Note:  The discussion in this unit requires knowledge of vectors and their components. For this reason, it might be best to do Standard 1j* before doing this Standard.
California Physics Standard 1i*
         Send comments to:  layton@physics.ucla.edu
1. Newton's laws predict the motion of most objects.


As a basis for understanding this concept, students know:
i. * How to solve two-dimensional trajectory problems.
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In the illustration above, the initial velocity, V0 has been resolved into horizontal and vertical components V0X and V0Y.  At any later time the horizontal component of the velocity will be the same as it was originally.  However, the vertical component will be accelerated downward at rate g, hence the vertical component of velocity will be given by VY = g (t).  To find the instantaneous velocity of the projectile at a later time, simply find the Pythagorean sum of the horizontal and vertical components of velocity.

To find the horizontal distance the object has moved some time (t) after being released, simply multiply the original horizontal velocity, V0X by the time (t).  To find the vertical height of the object after some time (t), plug the time into h = ½ gt2 + V0Y + h0.  Projectile motion thus becomes an exercise of using our knowledge of kinematics with two vector components—one that keeps a constant velocity and the other that is accelerated.
Projectile motion into a “target can”, activity:
A very popular activity to engage students at the beginning of a presentation of projectile motion is to set up a way to measure the horizontal velocity of a steel ball as it leaves the edge of a table and, knowing the height of the table above the floor, have the students predict where it will land.  Provide some kind of launch ramp that can be repeated at a


to cross the distance X, but make sure to catch the ball so they cannot see where it strikes the floor.  Finally, have the students calculate the distance from the table that the can must be placed to score a hit.  (If the can is tall, its height must also be included.)

Monkey and Hunter Demonstration:
If you do not already own the apparatus for this spectacular demonstration, you should obtain it.  It can be either purchased from an equipment supplier or if you are strapped for cash, it is a worthwhile project to construct yourself or to encourage talented students to construct.  The idea behind the demonstration is that a gun is carefully aimed at a “monkey” that will drop from a “tree” exactly when the gun is fired.  The bullet will always intercept the falling “monkey” no matter the initial speed of the bullet—as long as the bullet reaches the monkey while in flight. 

line path exactly the same distance that the “monkey” falls, insuring a hit.  The apparatus can be challenging to get working properly but it is always rewarding.

Details on the monkey and hunter demonstrations can easily be found by Googeling: “Monkey and Hunter Demonstration”.  Many pages will come up.  One that this author wrote many years ago can be found at:

http://physics.usc.edu/~shaas/workshop/Monkey_and_Hunter.htm
The key to solving projectile problems is to resolve the initial velocity into components perpendicular and parallel to the direction of the force of gravity.  The motion perpendicular will keep its initial velocity component and continue to move at this constant velocity.  The motion parallel (or anti parallel) to the force of gravity will be accelerated.  
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later time.  The horizontal track can be two rods pressed together and taped to the surface of the table.  The length of this horizontal track, X, as well as the height of the center of the ball above the floor at launch, H, should be carefully measured and provided as data.  Make several runs and perhaps have several students time how long it takes for the ball
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The gun is a blowgun consisting of a cylindrical tube with a close fitting steel ball. The end of the gun has an electrical contact that will break the circuit to an electromagnet when the steel ball leaves the barrel, The gun must be rigidly clamped and aimed precisely at the “monkey” while it hangs from the electromagnet.  Since the time of flight of the bullet is exactly the same as the “monkey”, the bullet will fall away from its straight








