Projectiles on inclined planed — exam questions

Question 1: June 2006 — Q7

A projectile 1s fired from a point O on the slope of a hill which is inclined at an angle « to
the horizontal. The projectile is fired up the hill with velocity U at an angle ¢ above the hill
and first strikes it at a point 4. The projectile is modelled as a particle and the hill is
modelled as a plane with O4 as a line of greatest slope.

(a)

(1) Find, in terms of U, g, » and 0, the time taken by the projectile to travel from
OtoA. (3 marks)

(1) Hence, or otherwise, show that the magnitude of the component of the velocity
of the projectile perpendicular to the hill, when it strikes the hill at the point A4,
1s the same as it was initially at O. (3 marks)

Question 2: June 2007 - Q7

A particle is projected from a point on a plane which is inclined at an angle « to the
horizontal. The particle is projected up the plane with velocity u at an angle ¢ above the
plane. The motion of the particle is in a vertical plane containing a line of greatest slope of

the inclined plane.

(a)

(b)

(c)

Using the identity cos(4 + B) = cosAcos B — sinAdsin B, show that the range up the
plane is

2u? sin  cos(0 + =)

gcos” o

(8 marks)

Hence, using the identity 2sinA cos B = sin(4 + B) + sin(4 — B) . show that,

as 0 varies, the range up the plane is a maximum when 0 = (3 marks)
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Given that the particle strikes the plane at right angles, show that

2tan ) = colx (4 marks)




Question 3: June 2008 — Q7

A projectile is fired with speed u from a point O on a plane which is inclined at an angle «
to the horizontal. The projectile is fired at an angle 0 to the inclined plane and moves in a
vertical plane through a line of greatest slope of the inclined plane. The projectile lands at a
point P, lower down the inclined plane, as shown in the diagram.

(a) Find, in terms of u, g, ¢ and «, the greatest perpendicular distance of the projectile
from the plane. (4 marks)

(b) (i) Find, in terms of u, g, # and «, the time of flight from O to P. (2 marks)

(i1) By using the identity cosAcosB +sinAdsinB = cos(4 — B), show that the
2u? sin ) cos(f) — o)

distance OP is given by 3 (6 marks)
gCos- o
(iii) Hence, by using the identity 2sin 4 cos B = sin(4 + B) + sin(A4 — B) or otherwise,
2
. . . . . u
show that, as 0 varies, the maximum possible distance OP is ————.
g(1l — sina)

(5 marks)

Question 4: June 2009 - Q7

A particle 1s projected from a point @ on a smooth plane which is inclined at 30° to the
horizontal. The particle is projected down the plane with velocity 10ms ™! at an angle of 40°
above the plane and first strikes it at a point 4. The motion of the particle is in a vertical
plane containing a line of greatest slope of the inclined plane.

10ms~!

P I3(J”J\|

P i

e

(a) Show that the time taken by the particle to travel from O to A4 is

20 sin40°

2 cos 30° (3 marks)

(b) Find the components of the velocity of the particle parallel to and perpendicular to the
slope as it hits the slope at A. (4 marks)

(¢) The coefficient of restitution between the slope and the particle is 0.5. Find the speed
of the particle as it rebounds from the slope. (4 marks)



Question 5: June2010 - Q7

(a)

(b)

A ball is projected from a point @ on a smooth plane which 1s inclined at an angle of
35° above the horizontal. The ball is projected with velocity 20m s~ at an angle

of 30° above the plane, as shown in the diagram. The motion of the ball is in a
vertical plane contaming a line of greatest slope of the inclined plane. The ball
strikes the inclined plane at the point A.

20ms™

o

Find the components of the velocity of the ball, parallel and perpendicular to the
plane, as it strikes the inclined plane at A. (7 marks)

On striking the plane at 4. the ball rebounds. The coefficient of restitution between

the plane and the ball is %

Show that the ball next strikes the plane at a point lower down than 4. (6 marks)

Question 6: June 2011 - Q6

(a)
(b)

A projectile 1s fired from a point O on a plane which is inclined at an angle of 20° to
the horizontal. The projectile is fired up the plane with velocity ums—! at an angle
of 30° to the inclined plane. The projectile travels in a vertical plane containing a
line of greatest slope of the inclined plane.

The projectile hits a target 7 on the inclined plane.

Given that OT = 200 m, determine the value of w. (7 marks)

Find the greatest perpendicular distance of the projectile from the inclined plane.
(4 marks)



Question 7: June 2012 - Q5

A particle 1s projected from a point @ on a smooth plane, which is inclined at 25° to
the horizontal. The particle is projected up the plane with velocity 15ms—! at an
angle 30° above the plane. The particle strikes the plane for the first time at a

point 4. The motion of the particle is in a vertical plane containing a line of greatest

slope of the inclined plane.

(a) Find the time taken by the particle to travel from O to A. (4 marks)

| b

(b) The coefficient of restitution between the particle and the inclined plane is

Find the speed of the particle as it rebounds from the inclined plane at 4. (8 marks)
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Question 1: June 2006 — Q7

(a)(®)

(ii)

the projectile hits the plane again when
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Question 2: June 2007 - Q7
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Question 4: June 2009 - Q7
‘a) y:lDIsm%D—%gf(‘os 30° MIAL
—0 = = 20s1n40° Al ;
Y gcos30°
_ 20sin 40°
b) | ¥=10c0s40° + gsin30°| ——o Mi
: gcos30°
%=1508 ms™ Al
: 20sin40°
§=105in40° - g¢0830°| —mr—_ M1
geos30°
¥=—6.427 ms™ Al 4
c) | % will be unchanged B1
Rebound 3 =6.427x0.5=3.214 M1
Rebound speed =+/15.08% +3.2147 ml
=154 ms™ AIF 4
Taotal 11




Question 5: June2010 - Q7

Un striking A1:

@) 205in30'.;-‘5(9.8)c0535'.ﬁ =0 MIAI
(=249 Al
Components of Velocity :

1, =20cos30" —9.8sin35 (2.49) MI1
u =332 AlF
u, =20sin30" —=9.8¢c0s35(2.49) Ml
u, ==10  (or -9.99) AlF 7

(b) | On Rebounding

v, =332
4
r ==x10
Y =T BIF
v, =8 (or 7.99)
The rebound angle = tan™ —S>—
¢ rebound angle an 33 M1
=675 (or 674) AlF

35 +67.5 =1025 Mi

AlF
102.5 =90 | therefore the second strike
will be at a point lower down than . El 6
Alternative:
410=8 (BI)
5
0:8:—%5{005353’ (M1)
(=1.9931 (Al)
.v=3.32:—%gsin35f (M1)
x=—4.55 or 4.56 (Al)
The second strike will be at a point lower

(E1)
down than A.

Total 13

Question 6: June 2011 - Q6
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Question 7: June 2012 - Q5
(@)

0=15rsinso—%gcos.:as,:1 MiAl
155in30
t= 17 M1
—gcos25
2 4
t=1.69 sec. AlF 4
b .
'} 1 to plane j’=]55iu30—gc0525xM M1
—geos25
2 4
y=-75 ms’ AIF
. 15sin 30
|| to plane 5(=15ﬁ:05307gs1|125x1L M1
—gcosls
2 g
¥=5.995766 or 6.00 ms’ AIF
Restitution: Rebound v =§x 75=5 ms’ M1
x unchanged Bl
Speed of rebound =+/5.995766° + 57 ml
= 7.81 ms* AILF g
Total 12



