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1. (1) fx)y=x"+4x—6

(a) Show that the equation f(x) =0 has a root a in the interval [1,1.5]
(2)

(b) Taking 1.5 as a first approximation, apply the Newton Raphson {process twice to
Give your answer to 3 decimal places.
Show your working clearly.

4)
(ii) g(x) = 4x> + x — tanx

where x is measured in radians.

The equation g(x) = 0 has a single root f in the interval [1.4, 1.5]

Use linear interpolation on the values at the end points of this interval to obtain an
approximation to f. Give your answer to 3 decimal places.

4)
i, FM:=Mm+4M-6=-1
flrs)- (1-s)a+ 4[1s)-6 = z_:
_ e [0 e W fo "DOSH'IVQ, onot 'H:)d < B

YOOFr , o0, ltes w e kol (1,157

b. X1‘1'5

ra
We ore lookng  for 3 approximahon (x3)

Newion - Rnapson  wererhon  for solving ftx) =0

\Anﬂ = Xn - ‘Hxn)

$'(xn)
From Newton-Rhapson  ehon: Xz = X, - f(X)
-('”{X»)
Xz = X2 - £(x;)
-F'[Xz)
Yo+ ng X2
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Question 1 continued

Xo- X, - Flx)

£(x)

(1) must  fwol ‘ by Subbig W X, (15) wwo (%)

(2) muse  fna B'UXD by Oipfeenhotrg  F(x) 0nd  Susowg w % (15)  wp 4%
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Question 1 continued
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g = 149(15) - 15901:4)
9(rs) - g(+4)

g(14)= 4 (19)%+ (14) - 100 (14°) = 3-U4Q11648S
9(as) = a(rs) * (1-8) - +on (1-5%) = -3.6014190942

B- 14(-3601419943) - 45 (3-44Q11648S)

(-3-601412943) - (244 211638S)

B= 144886915

& = 1449 (3d.p.)
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2. The complex numbers z , z, and z, are given by
z,=2-1 z,=p—1 z,=p+i
where p is a real number.
. 2223 . . . . .
(a) Find in the form a + bi where a and b are real. Give your answer in its
V4
1
simplest form in terms of p.
3)
S
. zz o
Given that |=223| = 24/5 3
A =
. R
(b) find the possible values of p.
o | |
0. %223 = [(p-i)x(p+i) \
2 2 -6 ‘
2 z =
= p - “0
2-
= P’- - (“')
Q-i
2
- Pp+A
2-i

¢
MUSt noW  fewnie  2-o v form ot+oi

Mulhply +op ond botom

— by  tomplex (onjugate. of  denom nator
v Y f njug f
e+ C g - (pfri)iari)
a-i Qi (a-1) (a40)

. 30 +firasi
G- ¢ -

. (2d+2) s ()i
a-

. (20 72) + (0%r1)
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Question 2 continued
(aF+2a) +(e"+1) ¢
s
= Arrd 4+ Pr1 .
5 5
22%3 = Qo rd 91*1 L [V apl*a b= Pz+1
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s | \s/
(26+a) + () - a0
(£)® (sy*
(ap*+a) (%) = 30
(s)?
(aF+a) + ()" = a0x(s)°
YA
(i) + (= so0
25050+ (40 = 500
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S (¢%+1) = SQO
(rl_”)‘___ 520
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Question 2 continued

(p"+1)*- 100

P+l 2100

prri= 210

P ri=10 or

(’7'-»\ =-10

p™= 4

= -

p-ta’

p=xdn

p-t3

p= xdn"i
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() = 3:23
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3. The triangle T has vertices A(2, 1), B(2,3) and C(0,1).

The triangle 7" is the image of 7 under the transformation represented by the matrix

0 1
P=
(a) Find the coordinates of the vertices of 7"
(2)

(b) Describe fully the transformation represented by P
)

The 2 x2 matrix Q represents a reflection in the x-axis and the 2 x 2 matrix R represents a
rotation through 90° anticlockwise about the origin.

(¢) Write down the matrix Q and the matrix R
(2)

(d) Find the matrix RQ
(2)

(e) Give a full geometrical description of the single transformation represented by the
answer to part (d).

AR oc a & . )
a. |0 1 P a O |- [(o)a)+ M) (o)) + NGB (o)o) + (0 ()
-1 0 1 3 1 @)+ () 0 @)+ (9 F (o) + (0))
J ) ’
A& ¢

A3 1
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o 1 - -4 o
Y, Yo
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* '\
. . _(bordinades have been o a ’Preprewrrs a
(o) Totakd 40" clockuise / (3) .
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Question 3 continued
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Question 3 continued
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4. A rectangular hyperbola H has equation xy = 25
. 5 . .
The point P| 5t, 7 , t # 0, 1s a general point on H.
(a) Show that the equation of the tangent to H at Pis t’y + x = 10t
“)
The distinct points Q and R lie on H. The tangent to H at the point Q and the tangent to
H at the point R meet at the point (15,-5).
(b) Find the coordinates of the points Q and R.
“)
C. Diftererhate.  reciangular hyperoold. ea” weed. oL
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Question 4 continued
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f(x) = (9x% + d)(x* — 8x + (10d + 1))

where d is a positive constant.

(a) Find the four roots of f(x) giving your answers in terms of d.

Given d =4

(b) Express these four roots in the form a + ib, where a, b € R.

(c) Show these four roots on a single Argand diagram.

(&)

2)

2)

0. et =0 4o fndd oS

Q:x.2+d=0 :x.z—sac'r(«oaa,'u):o \

2
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6. The parabola C has Cartesian equation )* = 8x

The point P(2p’,4p) and the point Q(2¢°,4q), where p,q # 0, p # g, are points on C.

(a) Show that an equation of the normal to C at P is

y+px=2p +4p
(b) Write down an equation of the normal to C at O

The normal to C at P and the normal to C at O meet at the point N

(c) Show that N has coordinates

(2(p* + pg + ¢* + 2),-2pq(p + 9))

The line ON, where O is the origin, is perpendicular to the line PQ

(d) Find the value of (p + ¢)* — 3pg

0. Differerhose  pofobolo 9" i\t L*

(6

(0))

(©))

(6))

\/°'= Bx

ay(¥)-8

ay ¢

ox 2y

TN

Sup wn  pomt P (& ae):

ay) 4 = 1
o l(zp‘. ap)  (40) e
1
Mmgm,f : P
M aormet © P

set up hne  ef”  Y-Yi= M(x-x)  wain M= -P

{Y.“ld,) * (2?214'[’)

Y- 4e= -p(x-2¢*)

y-tp= -px +2p°

3
Yrpax=2p +4-p” Shewn
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Question 6 continued
5 b. replnte Ol 4a p'S LM g's.
1
=
v Yrqx=24%+4q
I
2
Z
E C. Solve  yrpo= 2934—49 ond . Y+qx = Qa.':‘ + 4, Simu Honeously
o
g 3
5 () Yrpx = 20° ¢ 4p
g (2) Y+ =29°% +4g
o
- (@): Yrpx = 20% ¢ 4p
yrax =20°+49 O
PG, = apehp-24°-4q
(P-a)x = R\os - 90,3 + b4p- 4y
(p-4) 2 = &[(Ps- 9,%)+ a(p-@)]
3 (p4) &[M)(PZ*PCY”’P’L) *QM)} € Cancel our (p-4) since
s S Q[PZ+P°1/+Q,1+3) appears ey M
b () -
ys plale ey ratea)] = 30 » 4p
/\ Y+ &’ffz* af’zq/"'af’"l}"""? : 9’{* 4p
§ Y= -84 -aps
Yy: -4p4 (p+s)
- wew ne (08 g 47 +2) , -apalp+4)
<
“
< C. Stor+ by finding  Qgroawen of Pa:
S z\ MPQ ! 4'41 "4P : 4 (%_P) = q,A(lw - o’z
W 29*-2p  alg-¢?)  AlarplleP)  (p44)
=
=
B e
8 ~ fno glogent of  ON:
o
a
Mon : -dey(p+4) -0 . —2pq, (Pp+4g)
: Apimegiez) -0 AlFregagie2)
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Question 6 continued

nee  lines PR on wler, Mo * Moy = -1

'a/ X —&M(M) = -1

P+, Alp*4 p4+9+2)

—QPQ/ -—‘1

Preq ez 1

({oSS muthply

/
- dpg ()= '1(97'+pq',+ ' +2)

°‘+pc,+ 2y2

»
S
N

w
o

<®

Q= (pwiv)z-a%;%
-d- f'Dw,,\z’ 35)0
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7. (a) Prove by induction that for n € N

irz = %(n +1)(2n + 1)
)]

(b) Hence show that

S ?+2) = %(a;f +bn+c)
r=1

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

C))

(¢) Using your answers to part (b), find the value of

25
Y (*+2)
r=10
)
0. [0 Bos Case: Prve e for n- 1
1 N 2
e Dp = (1) = 1
LE¥ )
rus: L (1aa)(aler) - 1
LHS = RHS
- aue  for n=1
_LL)_kae_'mz fox nek:
K
2 - 5 (ke1)(ax+1)
3) Prove e for nekal: Toniag_oheod, Sub 10 Nk
wel T 2 J
Z v o= Z’Y * (kﬂ) «— Wwe afe Errhig  Qum vy (K49) tems HS ' MS & whet e
) r:\
08 Mo Sum of (K)iems  + (er) 2):
K 2 & (x+)
: Z(kri)(&kq) + (kr1) KM - we tan oo e Swp(2). vt s = (k) [alinn)

L
Moke o nole SO we kaow

= e [ wlaxe) + 6 (k]

what  we oR  wWovkag fowards

%(KH) [au2+k+6k1 6 ]
:'6— (.K‘H)[akt I+ 6]
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o n
% b, 2ir+2
ﬂ \ i Xsphl- SumMmehon o 2
. %KY " "
Z’,rz + 22.
r=4 r= foctor 2 out S i
Summahon 1 _Summahons |
BN n [ 2 _ 1
Sf*o?gi : §l' N 1mus>rleml E
s t4 T n 5
: : g_v = gn ) \( :
: %n[ml)[%*') i R[V’J A\ E é’f— - levx(n+l)[2n+l) ’zm e formuloe wOOKIEt E
#a_?:r out E TZ‘ (%= 14"1 (ml)z J i
- %—n[(nHHZn*IH 12} v oo :
s %n[th 3n4 1+ |Z]
: %A[ana-gna-\l:]
n 2
Z@n*+30+13)  0:3,6:3,c-13
as s L)
¢ Sirtra= 0+ - Siy'+a
r=10 =1 =\
\ as( 2 q 2
Sees = 7 (dlw) +3(1) +18) - —6-(&('%) +3(ﬂ)*\3)
= © 5575 - 303
» 58738
‘o 5378
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8. Prove by induction that 4"+ 5" s divisible by 21 for all positive integers 7.

()

= 4(a1) dwsible by 31

“hwe for n=1

(2)_&331&2 Arue fg{‘ n: K *

Qk+1

F k)= 4—”2 r 8

{3) lnduchie  Siep, Prove fwe for  nek+

(e+)) ¥2 Qe + 1
Fly= 4 *
k12 dx+3
+ 5

¥ r 2 ¥
Pl - g0 (477 ™) - (470055

- ].14’\' (4_K+‘L) +(Sz)(swn)] _ (4_)"7- N 53“1)

t 4

& @) v oas (™) - [ 4 - 5™

- 4 (") ¥ 3s(s™?) - (a"?) - (s™)

> 3(4%) » g4 (™)

- 3[ (4_k+?.) ¥ ls'lwﬂ)] + orM(S'LKﬂ)

2 3 FK) + g1 (s?Y)

Flkr - 2= 3400 + 81 (5™")
Fleen = 4 g 21 (™)

Fluen) = 4 @ ) + 20 (S™))D ot b ket

(1) Conciusion
\ Sult = =K+ B Shown

Me f N=1, men me  resur & Ame for ol N
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