 2 _ (2&.)2"2 (21?)

ol s v i

l
= -

(i) Find the value of o® + f* + 7.

2]
225224132 -k =0

o 83-5S,+135,-127 0
8, -5 (-)1B()-12=0
83: *58

9231/12/0/M/18
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The equation x> + 2x> + x + 7 = 0 has roots @, B, 7-

(i) Use the relation x> = ~7y to show that the equation

49y° +14y* =27y +7=0

[4]
has roots —, ﬁ X
By ya of

%=1y D =37 -
S“)pgjﬁf}u-)ma ai«is: ('\F:'E]-\BA-‘Q‘ (;1'33) + (j:—-fa-)-l'?_"-o
'7aﬁ3+2(“'ﬁ)+ﬁg+7:0 .
— )] = Dlrd —'-]:]
1 (e
-fld (——’ld"r\) o4 ['ldl" HJ'H]
-y liytyel] = 75“&“"@*1]
- lﬁd'-” + l‘{J’“ Y = QEJ’L-‘Qs(j +7
"IiC'J @ *‘llldl-i—l?(j -1 =0
quda +\LfJ9'-27d +1 = O .

Fom aﬁgw earm-#m, lacpa‘:.:_i_z =1 = =

‘ a |
SR gy
2.

5 D@"I\'tﬂleﬂuﬂ:ﬁm hos veo1S o ":"fi"E "‘—E—"“"{ 1551}3

9231/11/0/N/19
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(ii) Show that — 'fl Bz 2;2 _ 23 3]
. e
From devived eoyua-}im, Z 4 P+ X = -8 =-‘—:_L =
pY «F xp A
A’“A ;;‘é—_ = & = :'.g-' !
s N\ey] A 49
> [s “a = .—E—>
2(2)- (= 2) 2
_ _1)1_ 2 ;1.1) - 58
7 1/ k9
¢
3 3
(iii) Find the exact value of {3‘:73 + yfa:' + a_;y;a X (2]

£9y* + ey -2 7= 0

= qqsﬂ.aész—ﬂsﬁﬂ"‘o e S""'") (Z%) (f‘P)
Hqsz.-r!‘r() ( s2)=

- 8
- - . 5 —R\'f'z‘_,("‘\ \( == =

S, = -=-3171

3 e .

9231/11/0/MN19
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The cubic equation x> + px? 4
that afy =—1.

cx+d =0, where b, c.and d are constants, has roots & By i BIVER
(a) State the value of d. (1]
2py=zd--a 5 -l=-d 4=

(b) Find a cubic equation, with coefficients in terms of b and ¢, whose roots are &+ 1, g+1, 'y+[;]

Lel, Y= 24+ =) 2=y |-
Subshduha ) @—\)34 b(;j—l)z.r . (3_1)44 s
d3-3J2+3J—; +b[31’2d“]* ¢y +d =0
33 "301+3d~l +LJ1—2LJ+L, +cJ-c+c\ =
4>+ (b-3)y™+ Cc-—.2|=.+3)d+ p-c—1+d =0

Swce d =\ - l+l.;o
b-3)47 _2b+3)4y+ "7

B

(c) Givenalso that ¥+ 1 =—a— 1, deduce that (c—2b+3)(b—3)=b—c. 4]

e e e, 3= 2(2) = =(-3) Do 5o o) (1) (1)

N éﬁrl}r(p*l)*'(&rl); ’(5’3)
Cdé-u) +(P+|)+~d"l & '(5*3)

P—f‘ = 3-b—2 (\)
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CaL-\)(F-l)(a'—q) - -:____Q_ _;: (b—-c)

(=) () ((x-—) = - (b-c)
- (p) - —-@ c>
("“\) (ﬁ ) = — Cs)

Gonbine23 (), (2) d (3) gives:

__(c --2b+3)(3,b) - b-c
(c-2043)(b-3) = b-<

(skown)-
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49 The cubic equation 7,3
X +3x 55 +1 = 0 has roots a, B, 7.

) F. . . -1 -1 1

Let, 4= 1. . 5 2-1

[3]

@)
-:!3-+_-::". +32 4+ =0
¥y

d 3
1+ 344+ 54244 =0
d.a
= g2 +8y34+7=0
(b) Find the value of a2+ 872 +y~2, [2]
1= (ma)-2s_ L
de ( ‘1) “p
= -5 1"'1 ..é- - 9‘5-—6
- ()2 (%)
s =19

. 4;4’24'?"1'* ¥ =19.

(¢) Find the value of @+ +77>. 2]
da +5d2+3d+ 7 = O

§3+55_1+35,+.'1\=O «" B" y"
s, - -5 (3)-3(F)2

534,101

d’3+‘3—3*3 =-10) .

9231713120
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50 The cubic equation 6x* 4+ pxt=3
_ ¥=5=0 , where pis a constant, has roots &, 3, 7.

() Find a cubic ®quation whose root 3]
Lé;dle S -x:g]a‘.
\ . . 3 2
S"'\DS-H’TF'B awe_s. G(Ja‘) +F QJ') -—3\5"-5:0
Gy~ py -3y —5=°
_ =5~
édjj 3J3:. FJ:“
(43 (63-3)] =[5-#y)
d (343‘1'360*“) - .'ZSFIOFJ—fFlJ:.
3by>—36y™+ Uy 7 25 -10py £y
364? =36 47 -y 4 qy+10py 25
36> +E36-p*) g+ (A+10p)y =29

sare o2, g2, y2,

=0
:O'

(b) Itis given that o2 +p2+yr=2(a+p+ ¥).

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

. Yo ¥=—b=-p .
Frow ovginal equadion) @7 = = ZE.

Fom denved asywa\'hﬁ“7 ‘42+P2+ 32=:-E-: ﬁfi)—:%&ip
36

Since 242 T2 Sl
gt = 2(3£)

36 &

F‘2+36 = —lQF

r2.+ |2P +36 = O

92317111120
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R b
RE e s i)

" ,

'

,9"+6”f+6,=+36 =0

(P—ré)‘L =0
=) ’) =—&
(ii) Find the value of o+ B2 +y2. [2]
ézg,‘{_?tn-#%._b’;o
D) €Sy4pSa-35 797 O
2\-3(-p\-15=0
65517 (5) > () )
655+ O[22 L] 3[Le) -
= 56 €
S, =5

d"’-;-P"’—l—b’B =5

9231/11/M/J/20
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The cubic equation x* + ¢ .
sl q X+1=0 , wherecisa constant, has rools a, 3, v.

(@) Find a cubic equation whose roots are o, B, ¢y, ;3]
Le‘? J-‘- '(3 =D = a';;-
Subs*;il\l"m& aiues . (d_g)z" Cdi +1 =0
J -+c‘.".[5 + 1 =0

iy % G -d)s L
( ng) :(§1)3+3(—1)2(—3) +3¢1) (‘J)* (’d)j

cly = -l- 32y’ Y
3P +3y*aciytdy+ | =0,
d3+331+(c3+3)d+| =0

(b) Show that a® + ¢ +y¢=3-2¢% | [3]
2032 C _ 243 —c2+3"
Sa®-= :?;:’_._—5=—3'72‘CP N -"T"

ATV
$,at = (27) -2 5P
- () =2(<*3)

2

= 3—*1(‘_3'

9231/11/0/N/20
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(¢) Find the real value of ¢ for which the matrix

1 o B
o 1 Y |is singular.

Fov waddix 4o be s:‘naulm--, dedesrminant =0

| =2 g2
2 | 2| =0
S S

\{I—XJ [d_—FZf] ?P‘X PJ ==
|- & ,¢é+a¢F?3+“P3°’ e
|+2¢3ﬁ3( __(cz—rﬁ—}b/)"o

343 - - -
<*p’y :f——g‘”‘."‘: |

A
v +2(1) = (3-2<3) 7
— U +2e? =9
2C_ q-
c2= 2
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