' SPECIMEN PAPER 2 '
Quuptwn 1

,‘ (x_) Evaluate

i oo 6 - Ln?- 2x
] Sx cds x dx (b) s —_— ) s & dx
0 3 x2- 6x+18 ST 0 1+t
Find fN m and hence find the area bounded by the curve

1
x1(1 + x)- 1andthexam iotheugh/toﬁihex=

'.) Differentiate cos" 1 g sin o and expreds the nesult m te/zm"'o%» cos 6

AR g
Deduae iha/t f (;Q_é 0d0 = ——— [ . 08”2 6 do, and hence evabuate
é‘ - QOAG 8 de

,Que/stéonlz o

() Shezﬁch the graph of y = x2¢”*, Find dy/dx and dzg/dx2 .and Mnd the
vakues of x which correspond to the turning points and points. oﬁ Ainglection
on the curve. Mank these po&m‘/s on gou/t graph., N

(i4) Show that the curve y = 3:&+ - 4x3 + 6x2 - 12% + b has on(’.y one

Ata/twnmy point and. find Lts coondinates.

Hence prove that the equation 3x* - 4x3 + 6x2 - 12x k = 0 has no real
<"

| oot if k> 7 and state the number of neak roots if k ;

Question 3 |

(L) The neatangu}&m hypmboﬂa H has carntesian® (x, y) Qquai'/wn x2 - y2 = &,
Write down its eccentrnicity, the coondinates of its focd S and S', the
equations o4 each directriix and of each wsgmp:tozﬁe '

Sketaeh the curve, /LVLCLLCG(/tLVLg on your dcagnam the focd, dmecmce/s and
Mgmptotexb

(A/L) If this curve is rotated through 45° in an anti- clockw1se direction,
the equation of the curve takes the form xy =

" Prove that zﬁhe equation of the normal £o the /Lec,tangu,ean hgpmboﬂa Xy = 4
aithepo&nt(Zp, Z/p)uspy—px-ZH—p) ‘

T4 this normal meets /the hgpmbol’.a aga,ul at (Zq, Z/q) p/wue that q = —1/p

" Hence, on o thernis 2, show that ihmenex/usm onby one chond of the hyperbola
whgch i a nofuna,@ at both ends 06 zﬁhe chond, and §ind ity equation.

el o




Question 5.

V QLLQA:C(.OVL 6

| Question 4.

(L) 14 z 48" a complex! numben 80, that |z| = 3 and ang z = /6, mark clearly

-~ lusdng- geometny wherd possible) on the same Araand Siaanan h 2
o hepresenting Zhe cofi S g agham the pquy,a

cdiiplex numbers::

Ly 1. - 2 2
DA LR U AR
- [4) Find VEC-F and fhience s0lve the equation 222 - (3+4) z+2=0
- expressiing a‘,(’_«i'cv_e_zs.oﬁ z in the form x + Ly, . ’
(/(/u,) Shet 'ﬁ.dn Argand dtagmm | the Locus of the poi ( (4 gic
)9 1 an n m, 2 _ point P which satisfies
Lhe -equatibnfz.- 3|"= 3. From the “figure, using Euclidean properties of

' “Zhe Rocus, that P also satisfies the condition arg (z - 3) = ang z2.
Detormine ih @f{mpﬂeteﬂocm of polnts Aatisfying this condition.

(4) Use the method o4 Lniegnw@éo_n by :parnts to evalugite g‘l YT+ 2 dt. .
(i4) PQ, QR are two straight noads meeting at right angles; PQ = a km,
OR = 3a km and S 4s5-a podnt on QR.. A ginl walks achoss country grom P to. .
S at 3 km/h and then along the noad from S to R at 5 km/k. Find the !
distance of S. grom @ in onden that ithe time for the whole jowwey should be
a minimum, L : - '

- (44d) The area bounded by the .o.i}/ive_y = x(2 - x) and the x-axis is ﬁdwed

about the y-axis. By considering eylindnical shells with generatons

- parallel to the y-axis, '/showzﬂza,t the volume V units® af the s0id 40

generated 48 given by V = o ._?ﬁxijdxl '
Hence determine the volume 9)6 this solid.

A parnticle moves in a Afjw,cgh/tane ‘Prove Hhat its- acceleration at any 5
ih@ian;t YT %Z— where x denaie/su% position coondinate and v its veloaity.

A pa}ptéde o4 mass m a',kpnc}jeéiad;.vmwy.upﬂa/nd/s'wj/th initial speed U,
- If the ain hesisdance at any instant is proportionad to the velooity at

that instant|say resistance = -mhv, where k 44 a constant), 'prove that the |
parnticle will reach £ts highest point in timée T given by kT = Log(l + kl/g),
where g 44 the acceleration due’to. gravity (assumed constant) .- -

250 show that the,particke Wikl wscend 1o height H, where kH = U - gT.
. N *"“‘J ‘}” . = . L . o T "

A




10 op,
A,

'Qu?zstwn 7 Ty,

(4] Show that if the poi,ynomal P(f[) ha/s; a’,,_\‘/wozﬁ a 05 muwpuu/tg m, then
PT(x) has the hoot o with mu,&tcp&cuty (ml""" 1)

: G&ven ztha./t the polynomiak P(x) = x* + x3 - 3x2 Mo ‘— 7 haf.s a 3- 5o£d ook,

© find all zﬁhe /LOOJ(Z) of Plx).

X%
(ii) 14 p2 =1 + p, prove zﬁha,t = 1 + ZE) Express wﬁ%ﬁxhe 60’”",“ +,5P’
where a, b are integens (a) P° (b) 1/p°. N , }
(£id) Mémng the nu@w gorn sin(A £ B), prove that a ’\%
L Adn Cr+ 4Ln‘D'= 2 sdn %(C + D) cos %{C - D) ; i
Find the éUﬂthéOh/ﬁi o sin 3x + A X = cb’/..; X forn 0 € x < 27, | )
""l Gwen a, b, ¢, d are nemﬁ pouave numbe/u; p/wve that | ; ..

(b) R T T 4abcd

g: + d44> 4 wha;t Azﬁa/temen/t (Lﬁ ang) can be made abou,t
; _'_ + d_ 7 : i : _

(u) Iﬁ'w m'a compﬂex nhoot 06 the equwtcon x3 =1, Oshow _iha;t. zhe- other
o aampﬂexnooi&w o A Co e

".-'(a) Showzha;c1+w+w2~o X

(b) F&nd in u% Mmpﬂuwt fonm, the cubic equaﬂon whozse /woi'/s ae a'+ b,
aw + bw?, aw? + bwwhejw.a ba/w,necu@ numbe/e.
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WOPKED SOLUTIONS TO SPECIMEN PAPER 2 L

Ly

\ i;(i)(g) infegrating by parts,

. Kis ) ™
I= S X cos xdx = [
0 0
1 . .
a‘(X)dX =0 - fﬂsin x
x o

% El—-(sin x) dx
dx

dx

o I= [x sin x]ﬂ - /Tsin x.
0 0
= = [—cos x]Tr = -2 #
, 0
(% ax 5 &
3 xZ-6x+18 3 (X—3)2f9
-1
~ 3

- 6
[tan~! (§§§0}3,put

Wl

ting u.= x-3

“(c) Let u =1 + eX, then du =

X

2X X
e dx; note e "dx = e

ehdx = (u—l)@u

s Reqd area fN’ dx
' .11x(1+x)

as N-

i

?Jhw
: {log 1
N §1 T I/N

lnN ~ In(14N) + 1n2 :logi§ﬁJ + log 2 #

g¢+ 1og’2}'

o o2
= 1og 1 + log 2 = log 2 units ™ #

When x = 0, u = 2 and when x = In2, u = 1+ eln2 =41+ 2 =3
In2 2x 3 3 : 3
& (u-1)du _ f (1—£)du - [u-1n u] |
0 1 + eX 2 u 2 u A
, =1 —1n (3/2) # :
{0R Let v = ¢¥, then dv = ¢*dx and Pdx = v d
£n? 7 2 ?
5 e"dx - { vdv = { Tv)-T gy - { T- 1) gy ete y "
4o T+y T +v T+u
e
(i) Using partial fractions, ———\= é-+ B _
- part; ' * x(14x) x 0 1+x
i.e. 1 = A(1+x) + Bx; x = 0 gives A = 13 x = -1 gives B = -1
N N , N
J dx: .S 1 _ _
1 ETE;ES' = ‘1 (X 1+X)dX = [lnx lng1+x)]l
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CPAPER'2 01,72 s

(iii) ~%§—(cosn_16 sin 8) :,éosn_le cos 6 + sin 6{(n—1)cbsn_29réin.6}‘
= cosne - (n—i)cosn~29 sinQG = cosO - (n—l)cosn_26 (1—00826)
) : '

= cos 8 - (n—i)cosn_Qe + (n—i)cosne = n cos"® —,(n—l)cosn_Qe #

Integrating this result between the limits 0, /2

/2 el - /2 n /2 02
i g_;(cos 6 sinB)dé = nf cos 8-d6 - (n-1) J cos 6 -de
0d . 0 0
' ' /2
i.e. [cosn—ie sin 6]“/2=un uw - (n-1)u , where u = /[ cos™® as
o 0 . n n-2 n p
_ ; _n-1
Thus nu_- (n—i)un_Q_—vO, feeu =—u ,
w/2
S ., =8 .. . _1 : - .
Now u6 =5 s uq m u2, u2 =3 uotgnq uO 6 1 de 5
/2
- 5 3 1 5 3.1 .7 = 57
. :——‘__——_—-.Ll\.:___.._ -— — —_
Thus g cos® db = = . T . 3 0CE T 23 35

. ' 2 -x L. .
Zf(i) For curve y = x'e " ; domain is all %, range is y > 0. Curve meets X -
axis at origing as x =+ », y >+ 0 gnd as x > - ®, y > + o, .

xoe b e ¥ oy = xe—X(Zix)4# -

-X

~ e o) + {eF2 + 2% e R} = e_x(x2—4x+2)#

N

> 1 i o
242206 2 PN

Ay

Nowgﬂy/dx = 0 when x = 0, 2; these give stationary pts. (0,0) and (Q,He_z

resp: At x.= 0, d%y/dx? > 0 and at x = 2, d%y/dx? < 0; the cunve is
concave up at x = 0 and concave down at x = 2. There is a min. turning
wwhere x = 0 and a max. turning pt. where x = 2.# '

~

b . ., . - . 2 -2 CL.
,The‘condltlon for inflections on the curve is d y/dx” = 0; this is so

when x2 - Lx + 2 = 0, i.e. at x = 2&/2.
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/46 :
Ffom a’ sketch of y = 2—4x+2,]the value of x2-Ux+2
changes sign in pa851ng through X = 2—/5, x = 2+/2, , =t
Hence, the sign of d2y/dx? changes in passing B o /8'—
through these values, and thus so does the. R o

concavity of the curve. That is, pts. of
inflection occur where x = 2+/2,

(ii) y = axM b3 +6x2 -1 2x+k

I

y'= 12x3-12%2+12x-12 = 12(x3-x24x-1) = 12{x2(x-1) +1(x-1)}

= 12(x-1)(x%+1) = 0 at x = 1 only (for real x).

There is only one stat. pt. # When x = 1, y = 3-4+6-12+k = ~7+k ‘and the

st. pt. has coords. (1,k-7) # Note y' changes sign from - to + in passing
through x = 1, and thus (1,k-7) is a min.st.pt. ]\fk S
@ 4 pe © |8 Lz7

S

Now graph of y'= 3xt-ux3+6x% -12x+k cuts y-axis at (0 k);’aS'X‘4‘+'¥; -
'y = + @. The graphs when k>7, k=7, .k<7 are sketched in fig:(a), (b);~(c)
_resp. Note then the point (1 k-7) is respectively above, om, below the
X- ax1s.

When k>7,/the curve does not meet the x- ax1s, and thus the ed n
-3xq—4x3+6x —12x+k 0 has no real roots # ’




v _ _ dy _ -4 _ -1

(ii) From xy =4, y = ¢ an vl 3 at Z (2p,2/p) 1 -
: - ay 0 y . -Y._.-

from xy = 4, then (x = ! y.1) = 0, L.e. ax

) 7 d d -2 '
OR ’6’10"’! X = Zp, y 5}‘9— /tI’LQVL a’)’% = 2, a‘% = Ez_ and ai' = W %

.

. The tangent to Xy = 4 at P (2p,2/p) has slope -1/p® and thus the normal
there has gradient +p2. : : .

= pz(X—QP), which gives

Qe R EN

Eqn. of normal at P is y -

py;2 = pax—Qp”, ie. py—p3x = 2(1-pt )

If this normal passes through Q (2q,2/q) then p.%—— p3.2q = 2(1—p”5
i.e. p-p®q2 = a-p*q, i.e. p-a = pala-p)

Sinée p#q, then 1 = -p3q, and thus g = ~1/p3#

: From‘above, if PQ is a normal at P, then q =4/p3, i.e. p3q = -1 and

- a normal at Q, then p = ;1/q3, i.e. pqg® = -1. -
Thus, if PQ is a normal at both P, Q then pdq = pg3, i.e. Pq(Pz_qz).: 0,
T.e. pa(p-q)(p+q) = 0 and since p # 0, q # 0, P # q then p = -q, ie.

Q= -p. .

Since pdq = -1, then p3.-p = -1, p* = 1,-i.e. p = £l

v
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- PAPER 2.0
When p = 15.éqn. of normal chord is 1y-13x = 2(1-1%); i.e. y = %
When_p = -1, eqh of normal chord is —y%x = 2(1—1) i y =%

Thus, there is only one chord of the hyperbola whlch is normal at both
ends; its eqn. is ¥y = x. # -

il

. i o . ] Axg
3 (cos /6 + isin T/6) _ ,

N+

.(i) Z

iz =.3 (cos 2n/3 + isin 2m/3). . Lpy
The pt. representlng iz is obtained -
by rotating the pt. representlng Z
anti- clockw1se through /2.

¥ v'%ﬁf%

z = 3 (cos 7/6 ~ isin m/6)
The pt. representlng z (the
conjugate of z) is the reflection
of the pt. rep. z in the x-axis.

1 1

3 (cos 1/6 + isin m,6)

i -

%—(cos /6 - isin T/6)
-The pt. representing 1/z has mod.
1/3 and arg -7m/6.

2z = 3 (cos — + isin &
‘= ¢os g 6"
T T
3 (qo; g = isin z) = 9.

The pt. represénting zz is on the real axis at.(9,0).

+ isin 22 = 9 (cos L + isin 5, by de Moivre's Thm. =

2 _ a2
z% = 3%(cos 5 3t s 3 3

»la-

The poihts representing z? + z, z2 - z are the fourth vertices of -
parallelograms with vectors representlng 22 z and z2 » —Z respectively
_as 81des.!. ‘ _ ] S . L

a. + ib, where a>0 (by convenfion)

(ii) Let /6i-g

:Squaring,Gi;B = (a2 b2) + 2iab and thus a -b2 = -8, ab




r

v . - L ,f‘i‘. v o
- SR PAPER 2 Q 4,5 49 -
the quadratic formula, the roots of 222—(3+i)z-+ 2 =0

= (3+1) * /(3+1)%4.2.2 (3+i) + /61-8
- . m ‘ m

-

or % - %i#

e

(3+1i) £ (1+3i) =1 +

1

=

(iii) On an Argand diagram, ‘Z—S‘ represents
+he distance from the pt. P representing the
.. complex no. z to the pt. A representing 3.

1f this distance is 3 units, then P lies on
" the circle centre A (3,0) with radius 3 units.
The locus is sketched. # ‘ '

o

 {) Now arg (z-3) = xAP  Arg zz = 2 arg z = 2.x0P 0

"“By geometry, XAP at the centre A of the circle
i{s twice x0P at the circumf., on the same arc,

PB, i.e. arg (z-3) = 2 arg z = arg 224

{0R use fact that ang (z-3) &5 the exterion
angle of AOAP and is equal o the sum of The
angles AOP, APO}. , -

f 7z = x + iy, then z-3 = (x-3) + iy and 22 = (x%2-y%) + 2ixy.

Since arg (z-3) = arg (z2), then tan arg (z-3) = tan arg 22
y_ = ﬁ%«z (Note: if 7 = X + A¥, then tan avg L = ¥/X) ,

l.e. 2 =
X

ox(x-3) i.e. x2+y?-6x = O

0 or x*-y?

”l_l

,(D o
<

il

‘  Complete locus is y

0 (i.e. the x-axis) or the circle (x-3)2+y%2 = 9 #

A

. {lNote: lihen # is on the m-awis, R . y
. % 0 . % 3 F X
.

to_the right of 3, arg (3-3) = 0 and arg 22 = 0, i.e. arg (3-3) = arg 3
between 0 and 3, arg (z-3) = m and arg 2> = 0, t.e. arg (2-3) # arg a2

to the left of 0, arg (3-3) = 7 and arg 22 = 0, 1.e. arg (3-3) # arg 2%,
Note that z # 0, 2 # 8 since arg 0 is undefined. |

-The locus of P is the w-axis (y=0) for x>3 only, as well as the eircle
(£-3)24y2 = 9, i.e. |z-3| = 3}

5.(1) By parts, Ju %%—dx = uv - fv %&-dx, where u, v are functions of X.

f

3




“.a(iii)ﬂGdnSideP'the area between th
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PAPER 2 Q 5 . 80

. 1 ‘\ - : . ) .
[ Ve e . .
0 1 d N : 1 1 1 . :

= YI+E7.a- (0)dt = [VITeZ.t] - [ t.- L2t dt .

0 L 0 0 o/T¥?
1 2y _ 1 1 dt

=»/.—’2—f(1+t),1d't=@—fl/1+t2d't+f' : C

0 /ivt? 0 0 yT4t2 ‘

1 . ) ) 1 . ; N
Lo {)‘/1+t2dt V2 + [log (t + ¢t2+1)JO, from table of ‘standard integrals

1

V2 + log (1+V§),_ and thus value of given definite
integral is %{vV2 + log (1+/2)}#

1 24 A
(R J dt  _ M sec?e do

0 VT+xZ 0 sec8
;M sec 6 (sec 8+ fan 6)

, by Letting & = tan o, i.e."d,t‘= 40020 de

_ T _ o T
= g sec 6 de ! Fea B T Fan do = [log (sec & + fan e}]o
= Log (V2+1)}
T ~
(ii) Let QS = x km (x is a variable) P

Now PS = vVaZ + %2 km and time for journey PS at
8 km/h is vaZ + x2/3 h.

Also SR = (8a - x) km and time forp journey SR
at 5 km/h is (3a - x)/5 h.
- '

If total fime for journey is T h, then

_ VaZ ¥ %% (3a - %) -
T = +
-3 5
ar _ 1 Z_L k- 8ty
N . - - ]
dx 2Va? + %2 3 > 15VaZ + %2

when 5x = 3v32 +‘XZ, il.e. 25%% = g(a? + xz),

”

i.e. X 3a/l.

‘Consider x = 0, x = a (values through x % Sa/u); then dT/dx changes’sign

~from - to +, and thus a minimum‘value of T:occurs when x = 3a/u. Thus
least time for whole journey occurs when distance of S from Q i5.3a/4 km #

[ . R
g BN e S 7 S,

.eﬁliﬁéébdiétént X, X + 6 froA:
and parl. to it, rotated about the yraxis. Element of volume of solid
is a ¢ylindrical shell of radius, x,"height y and thickness 6x. '

Vol. of elefient %
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i 2 |
éx~+0 =x=0

~ . N 2 .
2mxy8x = ‘g 2mxydx #

Total vol. of solid

2 ,
21r£ x.x(2 - x)dx, stnee y = x(2 - x)

o2
2w 2~x3 - E-xL*] = §g—-units?’ #

NN

Crosd Sgpetion

q

the usual notation, the acceleration f = x is given by ¢

dv _ dv  dx _- dv dv 4 l

R T e D — = — .V =V — v
dt dx dt cdx . dx : | Mohon

' Thi forces acting on the particle P in its upwards path are its
weight mg and the air resistance mkv. The eqn. of motion of P P
is mf = -mg-mkv, i.e. £ = -(gtkv) ...(B)

”m
.To~find the time of ascent, we use f.= %%— |
o I at _ 2 L | ‘ |
le. -(g+kv), 1.e. Fr PV (L) I
If T is the time for P to reach its highest poiﬁf, i.e. in l
%ggﬁe%d%ng from v = U (initially) to‘v = 0 (at highest pt) then _Lft:o
‘T = -f av =Y £ dv = l-[log (g+kv)]U *x=0
‘ U gt+kv o gt+kv k , 0 2 =Ah

gtkU
g

) = log (1+kU/g)#

7L KT = log (g+kU) - log g = log (

it

{Q_@ grom (L), t = -J gZ?EUdU = —772— Log (g+kv) + C,

By data, when £ = 0, v = U, then 0 = -712— Log (g+RU) + C,

4

Thus t = —71-{ Log (g+hv) él&ag (g+kU) = 172—1&09 (g—i%)

At the highest pt, v = 0 and time £ = T

ST Lo (9;*1“), ice. kT = Log (1 + kU/g) #1 .
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- : L dv
From (B) above, f = ~(g+kv), using £ = v ¥ then

- dx
. dv- _ . dv _ -(g+kv) . dx _ - v .
- V a;— -—(-g'i'kv), l1.e. &f ‘—V——' s l.€. v g+kV ...(M) ’

~If H is the greatest height reached, in proceeding from v = U to v = 0,

then from (M) - fO v av _ i_fU (g+kv)-g dv
g+kv ko . gtkv
» ' . _1 .U _1lrn g U
.:? ie. H = ” é (1g+kv) dv = ” [V P log (g+kv)]0
by .
g Ci.e. kH=U - %—{log (g+kU) - log g} = <U—-%-log (1 '+ XU/g)
% - = U - %—. kT, from above, i.e. kH = U - gT #

” _ .-V dv (g+hv) -
{QB‘ﬁfLom (M),X W ="Ef—gﬂv—i dv

Loe. x = —é—f(l T U) dv = —;,12— {v - %Zog (g+hv)} + CZ

By data, when x

0, v=uUu, ,", 0-= --Zz {u - %ch (g+hU)‘} + C2
Thus x = -é.{v - %!&og (g+ku)} + ;’a_{u - %—Kog (g + kU)Y
o Aitheﬁu’ghe/s/tpoirutu=0andx=f{,

..H=%2£09g+%.-%2209 (g + kU}

L.e. féH=U,-%Kog (ﬁ;ﬂ)=U—%.kT='u—gT#}

7.(i) Let P (x) (x—u)mQ(x)ywhére Qla) # 0 .

CUPTG) = (x=a)"QN(x) 4 Q%) am(x-o)™ \
= (x-a)™" {(x -2)Q'(x) + mQ(x)}, and hence P'(x) has the
root o with multlpllclty (m-1) #
. i 3 2 ' L
Since P(x) = x' + x" - 3%x° - 5% - 2 has a 3-fold root, then P'(x) has
this root ag a 2-fold root, and hence P" (x) has this root -as a 1-fold

L root.

Now P'{(x) =74x3 + 3x2 - 6% -. 5 and P"(x) = 12x2 + 6x - 6 = 6(2x¥1)(x+1)

P"(x) = 0 when x = %,-1

Now P'(%) = u(1/8) + 3(1/4) - 6(%) - 5 70,

but P'(—i) = -4 +3+6~5=0 énd sipce -1'is a 1-fold POOtOf p ‘X)
and also a root of P'(x) = 0, then —1 15 a 2 fold root of P'(x)
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“ Also P( 1) -1 -3+5-2=0 and thus - 1 is a 3-fold root of P(x),
i.e. P(x) = (x+1) Q(x) where Q(x) is a polyn. of degree 1

(x+1) (x-2) at sight or by long division of P(x) by (x+1)

Thus the poots of P(x) are -1, -1, -1, 2 #
(OR the sun of the 4 noots -1, -1, =1,8 of Plx} is - coefft. of Jcoefft.
of x4, d.e. -3+ B = -1 and then B8 =7} . ‘

e
e
~
i
H.‘
o]
It

1 +D

1
[N
+

2 .
p.p. = p(l +p) =p + 92 =p+ (1 +p) 2p #

t
jog
o
3
ol
H

~
i}
~
=4
O
=
g
n
n
=
+

3 2 2
p’.p” = (1 4+ 2p)(L +p)=1+3p+ 2p 3p + 2(1 + p)

:3+5p# [ -
4 3 i . _
ot s p g = pll +2p) = p+ = p 21+ p) =230
and p~ = .»p4 = pl2 + 3p) = 2p + 3p2 = qp+ 3{1 +p) =3+5p #}
b). From p2 =1 + p, by p then p = %—+ 1, i.e;f%-=Ap -1 ' v )
1 1 1 1 ) :
- =, = = — _j_):j___:j__( _1):2_
P P, P (p b P P
1 1 1 2
1l oo p=f-1=20p-2)-1=2 -3
st 2P T 2 - 1) P
=%2.%-3=(2—p)(2p—3)'= Z9p2 + 7p - 6 = -2(1.+ p) + 7p - 6
iiF -8 + 5p #

othe/z ways of obta,wu,ng these /Le/sum
=(p-1)2=p-2p+1=(1+p) p+]=2-p :

e lp - T2 - p) = g2 e dp - g e <1y gl 3p - 2ot

ii) sin (A+B) = sinA cosB + cosA sinB Let A+ B =2¢C
éin (A-B) = sinA cosB - cosA sinB and A - B =D
}sin (A+B) + sin(A-B) = 2sinA cosB L, oA = C + ﬁ
e:sinCvfrsinD ¢ 2s8in 9%P-co 959-# ' and 2B = C - D;' ;




PAPER é-Q{7, 8 By

X + x 3x - x

" Now sin 3x + sin x = 2 sin cos’ - = 2 sin 2xX cos x

2 2

If sin 3% + sin X = cos x, then 2 sin 2x cos x = cos x

3

i.e. cos x (2 sin 2x = 1) = 0, i.e. cos x = 0 or sin 2x = E

From cos x = 0, x w/2, 3M/2 #

fl

From sin 2x = %, 2x = /6, 5m/6, 13w/6, 17n/6

i.e. x = /12, 5n/12, 13n/12, 17%7/12 #

§J(i)(§) Now a% + bl - ?azb2 = (a2 - p2)2 > 0 for all real a, b

and thus a* + b* > 2a2p2 #

(E} Now a" + b é 2a?b? and similarly et o+ d& > 2c292

By addition, (a% + b%) + (c* + a*) > 2a%b? + 20242 = 2(a2b? + ¢242)
b 4 4 2,2 2 2

From (al), if X, Y are real then X+ ¥ > If X" =P, Y = @ then

ve have P + ¢ > 27g and thus (ab)? + (od)? > 2 (ab) (o)

Hence a% + bL+ + Cq + du > 2 (a2b2+ c2d2) > 2.(2abcd) = U4abed #

(¢) From (b), 4abed < at + bt 4 ot r d&, and if a* + B + S < U4, then
" L S R T : ) -
Habed <a +b +c +4d < 4, i.e. UYabed < U4, i.e. abed < 1.
Now a ™ty g ety a™
I R R T - M AN M N AT
a4 bLL chL d% auchuduk ‘
> g(dei(icg)Sabd)(abC) » using (b), noting the numerator i8 the sum
abecd of four terms, each to the power 4
‘3.3 3.3 A
Ya b "c"d 4 1 . 1 AP
=22 pbcd = —_——— 3 , > : Y
TSN abed “'3beg I s tfabed <1, o> 1o , -

d be'd

e : ' m

From (b), a' +.b +c' +d' > habed, cand if at v bt r g dts 4 ‘then

we cannot decide on the relatlve 81zes of 4abed and 4. As in the working

above, we cankshow RS

> 4, —%—a- but ¢an proceed no further, since. we




(ii) The Cubic eqn."x 1 has one real

ConSLder X = w2 ‘then x2

other complex root of’ x3

i

1#

PAPER 2.
If w is one of these complex roots, then w3

(wz )3 =.\ (w3:)2

ta

55,

0 &

root x = 1,

and two complex roots.
1. : '

12 = 1 and thus w?is the

(a) The eqn. x3-1 = O has 3 roots 1,
- coefft %2 /coefft %3 0, i.ei 1 +w +

n-

{OR x3-1 = (x-1) (x2+x+1) = 0 when x
muAi satisfy x2+x+l = 0, L.e. witwtl

W,

2

w

) The sum of these roots
W

0 #

1 on x2+x+1 = 0.

The root w
0 #}

«b) If the reqd cubic eqn. has roots

of this eqn. is x3 Slx2 + 82x -

(a + b) + (aw + bw?) + (aw? + bw)

1]

(a + b)(a?

us reqd. eqn.

is %3 - 3abx - (a3+ b3)

+ b, aw? + bw then the
S

3, o
‘a(1“+ w + w?2) + b(1

aw + bw2
= 0 where

= +w+wd) =0

(a + b)(aw + bu?) + (aw + bu?)(aw? + bw) + (am2'+_bm)(a + b)

a2(w +7m3 +w2) + ablw? .+ 0 + 0?2+ o + w? +.w) + b2 (w2 + wdt w)

ab (3w + 3w?), noting w? = 1, w2 0diw s w, 1+ wtw=0

;Séb since 3(w + wé) = 3(-1), using 1 + w + w2 = 0

(a + b)(aw +bw?)(aw?® + bw) = (a ; b){a2w® + ab(w? + o) + bZwd}
- ab + b?) = a% + b? |

o #




