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Mechanics
TOPIC- Kinematics

Basic
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Kinematics-
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Two particles P and Q move vertically under gravity. The graphs show the upward velocity vms™!
of the particles at time ¢s, for 0 < 7 < 4. P starts with velocity V ms™ and Q starts from rest.

(i) Find the value of V. [2]

Given that Q reaches the horizontal ground when ¢ = 4, find
(ii) the speed with which Q reaches the ground, [1]
(iii) the height of Q above the ground when 7 = 0. [2]
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Kinematics-

2 Astone is released from rest and falls freely under gravity. Find

[ (i) the speed of the stone after 2 s, [1]
<o

\é\» (ii) the time taken for the stone to fall a distance of 45 m from its initial position, ' [2]

“~

(iii) the distance fallen by the stone from the instant when its speed is 30 ms™! to the instént when its
speed is 40ms~!. (2]
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 Kinematics-

Two particles Pand Qmove on a line of greatest slope of a smooth inclined plane. The particles start
at the same instant and from the same point, each with speed 1.3ms™!. Initially 2 moves down the
plane and (Jmoves up the plane. The distance between the particles ¢seconds after they start to move
is dm.

() Show that d= 2.6¢ (4]

When £ = 2.5 the difference in the vertical height of the particles is 1.6 m. Find
(ii) the acceleration of the particles down the plane, (3]

(iii) the distance travelled by Pwhen Qis at its highest point. [3]
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“Kinematics-

A particle P, is projected vertically upwards, from horizontal ground, with a speed of 30ms™!. At

E the same instant another particle P, is projected vertically upwards from the top of a tower of height
04 5 1sp g
25m, with a speed of 10ms™. Find
i
\g\\ 5 (i) the time for which P, is higher than the top of the tower, [3]
LA (ii) the velocities of the particles at the instant when the particles are at the same height, [5]
A% ix’/\c p C1g
(iii) the time for which P, is higher than P, and is moving upwards. [3]
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Kinematics-

A particle Pofmass 0.6 kg is projected vertically upwards with speed 5.2ms™" from a point Owhich
G5 is 6.2m above the ground. Air resistance acts on P so that its deceleration is 10.4 m =2 when P is
moving upwards, and its acceleration is 9.6 m s> when Pis moving downwards. Find

A
v (i) the greatest height above the ground reached by 2, [3]
‘T‘ (ii) the speed with which Preaches the ground, f [2]
< (iii) the total work done on Pby the air resistance. [4]
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~ Kinematics-

A particle starts from rest at the point A and travels in a straight line until it reaches the point B. The

@ 6 velocity of the particle ¢ seconds after leaving A is vms™', where v = 0.0092 — 0.0001£. Given that

N the velocity of the particle when it reaches Bis zero, find
_\\\‘ “

Q . (i) the time taken for the particle to travel from A to B, [2]
g
(ii) the distance AB, [4]
(iii) the maximum velocity of the particle. [4]
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7 A car of mass 1200 kg moves in a straj
the car is constant and has magnitude 960 N. The car’s engine works at a rate of 17 280 W.

ght line along horizontal ground. The resistance to motion of ;

|
.

(i) Calculate the acceleration of the car at an instant when its speed is 12ms™!, [3]

The car passes through the points A and B. While the car is moving between A and B it has constant i

speed Vms™', i
N (ii) Show that V = 18, 2] |
& |
B At the instant that the car reaches B the engine is switched off and subsequently provides no energy. |
' The car continues along the straight line until it comes to rest at the point C. The time taken for the /

car to travel from A to Cis 52.5s.

(iii) Find the distance AC. [5] |
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A particle of mass 30 kg is on a plane inclined at an angle of 20° to the horizontal. Starting from rest,
0 v the particle is pulled up the plane by a force of magnitude 200 N acting parallel to a line of greatest

(i) Given that the plane is smooth, find
(a) the acceleration of the particle, [2]

N (b) the change in kinetic energy after the particle has moved 12 m up the plane. [2]

/¢y,

(i) Itis given instead that the plane is rough and the coefficient of friction between the particle and
the plane is 0.12. '

(@) Find the acceleration of the particle. [4]

(b) The direction of the force of magnitude 200 N is changed, and the force now acts at an angle
of 10° above the line of greatest slope. Find the acceleration of the particle. [4]
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Kinematics-

One end of a light inextensible string is attached to a block. The string makes an angle of 60° above ‘
o the horizontal and is used to pull the block in a straight line on a horizontal floor with acceleration |

0.5ms™. The tension in the string is 8 N. The block starts to move with speed 0.3 ms™!. For the first
5's of the block’s motion, find

-~

i
N
0‘% (i) the distance travelled, [2]

(i) the work done by the tension in the string. [2]
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Kinematics-

18 An object is released from rest at a height of 125 m above horizontal ground and falls freely under
gravity, hitting a moving target P. The target P is moving on the ground in a straight line, with |
constant acceleration 0.8 ms™2. At the instant the object is released P passes through a point O with f‘

speed 5Sms™'. Find the distance (4] |

from O to the point where P is hit by the object. ‘
|
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Kinematics-

11 A particle P is projected vertically upwards with speed 11 ms™

T At the same instant a particle Q is released from rest at a point A
& 1 ground at the same instant, when Q has speed Vms™!.
J
ﬁf (i) Find the time after projection at which P hits the ground.
(i) Hence find the values of 4 and V.
Copyright©MRC® :( 9709-M-1)-2017 55258711

! from a point on horize,
m above the ground. P aﬁ\\

rashed.saba@gmail

[2] |

.com




Kinematics-

42 AandB are two points which are 10 m apart on the same horizontal plane. A particle P starts to move
from rest at A, directly towards B, with constant acceleration 0.5 m s~2. Another particle Q is moving

N J directly towards A with constant speed 0.75ms™!, and passes through B at the instant that P starts to
§ move. At time T s after this instant, particles P and Q collide. Find
{
K% (i) the value of T, . [4]
(ii) the speed of P immediately before the collision. : [1]
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_ Kinematics-

[

43  Theresistance to motion acting on a runner of mass 70 kg is kv N, where vms™' is the runner’s speed |

and K is a constant. The greatest power the runner can exert is 100 W. The runner’s greatest steady |

speed on horizontal ground is 4ms™".

N

AN

Q\‘e\c'\ (i) Show that k = 6.25. N [2]
{

[t

(i) Find the greatest steady speed of the runner while running uphill on a straight path inclined at
(4]

an angle o to the horizontal, where sin o = 0.05.
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44  Particles P and Q move on a straight line AOB. The particles leave O simultaneously, with P moving
towards A and with Q moving towards B. The initial speed of P is 1.3ms™" and its acceleration in
the direction OA is 0.1 ms™. Q moves with acceleration in the direction OB of 0.016¢m s, where
f seconds is the time elapsed since the instant that P and Q started to move from O. When ¢ = 20, |

3 particle P passes through A and particle Q passes through B. !

T + (i) Given that the speed of Q at B is the same as the speed of P at A, find the speed of Q at time

K r=10, [4]
(i) Find the distance AB. (3]
55258711 rashed.saba@gmail.com
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45 Particle P travels along a straight line from A to B with constant acceleration 0.05 ms™. Its speed at ‘\

Ais 2ms™! and its speed at Bis Sms™!.

(i) Find the time taken for P to travel from A to B, and find also the distance AB. [3]
Particle Q also travels along the same straight line from A to B, starting from rest at A. At time ¢s
~ after leaving A, the speed of Q is k> ms™', where k is a constant. Q takes the same time to travel |
from A to B as P does. {
(ii) Find the value of £ and find Q’s speed at B.
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Kinematics-

46 A particle P of mass 0.2 kg is released from rest at a point 7.2 m above the surface of the liquid in
a container. P falls through the air and into the liquid. There is no air resistance and there is no /
instantaneous change of speed as P enters the liquid. When P is at a distance of 0.8 m below the |
surface of the liquid, P’s speed is 6ms™!. The only force on P due to the liquid is a constant resistance ;"

to motion of magnitude R N.

;‘ (i) Find the deceleration of P while it is falling through the liquid, and hence find the value of R.
4 [5]
*(qu The depth of the liquid in the container is 3.6 m. P is taken from the container and attached to one

end of a light inextensible string. P is placed at the bottom of the container and then pulled vertically
upwards with constant acceleration. The resistance to motion of R N continues to act. The particle

reaches the surface 4 s after leaving the bottom of the container.

(i) Find the tension in the string. (4]
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The frictional force acting on a small block of mass 0.15 kg, while it is moving on a horizontal surface,
has magnitude 0.12 N. The block is set in motion from a point X on the surface, with speed 3ms™'. It
hits a vertical wall at a point ¥ on the surface 2 s later. The block rebounds from the wall and moves
directly towards X before coming to rest at the point Z (see diagram). At the instant that the block
hits the wall it loses 0.072 J of its kinetic energy. The velocity of the block, in the direction from X to
Y,is vms™! at time s after it leaves X.

Pt L is,
( z“f(/\

() Find the values of v when the block arrives at ¥ and when it leaves Y, and find also the value of
¢t when the block comes to rest at Z. Sketch the velocity-time graph. [9]

(ii) The displacement of the block from X , in the direction from X to Y, is s m at time ¢s. Sketch the
displacement-time graph. Show on your graph the values of s and 7 when the block is at Y and
when it comes to rest at Z. [4] |
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Kinematics-

A particle is released from rest at a point Hm above horizontal ground and falls vertically. The
f 8 particle passes through a point 35 m above the ground with a speed of (V — 10)ms™ and reaches the

N ground.with a speed of Vms~'. Find

>

W ‘\( (i) the value of V, [3]

!]; (ii) the value of H. [2]
55258711 rashed.saba@gmail.com
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KI ne«ma’tics-

.. The top of a cliff is 40 metres above the level of the sea. A man in a boat, close to the bottom of the |
£ gpliff, is in difficulty and fires a distress signal vertically upwards from sea level. Find

(i) the speed of projection of the signal given that it reaches a height of 5m above the top of the |

\ .

X cliff, (2]

“\‘n A (ii) the length of time for which the signal is above the level of the top of the cliff. (2] ‘
| :
O The man fires another distress signal vertically upwards from sea level. This signal is above the level ‘3

of the top of the cliff for /(17) s.

(iii) Find the speed of projection of the second signal. [3]
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Kinematics-

20 A particle of mass 0.5 kg starts from rest and slides down a line of greatest slope of a smooth plane.
The plane is inclined at an angle of 30° to the horizontal.

(i) Find the time taken for the particle to reach a speed of 2.5ms™!. [3]

When the particle has travelled 3 m down the slope from its starting point, it reaches rough horizontal
ground at the bottom of the slope. The frictional force acting on the particle is 1 N.

(ii) Find the distance that the particle travels along the ground before it comes to rest. [3]
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- Kmema“cs-

A particle P is projected vertically upwards from a point O. When the particle is at a height of 0.5 m,

3 2 fts speedis 6ms™!. Find
‘ $f“\ (i) the greatest height reached by the particle above O, [3]
i
X (i) the time after projection at which the particle returns to O. [3]
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(i) the value of , [4]

O A particle P is projected from the top of a smooth ramp with speed ums™', and travels down a line of /
greatest slope. The ramp has length 6.4 m and is inclined at 30° to the horizontal. Another particle Q
is released from rest at a point 3.2 m vertically above the bottom of the ramp, at the same instant that
P is projected (see diagram). Given that P and Q reach the bottom of the ramp simultaneously, find

(ii) the speed with which P reaches the bottom of the ramp. [2]
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23

A car travels along a straight road with constant acceleration ams™. It passes through points A, B
and C; the time taken from A to B and from B to C is 5s in each case. The speed of the car at A is
ums™" and the distances AB and BC are 55 m and 65 m respectively. Find the values of @ and u. [6]
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_ Kinematics-

24  Particles P and Q are moving in a straight line on a rough horizontal plane. The frictional forces are
the only horizontal forces acting on the particles. |

() Find the deceleration of each of the particles given that the coefficient of friction between P and 3,

the plane is 0.2, and between Q and the.plane is 0.25. 2]
NS
f > At a certain instant, P passes through the point A and Q passes through the point B. The distance AB |
) is 5m. The velocities of P and Q at A and B are 8ms™ and 3ms~!, respectively, both in the direction J
e AB.
(ii) Find the speeds of P and Q immediately before they collide. 51
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Kfih_«ématiCS-

|
|

(

25  Aparticle P is projected vertically upwards from a point on the ground with speed 17ms™'. Another |
particle Q is projected vertically upwards from the same point with speed 7ms™'. Particle Q is |

projected T seconds later than particle P.

(V\
AN i ‘
Qg\ (1) Given that the particles reach the ground at the same instant, find the value of T. 2]
YA
% (1) Ata certain instant when both P and Q are in motion, P is 5 m higher than Q. Find the magnitude
and direction of the velocity of each of the particles at this instant. [6]
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Kinematics-

“ A ball A is released from rest at the top of a tall tower. One second later, another ball B is projected
2 6 vertically upwards from ground level near the bottom of the tower with a speed of 20 m s™!. The two
balls are at the same height 1.5 s after ball B is projected.

(i) Show that the height of the tower is 50 m. . [3]
% .
(ii) Find the length of time for which ball B has been in motion when ball A reaches the ground.

Hence find the total distance travelled by ball B up to the instant when ball A reaches the ground.
(5]

~-16—4 3%
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2 -(A particle P moves in a straight line ABCD with constant deceleration. The velocities of P at A, B
‘and C are 20ms~', 12ms™' and 6ms™! respectively.

(i) Find the ratio of distances AB : BC.

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

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

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

(ii) The particle comes to rest at D. Given that the distance AD is 80 m, find the distance BC. [3]

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