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You have some personal familiarity with the topic covered here if you’ve ever thrown a ball or 

played golf.   

The force of gravity caused by the Earth points toward the center of the Earth.  That is, it points 

vertically downward if you are standing on the surface of the Earth.   

If the force of gravity points vertically downward, then the acceleration caused by the force of 

gravity points vertically downward as well.   

If there is no force in the horizontal direction, then there is no acceleration in the horizontal 

direction.  Of course, in real life there is air at the surface of the Earth, and the air provides a 

small force that points opposite to the direction of motion of the ball.  But at the speed of a 

thrown ball that force is relatively small, so to start with we will assume that force (which we 

generally call air resistance) is zero. 

Start here: 

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html 

Click twice on the icon that says “Lab”.  You’ll see this: 

 

If you press the red button with the miniature canon on it at the bottom of the screen, you will 

launch a cannonball.  There is a white box near the upper right part of the screen with two 

gadgets in it.  Drag the gadget that says “Time”, “Range” and “Height” on it down to a circular 

point on the parabolic path that your cannonball traced.  When you do so, you will be able to 

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html


read the time since launch, the horizontal distance traveled (Range) and the height above the 

ground. 

 

A circular dot is placed on the cannonball’s path every tenth of a second.  This will allow us to 

analyze the simulated motion in enough detail to draw useful conclusions. 

Press the yellow eraser button near the bottom of the screen. 

Rotate the cannon so that it is pointing straight up.  Slide the “Initial Speed” setting to 17 m/s.  

You’ll notice that the acceleration due to gravity has a default setting of 9.81 m/s2, which is the 

value on the surface of the Earth (or the average over the surface of the Earth).  Press the red 

button that fires the cannon.  The difficulty of analyzing this motion is that the path up and the 

path down overlap and it might look confusing: 



 

The good news is that if we can sort out the data points using the time-range-height gadget, we 

will only have one-dimensional motion to analyze, and that will be the easiest case we do in this 

lesson. 

Take the time-range-height gadget and place the crosshairs on the very highest point, which is 

green.  The green point seems to light up when the crosshairs are on the point.  You can read 

the maximum height from the gadget, and the time after launch at which the cannonball 

reaches that height.   

Now open an Excel spreadsheet and label the first column “time” and the second column 

“height”.  Move the crosshairs of the gadget down until you reach the next data point and it 

lights up.  Enter the time you read in the time column and the height you read in the height 

column. Now move down to the next point and record the results in the same way.  Notice that 

you are not reading the points in time order because the path the cannonball follows up and 

the path it follows down overlap.  Don’t worry about that and just deep recording data until 

you get to the bottom of the cannon. 

Now select the time and height columns in your spreadsheet, click on the “Insert” tab, and then 

click on the button for a scatter plot.  Choose the scatter plot option without any lines – just the 

data points.  Click on the Chart Tools Design tab and click on the Add Chart Element button.  In 

the drop-down menu, click on Trendline.  On the Trendline drop-down menu, click on “More 

Trendline Options”.  That will open up the Format Trendline menu on the right side of the 

spreadsheet window.  Click the Polynomial button near the middle of that menu and then 

select Order=2.  Then near the bottom of the Format Trendline menu, click the “Display 

Equation on chart”. 



Keeping in mind that the velocity is the time derivative of the position and that the acceleration 

is the time derivative of the velocity, answer these questions using the position equation you’ve 

deduced using the trendline feature: 

1) What is the acceleration of the cannonball? 

2) Is there a time at which the cannonball has a velocity of zero?  When is that?  What is 

the position of the cannonball at that time?  What is the acceleration of the cannonball 

at that time? 

3) What is the velocity of the cannonball at 2.5 seconds?  Is it traveling up or down?  

Now press the erase button and move the cannon so it is aiming at an angle of 60 degrees 

above the horizontal.  Now once again (with the initial speed set at 17 m/s and the acceleration 

due to gravity set at 9.81 m/s2) press the red launch button.  Still leave the air resistance off for 

this exercise.  

Now the time-range-height gadget will give you both the horizontal distance from the base of 

the cannon and the height.  Use the gadget to extract both the horizontal distance and the 

height for each point (corresponding to every 0.1 s).  Instead of just a single pair of columns 

(time and height) as above, prepare two pairs of columns (time and height, and time and range) 

and extract equations for the position as a function of time for both the height and the range. 

1) What is the acceleration of the cannonball in the vertical direction?  What is its 

magnitude?  What is its direction? 

2) Is there a time at which there is no vertical velocity?  What is the acceleration in the 

vertical direction at that time? 

3) What is the initial velocity in the vertical direction?  How is it related to the initial 

speed? 

4) What is the acceleration of the cannonball in the horizontal direction?   

5) Is the horizontal velocity constant?  If so, what is it? 

6) If there is a time at which there is no vertical velocity, is the cannonball moving at all?  If 

so, what is its horizontal velocity at that time? 

Now we will look at the effect of air resistance.  To do so, we’ll switch our projectile to be a 

baseball.  The baseball has smaller density than a cannonball, so it is more susceptible to having 

its motion affected by air resistance.   

Go to the drop-down menu for projectiles on the right side of the screen and select the 

baseball.  Make sure the air resistance (controlled by the check box in the lower right part of 

the screen) is off, and also make sure you have erased the previous trajectories from the 

screen.  Then press the launch button.  Leaving the trajectory for no air resistance on the 

screen, turn on the air resistance.  Now press the launch button again.   



Are the two trajectories – the one without air resistance and the one with air resistance – 

different?  The trajectory without air resistance is identical to the cannonball trajectory – 

without air resistance they are identical. 

  

Now erase both trajectories, and launch with air resistance.  Now you will have just the 

trajectory with air resistance.  Analyze the trajectory of the baseball with the air resistance the 

same way that you analyzed the previous trajectories.   

1) Is the acceleration in the horizontal direction significantly larger than when the air 

resistance was turned off?  Compare with your cannonball result to determine this. 

 

 


