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Question 1 (**)

A particle is projected from a poir® on level horizontal ground with speed of

28ms ! atan anglea to the horizontal, wheréana

2

The particle is moving freely under gravity, reahia greatest height above the
ground before it lands on the ground at a péint

a) Find the time it takes the particle to reach theaggst height above the ground.

b) Hence determine th

e distan&d .

The particle reaches a heigHt m above groundl second after leavin®.

c) Find the value oH .

d) Hence calculate the length of time for which thegheof the particle above
the ground is greater than .
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Question 2 (**+)

A particle is projected from a poir® on level horizontal ground with speed of

455ms ! atan angleb to the horizontal, wher&anb :1—52.

The particle is moving freely under gravity, reacha greatest height ¢1 m above
the ground before it lands on the ground at a pBint

a) Find the flight time of the particle.
b) Hence determine the distan@ and the value oH .

c) Determine the speed of the partieleseconds after leavinG.

[ 1|t=22, [oP=150n], [H =90], |v»17.72 ms
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Question 3 (**+)
A particle is projected from a poimA on level horizontal ground with speed of
39.2ms ! at an angley to the horizontal.

The patrticle is travelling freely under gravity aatter 3 s it reaches the point,
whereC is at the greatest height of the particle abbeeground.

a) Show thatsing =

Nleo

b) Find the height ofC, above the ground.
The particle eventually lands on the ground atiatpB .
c) Calculate the distancaB.

d) State the least speed of the particle.

Vi » 25.93 ms?
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Question 4 (***)
A particle is projected from a poir® on level horizontal ground with speed of
21ms ! at an angley to the horizontal, whereanq:%.

The particle is moving freely under gravity anddamat a pointA on the ground,
which is 43.2m away fromO.

a) Find the time it takes the particle to travel fr@nto A.

b) Determine the greatest height above the groundheebby the particle during
its flight.

c) Show that the particle remains at a height of astlé.5 m above ground for
exactlyl% seconds.
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Question 5 (***)

A golf ball is struck from a poin© on level horizontal ground with a speed of
28 ms ! at an angle of elevation G0°.

The ball is travelling freely under gravity and ismway down just clears the top of a
tree T, whose height i8.4 m. The ball is modelled as a particle.

a) Determine the greatest height achieved by thedsal travels fromO to T .
b) Calculate the time it takes the ball to travel fr@mo T .

¢) Find the speed of the ball as it passes throtigh

[ ], Jiom, [t=24, |v»24.9 ms?
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Question 6  (***)

A football is kicked with speed @85 ms ! from level horizontal ground at an angle
of 15° to the horizontal. The ball travels towards thalgost which stands at a height
of 2.44m, at a distance 062 m from where it was kicked.

The ball is travelling freely under gravity, in &rtical plane perpendicular to the
crossbar of the goalpost.

Determine by calculation whether the ball go over tross bar or under it, stating
any assumptions made.
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Question 7 (***)
A boy kicks a football from a poir® on level horizontal ground. The football travels
freely under gravity andt% seconds later it just clears the top of a tree

Thehorizontal distance fromO to P is 42 m and the tree i8 m tall.

Find the speed and the direction of the footbait passes througP .

[ |, |speed> 20.11m3|, [g»33.3 below the horizont
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Question 8 (***+)
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A particle P is projected with a speed @ ms' %, at an angle of elevatiog, from a
point O which is h m above level horizontal ground.

P moves freely under gravity and first strikes thieumnd at a pointA as shown in
the figure above. The speed Bfjust before it reaches is 35ms F.

a) Use energy considerations to find the valuénof

b) Given that2 s after it is projected fronD, P is at a points m above the
level of O, calculate ...

I. ...the value ofg.

ii.” ... the direction of motion oP just before it reaches .

lh» 41.09, |g » 38|, |» 63.2 below the horizont;
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Question 9 (***+)
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A particle is projected from a poir® on level horizontal ground with speed of
238ms ! atan anglgs to the horizontal, wheréany :%5.

The particle is moving freely under gravity, reaha greatest height ¢1 m above

the ground before it land

s on the ground at a péint

a) Determine the distand®A

b) Find the value oH .

c) Calculate, to three significant figures, the spe&the particle when it is at a
height of 20 m above the ground.
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Question 10 (***+)
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A particle is projected with a speed ms ! at an angle of elevatioa, where
sina =% from a pointO which is 22.5m above level horizontal ground.

The patrticle is moving freely under gravity andfistrikes the ground at a poiAx,
as shown in the figure above.

a) Find the greatest height above ground, achievetidyarticle.
b) Show that the flight time of the particle frofh to A is 5s.

c) Determine the speed and direction of motion ofptheticle as it reacheA.
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Question 11 (***+)
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A fixed origin O is located on level horizontal ground and the eext and | are
unit vectors pointing horizontally and verticaligspectively.

A particle P is projected from the poindA with position vector7j m with velocity
(24i+7) ms *, as shown in the figure above.

In the subsequent motion the particle is movinglfreinder gravity.
a) Find the length of time for whiclP_is at leas©.1m above the ground.
P is passing through the point with position vedté8i +/j) m.

b) Determine the value of .
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Question 12 (***+)
A cricket ball is struck from a poinA which is1 m above level horizontal ground
with speed of25 ms Latan angle30° above the horizontal.

The ball first hits the ground at a poiBt.
The ball is modelled as particle moving through atr without any resistance.
a) Determine the horizontal distance fromto B.

b) Calculate, to three significant figures, the spektihe ball as it reacheB.

|AB|»56.91 1, {v » 25.39 ms"
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Question 13 (***+)
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A particle is projected with a speed 8® ms * at an angle of elevatioa , where
tana :%, from a pointO which is 70 m above level horizontal ground.

The particle is moving freely under gravity andfistrikes the ground at a poiAt as
shown in the figure above.

a) Find the horizontal distance & from O.

b) Show that as the particle reacha&sit hits the ground a45°
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Question 14 (***+)

60ms?!
B
d/t\
m
AR Yo ...

A golf ball is driven from a poinfA with speed60 ms Latan angle of elevatioh0®
and lands at a poirB. The pointB lies in the same vertical plane Asat a vertical
distance ofd m above the level oA and a horizontal distance @0 m from A, as
shown in the figure above.

The ball is modelled as a particle moving freelgemthe action of its weight.
a) Determine the maximum height of the ball abovel¢vel of A.

b) Calculate the time it takes the ball to travel fréxrto B and hence deduce
the value ofd .

¢) Find the magnitude and direction of the velocityha ball as it reacheB .

»75.89 ,t»6.09, d»53.10m,

magnitude> 50.59m$ , at 24.7 below the hanile}
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Question 15 (***+)

A particle is projected from a poif@@ on level horizontal ground with a speed of

30ms ! at an angle of elevation &0° . The particle moves freely under the action of
its own weight and afteT s it hits the ground at a poimk, where|OA = X m.

a) Find, to two decimal places, the valueTofand the value ok .

At time 3 s after leavingO, the particle is at a heighd m above level horizontal
ground , moving with velocity/ ms 1.

b) Determine ...
i. ...the value ofH.

il. ... the magnitude and direction Wf.

[T »4.69, [X»9044, [H » 24.84, |V|»20.32ms’ , ab 184 below horizon
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Question 16 (***+)

UMM

P L

A patrticle P is projected with a speed afms ! at an angle of elevatiog, from a
point A which is125m above level horizontal ground. The particle is mgvreely
under gravity and first strikes the ground at anpd@ , as shown in the figure above.

It took T s for Pto travel fromA to B, and the speed of the particleBtis3u ms 1
a) Use energy conservation to find the valuaiof
b) Given thatT =6, calculate the value af.

c) Determine the minimum speed Bf during the journey fromA to B.

lu=17.9, [g» 29.37], |V, »15.26 ms?
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Question 17 (***¥)

A particle is projected from horizontal ground,same angle of elevation, a3k
later is observed moving with spe#?# ms !, at an angle 080° below the horizontal.

Determine the time for which the particle has aesidess thai2 ms L
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Question 18  (***¥)

A man in a park throws a small ball and his doglwas it with his mouth.

The man throws the ball from a height @6 m and the dog catches the ball at a

height of 0.7 m.

The man throws the ball with spe&Bms * at an angle 080° above the horizontal.
The ball is modelled as a particle and the parkigds as a level horizontal plane.

a) Calculate the horizontal distance covered by thHedoaing its flight from the

Created by T. Madas

man's hand to the dog's mouth.

b) Find the greatest speed of the ball during itsflig

You may not use direct energy calculations fos fhart.

,[d»21.34 M), Vjay »15.58 ms?
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Question 19 (****)

VvV ms

20m

150m

A golf ball is struck from a poinA with a speed/ ms ! at an angle of elevation
40°, so it can clear a river. The ball is modellechgmarticle moving freely under the
action of its weight. In order to clear the riveetball must land further than a point
B on the opposite river bank. The potlies a vertical distance &0 m below the

level of A and a horizontal distance d50m from A, as shown in the figure above.

a) Find, to two decimal places, the minimum value/af

b) Given instead tha¥ =50, determine the magnitude and direction of the
velocity of the ball5 s after it was struck.

 [Viin »35.89, |speed> 41.85md » 238 below horizon
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Question 20 (****)

\\ ) 84
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|a|| lengths are measurements in m

7

In a fun fair a child throws a small ball from aiptoA which is at a height af.4m
above level horizontal ground aiming at a smatj¢ail . The target is at the top of a
vertical pole of heighR.1m.The horizontal distance of the child from the pde

8.4m as shown in the figure above.

The initial speed of the ball ig ms ! at an angle of elevatioA5°. The ball is
modelled as a particle moving freely under gravity.

a) If U =10.5find the greatest height of the ball above theugth

b) Given instead that the ball hits the target, deiteenthe value oftJ .

, »4.21[‘, U »9.4§
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Question 21 (****)

15.6 m

The figure above shows the cross section of aoartowerOACD standing on a
plane inclined at an anglg to the horizontal, wheréang = 0.1.

A patrticle is projected horizontally fromA hitting the incline plane at the poiit.

The journey of the particle is in a vertical plamatainingO, A andB.

Given that|OA{:15.6m determine the vertical distance through which plaeticle
falls as it travels fromA to B.

You may assume that the only force acting on thicfgis its weight.

Oz Lx e |
J= oxF= 12
oo 1T P TROws BY K6 -2 = 6w~
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Question 22  (****)

A particle is projected from a poimA on level horizontal ground with speed of
U ms?atan angle of elevatiog.

The particle moves through still air without anysistance, reaching a maximum
height H above ground, before it first hits the ground aoat which isR m away
from A.

a) Show clearly, in any order, that ...

2 .
i poYising.
g
2 .2
FoH =29
29

It is now given that the particle reaches a gredtegyht above the ground 40 m,
after travelling a horizontal distance 60 m from A.

b) Determine in any order the value &f and the value ofang .

U =35, [tang =

Wl
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Question 23 (****)

A patrticle P is projected from the poinA on level horizontal ground with a speed of
21ms?! atan angley to the horizontal.

In the subsequent motidA is moving under gravity, without any air resistanc

The particle passes through the poBt t s later. The horizontal and vertical
displacement oB from A arel2m and2 m, respectively.

a) By considering the horizontal component of the obf P show

t&

~

seq; .
b) By considering the vertical component of the mowdrP show

Atarfg- 30tam+ & .

c) Determine, to three significant figures, the snsligossible flight time of P
from A to B.
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Question 24 (****)
A particle is projected from a poir® on level horizontal ground with speed of
ums?® atan anglea to the horizontal, wheréana =71

The particle is moving freely under gravity, reacha greatest height ¢1 m above
the ground before it lands on the ground at a pgint

a) Given that the distanc®A is 480 m, calculate the length of time it takes for
the particle to travel fron® to A, and hence show that=70.

b) Find the value oH .

~ 60| o=
t=2J, [H=90m
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Question 25  (****)

In a golf driving range, a golf ball is struck withspeed o#89 ms® at an angle of
elevationa from a pointA, which lies4.9 m above level horizontal ground.

The ball first strikes the ground at the poBtwhich lies at a horizontal distance of
98 m from A.

The ball is modelled as a particle moving underigyawithout any air resistance.

a) Show clearly that

Atarfa- 20tam+ 3 .
b) Hence find, to three significant figures, the twasgible values o& .

c) Determine, to three significant figures, the snslf@ossible flight time of the
ball from A to B.

a»8.80,78.34{, t»2.02s
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Question 26 (****)

At time t =0, a particle is projected from a fixed poi@ton level horizontal ground
with speedu ms ! at an angley® to the horizontal.

The particle moves freely under gravity and pasisesigh the pointA whent=2s.
As it passes through, the particle is moving upwards with speﬁ@ms‘l, at an
anglea® to the horizontal, wheréana :%. The particle finally reaches the ground

at the pointC.
a) Find the value ofi and the value of.

b) Calculate the distanc®C.

u»37.6 g» 71.4[,|OC|»87.18 m
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Question 27  (****)

A cannon fires a shell with a speed wis !, at an angle of elevatiog, from a
point O on level horizontal ground. The shell has horiabnand vertical
displacements ok m and y m from O at timet s. The shell is modelled as a

particle moving under gravity, without any air gance.

a) Show clearly that

y = xtang - STXE(B tar‘?q).

The cannon is aimed at the gate of a fortress wisian a hill at a height df50m
above the level of the cannon, and a horizontaadc=d m from the cannon.

A shell is fired at70 ms * at an angle of elevatioarctan z, which hits the gate of the
fortress on its wagown, with a speedJ ms !, T s after it was fired.

b) Determine in any order the value @f, the value off and the value o .

d =300, |T=30{55958, |U =14/10» 44.27
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Question 28  (****)

A particle is projected from a poir® with speed42.5ms?!, at an angle of

elevatiora , wheresina =%—§. The pointO is 13.6m vertically above the poinA,

which is on level horizontal ground, as shown ia figure above.
The particle moves freely under gravity and reacheground at the poirB .
a) Find the distanceAB.

The pointC lies on the path of the particle. The directiomudtion of the particle at
C is perpendicular to the direction of motion of fhaaticle atO.

b) Calculate the time taken by the particle to trdk@in O to C.

|AB[=160 n, |time=14455 4.91 %
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Question 29  (****)

A particle P, which is subject to no other external forces pkadées weight, is
projected from a fixed poin® with speed42 ms ! atan angle of eIevatioarctan%.

3 s later another particl®, which is also subject to no other external forersept

its weight, is projected fron® with speedJ ms ! at an angle of elevation .

If the two particles collide s after Q is projected, calculate the valuejofand the
value ofU .
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Question 30  (****)

A golf ball is driven from a poinfA with speed70 ms ! at an angle of elevatiogq,
wheresinqz%, and lands at a poirg. The pointB lies in the same vertical plane

as A and vertically higher than the level &, as shown in the figure above.

The ball is modelled as a particle moving freelgemthe action of its weight.

Given that the golf ball has a speedﬁﬁms‘l as it lands atBB, determine the
horizontal distanceAB.
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Question 31 (*F***)

A particle is projected from a poii@ with speed36 ms * at an angle of elevatiotr.

It reaches a poinP which is at the same vertical level @and at a horizontal
distance of60 m from O.

The patrticle is subject to no other external formesept its weight.

a) Find the two possible values f.

b) Determine the shortest possible flight time for jingrney.

, |b=13.5  b=76.5|, [tn,»1.7
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Question 32  (****)

A particle is projected with speadms ! at an angley abovethe horizontal, from a
point O above level horizontal ground. The particle’s horizontahd vertical
distances fronO at timet s after projection, arx m and y m, respectively. The

particle is moving under gravity, without any asistance.

a) Show clearly that
y = xtang +g_xz seégq.
2u

The tennis ball is struck from a height@b m above level horizontal ground.

The ball passes at a height4fn above ground, over the opposing player which was
standingl0 m away fro where the ball was struck.

The ball first hits the ground at a distancel®im from where it was struck.

b) Determine the angle at which the ball was projected
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Question 33  (****)

A patrticle is projected with speendms'1 at an angley below the horizontal, from a
point O above level horizontal ground. The particle’s horizontahd vertical
distances fronO at timet s after projection, arx m and y m, respectively. The

particle is moving under gravity, without any asistance.

a) Show clearly that

o

y = xtang +————.
2u?cosq

A child is throwing a tennis ball from tower bloakning at a target on the ground.

The tennis ball is thrown from a height I8 m, with a speed o028 ms ?, aiming
directly at the target which is at a horizontal distanc® af, from the foot of the
tower block.

The tennis ball land® m short of the target because of the effect of gyavi

b) Determine the value dD.
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Question 34 (****)
The pointsA and B lie on level horizontal ground24 m apart.

A particle is projected fromA towardsB, with a speed o015 ms ! at an angle of
elevation60°, and at the same time another particle is prajefittam B towardsA,
at an angle of elevatioB0°.

The particles collide in mid air.

Determine the speed of the particle projected fi®mjust before the impact with the
other patrticle.

[ ] |»23.08mst
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Question 35  (****+)

A particle is projected from a poir®® on level horizontal ground at an angle of
elevation £, and continues to move freely under gravity withaxuy air resistance.

The particle just clears a vertical wall of heighin, which is at a horizontal distance
of 4 maway fromO.

In the subsequent motion the particle just clehestbp of a vertical transmitter of
height12 m, which is at a horizontal distance  maway fromO.

Calculate the value ob .

,|b»27.5
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Question 36 (****+)

A fixed origin O is located on level horizontal ground and the eext andj are
unit vectors pointing horizontally and verticallgspectively.

A mortar shell is fired fromO with velocity (Ui +Vj) ms *, whereU andV are

positive constants. The shell lands on the enemgetavhich is located on the same
level horizontal ground a®. The highest point on the path of the shell hastjom

vector (300G +122.5) m.

The shell is modelled as a particle moving freaiger gravity.
a) Show that the time it takes the shell to hit thgefis10s.
The shell was projected at an angle of elevatjon

b) Determine the value afang.

tang =

®|J>
olo
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Question 37 (****+)

A footballer sees the goalkeeper off his line armdkk the ball from level horizontal

ground with speet) ms!, atan angle of elevatiamp, Wheretanq=l—52.

When the ball was kicked, it was at horizontal atise 0f52.8m from the goal line
and perpendicular to it. Consequently a goal isestas the ball passes just under the
horizontal cross bar which stan8s40 m in vertical height.

The ball is modelled as a particle moving freelylemgravity, whose path lies in a
vertical plane perpendicular to the goal line dmeldross bar.

a) By considering the horizontal and vertical displaeats of the ball, show
clearly thatU =28.6.

The goalkeeper whose vertical react83i211m could not prevent the goal.

b) Given that the keeper jumped to save the goal wherball was on its way
down determine the distance of the goalkeeper fnigngoal line when he
jumped for the ball.
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Question 38 (****+)

A particle is projected from a poi@ on level horizontal ground with a speed of
34.3ms ! at some angle of elevation.

The particle is moving freely under gravity, reahia greatest height above the
ground before it passes through the pdint3 s after it was projected.

When the particle passes throuBhit has a speed df4.7 ms !, at an angles to the
horizontal.

Show thaty = arcsir(%), stating further whether this angle is above thezontal or

below the horizontal.

]:[ , |proof
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Question 39  (****+)

—————
-~ s

__________ -
40 .- ;
)

The pointO lies on level horizontal ground and the poitis at a horizontal
distanced m away fromO and at a heightt m above the ground.

A particle is projected fromD with speed 40 ms! at an angle of elevation

arctar(%) .

At the same time another particle is projected frémvith speed 20 ms ! at an
angle of elevatiorarctar(%), as shown in the figure above.

The motion of the two particles takes place ingame vertical plane.

Assuming that there is no air resistance preséotyghat, if the two particles collide
during their flights, then

d:h =11:2.
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Question 40  (****+)

In this question takeg =10 ms 2.

Two patrticles,A and B, are projected from the same fixed padt with the same
speedu ms!, at angles of elevatiog and 2g respectively.

It is further given that ...

... Bis projected% s after A
... tang :%

If A andB collide in the subsequent motion determine thee/alf u .
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Question 41 (****+)

The unit vectors and j are in a vertical planej being horizontal and being vertically upwards.

A patrticle is projected from a poir® on level horizontal ground with velocity
(4i+\j) ms *, wherev is a positive scalar constant.

The particle is moving freely under gravity, pagstfirough a poinB, T s after
projection, before it reaches its greatest heitova the ground, finally lands on the
ground at the poir.

The kinetic energy of the particle @ is E J and atB is %E J.

Given further thafl :%, determine the distand@A.

04 =48959.80 m
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Question 42 (****+)

A particle P is projected with a speed afms ! at an angle of elevatiog, from a
point A which is125m above level horizontal ground. The particle is mgvreely
under gravity and first strikes the ground at anp@ , as shown in the figure above.

It took T s for Pto travel fromA to B, and the speed of the particleBtis3u ms 1

a) Find the value ofi.

b) Show clearly that ...

4972 - 1250

i. ...sing= 179

.. AS i)
. ... 7\/§<T< .

u=17.5

Created by T. Madas



Created by T. Madas

Question 43 (****+)

In this question takeg =10 ms 2.

A projectile is fired from a fixed poinD with speedu ms ! at an angle of elevation
a so that it passes through a point

Relative to a Cartesian coordinate system with iorigt O the point P has

coordinates(lO\/?S,S/_S).

It is assumed thaD and P lie in the same vertical plane, and the projeatda be
modelled as a particle moving freely under gravity.

a) Show clearly that

500tafa- 2/ 62 tag+ 5004 &=

b) Hence determine the minimum valuelof

us319.021...
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Question 44 (****+)

At time t =0, a patrticle is projected from a poi@ on level horizontal ground in a
non vertical direction.

At some time later the particle is passing throagpoint P with speed48 ms !, at
an angle of35° above the horizontal.

Given thatP is at a height 0190m above the ground, determine the time when the
particle isagain at a height 0i90 m above the ground

t»9.744...
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Question 45 (****+)

12a

A projectile is fired from a fixed poin® with speed,/15ag at an angle of elevation
g so that it passes through a poiht Relative to a Cartesian coordinate system with
origin at O the pointP has coordinateélZa,l—S2 a).

It is assumed thaD and P lie in the same vertical plane, and the projeatda be
modelled as a particle moving freely under gravity.

a) Show clearly that
2tar12q- Stam 3 (.

b) Show further, that the respective minimum and mapamflight times of the
projectile fromO to P are

4@ and 2\/5.
\jg g

proof
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Question 46 (****+)

Relative to a fixed origirD the unit vectors andj are oriented horizontally and
vertically upwards, respectively. The origin liegslevel horizontal ground.

A particle is projected with velocit{7i +14 ) ms* from O and moves freely under

gravity passing through the poift with position vector(xi + yi) m, in timet s.
a) Show clearly that
y= % x(20- x).

The particle reaches a maximum height léfm above the ground and has a
horizontal range oR m.

b) Find the value olR and the value oH .

The pointQ lies on the particle’s trajectory so that its ety at P is perpendicular
to its projection velocity.

c) Show that the position vector @ is k(4i +a‘) m, wherek is an exact
constant to be found.

= - _25
[R=20, H=10, k=%
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Question 47  (****+)
A particle P is projected from a poin® on level horizontal ground with speed
26 ms !, atan angley to the horizontal.

At the same time, another particleis projected horizontally with sped® ms 1,
from a point A, which lies78.4m vertically aboveO.

The motion of both particles takes place at theesaertical plane with both particles
moving through still air without any resistance.

The particles hit the ground at the same time atgwaints which arel m apart.
a) Calculate the value of .

b) Given instead that the particles collide before/tteach the ground, determine
by detailed calculations whethé is rising or falling immediately before the
collision.

[d»28.33]
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Question 48  (****+)

Relative to a fixed origirO the unit vectors and| are oriented horizontally and
vertically upwards, respectively.

The gravitational acceleration constants taken to be 10 ms 2 in this guestion.

A patrticle is projected with veIocit;(ui+\4i)ms'1, whereu and v are positive
constants, from a poir® with position vectod05 m.

The particle moves freely under gravity passingulgh the poinQ with position
vector 210 m.

a) Show clearly that
u? +2uv=2100.

b) Given that whert =2 the particle is moving parallel iq determine the time
it takes the particle to travel frofd to Q.

The particle passes through the pditwith a speed 0£0v/'29 ms .

c) ShowR is 80 m below the level ofP .

, |u=30, v= 20, |flight time =7 g
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Question 49 (****+)

O 10 m A

A patrticle is projected from a poi@ on level horizontal ground with spe&@ ms !
at an angle of elevatioa . The particle is freely moving under gravity, hiead
towards a plane, inclined at an andteto the horizontal.

The foot, A, of this incline plane is located at a horizortstance ofLO m from O,
as shown in the figure above.

The patrticle strikes the incline plane at the pd@ntso thatAB is a line of greatest
slope in the same vertical plane which contans

Determine the distanc@B, given further that = arctan% and b = arctan%

l:I’ |AB| =- 155G 4OQ/_Z:L»L':’»AS 0t

21
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Question 50  (*¥***¥)

Jag

O X

A patrticle is projected from a poil8 down an incline plane with a speed\;t’m_g,
wherea is a positive constant, at an angle of elevatjon

The patrticle is moving freely under gravity andfistrikes the ground at a poiBt.
The pointO lies vertically belowA and at the same horizontal level Bs as shown
in the figure above. The plane has constant inttinaand the particle moves in a
vertical plane which contains the angle of greadkgte of the plane.

a) Show that
x2tan2q- 2ax tang+ - 2ab
where OA= b and|OB| = x.

b) Hence show that the maximum valueofand the corresponding angle of
projectiong satisfy

_ | a
x=,/a(a+2b and tang= P

proof
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Question 51 (*****)

A patrticle is projected at an angde above the horizontal, from a vertical cliff face o
height H above level horizontal ground. It first hits theognd at a horizontal
distanceD, from the bottom of the cliff edge.

Assuming that air resistance can be ignored, shaivthe greatest height achieved by
the particle from the level horizontal ground is

Dtan’a

H + .
4(H +Dtana)

proof
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Question 52 (*¥***¥)

A tennis player standing on a level horizontal t@marves the ball from a height of
2.25m above the court. The ball reaches a maximum hes§jt.4 m above the
court and first hits the court at a horizontal @mste 0f20 m from the point where the

player served the ball. The ball rises Tgis and falls forT, s .
The ball is modelled as a particle moving througjhar without any resistance.

a) Show clearly that

b) Determine the magnitude and direction of the véyoai the ball ...
i. ... when it was first served.

ii. ... asitlands on the court.

U »22.926... ms* , taa :4_30 a» 4.289|
-3
10

V » 23.8685... ms' |, taf b>» 16.699
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Question 53 (*****)

A particle P is projected from a fixed poinD with speedv and at an angle of
elevationg®.

It passes through a poift which is at a horizontal distan@efrom O, and a vertical
distanceh below the level 0O.

P is then projected fronD with speedv at an angle of depressi¢f0- gf and
passes througl) again.

a) Show that
vZ+agcot(27) = 0
b) Deduce that

h+atan( ) = 0.

proof
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