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PROJECTILE MOTION ON AN INCLINE
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Projectile motion on an incline plane is one of the various projectile motion types. The main distinguishing
aspect is that points of projection and return are not on the same horizontal plane. There are two possibilities
: (i) the point of return is at a higher level than the point of projection i.e projectile is thrown up the incline
and (ii) Point of return is at a lower level than point of projection i.e. projectile is thrown down the incline.

Projection on the incline
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Figure 1: (a) Projection up the incline (b) Projection down the incline

We have so far studied the projectile motion, using technique of component motions in two mutually
perpendicular directions — one which is horizontal and the other which is vertical. We can simply extend
the methodology to these types of projectile motion types as well. Alternatively, we can choose coordinate
axes along the incline and in the direction of perpendicular to the incline. The analysis of projectile motion
in two coordinate systems differs in the detail of treatment.

For convenience of comparison, we shall refer projectile motion on a horizontal surface as the “normal
case”. The reference to “normal case” enables us to note differences and similarities between “normal case”
and the case of projectile motion on an incline plane.
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1 Analyzing alternatives

As pointed out, there are two different approaches of analyzing projectile motion on an incline plane. The
first approach could be to continue analyzing motion in two mutually perpendicular horizontal and vertical
directions. The second approach could be to analyze motion by changing the reference orientation i.e. we
set up our coordinate system along the incline and a direction along the perpendicular to incline.

The analysis alternatives are, therefore, distinguished on the basis of coordinate system that we choose
to employ :

e planar coordinates along incline (x) and perpendicular to incline (y)
e planar coordinates in horizontal (x) and vertical (y) directions

Coordinate systems
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Figure 2: (a) With reference to incline (b) With reference to horizontal

The two alternatives, as a matter of fact, are entirely equivalent. However, we shall study both alternatives
separately for the simple reason that they provide advantage in analyzing projectile motion in specific
situation.

2 Projection up the incline

As pointed out, the projection up the incline can be studied in two alternative ways. We discuss each of the
approach, highlighting intricacies of each approach in the following sub-section.

2.1 Coordinates along incline (x) and perpendicular to incline (y)

This approach is typically superior approach in so far as it renders measurement of time of flight in a relatively
simpler manner. However, before we proceed to analyze projectile motion in this new coordinate set up, we
need to identify and understand attributes of motion in mutually perpendicular directions.

Measurement of angle of projection is one attribute that needs to be handled in a consistent manner. It
is always convenient to follow certain convention in referring angles involved. We had earlier denoted the
angle of projection as measured from the horizontal and denoted the same by the symbol “#”. It is evident

http://cnx.org/content/m14614,/1.8/
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that it would be reasonable to extend the same convention and also retain the same symbol for the angle of
projection.

It also follows that we measure other angles from the horizontal — even if we select x-coordinate in any
other direction like along the incline. This convention avoids confusion. For example, the angle of incline
“o’” is measured from the horizontal. The horizontal reference, therefore, is actually a general reference for
measurement of angles in the study of projectile motion.

Now, let us have a look at other characterizing aspects of new analysis set up :

1: The coordinate “x” is along the incline — not in the horizontal direction; and the coordinate “y” is
perpendicular to incline — not in the vertical direction.

2: Angle with the incline

From the figure, it is clear that the angle that the velocity of projection makes with x-axis (i.e. incline)
is “0 — o

Projectile motion up an incline
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Figure 3: The projection from lower level.

3: The point of return

The point of return is specified by the coordinate R,0 in the coordinate system, where “R” is the range
along the incline.

4: Components of initial velocity

Uy, = ucos (6 — a)

uy = usin (0 — «)

http://cnx.org/content/m14614,/1.8/
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5: The components of acceleration

In order to determine the components of acceleration in new coordinate directions, we need to know
the angle between acceleration due to gravity and y-axis. We see that the direction of acceleration is
perpendicular to the base of incline (i.e. horizontal) and y-axis is perpendicular to the incline.

Components of acceleration due to gravity
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Figure 4: The acceleration due to gravity forms an angle with y-axis, which is equal to angle of incline.

[k

Thus, the angle between acceleration due to gravity and y — axis is equal to the angle of incline i.e. “«
Therefore, components of acceleration due to gravity are :

ay = —gsina

@y = —gecosw
The negative signs precede the expression as two components are in the opposite directions to the positive
directions of the coordinates.
6: Unlike in the normal case, the motion in x-direction i.e. along the incline is not uniform motion, but
a decelerated motion. The velocity is in positive x-direction, whereas acceleration is in negative x-direction.
As such, component of motion in x-direction is decelerated at a constant rate “gsin «”.

2.1.1 Time of flight

The time of flight (T) is obtained by analyzing motion in y-direction (which is no more vertical as in the
normal case). The displacement in y-direction after the projectile has returned to the incline, however, is
zero as in the normal case. Thus,

http://cnx.org/content/m14614,/1.8/
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Projectile motion up an incline

Figure 5: The projection from lower level.

1
y = uy,T + §ayT2 =0
. 1 2
= usin (0 — o) T + 3 (—gcosa) T =0

= T{usin (0 — a) + 1 (—gcosa)T} =0

2
Either,
T=0
or,
NP 2usin (0 — )
geosa

The first value represents the initial time of projection. Hence, second expression gives us the time of
flight as required. We should note here that the expression of time of flight is alike normal case in a significant
manner.

In the generic form, we can express the formula of the time of flight as :
2u,

T=|2
Y

http://cnx.org/content/m14614,/1.8/
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In the normal case, u, = usinf and a, = —g . Hence,
_ 2usind
g
In the case of projection on incline plane, u, = usin (§ — «) and a, = —gcosa . Hence,

T— 2usin (0 — «)

gcosa

This comparison and understanding of generic form of the expression for time of flight helps us write the
formula accurately in both cases.

2.1.2 Range of flight

First thing that we should note that we do not call “horizontal range” as the range on the incline is no more
horizontal. Rather we simply refer the displacement along x-axis as “range”. We can find range of flight by
considering motion in both “x” and “y” directions. Note also that we needed the same approach even in the
normal case. Let “R” be the range of projectile motion.

The motion along x-axis is no more uniform, but decelerated. This is the major difference with respect
to normal case.

1
x=u,T — =a,T?
2
Substituting value of “T” as obtained before, we have :

ucos (0 — o) X2usin (§ —a)  gsinaX4u’sin® (0 — a)

R =
gcosa 2g2cos2a

u?

= R = 5
gcos

{2cos ( — a)sin (0 — a) cosa — sina X 2sin” (6 — )}

Using trigonometric relation, 2sin® (§ — o) = 1 — cos2 (0 — «),

2

= R = gczm [sin2 (0 — a) cosa — sinaf{1 — cos2 (0 — a) }]
w2

= R= seoa {sin2 (0 — o) cosa — sina + sinacos2 (6 — «)}

We use the trigonometric relation, sin (A + B) = sinAcosB + cosAsinB ,

2
= R= P {sin (20 — 2a + o) — sina}
2
= R = gcoszoz{sm (20 — a) — sina}

This is the expression for the range of projectile on an incline. We can see that this expression reduces
to the one for the normal case, when a« =0 ,

u2sin20

9

= R=

http://cnx.org/content/m14614,/1.8/
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2.1.3 Maximum range

The range of a projectile thrown up the incline is given as :

2

= sin (20 — a) — sina
e - {sin ( ) }

We see here that the angle of incline is constant. The range, therefore, is maximum for maximum value
of “sin(26 — «)”. Thus, range is maximum for the angle of projection as measured from horizontal direction,
when :

sin (20 —a) =1
= sin (20 — o) = sinm/2
=20—-—a=m/2

=0=7/2+a/2
The maximum range, therefore, is :

u2

= Rupax = (1 — sina)

gcosZa
Example 1

Problem : Two projectiles are thrown with same speed, “u”, but at different angles from the
base of an incline surface of angle “a”. The angle of projection with the horizontal is “6” for one of
the projectiles. If two projectiles reach the same point on incline, then determine the ratio of times
of flights for the two projectiles.

http://cnx.org/content/m14614,/1.8/
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Projectile motion up an incline

Figure 6: Two projectiles reach the same point on the incline.

Solution : We need to find the ratio of times of flights. Let T7 and T, be the times of fights.
Now, the time of flight is given by :
2usin (0 — «)

gcosa

T =

Here, the angle of projection of one of the projectiles, “6”, is given. However, angle of projection
of other projectile is not given. Let “6”’ be the angle of projection of second projectile.

Ty 2usin(f — )
Ty 2usin (0" — )
We need to know “6”’ to evaluate the above expression. For this, we shall make use of the fact

that projectiles have same range for two angles of projections. We can verify this by having a look
at the expression of range, which is given as :

2
= R= chsga{Sin (20 — ) — sina}

Since other factors remain same, we need to analyze motions of two projectiles for same range in
terms of angle of projection only. We have noted in the case of normal projectile motion that there
are complimentary angle for which horizontal range is same. Following the same line of argument
and making use of the trigonometric relation sinf = sin (7 -0), we analyze the projectile motions
of equal range. Here,

http://cnx.org/content/m14614,/1.8/
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sin (20" — a) = sin{mr — (20 — o)} = sin (7 — 20 + «)
200 —a=7—-20+a
=20 =7 — 20+ 2

™
=0 =-—-0+a
2
Putting this value in the expression for the ratio of times of flights, we have :

N T 2usin (0 — «)
Ty 2usin(7/2 — 0+ a — )

T sin(d—oa)
Ty  sin(m/2—0)
T sin(0—a)
T, cost

2.2 Coordinates in horizontal (x) and vertical (y) directions

This approach retains the coordinates used in the normal case (in which projectile returns to the same
horizontal level). In this consideration, the description of projectile motion is same as normal case except
that motion is aborted in the mid-air by the incline. Had incline been not there, the projectile would have

continued with its motion as shown in the figure.

http://cnx.org/content/m14614,/1.8/
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Projectile motion up an incline
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Figure 7: Projetile motion up is curtailed by incline.

When the projectile is allowed to return to the projection level, then the point of return is (0Q,0), where
OQ is the horizontal range. This position of point of return changes to a new point (x,y), specified by the
angle of elevation “o” of the wedge with respect to horizontal as shown in the figure.

http://cnx.org/content/m14614,/1.8/
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Projectile motion up an incline
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Figure 8: Projetile motion descrbed with x-axis in horizontal direction and y-axis in vertical direction.

From the triangle OPQ,

COStx =

=&

x
P

The range of the projectile is given by :

x

= R =
COS&y

The strategy here is to determine “x” i.e. “OQ” considering the motion as normal projectile motion.
Thus, we shall first determine “x” and then using above relation, we obtain the relation for the range of flight
along the incline. Now, considering motion in horizontal direction , we have :

z = ucos XT

where “T” is the time of flight of projectile motion on the incline. It is given as determined earlier :

T 2usin (0 — @)
geosa

Substituting in the epression of “x”, we have :

ucosf X 2usin (6 — )
gecosay

u?2sin (0 — a) cosd
geosa

http://cnx.org/content/m14614,/1.8/
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We simplify this relation, using trigonometric relation as given here :
-D D
sinC' — sinD = 2sin (O2> cos (C; )

Comparing right hand side of the equation with the expression in the numerator of the equation of “x”,
we have :

C—-D=20-2«

C+D=20
Adding, we have :
=C=20-«
=D=q«

Thus, we can write :

= 2sin (f — @) cosf = sin (20 — a) — sina
Substituting the expression in the equation of “x”,
2

==
gecosa

{sin (20 — @) — sina}

Using the relation connecting horizontal range “x” with the range on incline, “R”, we have :

oz
"~ cosa
u?
= R= sin (20 — «) — sina
gcos%z{ ( ) }

Thus, we get the same expression for range as expected. Though the final expressions are same, but the
understanding of two approaches is important as they have best fit application in specific situations.

3 Projection down the incline

A typical projection down the incline is shown with a reference system in which ‘x” and “y” axes are directions
along incline and perpendicular to incline. The most important aspect of the analysis of this category of
projectile motion is the emphasis that we put on the convention for measuring angles.

http://cnx.org/content/m14614,/1.8/
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Projectile motion down an incline

Figure 9: Projetile motion thrown from a higher point.

13

The angle of projection and angle of incline both are measured from a horizontal line. The expression
for the time of flight is obtained by analyzing motion in vertical directions. Here we present the final results

without working them out as the final forms of expressions are suggestive.
1: Components of initial velocity

Uy = ucos (6 + a)

uy = usin (0 + «)

2: Components of acceleration

http://cnx.org/content/m14614,/1.8/



OpenStax-CNX module: m14614 14

Components of acceleration due to gravity

V :_;: Sino
f’ji cosa,/ ¥
b 90 @
VA -
o Jo
.
. N
e\
e
.
'

Figure 10: Accelration due to gravity forms an angle with y-direction, which is equal to angle of
incline.

a; = gsina

ay = —gecosa

3: Time of flight
The expression of time of flight differs only with respect to angle of sine function in the numerator of the
expression :

_ 2usin (0 4 )
- gcosa

T

4: Range of flight
The expression of range of flight differs only with respect to angle of sine function :

u

R= eo?a {sin (20 + «) + sina}

It is very handy to note that expressions have changed only with respect of the sign of “«” for the time
of flight and the range. We only need to exchange “a” by “a” .

Example 2

Problem : A ball is projected in horizontal direction from an elevated point “O” of an incline of
angle “o”” with a speed “u”. If the ball hits the incline surface at a point “P” down the incline, find
the coordinates of point “P”.

http://cnx.org/content/m14614,/1.8/
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Projectile motion down an incline

Figure 11: A ball is projected in horizontal direction.

Solution : We can answer this question, using the relation of coordinates with range “R” as :

http://cnx.org/content/m14614,/1.8/
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Projectile motion down an incline

Ao

Figure 12: A ball is projected in horizontal direction.

x = Rcosa

y = —Rsina
Now, range of the flight for the downward flight is given as :

u?

R= gcosza{sm (20 + o) + sina}

The important thing to realize here is that the ball is projected in horizontal direction. As we
measure angle from the horizontal line, it is evident that the angle of projection is zero. Hence,

0=0"
Putting in the equation for the range of flight, we have :

2u?sina

gcosZa
Therefore, coordinates of the point of return, “P”, is :
2u?sina

= r = Rcosa =
gcosa

http://cnx.org/content/m14614,/1.8/

16



OpenStax-CNX module: m14614 17

2u’tana
>r=—-
g
Similarly,
. 2u?sina |
= y = —Rsina = ————5 —sina
geos?a
2u?tan?a
Sy=———
g

This example illustrated how to use formulae of the range of flight. We should, however, know that actually,
we have the options to analyze projectile motion down an incline without using derived formula.

As a matter of fact, we can consider projectile motion down an incline as equivalent to projectile motion
from an elevated point as studied in the previous module with out any reference to an incline or wedge.
We need to only shift the horizontal base line to meet the point of return. The line joining the point of
projection and point of return, then, represents the incline surface.

Projectile motion down an incline

Jo

Figure 13: A ball is projected in horizontal direction.

Observe the projectile motion from a height as shown in the figure. Let the projectile returns to a point
“P”. The line “OP” then represents the incline surface. We can analyze this motion in rectangular coordinates
“x” and “y” in horizontal and vertical direction, using general technique of analysis in component directions.

Here, we work with the same example as before to illustrate the working in this alternative manner.

http://cnx.org/content/m14614,/1.8/
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Example 3

Problem : A ball is projected in horizontal direction from an elevated point “O” of an incline of
angle “o” with a speed “u”. If the ball hits the incline surface at a point “P” down the incline, find
the coordinates of point “P”.

Projectile motion down from a height

Jo

Figure 14: A ball is projected in horizontal direction.

Solution : We draw or shift the horizontal base and represent the same by the line QP as
shown in the figure below.
From the general consideration of projectile motion, the vertical displacement, “y”, is :

1
y = u, T + §ayT2

1
Considering the magnitude of vertical displacement only, we have :
1
=y=_—gT?
Yy 29
On the other hand, consideration of motion in x-direction yields,

z=u, I =ul

Since, we aim to find the coordinates of point of return “P”, we eliminate “T” from the two
equations. This gives us :

http://cnx.org/content/m14614,/1.8/
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From the triangle OPQ, we have :

tana = ¥
x

= y = ztana
Combining two equations, we have :

ga?

= rtana =
Y 2u?

=1t ki
anoy = —
2u?

2u’tana
>r=—-"
g

and

2u?tan’a
g

The y-coordinate, however, is below origin and is negative. Thus, we put a negative sign before
the expression :

=y = rtana =

2u?tan’a
g

4 Exercises

Exercise 1 (Solution on p. 27.)

A projectile is thrown from the base of an incline of angle 30 ° as shown in the figure. It is thrown
at an angle of 60° from the horizontal direction at a speed of 10 m/s. The total time of flight is
(consider g = 10 m/s? ) :

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline
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Figure 15: Projectile motion on an incline

Exercise 2 (Solution on p. 27.)
Two projectiles are thrown with the same speed from point "O" and "A" so that they hit the
incline. If tp and t4 be the time of flight in two cases, then :

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline

Figure 16: Projectile motion on an incline

utanf
g

Exercise 3 (Solution on p. 28.)

A ball is projected on an incline of 30° from its base with a speed 20 m/s, making an angle 60 °
from the horizontal. The magnitude of the component of velocity, perpendicular to the incline, at
the time ball hits the incline is :

(a)to=ta (D)to<ta (c)to>ta (d)to=ta=

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline

Figure 17: Projectile motion on an incline

()10 m/s (b)10V3 m/s (c)20v/3 m/s (d)20v/3 m/s

Exercise 4 (Solution on p. 29.)
A projectile is projected from the foot of an incline of angle 30°. What should be the angle of
projection, as measured from the horizontal direction so that range on the incline is maximum?

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline

Figure 18: Projectile motion on an incline

()45° (b)60° ()75° (d)90°

Exercise 5 (Solution on p. 30.)

A projectile is projected from the foot of an incline of angle 30 © with a velocity 30 m/s. The angle
of projection as measured from the horizontal is 60 °. What would be its speed when the projectile
is parallel to the incline?

()10 m/s ()2V3 m/s (¢)5V3 m/s (d)10vV3 m/s

Exercise 6 (Solution on p. 31.)

Two incline planes of angles 30° and 60° are placed touching each other at the base as shown
in the figure. A projectile is projected at right angle with a speed of 10v/3 m/s from point "P"
and hits the other incline at point "Q" normally. If the coordinates are taken along the inclines as
shown in the figure, then

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline

10y3mfs ___———

Figure 19: Projectile motion on an incline

(a) component of acceleration in x-direction is —5v/3m/s?
(b) component of acceleration in x-direction is —10v/3m/s?
(¢) component of acceleration in y-direction is —5v/3m/s?
(d) component of acceleration in y-direction is —5m,/s?

Exercise 7 (Solution on p. 32.)

Two incline planes of angles 30 ° and 60 ° are placed touching each other at the base as shown in
the figure. A projectile is projected at right angle with a speed of 10y/3 m/s from point "P" and
hits the other incline at point "Q" normally. Then, the time of flight is :

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline
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Figure 20: Projectile motion on an incline
(a)1s (b)2s (c¢)3s (d)4s
Exercise 8 (Solution on p. 33.)

Two incline planes of angles 30 ° and 60 ° are placed touching each other at the base as shown in
the figure. A projectile is projected at right angle with a speed of 10/3 m/s from point "P" and
hits the other incline at point "Q" normally. The speed with which the projectile hits the incline
at "Q" is :

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline

(o]

Figure 21:

Projectile motion on an incline

(a)5 m/s

http://cnx.org/content/m14614,/1.8/
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Solutions to Exercises in this Module
Solution to Exercise (p. 19)
This situation can be handled with a reoriented coordinate system as shown in the figure. Here, angle of

projection with respect to x - direction is (6-«) and acceleration in y - direction is "g cosa". Now, total time
of flight for projectile motion, when points of projection and return are on same level, is :

Projectile motion on an incline

10 mys /
”

_ﬂ.nq:m" \ 30/

Figure 22: Projectile motion on an incline

_ 2using
g
Replacing "0" by "(6-«)" and "g" by "gcosa", we have formula of time of flight over the incline :
LT 2usin (0 — «)
geosa

Now, § = 60° , « = 30°, u = 10 m/s. Putting these values,

o 2X10sin (60° —30°) _ 20sin30° _ 2

gcos30Y © 10cos30° /3

Hence, option (d) is correct.
Solution to Exercise (p. 20)
We have discussed that projectile motion on an incline surface can be rendered equivalent to projectile
motion on plane surface by reorienting coordinate system as shown here :

http://cnx.org/content/m14614,/1.8/
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Projectile motion on an incline

Figure 23: Projectile motion on an incline

In this reoriented coordinate system, we need to consider component of acceleration due to gravity along
y-direction. Now, time of flight is given by :

_ 2uy
gcost

Let us first consider the projectile thrown from point "O". Considering the angle the velocity vector
makes with the horizontal, the time of flight is given as :

_ 2usin (20 —0)

=t
© gcost

2utand

=to =

For the projectile thrown from point "A", the angle with horizontal is zero. Hence, the time of flight is :

2usin (2X0+6)  2utanf
gcost g

Thus, we see that times of flight in the two cases are equal.

=14 =10

Hence, option (a) is correct.

http://cnx.org/content/m14614,/1.8/
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Solution to Exercise (p. 21)

The velocity in y-direction can be determined making use of the fact that a ball under constant acceleration
like gravity returns to the ground with the same speed, but inverted direction. The component of velocity
in y-direction at the end of the journey, in this case, is :

Projectile motion on an incline

Figure 24: Projectile motion on an incline

1
vy = u, = —20sin30° = —20X5 =—10 m/s

lvy| =10 m/s

Hence, option (a) is correct.
Solution to Exercise (p. 22)
We can interpret the equation obtained for the range of projectile :

2

= P [sin (20 — &) — sina]

The range is maximum for the maximum value of "sin(26-a) « :

sin (20 — o) = 1 = sin90°

= 20 — 30° = 90°

http://cnx.org/content/m14614,/1.8/
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= 0 = 60"

Hence, option (b) is correct.
Solution to Exercise (p. 23)
In the coordinate system of incline and perpendicular to incline, motion parallel to incline denotes a situation
when component of velocity in y-direction is zero. Note that this is an analogous situation to the point of
maximum height in the normal case when projectile returns to same level.

Projectile motion on an incline

Figure 25: Projectile motion on an incline

We shall analyze the situation, taking advantage of this fact. Since component of velocity in y - direction
is zero, it means that velocity of projectile is same as that of component velocity in x-direction. For
consideration of motion in y -direction, we have :

Uy = Uy + ayt
= 0 = 30sin30° — gcos30° Xt

15X2
t=—"" =1/3s
10XV/3

For consideration of motion in x -direction, we have :

Uy = Uy + azt = 30c0s30° — gsin30° Xt
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3 1
=, = 30X§ 10X XV3

= v, = 15XV3 - 5XV3=10V3

= v, =103 m/s

But, component of velocity in y-direction is zero. Hence,

v=v4=10V3 m/s

Hence, option (d) is correct.
Solution to Exercise (p. 23)

This arrangement is an specific case in which incline plane are right angle to each other. We have actually
taken advantage of this fact in assigning our coordinates along the planes, say y-axis along first incline and
x-axis against second incline.

The acceleration due to gravity is acting in vertically downward direction. We can get the component
accelerations either using the angle of first or second incline. Either of the considerations will yield same
result. Considering first incline,

Projectile motion on an incline

Figure 26: Projectile motion on an incline

3
a, = —gcos30° = —10X§ = —5V3m/s?
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1
a, = —gsin30" = —10X5 =5 m/s?

Hence, options (a) and (d) are correct.

Solution to Exercise (p. 24)

This arrangement is an specific case in which incline plane are right angle to each other. We have actually
taken advantage of this fact in assigning our coordinates along the planes, say y-axis along first incline and
x-axis against second incline.

In order to find the time of flight, we can further use the fact that projectile hits the other plane at right
angle i.e. parallel to y-axis. This means that component of velocity in x-direction i.e. along the second
incline is zero. This, in turn, suggests that we can analyze motion in x-direction to obtain time of flight.

Projectile motion on an incline

Vv, u,:ZlDu"Smfs. Al L Y&

Figure 27: Projectile motion on an incline

In x-direction,

Vg = Uy + ag T

= 0=uy +a,T

U
=T=-—
Qg

We know need to know "ux” and "ax” in this coordinate system. The acceleration due to gravity is acting
in vertically downward direction. Considering first incline,
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3
a, = —gcos30° = —10X§ = —5V3m/s?

1
a, = —gsin30° = —10X§ =-5 m/s?

Also, we observe that projectile is projected at right angle. Hence, component of projection velocity in
x - direction is :

Uy =10vV3 m/s

Putting values in the equation and solving, we have :

Up —10v/3 —9
az =53

ST =—

Hence, option (b) is correct.
Solution to Exercise (p. 25)
We notice here that initial velocity in y-direction is zero. On the other hand, final velocity in the y-direction
is equal to the velocity with which projectile hits at "Q". The x-component of velocity at "Q" is zero. The
analysis of motion in y - direction gives us the relation for component of velocity in y-direction as :

Projectile motion on an incline

v‘m u, =103 mys

Figure 28: Projectile motion on an incline

In y-direction,

V= Uy = Uy + Gy
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=T=0+a,T

= v =1vy = a,T

Thus, we need to know component of acceleration in y-direction and time of flight. As far as components
of acceleration are concerned, the acceleration due to gravity is acting in vertically downward direction.
Considering first incline, we have :

73

3
a, = —gcos30° = —10X7 = —5V3m/s>

1
a, = —gsin30" = —10X§ =-5 m/s?

In order to find the time of flight, we can further use the fact that the component of velocity in x-direction
i.e. along the second incline is zero. This, in turn, suggests that we can analyze motion in x-direction to
obtain time of flight.

In x-direction,

Vg = Uy + ax T

=0=u; +a;T

u
=T=-—
ay

We know need to know "ux" in this coordinate system. We observe that projectile is projected at right
angle. Hence, component of projection velocity in x - direction is :

Uy =10vV3 m/s
Putting values in the equation and solving, we have :
Up —-10v3 —9
az =53

Thus putting values for the expression for the speed of the projectile with which it hits the incline is :

=T =—

=>v=v,=0a,T=-5X2=-10 m/s

Thus, speed is 10 m/s.
Hence, option (b) is correct.
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