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Instructions:

% Part A:

# Part B:

 that you give priotity in answering.

Endex Nopmber

s This question paper consists of two parls;
Part A (Questions 1 - {0) and Part B {Questions 11 - 17.

Answer five questions only. Write your answers on the sheets provided.
% At the end of the time allotted, tie the apswer scripts of the two parts together so that
Part A is on top of Part B and hand them over to the supervisor.
% You are penmtred to remove only Part B of the question paper ﬁ'am the Exammanan Hall.

Answer all questions. Write your answers to each question in the space provided. You may
use additional sheets if more space is needed.
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Part A

|

Using the Principle of Mathematical Induction, prove that '2(2’;“ ) =n’forall ne Z*.
S ' =l ' '

................. .-.....----a-.-.....-.-.-.u.a..»--'n.--u.-n....'.-o"..-”..-‘-..‘...--.-.....-.p.;.fu-..-...q'.v--.--....ux.

.......... e R R T L T Y
tereamnnan e . L R NerratrrrnTana tercaeraan ter Rt ra e LR Faramrasaa Yrrara .
Mrtararatamrwraan " tErese s ranan. erearusTrras P T T LR T L R CERETRR Are R b an e aas
wtmraw Braetatarrans FrrreraTimTarea tatebnacans AbTrasasrrnran trrsbrnman s WimrreriderrrrTnTar L L R L LT
....... LI LT T Frvesata i R I T
FEbEamERcatar i ran Ay LR anans v L Prt et rar s Marsmrtirirsnrna rAEEEb as
...... ....._-....'.---c..o..,----.......-......”..o,‘.------...--‘......-.,..«..,.----......‘-.-..y.....-..“«o...-u..-.....-
P TERATeEtasas it .-»..-..-...-.-...-. ........ tivaimaa A R e rer e raranaan R PR wrn
.......... e T R L L I I Tr T
FER M AR R AR i . Teraas L LR N R R rerars L T T T P varvIEse
............ M e L R
L L Frre b e s Newarasianrrne N L R T LR TR e v ranas W
......... ...-....---4-....--.................-.---....--.....---,.n...a.“-.-...-.-.,.......,.q....n...---..-.....-..,...'..
LR I L T PArda ey trritaardrarranan PRt aasbaarins LI T T I rraa
...... LR e T

Sketch the graphs of y=|4x-3| and y=3-2|x| in the same diagram. _
Hence or otherwise, find all real values of x satisfying the inequality [2x-3]+|x|<3,

Herrvains EEEETREEE R N T LI T Keverara A AR Rarar A st P na e FrvEE st s vaEE
........... M R R L R N LR L T L L LT T Bt ha e R
D atrrmaaa L FAA AT AL s dar st ar R e AEA A bepAdRA N s iR bt are
.............. A R R LR R R e R L L L T T L
................ e R R L N R L R L r L r T T T

.......... e R R LR L T T Lt E T o T Y
MRt ererrErERLanaa Rrrass s rarana D R R R T T N T L) IEIPRY

L L R I, Parariraar D T L dramnrar e varan ‘e
......... e

L T I LI Atvrarsimaan FrtebaTaranas P R L R R T IR srTeiae
..................... e e T T B
.......... e T,

ettt r e rataadaan Frrrab e raranrean TR re b bt a vl trrrrabidtrreaann R N I L I T
................. R T Y
............ A R T R L L L L T T T T
rtist et rrranaan Arridsrrraunana traraanrnan Pttt r s Fesdsvsas i e s naszenan D T vew

[see page three
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3. Sketch, in an Argand diagram, the locus of the points that represent complex numbers z safisfying
Arg(z -2 - 2i) =—§£—E-

3.7.*:'

Hence or otherwise, find the minimum value of |iZ +1| such that Arg(z -2 - 2i) =-=r

7
4. Show that the coefficient of x% in the binomial expansion of (xl‘ +_1_2_) is 35.
X
Show also that there does not exist a term independent of x in the above binomial expansion.

L R e R N R R LA R R RN R R NN PR Y T

Pidiiazeranadrerea R N e e L L R R e L T P L L L T T T
................................................................................................... Ber R Erasr s ErEa ey
titEvErasaraarar L R R R AR e N R R T IO
rawrena R T e L O T T T T T etrerrs AT EE AR IR R A BT
................. T I T R L LRl R I N T T RN
.................................................................... B T L L R RN T
R R R RN N T R E PR P P T T R E T IH -

AL B R AR T AR AT AR AT aY AT

|see page four
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5 Show t lim
ow that xl—-s sin(m{x-3) 2n
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7.

A curve C is given parametrically by x = e‘(1+t2) and ywe‘(lwrz) for t€R

. 2
Show that 92 = - *2-D e 1.

dx (+ 17 _
Find the equation of the tangent line to the curve C at the point P=(1,1) on it.

L N N R L L L R R Y T T I I I N A Ardbwwset
........................... I R N T I O I O O O O O T O T T T T PR R
P N S TR R LT R R N L L R L L R L L L E R T I araraeae LR R +
............................. L R N P R RN R T IN
R R R LN T R A ) I b 3 E T AN R R R EI N EE EP AN EE N EEIA 4 AL A EIE A LA LN AL RA R AR AR AR EA AT LARP PR SR RN T ETILN
.......................... I N R R N N T R I T R T T R TR
.......................... L R e L R R N L R N T R T R P
.................... I L I O Y N E T L)
BN R A R LA A R F AR PN N a3t h kP a ok kR kTR AT T AT LR AR R R S AR RA R RN AR E R AN A AR AR R RA N A PA R LR RN AT drambb b e ELE
L3

............................... R R T R R LR T T e S N T R R LR R R L L LR R T T A,
........................... P A E AR LA T e Ta bR AT R I P IR R AT ETE PN R TEI A TA PR PR TETETATEA TR N TAT RS R EE P TR PT AT ATEATA LA LML S AN L tRa N
R R N L Airrnssan LR O I P RN LYY

R R NN R A N L LR R R L L T N R A Ty T R Y

B bk b F A B E e e r I R R L P RN R P AT RAR E N TR AR rE LN IR R LR A AA AR R SR AL LNl N e EIssdLEELEEEAR R IR NS L LT

Let [, and /, be the straight lines given by x+ y=4 and 4x+ 3y = 10, respectively. Two distinct
points P and ¢ are on the line I, such that the perpendicular distance from each of these points
to the line Z, is 1 unit, Find the coordinates of P and O.

B4 a R4 bt T d ma b et b e n b d h ¥ NP LN ETE NI N LN EE AR E LR E P AT AN NN I T PR A LA RN TIPSR AT IR LR A R ER R PER L E bR
P I R L L L e R T WrwddebabEdAdELi R AL a LR aNnE
........ R L L L L L R R R S R R R NI
........... P LR R L LR R LN e I I R e R S R T TR TR

RN R R R I I R T T T O I N I I O N R N R R N R R T TER]

T LT T Ny tenerrarvrreirtnire N vy e bMe Ry Rk NIt e LA Ne RNt e st e ERE R R n Peas s e aneas
brirenrrararan babdrarcdrirarrararaans franann Fereranre [P P T NtavemisensaEnnuae
B T T T T R L R L LT L LT L TR U bmietastmtnrn T rarrry
............................................................ P T L L L T L TR L L T E TR P R T
.................. P T L PR R R L LA ETLE
................. S T LR T LRI T PR P T RTT "
. I I L L T T T T P PR TS R Featasesntananrnn .
.................... T T T T L L T e P T T
................................. e T Y L L L LR TR T
AT s da R T r AR A AR R AT AR AR I A F R P PRV A S VAR R RAR AT R I AT R IR T RA AT R N N R NN NN otlqnc.lol-lllj.j‘titl.ll(!.llon

............. N R LT L T T N R

Y

{see page six
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9. Show that the point A = (-7, 9) lies ouiside the circle § = x2+y*4x+ 6y~ 12=0.
Find the coordinates of the point on the circle §=0 nearest to the point 4.

TatRtrsasELans TR R T T T T T L R R R A L LR E R T R
.......................................................... R L R N N P T Y R T
D T e N R I N N L T R L L T N R I T TR L TR
................................................ T L e o
.............................. R R R N L LI T Ty
................................................ R R R L R LR R R L N T T T TN N T R T
L T N L L T T Ty
darrrrEaasaTEEirI R AR R ns B I R I T T L L T T T T PR
.................. R e L I I N T T srarara . .
................ L R N N R N R R O I R R T Ty
a4 bt u L P Ed B N R T IPT A EE T EE AU L AU RN R R RN R AT AR AR Lh L T T R F T R P
------- L R e R R R L R N T L L L T N Ty
................ T L L LR R L N T N L L L T
R R N R R I T
A R AR L R A A B A S Ea  ER I A A T P AL TR TP AP EE LN EEANI P44 NN LRI TR P R I LR R AR T LA TR drrcrirranana EFTRTIEY

1-7%

16. L’et'tztan-g- for 8« {2n+1)xz, where n© Z. Show that cosf = 5
. . _ Ry : : T+t

Deduce that tan%: 2—\@.

I N N N R N R N N P R R R RN E TR N

R L T P TR T TR I b EreILEEAE I rr s ER R AN PP LR A r R A tirrwaraane NamLdr bl Ar AP AR T AT ERAA Y
PEiartatarara e WiaLsetEbsiatanbasna D R T N L L RN T T wan
-------------- R T R R - . P TR T
................. L R T L L O O N O T T T
........................................................................................... Y TR FE E AR R T PR N TN
PP e sestuaaas L L T N T R R drbsimsanaaitaraaren bnaa
B R A L I L N N R T
N L R L R R R RN RN R R R R R e N LR
.......... O T I L L L N L T T Y T N R R T R RN
......................................... T O O O T T S T R RN TR
.................. P N L I I T TN R R R e R LI
.................................... P T L L T TR R R L e N R R TR
Fedasati LIt adL AT AT TR IR s eI IR A, R N N L T L T L R P N P Y L PaadittearsaNsE LI I urnay
.................. T T I N E L L T N R P LR R

N serssrariiirrarsrseses iieeeariaratasiesrrerrras P T LT R T LI T TT R prpe e ratenenve e baairae et .
* 3 [see page seven
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Part B

# Answer five questions only.

1. (a) Let peR and O<px1. Show that 1 is not a root of the equation px* +2x +p=0.

Let o and S be the roots of this equation. Show that a and B are both real.

Write down a+ 8 and aff in terms of p, and show that

R T

@-D'B-0 Fiprz
Show also that the quadratic equation whose roots are i} and «Bé— is given by
a —
(PP+p+2)x2-2(p+ )x+p=0 and that both of these roots are positive.

() Let e and d be two non-zero real numbers and let f(x) =+ 222 ~dx+cd. It is given that

{x~c) is a factor of f(x) and that the remainder when f(x) is divided by (x—d) is ¢d. Find
the values of ¢ and .

for these values of ¢ and 4, find the remainder when f(x) is divided by (x +2)%

12. {a) let P, and P, be the two sets given by {A, B,C,D,E.1,2,3, 4} and {F, G.H,1,1,5,6,7,8}
respectively. It is required to form a password consisting of 6 elements taken from P, UP, of
which 3 are different letters and 3 are different digits. In each of the following cases, find the
number of different such passwords that can be formed:

(i) all 6 clements are chosen only from P,
(i) 3 elements are chosen from P, and the other 3 elements from P,

- 1 - 1 +
(b) Let U = DN D) and V = Y for re Z.

Show that V-V

r+2

=6U_ for rez’,

n
_ 5 {(2n + 5) +
Hence, show that EU R V7 O TP TR T Ty for neZ .
Let W, = U,  +U, forreZ".
5 (dn+5)
Deduce that Ew 144~ 24+ n+ DCn 1 D@n 7 3) O € z.

rad

Hence, show that the infinite series ZW; is convergent and find its sum.

r=l

vy
[see page eight
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13. (a) Let A:[a o ] ]E!:{z_1 3) and C=[ b 2 ]bematrioessuch that

-
4. (a) Let f(x)= Qfg—l”g—— for xz+1.
4(x" —
Show that J'(¥), the derivative of f(x), is given by f(x) = (2x-9Gr -2 for x# 1,

AL/2019/ HW/E-I(OLD) -8-
: ™

0 -1 0 -1 b+l
ABT = C, where a, bER.
Show that @ = 2 and & = 1.
Show also that, C*! does not exist.
let .P (C 2I). Write down P! and find the matrix Q such that 2PQ+3D =P -1, where
1 is the 1dentzty maftrix of order 2.
(b) Let z,z,, z, € C.
Show that (i) Rezs|z|, and

(it} ’ = rJi for z,%0.
|21
Deduce that Rc for z) + z,#0.
+ ) |z + 3 |
1 v 2y
Verify that Re|—kee |+ Re|—2—| =1 for z, + 2,20,
Zl Zz Z] & Zz

and show that |2, + 2| = || +|5] for 2z, z,€C.

(¢) Inan Argand diagram, O is the origin and OACB is a quadrilateral with vertices taken counterclockwise.

The point A represents the complex number 2+4J_§ i,and AOC --:-’3E , OAC =~g~ , OA=0B and
CA=CB. Iind the complex numbers represented by the points B and C.

202 - 1)
Sketch the graph of y=f(x) indicating the asymptotes, y-intercept and the tuming points.

Using the graph, find all real values of x satisfying the inequality ﬁ s1.

{b) The adjoining figure shows a basin in the form of a
frustum of a right circular cone with a bottom. The &
slant iength of the basin is 30cm and the radius of the
upper circular edge is twice the radius of the bottom.
Let the radins of the bottom be rcm.

Show that the volume V ¢m® of the basin is given by
V= %x# 900 - r* for 0<r<30.

T T R T T
m\wﬁ%ﬂv

Find the value of r such that volume of the basin is
MAXimum.

[see page nine
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16. Write down the coordinates of the point of intersection A of the straight lnes 2x—5y-7=0

15. (@) Using the substitution x=2sin’0+3 for 0 < 8 < -»'z—, evaluaie f
3

=3 dx.
- X
(5) Using partial fractions, find fm
¥
B 1
3

Deduce that f(H=la(-2)-Iln(¢—1}+In2 for t>2.

Using integration by parts, find fln(x-—k) dx, where & is a real constant.
Hence, find J.f(z‘)dt-

{¢) Using the formula f Flodx = j Jfla+b—x)dx, where a and b are constants,

7 ki3
2 X 2
show that me f.wzudx.
1+ 1+

Hence, find the value of j cos” x dx .
1+¢€*

and y=1.

Let I be the bisector of the acute angie formed by these lines. Find the equation of the straight
line /. :

Let P be a point on /. Show that the coordinates of P can be written as (34 +1, 24+ 1), where
AER.

Let B=(6,0). Show that the equation of the circle with the points B and P as ends of a diameter
can be written as S+AU=0, where S=x24+y2~7x—y+6 and U=-3x—2y+18.

Deduce that S=0 is the equation of the circle with AB as a diameter.
Show that U=0 is the equation of the straight line through B, perpendicular o L

Find the coordinates of the fixed point which is distinct from B, and lying on the circles with
the equation S+AU=0 for all A€KR.

Find the value of 1 such that the circle given by §=0 is orthogonal to the circle given by
S+AU=0.

J

[see page ten
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17. (a) Write down sin{A+ B) in termos of sin A, cos A, sinB and cos B, and obtain a similar expression
for sin(A-B). : :
Deduce that
2sinA cosB= sin{(A+B)+sin{A-B) and
2cosA sinB= sin(A+B)—sin(A-B).
Hence, solve 2sin30cos20=sin7@ for 0 <# < 35-.
(b) In a triangle ABC, the point D lies on AC such that BD = DC and AD = BC. Let BAC = q
and ACB = f#, Using the Sine Rule for suitable triangles, show that 2sinacos 8 = sin{e + 28).
H a:f=3:2, using the last resvit in {@) above, show that a = %
{c) Solve 2tan"lx +tan"Hx + ) = -’25 Hence, show that cos(% - %tan"(%ﬁ)) = —%
¥ %F
" v

www.MathsApi.com
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'T ‘ Part A A
1. Three paricles A, B and C, each of mass m, are placed in that order, in a straight line on a
smooth horizontal table. The particle A is given a velocity # such that it collides directly with
the particle B. After colliding with the particle A, the particle B moves and collides directly with
the particle C. The coefficient of restitution between A and B is e. Find the velocity of B after
the first collision.
The coefficient of restitution between B and C is also e. Write down the velocity of € after its
collisicn with B.
2. A particle is projected from a point O on a horizontal floor with "
a velocity whose horizontal and vertical components are \jga and
J6ga , respectively. The particle just clears two vertical walls
of heights ¢ and & which are at a horizontal disiance @ apart, 6ga b
. , a
as shown in the figure. Show that the vertical component of the
velocity of the particle when it passes the wall of height a is 2,/ga. o =
Jea
Show further that &= 34. 8
~ [see page three
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3. In the figure, A, B and C are particles of masses m, m and M, g“"“-"‘_@
respectively. The particles A and B are connected by a light C

inextensible string. The particle C, lying on a smooth horizontal
table, is connected to B by another light inextensible string passing
over a smooth small pulley fixed at the edge of the table. The m B
particles and the strings all lie in the same vertical plane. The
system is released from rest with the strings taut. Write down
equations sufficient to determine the tension of the string joining '

A and B. mOA

..........................................................................................
.............................................................................................................................
............................................................................................................................
............................................................................................................................
.............................................................................................................................
.............................................................................................................................
...........................................................................................................................
.............................................................................................................................
.............................................................................................................................
...........................................................................................................................
.............................................................................................................................
.............................................................................................................................

.............................................................................................................................

4. A car of mass M kg and constant power P kW moves downwards along a straight road of inclination
a to the horizontal. There is a constant resistance of R (>Mgsina) N to its motion. At a certain
instant, the acceleration of the car is a ms2. Find the velocity of the car at this instant.
Deduce that the constant speed with which the car can move downwards along the road is

1000F 1 '

- M8,
R-Mgsina

R A y

[see page four
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. ™
S. In the usual notation, let 2i+j and 3i-j be the position vectors of two points A and B, respectively,
with respect to a fixed origin O. Find the position vectors of the two distinct points € and D such

that AéC:AéD:-g— and OC = OD = -13-,43,

............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
............................................................................................................................
............................................................................................................................
.............................................................................................................................
............................................................................................................................
...........................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................

.............................................................................................................................

6. A patticle P of weight W, suspended from a horizontal
ceiling by two light inextensible strings AP and BP making
angles a and % with the horizontal, respectively, is in

equilibrium as shown in the figure. Find the tension in the

string AP in terms of W and a.

Hence, find the minimum value of this tension and the
corresponding value of a.

..............................................................................................................................

----------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................

............................................................................................................................

...........................................................................................................................

.............................................................................................................................

............................................................................................................................

.............................................................................................................................

............................................................................................................................

.............................................................................................................................

.............................................................................................................................

.............................................................................................................................

............................................................................................................................

{see page five
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7. Let A and B be two events of a sample space €. In the usual notation, it is given that
P{A)z%, P(ANB) = % and P(A' () B) = -1%. Find P(B) and P(A'NB); where A’ and B’
dencte complementary evenis of A and B, respectively.

.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
...........................................................................................................................
............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
............................................................................................................................
.............................................................................................................................
...........................................................................................................................
O S R N TR T PP TS EYR RS

T R R R R AR LI i

.............................................................................................................................

.............................................................................................................................

8. A bag contains 3 red balls and 6 black balls which are identical in afl aspects except for their
colour. Two balls are drawn at random from the bag, one at a time, without replacement. Find
the probability that the second ball drawn is black.

Find also the probability that the first ball drawn is red, given that the second ball drawn is black.

............................................................................................................................
.............................................................................................................................
.............................................................................................................................
............................................................................................................................
.............................................................................................................................
............................................................................................................................
T e L e T P T LR AL LRI il A
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................
.............................................................................................................................

.............................................................................................................................

N . . N , O . , tirin , e
[see page six
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9. Five positive integers each of which is less than 5, have two modes, one of which is 3. Their
mean, and median are both equal to 3. Find these five integers.

.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
............................................................................................................................
.............................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................

.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................

............................................................................................................................

............................................................................................................................

.............................................................................................................................

............................................................................................................................

[10. A frequency distribution is given in the following table:

Range of values 0~-5 5-10 10-15 15-20
Frequency 8 10 7 5

Find the mode of this distribution,

The mode of the distribution of values obtained by multiplying each value of the above distribution
by a constant k& and then adding 7 fo it is 21, Find the value of £.

.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
.............................................................................................................................
...........................................................................................................................
.............................................................................................................................
.............................................................................................................................
............................................................................................................................

.............................................................................................................................

3 [see page seven
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Part B
# Answer five questions only.

(In this question paper, g denotes the acceleration due to gravity.)

11.{e) Two cars P and Q move with constant accelerations in the same direction along a straight road.
At time ¢ = 0 the velocity of P is ¥ ms™! and the velocity of Q is (z + 9) ms™'. The constant
acceleration of P is f ms™ and the constant acceleration of 0 is (f *+3 O) ms2,

Sketch the velocity-time graphs for

(i) the motions of P and Q for ¢ = 0, in the same diagram, and

(i) the motion of Q relative to P for f = @, in a separate diagram,

Further, it is given that at time r = 0 the car P is 200 metres ahead of the car Q Find the time
taken by Q to overtake P.

{b) A river of breadth ¢ with parallel straight banks flows with uniform

velocity u. In the figure, the points A, B, C and D lying on the banks D <
are the vertices of a square. Two boats B, and B, moving with constant . o
speed v (> u) refative to water begin their journeys at the same instant ___,
from A. The boat B, first travels to C along AC and then to D in the “ I
direction CD upward along the river. The boat B, first travels to B in the al =y
direction AR downwards along the river and then to D along HD. Sketch A B

the velocity triangles for the motions of B, from A to C and of B, from

B to D in the same diagram, _

Hence, show that the speed of the boat B, in its motion from A to C is 71=(\f2v2 -t +u) and
find the speed of the boat B, in its motion from B to D. z

Further, show that both boats B, and B, reach D at the same instant.

12.(a) The triangles ABC and LMN in the figure, are vertical cross-sections through the centres of gravity of two

identical smooth uniform wedges X and ¥ respectively, with ACB = LAM = 5-,3‘;’- and ABC = LMN = z

such that the faces containing 2C and MN are placed on a
smooth horizontal floor. The wedge X of mass 3m is free to
move on the floor and the wedge Y is kept fixed. The lines AC
and LN are the lines of greatest stope of the relevant faces. Two
ends of a light inextensible string passing over two smooth
small pulleys fixed at A and L, are aftached to particles P and
¢ of masses m and 2m, respectively, At the initial position, the
particles P and ( are held on AC and LN respectively such that
AP = AL = LQ = a and the string taut, as in the figure. The system is released from rest. Obtain equations
sufficient to determine the time taken by X to reach Yin terms of 2 and g.

\ A
Isee page eight
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{&) A smooth narrow tube ABCDE is fixed in a vertical plane as shown in
the figure. The portion AB of length 2434 is straight and tangential
at B to the circular portion BCDE of radius 2a. The ends A and E lie
vertically above the centre O. A particle P of mass m is placed inside
the tube at A and gently released from rest. Show that the speed v

of the particle 7 when OF makes an angle 8(% <f< 2::) with OA

is given by v =dga(2—cos 6) and find the reaction on the particle
P from the tube at this instant,

Also, find the reaction on the pasticle P from the tube in its motion
from A fo ' B.

Show that the reaction on the particle P from the tube changes abruptly
when the particle P passes through B.

13. The points O, A and B lie in that order, with O
lowermost, on a line of greatest slope of a smooth

fixed plane inclined at an angle % to the horizontal

such that OA = a and AR = 2a. One end of a light
elastic string of natural length @ and modulus of
elasticity mg is attached to the point O and the other
end to a particle P of mass m. The string is pulled
along the line OAB until the particle P reaches the
point B. Then the particle P is released from rest.

Show that the equation of motion of P from B to A is given by X+ £(x+~%)= 0 for 0=<x<2a,

a
where AP = x.
Let y=x +% and rewrite the above equation of mofion in the form ¥+ mzy =0 for % =ys= 1525 .
where @ = %;- .

Find the centre of the above simple harmonic motion and using the formula j'z = w* (82 —y2 ) , find
the amplitude ¢ and the velocity of P when it reaches A.

Show that the velacity of P when it reaches O is \[7ga .
Show also that the time taken by P to move from B to O is J;{cos (5}+2k}, where £ = /7 - /6.

When the particle P reaches O, it stnkes a smooth barrier fixed at O perpendicular to the plane. The
coefficient of restitution between P and the barrier is e. Show that if 0<ex T}; , then the subsequent
7

motion of P will not be simpie harmonic.

14. (@) Let OACE be a parallelogram and let D be the point on AC such that AD:DC=2:1. The
position vectors of points A and B with respect to O are Aa and b, respectively, where >0,
Express the vectors OC and BD in terms of a, b and A.

Now, let OC be perpendicular to BD. Show that 3]312 .12+2(a-b)/1—[b[2 =0 and

find the value of A, if [al=|b| and AGB = Z.

[see page nine
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{b) A system consists of three forces in the plane of a regular hexagon ABCDEF of centre O and side
of length 2a. Forces and their points of action, in the usual notation, are shown in the table below,

with the origin at O, the Ox-axis along OF and the Oy-axis along 5_“}?, where H is the mid-point

of C. (P is measured in newtons and « is measured in metres.)

\

Point of Action | Position Vector Force
A ai—f3aj 3Pi+ 3P
c ai+3aj ~3Pi+ 3P
E ~2ai -243Pj

reduces.

L4
6

rod BC exerted from the rod AB.

B3

Also, show that tano = 5

(b) Framework shown in the figure consists of five light
rods AB, BC, BD, DC and AC smoothly jointed
at their ends. Here, it i3 given that AB=CB=a, -

€D =2a and BAC = -"g». Framework is smoothly
hinged at A to a fixed point. A load W is suspended
at the joint D, and the framework is kept in
equilibrium in a vertical plane with AC vertical
and CD horizontal by a force P parallel to the
rod AB, applied at the joint C in the direction
shown in the figure. Draw a stress diagram, using

Hence, find

(i) the stresses in the five rods, stating whether
they are tensions or thrusts, and

(i} the value of P,

Show that the systern is equivalent to a couple and find the moment of the couple.

Now, an additional force of magnitude 6 N acting along FE is introduced to this system. Find
the magnitude, direction and the line of action of the single force to which the new system

15.{a) Two uniform rods AB and BC, each of length 2a are jointed smoothly
at B, The rod AB is of weight W and the rod BC is of weight
2W. The end A is hinged smoothly to a fixed point. This system
is kept in equilibrium in a vertical plane with rods AR and BC
making angles a and f, respectively, with the downward vertical

by a force % applied at C in the direction perpendicular to BC

shown in the figure. Show that £ =>~ and find the horizontal
and the vertical components of the reaction at the joint B on the

=N
[+

Bow’s notation, for the joints D, B, and C. P

lsee page len
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16. Show that the centre of mass of

(i) a thin upiform semi-circular wire of radius « is at a distance %2 from its centre, and

- (i) a thin uniform hemispherical shell of radius g is at a distance % from its centre.

A spoon is made by rigidly fixing, to a thin uniform hemispherical sheil of
centre O and radius 2q, a thin handle ABCD made of uniform wire consisting
of a straight piece AB of length 27a and a semi-circular piece BCD of radius a,
such that the diameter BD is perpendicular to AB, as shown in the figure, The '
point A lies on the rim of the hemisphere, QA is perpendicular to AB, and OD
is parallel to AB. Also, BCD lies in the plane of OABD. The mass per unit area

of the hemisphere is o and the mass per unit length of the handle is %{.

5
Dr}
o

Show that the centre of mass of the spoon fies af a distance f!%f (8:: —2nt - 1) a -
below OA, and a distance -I%a from the line passing through O and D.

The spoon is placed on a rough horizontal table with the hemispherical surface
touching it. The coefficient of friction between the hemispherical surface and the

table is .—;- Show that the spoon can be kept in equilibrium with OD vertical by
a horizontal force applied at A in the direction of AO. '

17.(® initia_liy @ box contains 3 balls identical in all aspects except for their colour, each of which is
either white or black. Now, one white ball identical to balls in the box in all aspects except
for its colour, is added into the box and then one ball is drawn at random from the box.
Assuming that the four possible initial compositions of the balls in the box are equally likely,
find the probability that
(i) the ball drawn is white, and
{ii) initially there were exactly 2 black balls in the box, given that the ball drawn is white.

(b) Let the mean and the standard deviation of the set of values {x,:i=12,...,n} be # and o

respectively. Find the mean and the standard deviation of the set of values {axi =12, n} s
where a is a constant,

Monthly salaries of 50 employees at 3 certain t:ompany are summarised in the following table:

Monthly Salary Number of
(in thousand rupees) Employees
5—15 - 9
15 — 25 11
25— 35 14
35— 45 10
45 — 55 6

Estimate the mean and the standard deviation of the monthly salaries of the 50 employees.

At the beginning of a year, the monthly salary of each employee is increased by p%. It is given
that the mean of the new monthly salaries of the above 50 employees is 29 172 rupees. Estimate
the value of p and the standard deviation of the new monthly salaries of the 50 employees.
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