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P n . .
Solutions 8& Harks
_ince o is 3 root of P(x‘) - x =0, Plx) (=0 K
r ’ 3
- B .e 1 .
j.e, P{t) = A coincanens resssessensenassonne ...........................t.;.
P(P(et )} - & = Plex) - o
A =0 fersneraanes tensseneesanne AP .. 1
Lo is also a root of PIP(x)) - x =0 . ?
:
() (i) P(PIx)) - x = (x? + ax ¢+ b)? + a{x? + ax + b) + b - x "
= X'+ 2ax7 + (aT+2bea)x? + (2abeal-l)x + 5T s 2+ b 1
By (a), x* + {2 - 1)x + b must be a factor of P(P(x)) = X .oceeveceecnns 1 2
: |
- By inspection, P(P(x)) - x = (x? + (2= 1)x + b}{x? ¢ (a+1)x + 2 + b+ 1) 1
(ii) P{(P(x)) - x = 0 has four real roots
TFE (2 = 1)2 2 8D evenesnecnnnaennens U, e, 1
. t |
and (a + 1% 2 4la+b+1). Il i
The second inuquality can be written as (a - 1) 24b + 2 i
}
by
R - E e LR AR i
‘ .
the reguired condition is (2 - 1)3 2 &5 + 5, | !
| ——
i |
! ?
(e} Set P(x) = x* - 3xn + 1. Tre of the rocts ¢f P{x} - x =0, t 1 'i )
R o
and hence of FIP{x)) - x =0, are =~ 1.€. & 2.3 ;
|
The other two rocts are given by xIe (-3 +Dx+ (341 +7=0 ooeennnn ‘[ 1
]
x =12 J’E - , 1
i
i
- ]
(x:-3x*1\’—3(x"3x+1)*(1-x) - !
T L s T T R R ’ 1
.
=[xt - bx o+ T - Ino- 1) |
Lo 16 - 8
The coiutions are P ———'—2
2?2 2/ 4 + L
Qor A= —"2—_
ie. x=22+/3 or DI & L L RR R I P 1+1.
4
: o S
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F o T3\ VYR
! . - Solutfons
TR Fleewe oo o e - ~
bala 8 00E% U : : (a) We shall prove by fnduction.
B Solutions . ! - T‘F I . .
. 1(3) Mx = A x has g ron-zoro solutien - or n =1, Pa, - P9, ® (324‘ + 1. 3, " -
F PFF 0% - ALix has N lytion 5 - = (-1 D
’ ’ Toes o A . h kel :
M - AE[ 00 e ! ' o Remeing et b o s e = 1T for sone k2 1, ,
. g i ‘ . - L ; : -~
F Since [M - AI| = 0 is 2 cunic souztion §n ), it has at most 3 solutions. | then PrezBent T Puat®uez T Pt P50 ORILACCHPRER
| f.e. M has at most 3 eigenvalues. L - . ; :
- . = -
- . 3 o TPt T Pea Sy
(b) Suppose A is an eigenvalue of M. Mx = ,\1 for some non-zero x . ) ko2
i ) . .- . . . = (-1) by the fnduction kypothesis. ....... .2
. "
. Then LI G SN P 1 ) ) R
F o= o= Hence the equality holds for all positive n. .
' aMx = a Ax _ . N . o R ;
JO N . B p p
: - n+2 n
- ’ f) For anym21, b -h w—= . T 1
MIx = (A MIAX % 3 AZX  titieireirineernnrancnecanesensnnenanenns 1 . (b) { yn21, et ieeeiianereietanaacaarnanane.
F a Mix = (a M) Ax S ATX | ¥ n+2 " % 9, !
etc. R - { ) ( ) e :
B . s a - + -
' o n o N 'L - n*anﬂ F’n qn anozqnﬂ qn pn anﬁ'z(pnﬂqn pnqnﬂ)
. -
o aMx=a A x A \ B
{( no= et = A Ine2% Sne2%n
. T Mx =2 lx+akx+ + 2 1 ) .
o (ao, *aM 4 v o Mx = qla +amx s Ll Sox . : l (-Unﬂa
F r . _ n+2 . ]
= SAAX+ L.t 2 N x “—* R R -
! 2T N2 o= . 9242,
. (ag * oA+ e AT 1 ' _
: - - . A ces . > . ce s
F 4 ! ) ] As an‘z N qn»Z N qn are positive, bm: bn if nis cdd ;
| (o1 o . | T
) A ¢ cerencnanaas : .
L. () (i) A= 11 0 ‘ , ’/\-/\L,— i hep$ B, if 0 s even
Lo 1 o) : : o _ : ) ) . . ! .
X I — Fence 2 b ’l is strictly increasing and tb_\n ‘ strictly decreasing.
\ , § i In- n
| -2 ! 0 ‘
iff 1o-A 1) =g v (1) Fer amu n 3 1 L A~/
0 1= A ! i {(if) For any n 2 1, % ;/C—-‘Z—
| i
h i Q"( 2/\7
Pl H * H
; L A AT v N e I ! [ | l
i | < _ 211 B
2y (2), these are all the eigenvaiuss cf A, pm
! - 2101~/
' H [ | ! (-:‘2’\
(ii) A% = ;’J 20 .- \ )
(rooo ’ :
' Censidnr 2.1 4 3. A % 3,A  tiiiiiiueesennnneensannnanaanns eeraieaas P !
ety 2 1nis ocd, bo Db B, vy () .- 1ot | )2 for 1st
. N )\— 4 ) given
fas2 3 a3 give
i [ 1 2 If nis even, A‘ A i(&gﬁz i } part
=i g - le *a 2, ! i . ! : )
i 1 70 ! (itilisy b, i is strictly increesing and Sounded above by b {b 5 is strictly
' I toin-s 20 e
’\ C: d‘l P:‘(;C /‘

5

decreasing ard bounded belew ty b, both secuences coavercge. 1
=0 2n
' (-1}
5
8y (b), if A is an cigenvalue of A, then ao+al,\ *32,\ is an cigenvalue of 5. 1 ! n-‘):o(bZr] bZn-l) .\]Ln,:, e . . e, 1
in 2n-1
Putting N\ = 0, = j—Z-, three cigenvaluesof B are a_ , ao + a1./-i + ‘.‘az Y, : = 0 ;
0 as {qn} is 3 sequence of strictly fncreasing integers,
- - : 1
-2 2+ 2a B T T T .
a5 - Y 5 L ; Thes limb_ = lim b _ . ‘ :
. S rne% 20 hea 20-1 . W . { R
- B As 3, a , aZ are non-zero. integers, these eigenvaluves 2re distinct and 3 - ! . L
[ 1 - 1 : - . . - ' e
- ~ { - pe , . ‘ —
the answer follows from (a). s - o ) P




B o e
SN

) 4‘ (a) (i) For any {a, b), (a, b')éN’

. - . . . T

F RN, - So1u:.c.s:;' — ’ — .

f(a, b)) = F((a", b'}) = (a b+1) = (a*, brer) . s

! => 3= 3" , b= b' . b3
! Hence f is injective. ........... tereenaens

(1,e)€ ™2 but (1, 0)% rn2] . ’ -

f is not surjective.

(1) First, obviously (a, b) = (k+2, 0) is the only elecent in S
: k

' o " MNext, for 5> 0, (a, b) € £(5,1¢=(a, b-1) € § L
L .
(==>a + 2(5.-1) =

. ED(a, b€ s
- :-. and n(sh:) = n(Sk) +1 35 f is injective and (k+2, 0) & f[Sk]
' ii)s = s, = {0, 0 .

d
i \
0 +2
a/"(50)=1=—-—— )

{(0, O)E an

= end n(s.) = 1 2 L1 ) Cetreerciietennaans
i 1 2
£ i+z
) = if : is5 even
’ Assume that for soe 2 C, nis) = ) ° 7 '
. j [ 51
! \ T if § is odd.
' By (i) n(S_ ) en(S) et ...
‘ e PP e Seaa
I
(42 ez
B IhZ\HJ'szevM
= (3 +2) o1 . Hence the resels
'a) k 7 if j +24s odd
' (b) The nimter of solgticng = E n(s )
Eo W e

M - D -
'fp foeven, ZoalS) = (1) s (2e7) s, o (2,5 ,P%1

- 20y .
,2":.“

€ p is odd,

1Mty
2
%

T ezen . 22220
2 2

1
=2 x B2 (‘.’L;‘)

_lprMp 3
4

zwithb-(}.

Remarks -

~TER. TES- "W -- ---”$

N 13- r-b.J‘ v .
3 : Solution«

(

Consider the function f(x) =32 +a

8. (2) (1) Ftorx y0o - .

Fr x50, K . ’

For 0< a<1, 2" ¢ 1and Inag0, .. f'(x)> 0. -

£'(x) > 0.

For 1< a, a2x> 1 and 1na >0,;
T

. Thus ax +a is strictly increasing for x > 0, {P
8y (1) CH(D q B(D t:] ‘:(r-s) o hlros) az(g © 2%P

+ 2 ) ...\k ...........

G

q
) g G vl
2 ) ('\'--—\__~ ar, -8
L A4g!
As as(p‘Q) = a“rﬂ’) > 0, the result follows., Q{Wf)

\

.
1

(o) (i) putting & = ¥ fa (a)(if),

As 2 is positive and not equal to 1,
v -

RN u.q u.,r u s
CEP 2 ) ey

B ",
1

rs sr
Upvq+uqvp< uv +uv
+ r+s PR R R R R TR I I I cesrenn
[ WPre v
R pre_rrs 09 e
The resu fol = > 09
' i resuit folloms 2s v, 3. v,“_)o D &VW()
. +3 + + r+s r+s
- o Sinceupq+qu=u + v ,
n + + rs s r r+s r+s
' (u"c¢cv'“)*(upc' \pq)<(uv +uv )+ {u + v )
- : ° r r,3 s .
' (ur‘vr)(uq‘vq)((u v U V) e ettt

r=1988, s = 0 in (i),

- (ii) Putting p = 1CC0, g = 986,

= 1635 i 1 1(‘ 0 88 985
F O L B Rty )
: (%47 600

(0% v’m)> s u’ %/ )(aﬂf’fy%)
L s60 900 5,
F Simitarly v 5 (u *v )y !
F ane UES . VES . _‘2' (UEO . VSOHU . VE) -
N The answer foilcws,
.

2x ‘ ) .
¢t -
r = X _ 3 4 o -
£'(x) '(a a ) Ina i ’ln 3 einenenienas SRCaiLRRIITELEE

for efther




TTENCTEN CEN W WM

.1 . . - :
6. (s} (i} For any s, b €R and x , v €IR?, - .

g(dx+‘1)=3;(:i‘:i) Creteseereeannaa. )

TR T TR I W I I W e W

o T S : ;
B N L T R T Y

Solutions l

= afu - x) ;b(g'x)

=30 K} + by} ........
[T v~

. .8 is linear.,
u

iy e B(x) = u-x =0 forany x RS, theny-u =0

u=¢
(iii)Civen u , v €R?, ifp =@ R
- - .Y X
theng-i=!~5 Vxer .. ..... vevesenn PETT N
Yrx-yex=0
(u-x)'x=0 Yx&e® | i,

(&)} Given ¢ ;1 ff
Tet wo= (f(i) , f(
Yher for any x = (x‘ y Xy X )E

mex = DR (3

1 2 H

= fx i+ x ivx
= ol

"
-
x

1F 2 w'& 0 such that fx) = w'. XN &3,
By (a)liti), w' = w .

Hemge the unigueness

................... e

“-»

e

A= )= OV,

Jta 60 e

MR T
Cp(3) =
(1) ps) = 2o L o) + p(2) + p(3N) :
. 6 6 o‘
{U34)For 02 6, p(n) = T (pn-6) +'B(a-5) + ... * p(N=1)) 1utieeraerrennenns

“(b) (i.) For k< 0, p(k) =0 ; p(0) =1 ,

' For 2 0, p(K) -% [p(k-6) + p(k-S) + ... + p(k-1)]

—te . 1 ’ . - -
TN L 2 etk) = £ g [p(k-6) ¢ plk-5) + ...+ plk-1)] .
_/~ A k=1 © k=t - . - B

1
=l 2 pk-6) + £ p(kss) ¢ s v £ plke1) )
\ k=1 o k=1 k=1
1 - -5 -1
=gl ngs p(k) + nz ple) + ...+ "5 1 T N
k=0 k=0 k=0
= 15 [6x *_:‘j plk) - 6p(n) = Sp{n=-i) - %p{n-2) = 3p(n-3) - Zp(n-4) - pln-5) ]
(=0
aint + 1-/-_:\ ‘g'\'n-h) ‘lp("'5‘l
rA IR e 3

n n
= s p(k) - s plk}) = 1 ...... P vebeeeee cheevserrecenen .o
x=C +=0
{ii) Since lir cln) exists i .E. i oé*so —] tim pi(n) =1
P ’ 6 6 6 5 & noe
im alr) = 3 i, Cheeeenns et
N pte) =3
IS

R 2
R TE TR
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o(a(utv‘o(b

R P )
4
+Jolo/o( ol &L
3~5+ol912k

) o’do('((o(

*dix“d +ol o, ol ol ol L
+ o ol of
3t v

csesseerscnsaseantnasontrsersresansenmnan sesessccsssnee

M

.

Oby(i)esolj#O.

-,-'..42;.(3-4,‘9(5 , the resclt follows,

ol+-iolzul +p(.lvlo,;.-.~f“

1.3 5

sk ok bl of ¢ K sl X4
2 3 15 1 4 13 1

T

anarded

below when

used.

Soigtions

Loneider the €ifeh ronts of the oo

S
- These are the roots of the equation z
: -

form a regular pentagon. (ldl - 1),

RS

5 5

2 ol = 2:‘)’ =0, by (2)lii),

j=1 4. j=

(z -«(1)(1 "‘2)(1 - )(z ;er“)(z -’-"5) = ls

iff z=d1,d2, 3’°( oro(

<+ the fifth roots are exactly the ot 's .
' . j

Or the other hand; if the o¢ .'s form a regular pentagon,

1

without loss of generality, let o< = = cos@ + ising ,

[]
%
E

olz = cos(6 + ?'—;) + isin(@ + 2—;—')

- . 4
= 2 - 3
0(3 o¢1n,o(b 0(171 and c(si’pclw

: 4
x o+ oL *...*“5‘0(1(1*w’w’*w’#n)

1 2

S 5
Moww =1= w -1=0

4
=3 (m-1){(1+w+twul +w?+n)=0

4 .
= 1 ewrnu+wd e =0 asw i,

.
47 J

) . . ISP .

Simflarly, writing o\"A =u(1 w , =1, ..., 5.

) : N 4 6

§ of 2 =0, noning that 1+ wi + v +w + W

Alternative sc'ution to the 'cniv if' nart

1f the X 's fcrm a regular pentagen, they ore the fifth roots of some complex nurmber

= cosé + ising (as)ul= 1),
s N
27 - =0 iff (cos@ + isinB)” - (3 + bi) =
S &
iff (cos % - iCcos?@sin?@ + Sces€sin 6 - 2)

4 5
+ (Ecas“EsinE - 10cos?8sin3E + sin @ - b)i

s . S
Sff  (1fces B - 2Ccos?B + Scosé - 2) « (16sin’ & - 203in%8 + Ssin€ - b)i

. X . <
As the coc’ficient of the term cos 6 in the eguation 1fcos €

is zero, the sum of the roots cosel + cosB2 +

of the imaginary part gives sinE!1 + sine2 +

. 5
<« the sum of the roots of the eguation z

Y LN
Next if , d.j's form a regular pentagon,Av:L

-ao’do(n(

-ol.x_/:.vc'

Paig i
, PhAre ww COS '—5 + isin

R

X =3 + bi, 2, bER, f.e. the roots of the equaticn

- 20cos’6 + Scos8 - a3

Sirilar.consideration

- =0 is zero.

o)
J2's also form a re-
5 IR
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Solutions - i

B el ot N e R e N Dt Al b
¥ Rt P

(i) (1) As

-

"Q'(,) (i) Since *-~ & vectors YT oX , 1= 1,2, 3, 8, are linearly dependent, there _

P

exist real nunbers t'1, tz, t3‘ tQ, not all zero, such that-

TN v} et v - cv ).
1y ) gl T vg) ¢ ley ) el m vy
R A S A R T R S

Putting t_= -(t_+ t_+ ¢t +t ), we have g t. =0 and
1 2 3 & i=1 i

t
-
S

5|
21N

definition of t_above. Hence t # 0 . .ceceieueercsacnccsssoncanse
1 . r

2o 2 0,
hi}
N,
Further & = N -~ —— t =0 teesescecscsenns Geesenaans
oor s tr r

‘30
{4 . = C f2r oscme §, there fs nothing to to provec.
|t } e
> [ N B
Assuse that o > C ¥ i, Let r be such that :—;'-fr, ¥ i
i L ii

v = 'J'i{v_= g k.v. and
i=1 =

finally k_=0. ....
inaily N ¢

20, tr =0 =3 t{ =0 Vi, which contradicts the

JHo-

E B % ® B
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GHLO = a0 e

—_—
2= —

_1_ n:( 1 1 x ) .
T T e T e O e
* n
SR L R I
2]1 1 +x 1+ x% _1.4x2 ,)C.x_,.,_.,v. A e
n .
1 -1 1 n
= ; [1a(1 + x} + tan x - ; In{1 + x’)]‘ e tecestrenasasecancnns
o
. 1+ Y
] n -1
=5[ln1‘z#tan n-1n 1-:en ;]
1+ —
n2
1 - -1 .
=—( tan n - tan Y} tieecsnciicoctncnnnenn O
Ty =fn____ 9
n L1 (s 1)“ . o
- AR o2
Jn ! x !
1 "
R e L TP UTTT
T T T Tt T Ceeebeeeaiens
s
. ) - i -
=E‘ Sind1 o+ x} o+ ton \‘E"‘(.I - x?) i
n
= <l T e e eeeiieeriesiia s
1
Iny Suining x = 7,
. 1%
.1
:F a) = | - C: v PR Cebeceeiiteese e eannnn
’ i (1 + =1« —
I son o ot
S
N
=0 <o
. e IR IR S EENNTES
Jn
fran 2
- s n i - - g
l PN TR - ; dx
" : B B !
RTINS Jr e e
~ 1 et

( (e xh)
)
n
. 1
11 4 x?
n

21— 2

1 -1 . -11
. (1§8)M4m L (a) = lim— ( tan n - tan- =) =
. n nyeo 2 ) n

L8
Ny es 5

. . -

dx  which is incependent of 2 '....................I.
[

o

i :,. —»

B R B B B "B TR T® B B

2

- + 229
x t1y at1 0

- - 2 .Q
x Czy atz 0

Solving these equations, the point of intersection is givéﬁu'ﬁ;_‘ o

X = et,‘tz ’

y= a(t1 * tz)

(e} (3)

Frem (b)), the point of intersecticn is (atltz, E(t"‘tz))

. the locus of this point is x = -%a,

1 z
(i3) The mid-point of PQ is given by x = ———— — , y = a{:,} +t)
< 2
S¥iminating t,( » [
tLyr e e e )t ztt
-~ b + ¢ = v R R R R R R I Y
2 t 2 172 -
. ‘ Yoa o
EE - G, (=t &
[ ) o
the iecys of the mid-peint is the parabole
I T O PR R T
(d) T v+ oyl o= Ak - y)
x + " —_— X "V
T ocie b omritten as | y Y= 8 S (—)
J -
A iz
J ‘.
the transformation
¥ oy _ x = v
e R T ereceeasearann
fi i

which is 2 rotaticn of the axes through -45°.
Re'ative to the X-Y axes, T' can be written as Y = bﬁX cevcesentnaitiinenn
By (c){i), the locus is given by X = -4 Iz
L - L ;
or = -4 J2
I _ L

jie. x =y + 8B =20 Liiiiiiiiccentosaianvorersocscoronee




BP = a8

x = 0D + Pg

= a(cosf + 0sing)

y = B0 - 8€

1

-

= a(sind - Bcosd) , 820

v d d
.- (b} ;é = aBsing , ﬁ = a8cos8

e ""*'.". (54 - dy 9 o

b

|
|
t

-y

dx de/ dg

The s1 i
. ope of the tangent line at any point P on the locus

6 = tanf h R

= slope of 0B,

AS PB | B, the threac is normy! to the Tocus

(c) The area bounded = (
J

T ~
2 ['2. - cosne
l JC 2¢5in?9¢s =; o & % T

Ta(12 +72)
. 48

" the area bounded =
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F ' T e, e,
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F
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e e Be B B B B . . I F

CLS. o= (x - t)ax + at +b), ) ' B
R.S. = (x = £){2a(* =) + b] = R.5.
N N
;(b) th Differentiating both sides with respect to x
N 1T T R TR T T e e
g =g s ) g e N

1 + t +t
g"(x) = ; (x = t) gn.(x—z-) . gn(x . )
far MER) - gn(ES) '
st ) = x At

x -t

\

(i1) By L'Hospital's Rule

linm g.u("_:_f.; = lim
x>t z %t

Q

x =t

8y the centinuity of g''',

gt - L g2y
gt) = tim = -
L2
=200 (E) e AU e, e

Since g''*{t}) =0, g"(t) = et
gl(s) = ctee
P .
glt: = :L‘*czﬁ*c_ ..........................

Hence g is a polynemial of degree £ 2.

+ t
SN 2 e =) e

P

i s




Solutfons

— —
sy - 120X +30x + 9)

2x(bx + 3)
s B ICR R LN

f.»("),-=:
To3(xe1)3
For x €0, xé -1, f1(x) = 2xEIL
R . 3x + 1)

.(;‘,), For x 2 6,

fr'{x} =

N -

U U ©.1 3% St ded §

-2(20x7 % 30x -+ 9) -
J2207 ¢ x 7))

)

. At x = 0, f'(x) exists and equals zero :

£1(x) doesn‘t exist (£7(0) = 2 but £(0) = -2)

o ) (As'x > -1 , f'{x} D> e
At x = -1, f'(x) doesn't exist ( )

L o)

.inpxs(nqx)dx -IO cos(D Q)xd

n
S .a cospx + {3
-0 .? o pro

- V.. - - i

apsl.npxl ‘ ] o :. ‘ L . S

o
e

.
f'*'{x) also doesn't exig there.

F. e (b) Fi1(x) =0 itf x = 0or —-% e .;‘., ,", ; y 1._

; ® gm0 irre s DS 3J— (-0.41, -1.09)”L -y R

r -‘- : Hoting that f is continuous in R, tr;evl'O”DW‘"G °°“{c b' C‘O"'d"ded:.m ' ‘

. - . g 15 ;03 Js 1 . % ‘,('2., 15_%5_3_*_5. s

e I A o R R M o A il B

. ¥ ¢ M dc??rt\cd M 0 - dé:?rt\cd * !

7 A i 5 2 i 4 2 S
oo

(c) ) |
i

Such great

details not

expected

IR a ‘cospx)? + i 2 R ARCTL T E UL PP TIOPIRER
. péo peshx ( Z %t nP‘) -
e s epmO. R et e e e i v
n
b3 6 2 a cospxcosqx + Z. { a a sinpxsingx
<. p=0 q-O q p.o q=0 .

a 3 a- (cospxcosqx + sinpxsinqx)

2’ -
| £{x)] 2ax =J { Z E. a’a (cospxcosqx * smpxsinqx) ]dx
- 0 p=0 q-O .

27 .
= a Z aa [ (cospxcosgx + sinpxsingx)dx

p=0 q=0 ° SJo
=27 2 2 by (a) -
. p=0
- n . i} ) - P
(e) (1 + cosx + isinx) = {1 + {cosx + isinx)}] = C {cosx + isinx)
[
. - 0 n .
By (b) {glx)]2dx = 27 > L e
0 p=0 P
Next, (1 - cosx - isinx)n = 2— Cn (-1);‘ (cosx + isinx)
p=C
fag ' 27
| hix){2dx = [+ L B T F . %
Q 0
- no. . In 2n
(d) The coefficient 0f x in the expansion of {1 + x) =C
n
On the other hand, (1 + x) "= (1 + ™1 +x1"=( 2¢" Py 2" AP
. =~ p < p




|nto l; —--1“* 2:—+ 1-: ‘0 r’)t - B i R - l F . i
. . - T P 3 _— . , mlfé(l) fﬁ(g{zo .
. - [ | + ] +'C N -_» . P . 4 . x'% LA 2 A . L
'-thlé-h’ . - S B T - ~':j: o R i = 1im f(,“)gf(x) andf s continuous at any x, 6[ Ceesreeiieeeae. B2 1
| . “h are inconsistent. L1 and Lz therefore do not intersect each other. 1 s ’ i *
F . o Further, putting x = t ia L Y = ot z = t, which are the parametric equations of Ly o - For any x ; x, € (0, 1], lg('x) - g{xz){ -
Lo - 9 2
Lo Comparing the direction numbers of L, an¢ L,» we see that tiey are not parallel, . ' : : : : =X - J;z ;
F Hence they are not coplanar, i ’ E 1 B £ . = 1 IR S 1
! . . i : .
[ L. . . ha . . d ’—;1 . .‘:2 1 2 . [
F “(b) The system of planes containing Ll fs given by . - ~. = §- . - . . : . -
el o . 1
' . - -~ f'iw If x eand x_ tend to 280, . ¥ncreeses withou® bound, Hence the
F Xyt My s2)=0 or e ely s pzwo, L, L O F T 1 ‘ Ryt
Fer one of these planes to be parallel to L ’ - . i N 58 . Lipschitz condition cannot be satisfied, L
Y B . L ;“‘-' R X -~ A . . B : & S
F"ﬁ—L* BN (2,0, =00 1 o ' . o : : -
- o . ) ’ ’ ' K j ) , € 1, me may Tet x_ > %y As f'(x) is5 continuous, May use
A=-2 . mean value
q X ‘ . ‘.5 ’x X theorem
< Ty fsgivenby x -y - 220" - 1 v [(x) - f(x) =} f'(:)c:l ................... Ceeenanan. 1
- : ) NEN '_' - . %, . .
. (c) Let the ecuation of ‘17'2 be Ax + By + Cz . D=o0, | ”
. . B . fx1
Since it contains Ly (2,0, 1) ¢4, 8, ¢) =0, v, 1 . R RO - k
N I Jx -
A orZA+C=9, | 2 i
I As 771 and Tl'2 are perpendicular, (i, -1, "2} (A, B,C) =0 1 . ' X
o < Mdt
° or A~ B -2 =0, X x
'»‘- 2
l Solving these two equations, A : B;: C=1 .5, 20 e, Chereean. .. 1
. . . =N|’x - X ' ...... rerersana threetreereieeens tessesaencasane t
.- Writing 77'2 2 x + 5y - 2x +D =0 and Futting (x, vy, z) = (1, 1, 1), .
I T.e. f is lipschitz-continuous en I, -
which is a point on Lz,- D=-4, . FZ is given by x « Sy -2z -4 =0, 1 ! :
4 .
I . () (i} Consicer the function hix) = x - €(x), Since f is centinucus, by (a),
(d) The vecter (1, -1, -2) is perpendicular to”T‘ 1 ’
) . h s also also continuous. ’ 1
. Let 0 = (1+t, 1-¢, 1-2¢) 1 .
I : If fla} = a or £(b) = b, we are threugh. 1
Substi:uting in TT‘1 s (T+ )y - (1 - t) - 2(1 - 2¢) =
- 1 Otherwise, let a < f(a), £(b) < b. Then h{a) < 0 and h(b) > 0. .....u....... 1
| t=3
2 & - = i.e. - f = 0. 1
“ 2 g . 2 %, € (a, b) such tha h(xo) 0 i.e x (Xo)
- O=(*3—_,';,;) ..... tereaan. ceeera. e, Cevieaaa. Ceeeaan . 1
y (11) Let xo’ be in (a, b) such that xo' - f(xo‘) 20, ieieinnnn.. cesetesennads . 1
[ . The shortest distance between L1 and LZ B y
’ . Since f fs Lipschitz-continuous with Oc ke, k[xo' =x |2 {f(xo') - f(xo)l
. § 2 1 i '
= 1.—2,1_-14.1__2 i =fxt - 1
[ Ju Sy Prea-h A Ixp' -l
. 2 'g S
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