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Big Ideas

Motion in Two-Dimensions - Projectile Motion
In the Absence of Air Resistance, All Objects Fall With Constant Downward Acceleration
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If we were to draw a free-body diagram for a projectile on Earth (in the absence of air resistance), it would look like this:

Applying Newton’s Second Law of Motion, we can solve for the acceleration of the falling body:

( F = ma = mg   and therefore, a = g
The direction of the acceleration is the direction of this net force; it is straight down.  Therefore, on Earth, the acceleration of a projectile at any position along its trajectory is 9.81 m/s2.  This means that the VERTICAL velocity is changing by 9.81 m/s every second the object falls.  Since the acceleration is constant, we can use the kinematic equations to solve for the vertical components of a projectile’s motion.  

In the Absence of Air Resistance, All Objects Maintain a Constant Horizontal Velocity 

You should recall that the horizontal velocity of a projectile is constant.  Looking back to the free-body diagram, we see that there is no horizontal force acting on a projectile, and therefore, no horizontal acceleration.  
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Solving Projectile Problems
· Draw an accurate diagram showing the trajectory of the object.

· Solve for the horizontal and vertical components of the initial velocity, if given.

· Complete a data table using given and implied data, based on an appropriate sign convention (you assign).  Make sure to separate horizontal components of motion from vertical components.

· Identify what you are looking for.  Remember you need at least 3 pieces of vertical data to use kinematic equations… if you don’t have 3, look to the horizontal data to find time, which is the only common variable.

In the Presence of Air Resistance, Projectiles Fall Short of Their Ideal Path

Air resistance, the force of the air opposing the motion of an object moving through it, is a difficult force to quantify, as there are several factors, such as effective cross-sectional area, density of air, and the speed of an object that influence this quantity.  We’ll discuss this in more detail in a later BIG IDEA.  


Air resistance always acts in a direction that opposes the velocity of an object; if an object is falling straight down, air resistance will be acting straight up; if is moving horizontally, the force is likewise horizontal, in the opposite direction.  Without air resistance, a projectile has a constant horizontal velocity… with air resistance, it’s horizontal velocity is slowing down.  As a projectile ascends, its acceleration is greater than g (because the force of air resistance and gravity are in the same direction), and as it descends, the vertical acceleration is less than g.  This produces a trajectory like that shown in the figure to the right; the object will not reach its ideal height nor range.
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