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MAXIMUM HEIGHT OF A PROJECTILE     
PRACTICAL INVESTIGATION REPORT 

AIM: 

To investigate the relationship between the launch speed and the maximum height of a projectile 

launched directly upwards. 

HYPOTHESIS: 

The maximum height h reached by a projectile launched directly upwards will be proportional to the 

square of the speed v0 at which it was launched. This relationship can be described by the equation 

ℎ =
��

�

��
  where g is the acceleration due to gravity. 

EQUIPMENT: 

• Sticky tape 

• Measuring tape or metre ruler 

• Projectile launcher with projectile 

• Light gate with computer 

• Stand with clamp 
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PROCEDURE: 

1. Use sticky tape to hold the projectile launcher against a wall. 

• The projectile launcher should be resting on the ground. 

• The projectile launcher should be pointing directly upwards. 

2. Use sticky tape to attach the measuring tape to the wall. 

• The measuring tape should be aligned straight up and down. 

• The measuring tape’s zero mark should line up with the top of the projectile launcher. 

3. Clamp the light gate onto the stand so the projectile will pass through the light gate. 

• The light gate should be just above the top of the projectile launcher. 

• The light gate should not obstruct the motion of the projectile. 

4. Measure the length of the projectile using the measuring tape. 

5. Connect the light gate to the computer and set the software up to record speed, entering the 

length of the projectile measured in step 4. 

6. Place the projectile in the launcher and pull back to the first notch. 

Safety note: Ensure before launching that no one is going to be in the path of the projectile. 

7. Launch the projectile and record the height it reaches. 

8. Record the speed measured by the light gate. 

9. Repeat steps 6-8 five times. 

10. Repeat steps 6-9 for the second, third, fourth and fifth notches. 
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 MANIPULATION AND COLLABORATION: 

 

As shown above, we taped a ruler to the wall in addition to the measuring tape. This helped to make 

sure the tape was straight up and down the wall. A large section of measuring tape was too long to tape 

up on the wall, so we folded it over and used the stand and clamp to keep the trailing end out of the 

way. 

There was a board preventing us from resting the launcher against the wall and the desk at the same 

time. We got around this by lifting the launcher onto the top of the board (as shown) and taping 

everything into place. 

I found it was quite hard to judge the maximum height on the first launch, so each time we moved to a 

new notch I asked for a ‘test launch’. We didn’t record the test launches, but it helped me know where to 

watch for the turning point of the projectile. 

The projectile launched at quite low speeds, so there was no danger. We still made sure no one’s eyes or 

head was in the path of the projectile (above the launcher). 

We organised clearly defined roles so that we could work together efficiently. My job was to measure 

the height the projectile reached, while the other two members of the group controlled the computer 

and loading/firing the projectile launcher. 

RESULTS: 

 Notches Speed v0 (ms-1) v0
2 (m2s-2) Max height (m) Expected height (m) 

1 1.5 2.4 0.14 0.12 

2 2.1 4.4 0.23 0.23 

3 2.5 6.1 0.31 0.31 

4 2.8 7.8 0.39 0.40 

5 3.3 11 0.52 0.56 
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CALCULATIONS: 

The hypothesis for this investigation is derived as follows: 

The equation �� = �	
� + 2� describes the vertical motion of a projectile. 

At maximum height, the speed v = 0 and displacement s = h, ∴ 0 = �	
� + 2�ℎ 

For this investigation, acceleration due to gravity is –g, considering negative to be downwards and 

positive to be upwards. 

∴ 0 = �	
� − 2�ℎ 

∴ 2�ℎ = �	
� 

∴ ℎ =
�	

�

2�
 

The values for expected maximum height in the results table were calculated using this formula. 

The independent variable for this investigation is the launch speed v0, since it is directly changed by 

choosing the number of notches on the projectile launcher. 

The dependent variable is the maximum height h the projectile reaches, since it is being measured to 

determine how it changes as a result of changes to the launch speed. 

The only other factor in the formula above, the acceleration g of the projectile, must be kept constant 

throughout the investigation. Any changes to g have an effect on the maximum height that might be 

incorrectly assumed to be a result of changes to the launch speed. Keeping g constant in this 

investigation should not be challenging as it is a physical constant at any particular location on Earth. 

According to the hypothesis, the line of best fit should have the form y = mx, where y is h, m is the slope 

and v0
2 is x. From the graph of maximum height against launch speed, the slope can be calculated 

using � =
����

���
, using the points (0.0, 0.04) and (11.6, 0.555): 

� =
0.555 − 0.04

11.6 − 0.0
 

     =
0.51

11.6
 

     = 0.044 m-1s2 

According to the hypothesis, the slope of the graph should be equal to 
�

��
. The magnitude of 

gravitational acceleration g in Adelaide is 9.797 ms-2 according to Wolfram|Alpha knowledgebase, 2012. 

This means the expected slope is 
�

�×!."!"
= 0.051 m-1s2. 

The percentage error can be calculated using  #$%&$'(��$ $%%)% =  
�*+�,-�./0�1����.

�*+�,-�.
× 100 

#$%&$'(��$ $%%)% =  
0.051 − 0.044

0.051
× 100 = 14% 
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DISCUSSION: 

The measurements taken during the investigation were of reasonable precision. There is evidence of 

this in that even though the data supports a linear pattern, there is some scatter present around the line 

of best fit. This indicates the presence of random error, since there is no pattern to the variation 

between the measurements and the expected values. 

The most likely source of random error in this investigation is the method used for measuring the 

maximum height reached. Although the projectile’s motion was along the measuring tape as hoped, the 

projectile was only at its maximum height for an instant, making the judgement by eye very 

approximate. This meant even though the measuring tape had 1 mm increments, it would be 

inappropriate to record data using that detail. If a video camera was used to record and play back the 

motion of the projectile, measurements could use the available resolution of the measuring tape and 

therefore improve the precision of the results. 

Another possible source of random error could be that the projectile spins as it travels. Since the 

projectile is rectangular and not spherical, this would mean that its length as it passes through the light 

gate is inconsistent. The light gate relies on the length of the projectile in order to calculate its speed, so 

this would cause random error in the launch speeds recorded. One possible change to the procedure 

that would improve this measurement is to use an appropriately sized spherical projectile, such as a 

marble. Another possible change could be to use two light gates, one above the other, instead of just 

one. This way the speed of the projectile would be determined by the time it takes for the front edge of 

the projectile to travel, meaning the shape of the projectile would not have as great an effect on the 

measurement of its speed. A limitation of this change is that it would decrease the accuracy of the 

measurement, since it would record an average speed over that first period of time rather than just at 

the beginning of the projectile’s launch. 

The projectile launcher had seven notches, but only five of these were used during the investigation. If 

the full range of available launch speeds were used, or all measurements were taken more times and 

averaged, the effect of random error on the fit might be reduced by the larger number of measurements. 

The results of this investigation appear to be mostly accurate. The slope of the line of best fit is quite 

close to the expected slope according to theory, with a percentage error of only 14%. However, the line 

of best fit does not pass through the origin, instead intercepting the vertical axis at 0.04 m. Physically 

this would be impossible since a projectile with no speed should not be able to go upwards at all. This 

apparent shift in the data could be due to the presence of systematic error. 

One possible source of systematic error is that the light gate was calibrated incorrectly. One possible 

reason for this is an imprecise measurement of the length of the projectile, since the light gate software 
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uses the length to calculate the speed. If the length of the projectile entered was slightly shorter than 

the true value, all speed measurements would be slightly slower than the true values, since the 

projectile would pass through the gate in more time than the software expects. This could explain the 

shift of the data points to the left on the graph. This could be improved by measuring the length of the 

projectile with an instrument of finer resolution, such as a vernier caliper. 

CONCLUSION: 

The results mostly support the hypothesis that the maximum height of a projectile launched directly 

upwards is directly proportional to the launch speed, as the pattern of data supports a linear fit. The 

scatter is quite large, indicating low precision. The slope calculated from the line of best fit, 0.044 m-1s2, 

is 14% different from the theoretical slope 
�

��
 , indicating reasonable accuracy. The line of best fit did 

not pass exactly through the origin; this is evidence against support of the hypothesis but is most likely 

due to systematic error. 

A number of factors could potentially have caused error. The most likely of these was the measurement 

of the maximum height by eye, but the shape of the projectile may also have contributed, as may have 

the imprecise length of the projectile. The occurrence of error could be reduced by using a video 

camera, a marble, two light gates, and a vernier caliper. The effect of random error could be reduced by 

taking a greater number of measurements.  
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