AL201710F-11 -7 -
G & SEE QEAF Liapogxs 1ava gl g 2o Al Rights Reserved)
(% nio Poe emlaotial & s Povw xe%v!g'm W Coys Mo0noloas 4 me Peas oq'e.:»-.ﬂn-;qm
et i e Camao &t ANl SN T N et e Q. o el 3ol i b R gt fi s d Ao b bty
LR 7 < (M ) 7 S S Om 0 S ikt DX st of Fatiionms. Sn 1 oo
Vo) Briw OANCoolTns) § mog: Pmie of VA & % CEEORITY § 908 Pum oLoentL sy
3 '.: W e ey 1t X .~,¢L"Wmmqwk$ﬂm.ﬁ-m ,)v‘-a-rh- nuh q-no.ocl;dmv -.2:4
[-TA) T2 258 oe;g =08m oy (e eog) Buwmoo, 2017 gemiedn

EShai) IEI0 UBBT (ewj m0 ufies, 2017 gaatp
General Certificate of Education (Adv. Level) Examination, August 2017

mo@ny B8in I
vty sl e Il
Combined Mathematics 11 )

N

Part B
% Answer five questions only.

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

I1.(2) The base of a vertical tower of height @ is at the centre € of

. . . "
a circular pond of radius 2«4, on horizomal ground. A small .
stone s projected from the top of the tower with speed « at v
an angle :} above the honzontal. (See the figure)) The stone a
maves freely under gravity and hits the horizontal plane = e
2a

through C at a distance & from €. Show that R is given by
the equation gR° - 1R — wfa = 0.

Find R in terms of u, @ and 2. and deduce that if i = %ga. then the stone will not fall into
the pond.

() A ship S is sailing due East with uniform speed 2 kmh!, relative to earth. At the instant when
the ship is at a distance £ km at an angle @ South of West from a boat 8, the boat travels
in a straight line path, intending (o intercept the ship. with uniform speed v kmh™' relative
1o carth, where wsinf <v<u, Assuming that the ship and the boat maintain their speeds and
paths, sketch, in the same diagram, the velocity triangles to determine the two possible paths
of the boat relative to carth,

Show that the angle between the two possible directions of motion of the boat relative to carth
18 7-2a. where a = sin™' (ifi"—”)
Let 1, hours and 1, hours be the times taken by the boat to intercept the ship along these two

paths. Show that f, +1, = y%-c"m,(—'

R -V

12.{a) The trapezium ABCD shown in the figure is a vertical cross-

- : ! J <
section through the centre of gravity of a smooth uniform block B ¢
of mass 2m. The lines AD and BC are parallel, and the line A8 -
is a linc of greatest slope of the face containing it. Also, AB = 2a

A D

and BAD =, where 0 < a < %:md COS rt = -:- . The bleek is

placed with the face containing AD on a smooth horizontal floor.

A light inextensible string of length (> 2a) passes over a small smooth pulley at 8, and has a
particle  of mass s attached 10 one end and another particle Q of the same mass m attached 1o the
other end. The system is released from rest with the string taut, the panticle 2 held at the mid-point
of AB and the particle Q on BC, as shown in the figure,

‘ v e .
Show that the aceeleration of the block refative 1o the floor is 78 and find the acceleration
of # relative to the block.

Also, show that the time taken by the particle £ to reach A is 174

5g
- : o

_ A
[see pagevight
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(b) Two particies A and 8. cach of mass m are attached to the two ends of a light

inextensible string of length /(> 27a). A particle C of mass 2m is attached 1o the
mid-point of the string. The stnng is placed over a fixed smooth sphere of centre O
and radius a with the particle € at the highest point of the sphere, and the particles

A and B hanging freely in a vertical plane through ©, as shown in the figure. The
patticle C is given a small displacement on the sphere in the same vertical plane, so <2 s
that the particle A moves downwards i a straight line path. As long as the particle C is In contact
with the sphere. show that % = %(I - cosf)), where @ is the angle through which OC has tumed.

Show further that the particle € leaves the sphere when # = % :

13. One end of a light elastic string of natural length a and modulus of elasticity mg is attached to a fixed
point @ at a height 3a above a smooth horizontal floor and the other end is attached 10 a
particle of mass »r. The particle is placed near O and projected vertically downwards with speed

.ﬁ;u . Show that the length of the string x satishes the equation .’t’+"£‘(.r— 2a)=0 for asx<3a.
and find the centre of this simple harmonic motion.

Using the Pranciple of Conscrvation of Energy for the downward motion of the particle until the
g p g'

first impact with the floor, show that .'t':';%(-ia.r - %) for asx< 3a.

- ¢ a .2 2
Taking X=x-2a, express the last equation in the form X = %(A' - Xz] for —~asX<a, where A
is the amplitude to be determined,

What is the velocity of the particle just before the first impact with the floor?

The coefficient of restitution between the particle and the floor is 7‘.{ . For the upward motion of

b

the particle after the first impact. until the string becomes slack, it is given that X° = ‘—’E{Bz -X )

for —a = X <a. where B is the amplitude of this new simple harmonic motion to be determined.

Show that the tolal time during which the particle performs downwards and upwards simple harmonic
51 |a

motions described above is e il
i B

14.(a) The position vectors of two distinet points A and B with respect to a fixed ongin O, not collincar
with A and £ are a and b respectively. Let ¢=(1-2)a+4b be the position vector of a point
C with respect to @, where 0</i <1,
Express the vectors AC and CB in terms of a, b and 4.
Hence. show that the point € lies on the line segment A# and that AC:CB=2:(1 - 2).
Now, suppose that the line OC bisects the angle AOB. Show that [b|(a.¢) = |a|(b.c) and
hence, find 4.

(h) In the higure, ABCD is a rectangle with AB =1m and 8C = Y3 m, and CDE is
an cquilateral triangle. Forces of magnitude S, 243, 3. 43, P and Q newtons
act along BA, DA, DC, CB. CE and DE respectively, in the directions indicated
by the order of the letters. This system of forces reduces 10 a couple. Show p C
that P=4 and @=8, and find the moment of this couple.

E

Now, the directions of forces acting along BA and DA are reversed, but their Om
magnitudes remain the same. Show that the new system reduces to a single
resultant force of magnitude 2+37 newtons.

Show further that the distance from A to the point at which the line of action L ___lg
: ; I'm
L of this resultant force meets BA produced s %m.

[see page mne
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15.(a) A uniform cubical block of weight W and side of length
2a is placed on a rough horizontal floor. A uniform rod
AB of weight 2W and length 2a has its end A smoothly
hinged to a point on the horizontal floor and has the é
end B against a smooth vertical face of the cube at its B
centre. The vertical plane through the rod is perpendicular
to that vertical face of the block and the system stays
in equilibrium. (See the figure for the relevant vertical
cross-section.) The coefficient of friction between the
cubical block and the rough horizontal floor is u. Show

that u = V3.

(b) The figure shows a framework consisting of
five light rods AB, BC, AD, BD and CD freely
jointed at their ends. AB=a metres and BC=2a
metres, and BAD = BDA = BCD = 30°. The
framework is loaded with weights ISON at B
and 300N at D. It is in equilibrium in a vertical
plane supported by two vertical forces P and Q
at A and C respectively, so that AB and BC are
horizontal. Show that P=250N.

Draw a stress diagram using Bow’s notation and hence, find the stresses in all the rods and state
whether they are tensions or thrusts.

16. Show that the centre of mass of a thin uniform wire in the shape of a semi-circular arc of centre C

and radius a, is at a distance —2]?" from C.

In the adjoining figure, PQ, PR and ST are three straight line pieces

y . g - : P
cut from a thin uniform wire of mass p per unit length. The two pieces , .
PQ and PR are welded to each other at the point P and then welded to A

ST at the points Q and R. It is given that PQ = PR = a, ST =2a and S Q ) R r
PO= % where O is the mid-point of both QR and ST. Also, SUT is a

semicircular arc of centre O and radius @ made up of a thin uniform

wire of mass kp per unit length, where £(>0) is a constant. The rigid 7,

plane wire-frame L shown in the figure has been made by welding the
semicircular wire SUT to the wire ST"in the plane of POR at the points S

and 7. Show that the centre of mass of L is at a distance (M)Q

from P AR

The wire frame L is in equilibrium with its circular part touching a
smooth vertical wall and a horizontal ground rough enough to prevent
slipping, and its plane perpendicular to the wall as shown in the adjoining
figure. Mark the forces acting on L and show that & > %

Now, let & = I. The equilibrium is maintained in the above position

even after a particle of mass m is attached to L at the point P. Show

that m<3pa.

N =
[see page ten




AL/2017/10/E-11 -10-
(" 5

17.(a) Each of the bags A, B and C contains only white balls and black balls which are identical in
all respects, except for colour. The bag A contains 4 white balls and 2 black balls, the bag
B contains 2 white balls and 4 black balls, and the bag C contains m white balls and (m+ 1)
black balls. A bag is chosen at random and two balls are drawn from that bag at random, one
after the other, without replacement. The probability that the first ball drawn is white and the

second ball drawn is black, is % Find the value of m.

Also, find the probability that the bag C was chosen, given that the first ball drawn is white
and the second ball drawn is black.

(b) The following table gives the distribution of marks obtained by a group of 100 students for
their answers to a Statistics question:

Marks range | Number of students
0-2 15
2-4 25
4-6 40
6-8 15
8-10 SH. -

Estimate the mean x and the standard deviation ¢ of this distribution.

Also, estimate the coefficient of skewness k defined by x = }Q‘—;—M) where M is the median

of the distribution.
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