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Conclusion
By reading and observing the aforementioned graphs and information 
it is clear that I have recorded the affects that changing the 
independent variables, counterweight mass and arm lengths, has on 
the dependent variable of projectile range through using a trebuchet 
that will remain at a controlled and constant state and releasing the 
counterweight arm at a constant 45° angle to the fulcrum. From 
conducting this investigation, we can identify relationships and 
patterns within data and results. These relationships are that:
• Projectile range is directly proportional to counterweight mass given 

a constant arm length ration. This is a linear relationship which I 
evaluated to have an R^2 value of 0.9873.

• Projectile range is NOT directly proportional to arm length ratio, 
however, there is a clear optimum ratio. This ratio was observed 
and identified to be 1:3.

• The relationship between projectile range and arm length ration is 
not linear as I have evaluated it to have an R^2 value of 0.5451.

Aim
To observe and record the affects that changing 
the independent variables, counterweight mass 
and arm lengths, has on the dependent variable of 
projectile range through using a trebuchet that will 
remain at a controlled and constant state and 
releasing the counterweight arm at a constant 45°
angle to the fulcrum.

Introduction
A trebuchet is a siege engine that was 
predominantly employed in the middle ages to 
smash masonry walls and to hurl objects such as 
diseased bodies into the castle grounds to infect 
the inhabitants under siege. Although trebuchets 
are no longer used in modern warfare due to 
technological advances, some are still in existence 
for medieval reconstructions
The range of the trebuchet would have been a vital 
piece of information both to the armies using them at 
the time and to those trying to reconstruct one for 
entertainment. A large range would have enabled the 
armies using them to attack castles without being in 
range of the enemy archers and so producing vast 
amounts of damage with few casualties of their own. If 
the range of the trebuchet was too small then the 
armies using them would be vulnerable, and those 
trying to recreate the medieval experience at historical 
attractions would lose the interest of an audience. 

Method
Note: You must always keep controlled variables constant, this means keep 

the height of counterweight masses at the point shown in Figure 1, the 
same and keep the projectile the same. Also note that you must use the 
same Trebuchet every time for accurate results.

1. Place the trebuchet in a safe environment with a clear projectile path.
2. Select masses that equate to four kilograms (either 4 x 1kg masses or 2 x 

2kg masses)
3. Choose a ratio of arm length that will be used and kept the same for all 

different masses and use 
4. Arrange the trebuchet apparatus as dictated by Figure 1; This involves 

using a protractor to set the arm at a 45° angle to the horizontal, placing 
the golf ball in the sling and attaching the counterweight to the 
appropriate area (refer to Figure 1 to see how this will look).

5. Set up a filming device at such a distance away that the entire trajectory 
of the ball will be filmed.

6. Begin recording on the device.
7. Release the counterweight arm from its rest position. This will cause the 

projectile to launch.
8. After the projectile has collided with the ground, cease filming.
9. Evaluate the video in order to determine the approximate point of 

collision between the ball and the ground.
10.Mark this point on the ground with a permanent marker.
11.Using a measuring tape, begin the measurement at the fulcrum as this is 

approximately where the projectile will have launched from (relative to 
the horizontal plane as we are not concerned with the vertical plane).

12.End the measurement at the point where the ball met the ground initially 
which was indicated in step 8 & 9.

13.Record this distance into a results table under the appropriate arm length 

ratio and appropriate kilogram mass intersection.

Results & Discussion
a more in-depth analysis shows a clear optimum arm length ration; 
that being the 1:3 ratio (a trebuchet setup where the load arm is 
three times greater than the effort arm). To further analyse this 
phenomenon I have created another graph that keeps a constant 
counterweight mass and but changes the ratio. The graph displays 
the range of projectile as the y-axis and the ratio as the x-axis.

This graph shows that all the ranges of projectiles fit within the line 
of best fit given the allocated error bars that account for 
uncertainties, except for the 1:3 ratio, that shows a clearly highly 
value than the other ratios. Linking back to they hypothesis, this 
indicates that there is indeed an optimum value, however it is not 
as I initially suspected. The R^2 value of 0.5451 indicates that the 
data points do not fit the line of best fit very well at all which could 
indicate that there is a non-linear relationship between arm length 
ratio and projectile range and instead the relationship is different. 

This above graph clearly shows that there is a conclusive linear 
relationship between an increasing counterweight mass and an 
increasing projectile range. This is indicated through all the ranges 
fitting the line of best fit quite easily, with some data points even 
intersecting with the line itself. This shows that there is no 
conclusive optimum counterweight mass, rather it shows a clear 
principle of more projectile range is proportional to a greater 
counterweight mass given a constant arm ratio. The R^2 value of 
0.9873 shows that accounting for uncertainties in measurements 
and methodology, this is a near perfect linear relationship.

Graph of counterweight mass to range of projectile, displaying a clear linear relationship
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Graph of arm length ratio to range of projectile, displaying a non-linear relationship.

Figure 1. Shows the trebuchet how it should be set up just before release.
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Image of a medieval 
counterweight trebuchet.
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