AN ROINN  OIDEACHAIS

LEAVING CERTIFICATE  EXAMINATION, 1991

APPLIED MATHEMATICS - HIGHER LEVEL

FRIDAY, 21 JUNE - MORNING, 9.30 - 12.00

Six questions to be answered. All questions carry equal marks.
Mathematics Tables may be obtaineg from the Superintendent,
Take the value of g to be 9.8 m/s".

Marks may be lost if all your work is not shown or you do not indicate where a
calculator has been used.

1. (a) A particle starts from rest at a point p and accelerates at 2 :a/s2 until
it reaches a speed v m/s.
It travels at this speed for 1 minute before decelerating at 1 n/s2 to
rest at g. The total time for the journey is 2 minutes.

(i) Calculate the distance pq.

(ii) If a second particle starts from p at time £ = 0 and moves along pg
with speed (2t + 50) m/s, find the time taken to reach gq.
(b) A particle P is projected vertically upwards with an initial velocity u
and two seconds later a second particle @ is projected vertically upwards
from the same point with initial velocity 1.5u. Calculate, in terms of
u, how long @ is in motion before it collides with P and prove that

| u]| > 98.

2. A runner observes that when her velocity is ul the wind appears to come frem
the direction 21 + BJLQbut when her velocity is u] the wind appears to come
from the direction -2i"+ 33

(i)  Prove that the true velocity of the wind is
S5u 7 u 7
2u 7 u
6 g 7
(ii) Find the speed and direcg}on of motion of the runner when the wind
velocity appears to be ui.
3,

A particle 1s projected, with speed u, down a plane which is inclined at an
angle of 30° to the horizontal. The plane of projection is vertical and
contains the line of greatest slope. The coefficient of restitution between

the particle and the plane is e. The direction of projection makes an angle of
60° with the inclined plane.

(i) Find the range to the first hop.

(ii) For what value of e is the range for the second hop double the range for
the first hop ?
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horizontal surface with
@ block, is connected by a strip
a second particle of masg p

A rectangular block moves across a stnt1onaxih
acceleration g/3. A particle of mass & 0nllcY to
which passes over a light, smooth, fxxgd pu :
which presses against the block (see diagrami:

(1) If contact between the particles
and the block, is smooth, find
the magnitude and direction of the
resultant forces acting on the
particles.

(ii) 1If contact between the particles and
the block, is rough, for what same value
of the coefficient of friction, will
the particles remain at rest relative
to the block ?

strikes directly a

: 3 d u
(a) A sphere of mass 4m travelling with spee 'cient of restitution is g,

stationary sphere of mass 2m. If the Qoiiﬁlis
prove that the energy lost in the collis

2m (1 - ez)
3
h velocity 41 + 55 m/s collides with an

-, A
h velocity 21 + 37 m/s where I is a unit
ent of impact.

(b) A smooth sphere P, moving wit
identical sphere Q moving wit
vector along the line of centres at the mom
If e is the coefficient of restitution T—
(i)  find the velocity of each sphere & .
(ii) calculate the value of e if P is deflected through an angle

tanq(i) as a result of the collision.
\

(a) A light elastic string of natural length 1.2 m is Eou;d z:h::tzﬁg §Y|20
ca when a small mass is gently attached to one end, the le with o
fixed. The mass is now made to describe a horizontal circle with angular
velocity w rad/s. g Ew
Find an expression for the extension of the string in terms of w.

(b) A particle of mass 3 kg is suspended by a light string which is found to
extend by 20 cm when the particle is at rest. If the ?pper end of the
string is held firm and the particle is pulled down slightly and then
released, find the period of the resultant motion.

A uniform circular hoop of weight W hangs over a rough hor%zontal peg c. A
horizontal force p is applied at a point b where cb is a diameter of t@e @oop.
When cb is inclined at an angle © to the downward vertical the system is in
equilibrium and the hoop has not slipped.

(i) Find p in terms of W and ©.

(ii) Show that the ratio of the c
frictional force to the O
normal reaction at the peg
is tan 6

2 + tan®

(iii) Show that, when the coefficient b p
of friction is 1/2, the hoop
never slips.




8.

10.

(a) Prove that the mome
21, about an

1
3 it

nt of inertia of

a uniform rod of mass m and length
axis through its centre

of mass perpendicular to the rod is

q
(b) A uniform rod of mass m and
length 88 em has g uniform ;
disc of mass m and radiug
12 cm attached to one end,
The rod and disc are in the same

plane and the rod ig collinear with (:)
a diameter of thq disc (see

diagram).
If the compound body is set in motion about an axis through g which is
perpendicular to the Plane of the rod and dise,

(i) find the period of
places.

find the length of the equivalent simple pendulum.

small oscillations correct to two decimal

(ii)

State the Principle of Archimedes.

A uniform rod, of length p and relative density s is free to turn about its
lower end, which is fixed at a depth h in a liquid of relative density gq.

(i)  Prove that the rod can float in an inclined position if
;35 p hzq
(ii) Calculate the value of s if the rod floats with three-quarters of its

length immersed in water.

(a) Solve the differential equation

-

1
— +
dx Y 4
if y = 1 when x = 1.

(b) A particle is projected in a straight line from a fixed poigt with
velocity u at time t = 0. It is opposed by a resistance kv per unit
mass. If s is the displacement at time t prove that when v = 0

s = M if n ¢ 1.




