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*  Answer only four Questions.

09. (2) Let F(x)=(a-2b+ c).r: +(a+b+c)x-2a+b-2c such that (u,b,c)e R. Ifitis given

that a, b, ¢ do not lie as consccutive terms of 2n arithmetic series, show that the equation
I (x ) =0 has acouple of roots. Without solving the equation, show that for all (n b, c)€°

that 1 is a root of #7(x)=0 Further writhing down the discriminant of /(x)=0 in terms of

a. b, ¢ deduce that the above couple of roots is real. Now, let (a, b, ¢)=(k, 1, k) write down
expressions for the sum and product of roots in terms of k. Give the range of values for £ in
interval notation such that onc of the roots of F(.r) =0 is greater than 1.

(b) Let f isapolynormial function of degree 3. It is given that the remainder is 7 when the general
image f(.r) of [ isscparately divided by (.1'-]), (x—Z) and (x—3). Furtherif itis given
that (=5) is the image of zero on the function f, find /(x) and write down it in standard

notation, Further, deduce the set of solutions of x such that. f(.\'—l)— 22x+27<0

0. (a) (i) Sketch the graph of y = .\'I,\'—dl. Using the graph find the set of all real values of x
satisfying the incquality .\‘Ix- 4|—2 2 0. Hence or otherwise deduce the sct of all real

values of x satisfying the inequality .l".r—SI— 820.

4x
(ii) Determine the set of all the real values of x satisfying the inequality 2 2d4-x using
cither the graphical method or the algebraic method.
log b _P
(b) Using laws of indices, show that log, b= log_a then deduce l%( ) ]0&.
Here a, b, x>0, a,¢, #1, and p, g€ Q where g#0
Hence, Show that '
log . X" +10g 1o X +l0g o, 1 o4 10B ery 217 = Tog, 3T
reZ,,neZ; thal pl=1x2x3x---xn
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I12. (3) L= { 2 polynesi! fmcton of degres 2 i 15 ghven et 2 s the least image on fimeton
=d ot ;.':_,"(::l 5 symmetrxcal about Se boe x— . Funber find I(r) such that the point
= ~ — o
A=(2 S)beson y= f(x)

= the domain 3nd co domain of finction f . sketch graphof y = f(x) onz

i
g

-
-~s. -

Now, Iz g(z)=Jf(x)-4 for x<]. Write down g(x) in tems of x and express the
inverse function g7 of g interms of x. Writing down the domain and co domainof g7*, sketch
the grzph of g™ oa 2 cartesian plane.

Morcover st2tz graphically the set of real images of ¥y = Ig ’—l for x>0

(b) Sketch F(x)=|c* ~4x+1]. Writc down the coordinates of points 4 and § where the graph

intersects with the x axis. If C isthe maximum point of the curved section between 4 and 3,
write down the coordinates of (.
Furtber,

(1) Show thatthe lines 4C and BC are not perpendicular to cach other

(1) Determine the arc2 of the circle §. interms of = inwhich 4C is the mdius and ( isthe
center.
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() Two tangents are drawn to the circle § from the poimt D = (2-+~ 2\/3. l). If these wwo

tangents intersect the circle § at points y* and Y, determine the area of the quadrilateral,

(iv) 1f O isthe pointwherethe line DC intersects with the cirele §, Showthat O = (5. 3 -\E)

af X -y ¥ 2aycos@ ¥y L,
13. (a) If cos | —|+cos”| = =0 showthat ———————+=F=8in"0 .
a b a: ab b
(b) Express f(0)=cos"@+sin®0 inthe form f(O)an+I)cos(40+a). Here a(> 0), b
and & are constants to be detenmined. Deduce the maximum and minimum values f(0) can

take. Sketch the graphof y = f(0) for 0 < @ < ;. Hence detemine the solutions satisfied by
cosd4f0+1=0 In0<Q< .

(c) Stateand prove the cosine rule fora trangle 4BC instandard notation.

a=4and h=3 inthetriangle 4BC .1 medizns drawn from points A and B are perpendicular

5
to each other, show that cosC == _
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Answer only four Questions,

09. (a) A ball p isprojected vertically upward with velocity « from a point 4 ata vertical height of
2/; above the ground level. In the same instant,another equivalent ball Q atpoint g, whichis
heightabove the level of point y , is projected vertically downward at velocity Au (0 <k< l) ;

Sketeh the velocity time graph of both balls is the same diagram, until p reaches its maximum
height Hence,

h
L If p and Q collide, show that the time taken for collision is w(1+ %)

. Find thevelocity of p atthe moment of collision

oo o . 5  h(2'k - gh+24°)
ut.  Show that the vertical height to the point of collision from A is - =
207 (1+k)
. [t both balls are in motion without collision, for Q to hit the ground before p reaches its
) ] 6gh—u’
maximum height, show that £ > TR
u

() Two soldiers are on guard duty at the top 4 and base O of an observation tower 94 of height
Ji . Both are holding two guns of same type. In a certain moment a drone ) is observed held at
height b(h > I.') from ground and at a horizontal distance @ from . Both soldiers aim the drone
and shoot. If bullets released from points 4 and O are 4* and @' and their projected velocity is
¢ and their angles of projections are @ and @ to horizontal (0) a) respectively

i.  Develop the cartesion equation of the bullet ' referred to a horizontal and vertical axes
taking through onigin Q.

it By suitable substitution of X, » and & deduce the cartesian equation of 4’

2 tan @
@gsec’ @

ni  Show thatthe honzontal range of O is given by . Hence show that if v < Jag ,
©' bullet will never reach p.

iv. Show that, ga*tan® @ - 2w atan @+ 2u’b+a’g = 0 should be, for ©' bulletto hit p.
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v.  Ifgiventhat 2b = g, show that, i* — ggu’ —a’g? > 0 should be, for there to be two angles
to shoot from Q tohit p.

vi.  Show that for bullets Q" and 4' to collide D atthe same time, bullet 4 should be releaseq
a {cosa -cos@

& Tt o0 } time after releasing "

10. (a) Threeflags X, ¥ and 7 arc planted in the pround to form an equilateral triangle as demonstrated

in below diagram. XY = . Inamce, at initial moment a cyclist starts from point Y and goes to
point y,then from y to 7 and then move from 7 to )y . The velocity of the cyclist in still air is
v. The mid point of y7 is J§” . A wind blows horizontally along X7/ at a constant velocity g

u(<v). X ¥ North

If time taken from Y to y is ¢,
If time taken from y to 7 is 1,
If time taken from Z to x is 4,
i Showthat 1, <, :
iL  Show that the time taken for the cyclist to Y
a(\/4v’ -+ W —u:)

v -yt

(b) At thg moment the above cyclist reach the point ¥ ,'adogat point §, 12 units south of point y,

N

W

retumn backto Y is

, 3:5%3
. vo=u, . .
moves with a constant velocity -—2— in a road with a longitude 030°,

i Show that the dog does not get hit by the cycle

Show that the shortest distance between the dog and the cycle is 643

n
vl Find the time from the start of the race to cause the shortest distance between the dog and
the cycle.

11. Decfine the Dot product for two non-zero vectors,

e \
Seadrales)

Take ABCD as asquase suchthat 4B parallel to DC. If the position vectors of points A, B and
D with respect to origine () arc givenas a = -(i +j), b=i+4j and d =4i-2j, find the valuc of
a , such that the position vector of e = a(i+]j).

Now, take the diagonals 4C and Bp) intersect at £. By considering the tniangle OAE or otherwise
show that OF could be described as OE = Za+(1-4)c . Further, by considering the triangle OBE

or otherwise show that of could also be described as OF = ub+ (1~ )d and evaluate 2 and 4.

Hence, find the ratio that point £ interscct the diagonals,
Evaluate 4p)p intermsof 4p.BD

Also, evaluate 4 p and hence deduce that ABCD is not a cyclic quadrilateral.
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/ . ) Consider the general foree system with foree F « (¥, y, ) acting at the point 1! = (x,, »,)

(b)

13. (a)

(b)

COEY AL OG0 v ONEO Oy

Here, ral, 2, 3, a1

Show that this system of coplanar forees can be reduced 1o n slogle force g ncting ot orlpin ¢)
together with a couple ¢ and state the direction and magnitude of the single force g,

Further show that, the single force £ acting through otigin ) and couple ¢ can be reduced to i
single force R* acting at point l’u(.\'. y') in the plane and to a couple ', Here ' o )t ond

G'=G~x'Y+ y'X .Here \ and y are the algebraicsums of hotizontal and vertical components
of the system of coplanar forces respectively,

Show that this single force ' and couple GG* is reduced to o single force with equation of line of
action G=xY—y\X' =0

With referred to rectangular axes Ox and Oy the coordinates of points A, [} and ¢' are

(0, 0). (2a, 0) and (G. \[50) respectively. A force system is applied on this plane und the

: ; G
anticlockwise sense moments about the points A, # and (¢ of that force system arc ?. 26

and 3G respectively. By using the result obtained for ¢ or otherwise find the horizontal and

: . J19 . .
vertical components of the system and show that a resultant force of magnitude ——Ga is acting

G
b i 175 -1
with inclination tan (3‘/5 El from cast to south,

Also usc the previously obtained result to show that the equation of linc of action is

3J§x+7y+2ﬁa =0

A straight uniform rod with weight I is kept completely inside & fixed rough hemispherical bowi
with rim horizontal. The end points of the rod subtends an angle 20 with the ctntre of the bowl.
Using the angle of friction 7 , show that the rod cannot be horizontal, when it is in limiting equilibrium, [
(hint : take the angle that rod makes with upward vertical as « )

x n
Further, when 0= % and angle of friction is Ik for the rod to kept horizontally in limiting

equilibrium, show that the ratio by which length of the unequal rod be divided by its centre of
gravity is k+1 : k—1.Here (k €R) is a constant to be determined.

Also find the normal reaction generated at the both touching ends of the rod and hence show tha
the ratio between the resultant forees (total) is k-1 ¢ k41
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