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where ¢ is a non-zero constant and a # 3
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(a) Determine A™' giving your answer in terms of a.

(2)
Given that A + A™' =T where I is the 2 x 2 identity matrix,

(b) determine the value of a.
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1 5, 5
2. fx)=7/x —=x* == x>0
2 3x
(a) Show that the equation f(x) = 0 has a root, a, in the interval [2.8, 2.9]
(2)
(b) (i) Find f'(x).
(if) Hence, using x, = 2.8 as a first approximation to a, apply the Newton-Raphson
procedure once to f(x) to calculate a secondwapproximation to o, giving your
answer to 3 decimal places.
4)
(¢c) Use linear interpolation once on the interval [2.8, 2.9] to find another approximation
to a. Give your answer to 3 decimal places.
3)
o fu®). T8 - 1 e -_s = 01420022762
z 3(2-8)
fa): 3429 - 1 g - S - -684864218%s
z 3(2-9)
I fnee s o sgn omng  fom  posme o megohve dom  f18) do g9  ona  fIO s
GoMNUOLS  Meele ¢ (00t , « | hes e mwrval  L28.24]
5
w f00= 3% -2’ - o
Rewnte  £(x) 0S  mwoices *
\ 3 S -
flx):7a- 3 - g
( 2 -3 3, s, -2
fx)=2x"- 22 +3%
$lx): 2o -2 r 5o
J
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Question 2 continued
bii. Xo’&’g
we. ofe 100 klﬂg for Q
iNumwa, So\"s of €g’s: :
!New\on-Rhapsm weroon  for so\umg #x)-0 |
i Xnﬂ = Xn - ‘F(XVI) :
: 'FI(M) :
From Newlon- Rnogson  wefprhon : . Yo = £(Xo)
3 (Xo)
(1) musy  fwot ’ by Subloing N Xo 14) wo 0
2) mug g ' (Xo) by a.&mfm_flﬁ_aumg_\%ﬂm&_
(1) f(a8)= use part (o
(2) $'(x): X* -3 v "
-% s =
$'(28): 3087 -3 (28)"+ S8 . L quscreaq
X1 = (a8 - 01220082%68
- Q.455%649
= 8815 (2ap)
C. E Linear Interpolahon ® E
i0(= 0£(b) - bf (a) for nderval [anli
: £ (o) - £la) :
Euhe(e X 8 4ne rooOt E
J

mcmn R D 0 0 Turn over »
p 71 1 0 0 A 0 5 3 6 urnove

5



Leave1
blank
Question 2 continued
[ a 8 , b= & q
x= _884(3:a) - 29 f(a8)
£(3a)-£(a®
f(2-8): 01430023762 1 Worked out  fom
par+ (a)
£(2-9): -0-34864 3187S
x = 2-8(01420082762)- 2.9(-0-848642187S)
(-0-848648187s) - (0:1420083763)
= 3-8142334333
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3. The quadratic equation
2x° - 5x+7=0
has roots o and S
Without solving the equation,
(a) write down the value of (a + ) and the value of af
ey
(b) determine, giving each answer as a simplified fraction, the value of
(i) o +p’
(i) o’ +p°
“4)
(c) find a quadratic equation that has roots
1 1
— 5 ad o —
a”+p - +a
giving your answer in the form px”* + gx + r = 0 where p, ¢ and r are integers to be
determined.
C)
T 1
G. | "= (Sum of ro0ts)zx + (produer of PO =0 |
\ !
Ller o, B ve (oo of  Quaclahc E
| i
: '
" - (xrR)oc + [ap) =0 :
\ !
| Sum _of roon: &+ @ E
E ploduct of rooh: af !
______________________________________ |
Ax"-5x + 7-0 )z
3_2 - —z- X + —Z' =0
L+ B= 37
«f=3
o+
E3
B =7
J
8
NN Y 0 s
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Question 3 continued
2 2 2
o, ol + g = [dxp) - QP
= ($)-a(?)
_3
s
o(2+ 57' '%
3 32 R
i, o+ p = (d+p) -3ap(arg)
3
- (3 -3(2)(2)
_8s
= g
0(34- ﬁ3= 'Bcs
C. DL?' - (sum of rook) ot + [product of foors) = O
»fg A 1 1
é a_z‘(d—“*ﬁ +—P,_+d)x *({ﬁ)x(r:d))=o
\% 2 Eraro’+p 1
A)é X - ( (o %+ B)(@° +at) ¥ ( ld‘op)lg"ﬂx)) =0
\2 2 ( oA Trp o+ B ) ( 1 )_
S L ey o ¢+ @ o =0
2 a8 axr P 1
X “(P(up)‘+u#+a‘4o‘ )"x * ( (aB)* + 4@ + x’-ya‘)zo
wse oqs use ans we ans  fHom
fom part (bi) from part (i) pact Cioii)
2 -3
x - [ (F2)(5) o 1 =0
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V(2308 V6%
4 8
o - (5)o +(75)=0
; 3’1— - 24_% o+ 4%' = O
. B
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4. f(z)=22"-Z"+az+b
where a and b are integers.
The complex number —1 — 31 is a root of the equation f(z) =0
(a) Write down another complex root of this equation.
ey
(b) Determine the value of @ and the value of b.
“4)
(c) Show all the roots of the equation f(z) =0 on a single Argand diagram.
(2)
Ve S [
O..For o cupc  eq” win fom: 0X +roX + CX + o tnew a3 ook
i There.  ore 2 possibihes 3 teol  roors E
E 1 real root @nad 2 complex yoors (anuea-;g pov) |
. lox F MUy 3 | ate (-1-3:)
flip Sign of  imagmnacy  Component
-1+ 3%
b. (%—(—l-Si))(%-(-wss))(%-r)
(%4'\*'3")(%1-\—31)(?:-15)
(R°% 2 272 ¢ ¥ +1-27 +2i +37-9: ) (2 -7)
(zz«»az F1-a0-n) (2-%)
(2°+ a2 +10) (z-7)
2>ra2"+ 102 -¥% - Ay: 107
(V2®+(a-7)2"+ (10-a1)2 + (107)
@z (4-37)2% « (a0-47)2 + [-a07)
uoe effiuens 4o £ (1) 2=2
» 4-35= -1
(3) 20-47%: ¢
(4) - a0y = b
use (2) 4o sole X : 4 -3%-=-
S =ay
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Question 4 continued
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5. (a) Use the standard results for 21‘3 , Zrz and 27’ to show that for all positive
r=1 r=1 =l

integers n,

n

N rr-1)(r-3)= én(n +1)(n— D(3n - 10)

r=1

)
(b) Hence show that

2n+1 1

2 r(r=1)(r—3)= —n(n+ 1)(an’+bn+c)

r=n+l1 12

where a, b and c are integers to be determined.

3)

n 0 n
O. Z’ T(r“)“' 3) = Z Y(Y’L‘ !“' fs) = 2(3_ 4.(24. 3{
r=) =1
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/

n n L
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Question 5 continued
i+l Tnrl n
Z' T r-n{-3) = rlr-0le2) - Stelr-1(r-3)
znn =) r=1
= 1 an)2an+1)(2nn 1) [3[204] -10) - 1 nlnn) h-1)[3n -410)
12 47
= A () 20+2)(20) [6n+3-10) - A ninr)in-1)(3n-10)
1 — 12
Joctoe out
2
= 1 gnm) 2 e)@n) (bn-2) = | n in ip-N[Bn-10)
2 12
>4 pnn)enylén-3) — ) nnen-D)3n-10) O\
12 'z {ocror out %_nf"”)
= 1 nin+) {Mann)((sn——ﬂ— (r\—n)(sn-w)? /
12
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" L
= 1 n(nmf%nl«SZﬂ -2%8 - 3n +13n —\0]
12
= 4 nlow |45 nt- 190 - 38]
12 ]
5000 (480" -100-38) (- 45 ,1b- -14, c--38
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6. The curve H has equation

xXy=a x>0

where a is a positive constant.

The line with equation y = kx, where £ is a positive constant, intersects H at the point P

(a) Use calculus to determine, in terms of a and &, an equation for the tangent to H at P

C))

The tangent to H at P meets the x-axis at the point 4 and meets the y-axis at the point B

(b) Determine the coordinates of A and the coordinates of B, giving your answers in terms

of a and k

2

(c) Hence show that the area of triangle AOB, where O is the origin, is independent of k&

o fnd pont P by Solug unee me ed’ meerS  cule W Simukonesusly.

Y= kot

Xy:a®

x(kx)= o
2
kX = Q
2 _ a*
X ° %
a* Jo' 4 a
X-fr:iﬁ't\fi‘

However, sinee X> 0 wusr fgect =

2

a
L

suo whid  erver (D or (2) o fna Y

“eoser to Suwo wip 1)

Powmr P: (-[_% ! a"ﬁ?)
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Question 6 continued
Dofterenhote e H  afg. o0
xy=a"
. a 1~
Y= X =0 x!
ay r 2
x> ~0 Tt
Sub 10 toor. P ( I« ,0147')
d‘li ‘0.2 -Qa = -0k = ~Kk
o\ ot ot
*laom) (&) *
angan+ F ok
set up  lne eg” Y-y =mM(X-X,) W M- -k
o
(X,,}j,): (ﬁ’am)
Y-ads -k [x-3)
\ )
Y- odKk = -koe + oK’
Y= -kx + Qo
Y -ux + Qadk’
b. ) @ a-axs, Y=0
) ® yY-oas, x:= 0O
M O:-kx + davk’
K = Qak’
. QodW | Qex™  Ba g
Tk L
da
Al §0)
® Y= -k (0)+ 3aIW
Y: Qadk
R (0, 2adK)
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Question 6 continued
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7. 1In part (i), the elements of each matrix should be expressed in exact numerical form.

(1) (a) Write down the 2 x 2 matrix that represents a rotation of 210° anticlockwise
about the origin.

(1)

(b) Write down the 2 x 2 matrix that represents a stretch parallel to the y-axis with
scale factor 5

)

The transformation 7 is a rotation of 210° anticlockwise about the origin followed by
a stretch parallel to the y-axis with scale factor 5

(c) Determine the 2 x 2 matrix that represents 7'

(2)
(i)
M = k k+3 here ki
s 1% where £ is a constant
(a) Find det M, giving your answer in simplest form in terms of £.
(2)

A closed shape R is transformed to a closed shape R’ by the transformation represented
by the matrix M.

Given that the area of R is 2 square units and that the area of R’ is 16k square units,

(b) determine the possible values of k.

T 3)

sS -S| o poncinckmse roromon  (Gnen m Formulae bookier)
e (A4

ougn & abour O
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Question 7 continued
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Question 7 continued

b. ) det (M | = orea  Scale  factor

Prea S-6. = lder(m) | = |-x"+6xrs]|

Preo of R » | renic) < Pren of R

o? x \-kL+ Lr+12) = 16k

-k + 6u+ts] = Rk

—-kz+6u+ls=8u

or — (K" + 6k +18) = Bk

K+ Qk-\s-0O

K:- 6u -(S =Bk

(k -23Y(k*S)=0

K* - 14k-I1S* O

k=23 o kK= -8

(v - $)w+ =0

W=\S of %=-|

K=-5,-1,3,\S
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8. The parabola C has equation y* = 20x
The point P on C has coordinates (5p°, 10p) where p is a non-zero constant.
(a) Use calculus to show that the tangent to C at P has equation
py—x=>5p’
3)
The tangent to C at P meets the y-axis at the point 4.
(b) Write down the coordinates of A.
ey
The point S is the focus of C.
(¢) Write down the coordinates of S.
1)
The straight line /, passes through 4 and S.
The straight line /, passes through O and P, where O is the origin.
Given that /, and /, intersect at the point B,
(d) show that the coordinates of B satisfy the equation
2x°+y" = 10x
)
a. Differenhate  parabola  wit - o
\lz= 20x
2y(%)- a0
ay 30 10
dax " @y "~y
Sub wn  toom. € (Se? 10p)
ay | 0 - 4
ax I(sz,ﬂ)p) (10P) P
1
Mmﬂgm e
i
Sk up  hne eg? Y-y, =mM(X-x) wh M= P
(Xu.lj:) ( se" 10‘,)
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Question 8 continued

1
o —_— (A
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Question 8 continued

(3) since 1 anad Lz wwgsect , SoWe  Swnutraneously

(«I: 9=-‘Px*sp

cz-. 3: %.’I—

-pX+se= B

Se-* %-_:c_tp:)t.

5S¢ Qo +p

s = o (a+p?)

x: Sep
P

Suo otk wio emer L or €2 o fnol ycoom:

( Se* m)
Bl pe2 " Fe2

S¢* 100
(4 et : Tote2 AR

Cooae  dx*+ y*

(A

2 set \ +f 106 )
pirz \ p2z )

- A(sH? . (10n)° - 2(3se) + 100 . Sop™100¢"

(¢t+2)" (p*+2) (p*+2)* (p*+2)"

. softlerz) | 50"

(p*+2)" pre

S0e* . 10[ 5" ) - 10«
per2 \e*r2

. 7z
QT +y* =10, snown
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9. (1) A sequence of numbers is defined by

u =5  —6u, n=1

n+2 n+l
Prove by induction that, for n € Z"

U =3x2"-2x3"

3)
(i) Prove by induction that, for all positive integers n,
f(n) — 33n—2 + 24}1—1
is divisible by 11
)
i. (1) Bose Cose: cheeck dme for n=1 § n-2
U 1
U,= 3xad -&ax3 = O
U,= 3% - ax3 =-6

UW=0 ang Ui=-6

T drue for n:1 o n=2

(2) Pssume  true for n=k & nN=kr1:

Uk= 3x2" - ax3"

Uyya = Sxam - a3

|
(3) Wnouchon Step, Prove drue Pr  n=k+l: E 'f\nmkmﬁ ahead, Sub 10 N=k+Z o
|
uun =SUyy, - 6uk X Up - g 18 Wwhat we are g 10 prove

1

: using (2):

: (k+2) (k+2)

Sub i Ukn  ona Uk from 0sSumphon  $Hep. ! Uirg® 3x 2 - 2x23
|
|

L
Moke o note 4o e S o e ¥now  whor

Unsg = s[zx Qe zxa""‘]- s[ana*- z:s“] e o wenevg ouerss,
<[5 xa™ = 10x3""]-[18x8% - 1ax3Y] '

[\s x (@1(2%) - 10x (3‘)(3“)]— [)%x Q- 2x 3“]

[30(2“) . 30(3“)] -[18(1") - 12(3")]

> 30(2% -30(3%) -180*) + 12(3%)

= 12(2%) - 18(3)

: 3x 4 x 3 - ax9x3"

Ur 2

<
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Leave
blank
Question 9 continued

Uusz ° 3 x 2% xa" - ax3*x3"
= 2x (2°)(2") - ax(3%)(3"
3% 9" - ax 3t

(4) Conclusion

W ove cesul S Aue B Nk ond NK¥) dnen W & Aue Pr NaK+Z . Bs e result o

LN INown 4o be  Frue  fr N1 ondl N=Z dmen e vesuwr & due for ol n.

ii. (1) Base Cose: check twe  for n=1

3n-2 &M=

f"”: 3 + 2
= 11
= 1(11) “—  dwsible oy M

e for n=1

(2) Pssume 4rue  for n=k:

3Kk-2 Ax-1

&[Kh 3 +2

(3) Induchve Step, Prove 4me fr  nek+1:

3(xn) -2 4 (k-1
Flun) = 3 + 2
3k+3-2 4u+4 -]
N 3 + 2

el 48
3 +2

£y - )= (3 #Q7 ) - (4 ™)
L2 ] - (3% 2 g7
aﬂr(zf“’l) + \é(z*“") - (%31‘—1)_ [2%*)
s 26(2%7) *\5(2%)
() 4 s (37 x5 (2%7)
= 41 (3 v s 7 2™
R E NI 0Y)

S P (e s M(3¥P) + 16 F00

33
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Question 9 continued
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