sample problem of projectile motion with
solution

sample problem of projectile motion with solution forms the core of understanding how objects
move through the air under the influence of gravity. This article will guide you through a detailed
example, breaking down the principles of projectile motion and providing a step-by-step solution. We
will explore the fundamental equations governing horizontal and vertical components of motion,
examine how initial velocity and launch angle affect the trajectory, and discuss key parameters such
as maximum height, range, and time of flight. Whether you're a student grappling with physics
homework or a curious mind seeking to understand the science behind a thrown ball or a fired
projectile, this comprehensive guide is designed to demystify the concept with a clear, solvable
problem.

Understanding Projectile Motion: The Basics

Projectile motion is a fundamental concept in physics that describes the motion of an object thrown or
projected into the air, subject only to the acceleration of gravity. In the absence of air resistance, the
path of a projectile is a parabola. This motion can be analyzed by considering the horizontal and
vertical components of the object's velocity independently. The horizontal motion is typically
characterized by constant velocity, as there are no horizontal forces acting on the projectile
(neglecting air resistance). Conversely, the vertical motion is uniformly accelerated due to the
constant downward pull of gravity. Understanding these two independent motions is key to solving
any sample problem of projectile motion with solution.

The Independence of Horizontal and Vertical Motion

A cornerstone of projectile motion is the principle of independence of motion. This means that the
horizontal motion of a projectile does not affect its vertical motion, and vice versa. If we know the
initial velocity and the launch angle, we can resolve the initial velocity vector into its horizontal and
vertical components. The horizontal component of velocity ($v_x$) remains constant throughout the
flight, while the vertical component of velocity ($v_y$) changes due to the acceleration due to gravity
($9%), which is approximately 9.8 m/s? downwards.

Key Equations for Projectile Motion

Several kinematic equations are essential for solving projectile motion problems. These equations are
derived from the fundamental principles of constant acceleration. For the horizontal motion, assuming
no air resistance, the relevant equation is:

e $x = v_{x0}t$ (where $x$ is the horizontal displacement, $v_{x0}$ is the initial horizontal
velocity, and $t$ is time)



For the vertical motion, which is under constant acceleration, we use the following equations:

e $v y =v {y0} + at$ (where $v_y$ is the final vertical velocity, $v_{y0}$ is the initial vertical
velocity, $a$ is the acceleration, and $t$ is time)

e 3y =v {y0}t + \frac{1}{2}at"™2$ (where $y$ is the vertical displacement)

e Svy"2=v {y0}"2 + 2ay$

In the context of projectile motion, the acceleration in the vertical direction ($a$) is $-g$ (assuming
the upward direction is positive).

Sample Problem of Projectile Motion with Solution

Let's tackle a classic sample problem of projectile motion with solution to illustrate these principles.
Consider a cannonball fired from ground level with an initial velocity of 50 m/s at an angle of 30
degrees above the horizontal. We will determine the maximum height reached by the cannonball, the
total time it remains in the air, and the horizontal distance it travels (its range).

Problem Statement and Given Values

A projectile is launched with an initial velocity ($v_0$) of 50 m/s at an angle ($\theta$) of 30° with
respect to the horizontal. Neglecting air resistance, calculate:

¢ a) The maximum height reached by the projectile.
¢ b) The total time of flight.

e ¢) The horizontal range of the projectile.

We will use $g = 9.8\, m/s™2$.

Step 1: Resolving Initial Velocity into Components

The first step in any sample problem of projectile motion with solution is to break down the initial
velocity into its horizontal ($v_{x0}$) and vertical ($v_{y0}$) components. This is done using
trigonometry.

e $v {x0} = v_0\cos(\theta)$

e $v {y0} = v_0\sin(\theta)$



Substituting the given values:

e $v {x0} =50\, m/s \times \cos(30™\circ) = 50\, m/s \times \frac{\sqrt{3}}{2} \approx 43.30 ),
m/s$

e $v_{y0} =50\, m/s \times \sin(30™\circ) = 50\, m/s \times \frac{1}{2} = 25\, m/s$

Step 2: Calculating the Maximum Height

The maximum height is reached when the vertical component of the projectile's velocity ($v_y$)
becomes zero. At this point, the projectile momentarily stops moving upwards before it starts falling
back down. We can use the kinematic equation $v y"~2 = v _{y0}"2 + 2ay$ to find the maximum
height (y).

At maximum height, $v_y = 0$. Let $y {max}$ be the maximum height. The acceleration $a = -g$.
So the equation becomes:

* $072 =v_{y0}"2 + 2(-g)y_{max}$
* $0 =v_{y0}"2-2gy_{max}$
e $2gy_{max} = v_{y0}"2$

e $y_{max} =\frac{v_{y0}"2}{2g9}$

Plugging in the values:

e $y {max} = \frac{(25\, m/s)"2}{2 \times 9.8\, m/s”~2} =\frac{625\, m™2/s"2}{19.6),
m/s™2} \approx 31.89\, m$

Therefore, the maximum height reached by the cannonball is approximately 31.89 meters.

Step 3: Calculating the Total Time of Flight

The total time of flight is the time it takes for the projectile to return to its initial launch level (ground
level in this case). Due to the symmetry of projectile motion (when launched and landing at the same
height), the time it takes to reach the maximum height is half of the total time of flight. We can find
the time to reach maximum height ($t_{up}$) using the equation $v_y = v_{y0} + at$.

At maximum height, $v_y = 0%, and $a = -g$. So:

* 50 =v_{y0} - gt_{up}$

* $gt_{up} =v_{y0}$



o $t {up} =\frac{v_{y0}}{g}$

Plugging in the values:

e $t {up} =\frac{25\, m/s}{9.8\, m/s~2} \approx 2.55, s$

The total time of flight ($t_{flight}$) is twice the time to reach maximum height:

e $t {flight} = 2 \times t {up} = 2 \times 2.55\, s \approx 5.10), s$

Alternatively, we can use the vertical displacement equation $y = v_{y0}t + \frac{1}{2}at"2$.
When the projectile returns to ground level, $y = 0$. So:

e $0 = v_{y0}t_{flight} + \frac{1}{2}(-g)t_{flight}~2$

« $0 = v_{y0}t {flight} - \frac{1}{2}gt _{flight}~2$

We can factor out $t_{flight}$:

« $0 = t_{flight}(v_{y0} - \frac{1}{2}gt_{flight})$

This gives two solutions: $t_{flight} = 0% (which is the launch time) or $v_{y0} -
\frac{1}{2}gt_{flight} = 0$. Solving the second equation for $t_{flight}$:

e $v_{y0} =\frac{1}{2}gt_{flight}$

o $t_{flight} = \frac{2v_{y0}}{g}$

This confirms our earlier result. The total time of flight is approximately 5.10 seconds.

Step 4: Calculating the Horizontal Range

The horizontal range ($R$) is the total horizontal distance traveled by the projectile during its flight.
Since the horizontal velocity is constant ($v_{x0}$) and there are no horizontal forces, we use the
equation $x = v_{x0}t$. The time $t$ here is the total time of flight calculated previously.

e $R =v_{x0} \times t_{flight}$

Plugging in the values:

e $R =43.30\, m/s \times 5.10\, s \approx 220.83 \, m$



Therefore, the horizontal range of the cannonball is approximately 220.83 meters.

Factors Affecting Projectile Motion

While our sample problem of projectile motion with solution focused on idealized conditions, real-
world scenarios involve additional factors. Understanding these can enhance your grasp of the
subject. The primary factors are initial velocity, launch angle, and gravity. However, air resistance is a
significant factor that can alter the trajectory and parameters significantly.

The Role of Initial Velocity and Launch Angle

The initial velocity ($v_0$) and the launch angle ($\theta$) are the most crucial determinants of a
projectile's trajectory. A higher initial velocity generally leads to a greater range and maximum
height. The launch angle has a profound effect: a 45-degree angle typically provides the maximum
range on level ground, assuming no air resistance. Angles less than 45 degrees result in a shorter
range and lower trajectory, while angles greater than 45 degrees lead to a higher trajectory but also a
shorter range if the landing point is at the same level as the launch point.

Impact of Air Resistance

In a real-world scenario, air resistance (drag) acts as a force opposing the motion of the projectile.
This force depends on factors like the object's shape, size, speed, and the density of the air. Air
resistance reduces both the horizontal range and the maximum height compared to the idealized
case. It also makes the trajectory no longer a perfect parabola and causes the descending part of the
path to be steeper than the ascending part. For many introductory physics problems, air resistance is
neglected to simplify the calculations, but its effects are significant in practical applications like
ballistics.

Gravity as the Driving Force

Gravity is the constant downward acceleration that dictates the vertical motion of a projectile. Its
strength is determined by the mass of the celestial body (e.g., Earth) and is relatively constant near
the surface. The value of $g$ is crucial for all calculations involving vertical displacement, velocity,
and time in projectile motion problems. A variation in the gravitational acceleration would directly
influence the flight characteristics.

Frequently Asked Questions



What is the horizontal range of a projectile launched with an
initial velocity of 20 m/s at an angle of 30 degrees with the
horizontal? (Assume g = 9.8 m/s”"2)

The horizontal range (R) of a projectile is given by the formula R = (ve? sin(20)) / g. Plugging in the
values: R = (202 sin(230°)) / 9.8 = (400 sin(60°)) / 9.8 = (400 0.866) / 9.8 = 35.35 meters.

A ball is thrown vertically upwards with an initial velocity of
15 m/s. How high will it go before it starts to fall? (Assume g
= 9.8 m/s™2)

At its maximum height, the vertical velocity of the projectile is 0 m/s. We can use the kinematic
equation v2 = vo? + 2ad, where v is final velocity, vo is initial velocity, a is acceleration (which is -g for
upward motion), and d is displacement (height). So, 02 = 152 + 2(-9.8)h. Solving for h: 0 = 225 - 19.6h
=> 19.6h = 225 => h = 11.48 meters.

What is the time of flight for a projectile launched horizontally
from a height of 10 meters with an initial velocity of 5 m/s?
(Assume g = 9.8 m/s"2)

The time of flight for a projectile launched horizontally depends only on the vertical motion. We use
the kinematic equation d = vot + (1/2)at?, where d is the vertical displacement (-10 m, as it's falling
downwards), vo is the initial vertical velocity (0 m/s), and a is g (9.8 m/s?). So, -10 = 0t + (1/2)(9.8)t2.
Solving for t: -10 = 4.9t? => t2 = -10/4.9 (This indicates an error in the problem setup, as time cannot
be negative. Let's assume the height is 10m and it's falling). Correcting: 10 = Ot + (1/2)(9.8)t?> => 10
= 4.9t2 => t2 = 10/4.9 => t = 1.43 seconds.

If a projectile is launched with an initial velocity of 30 m/s at
an angle of 45 degrees, what are its horizontal and vertical
components of initial velocity? (Assume g = 9.8 m/s"2)

The horizontal component of initial velocity (vox) is given by vo cos(0) and the vertical component
(voy) by vo sin(8). So, vox = 30 cos(45°) = 30 0.707 = 21.21 m/s, and voy = 30 sin(45°) = 30 0.707 =
21.21 m/s.

A cannonball is fired with an initial velocity of 100 m/s. At
what angle should it be fired to achieve the maximum
horizontal range? (Assume g = 9.8 m/s"2)

The horizontal range is maximized when sin(20) is maximum, which is 1. This occurs when 26 = 90
degrees, meaning 0 = 45 degrees. Therefore, to achieve maximum horizontal range, the cannonball
should be fired at an angle of 45 degrees.



What is the velocity of a projectile at the peak of its
trajectory? (Assume no air resistance)

At the peak of its trajectory, the vertical component of the projectile's velocity is momentarily zero.
However, its horizontal component of velocity remains constant (assuming no air resistance) and
equal to its initial horizontal velocity. Therefore, the velocity at the peak is purely horizontal.

A stone is dropped from a cliff. What is its velocity after 3
seconds? (Assume g = 9.8 m/s"2)

Since the stone is dropped, its initial velocity (vo) is 0 m/s. We use the kinematic equation v = vo + at.
So,v =0+ (9.8 m/s?)(3 s) = 29.4 m/s downwards.

A projectile's horizontal range is 50 meters and its time of
flight is 4 seconds. What is its initial launch speed? (Assume ¢
= 9.8 m/s"2)

We have two equations: R = vox tand t = (2 voy) / g. From R = vox t, vox = R/t = 50m / 4s = 12.5 m/s.
Fromt = (2 voy) / g, voy = (t 9) / 2 = (45 9.8 m/s?) / 2 = 19.6 m/s. The initial launch speed (vo) is the
magnitude of the initial velocity vector, so vo = sqrt(vox? + voy?) = sqrt(12.52 + 19.62) = sqrt(156.25
+ 384.16) = sqrt(540.41) = 23.25 m/s.

Additional Resources

Here are 9 book titles related to sample problems of projectile motion with solutions, along with short
descriptions:

This book provides a comprehensive collection of solved projectile motion problems, catering to both
introductory and advanced physics students. Each example is meticulously worked out, breaking
down complex scenarios into manageable steps. The solutions emphasize understanding the
underlying principles of kinematics, gravity, and vector analysis, making it an excellent resource for
self-study and exam preparation.

5> 1] actile! h: Probl Soluti
Designed for high school and early college physics courses, this text offers a clear and concise
approach to projectile motion problems. It covers a variety of situations, from simple horizontal
launches to complex angled trajectories with air resistance considerations. The detailed solutions
highlight common pitfalls and offer strategic approaches to problem-solving, fostering confidence and
competence.

3. Applied Ki ics: Proiectile Motion Case Studi

This book delves into real-world applications of projectile motion, presenting practical case studies
that require the application of physics principles. It features a wealth of worked-out examples that
demonstrate how to analyze scenarios involving projectiles in diverse fields like sports, engineering,
and ballistics. The solutions are designed to bridge the gap between theoretical knowledge and
practical problem-solving.



4. Vector Dynamics: Projectile Motion Explained

Focusing on the vector nature of projectile motion, this book emphasizes the importance of resolving
forces and velocities into their components. It includes numerous solved problems that illustrate how
to effectively use vector addition and subtraction to analyze projectile trajectories. The solutions are
structured to reinforce the understanding of how independent horizontal and vertical motions
combine to create the overall parabolic path.

5. Physi Kit: Projectil : blem S
This practical guide serves as an essential problem-solving companion for students studying projectile
motion. It features a wide array of problems, ranging in difficulty, accompanied by step-by-step
solutions. The book aims to equip students with the necessary tools and techniques to confidently
tackle any projectile motion problem they encounter in their coursework.

6. Tt  Trai . S0l Proiectile Motion M .
Unraveling the complexities of projectile motion, this book presents intriguing problems that go
beyond basic scenarios. It offers detailed solutions that dissect each step, encouraging students to
think critically about the physics involved. The book is particularly useful for students who want to
deepen their understanding and master more challenging projectile motion concepts.

2 Kinetic E in Motion: Proiectile Problem Sol

This resource focuses on integrating the concepts of kinetic energy and momentum with projectile
motion. It presents a series of solved problems that explore how energy is conserved and transformed
during projectile flight. The solutions emphasize a dual approach, often showing how to solve
problems using both kinematic equations and energy principles for a more complete understanding.

8. Navigating the Air: Projectile Motion with Air Resi coluti

Specifically addressing the often-overlooked factor of air resistance, this book offers solved problems
that incorporate this real-world complication. It guides students through the methods for analyzing
projectile motion when air drag significantly impacts the trajectory. The detailed solutions
demonstrate how to set up and solve differential equations or use numerical methods where
appropriate.

9. Foundati f Phsics: Projectile Motion Practice Prof

This book is a solid resource for building a strong foundation in projectile motion. It offers a curated
selection of practice problems with comprehensive solutions, covering all essential aspects of the
topic. The explanations are clear and accessible, making it an ideal companion for reinforcing
classroom learning and mastering fundamental problem-solving skills.
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