
Experiment 6. Conservation of energy (Ballistic Pendulum) 
Theory: 

After launching the ball, the ball will collide into the pend. 
Use the law of conservation of momentum: 
𝑚 𝑣 = 𝑀𝑣         …………………………………………………Eq.1 
𝑀 = 𝑀 + 𝑀      ……………………………………………Eq.2 

As the figure shows, use the law of conservation of energy: 

𝑀𝑣 = 𝑀𝑔ℎ = 𝑀𝑔𝐿(1 − 𝑐𝑜𝑠𝜃)      ………………………Eq.3 

Solve the equations, the following equation can be gotten: 

𝑣 = 2𝑔ℎ       ………………………………………Eq.4 

 
 
 
 
 

Fig.1 Calculating 𝑣  
 

During the experiment: 𝑚 = 16.30𝑔, 𝑀 = 147.12𝑔, 𝐿 = 0.355𝑚, 𝑔 = 9.8𝑚/𝑠 . 
The maximum angular displacement 𝜃  is measured by the rotary motion sensor. 
Therefore, the initial 𝑣  can be easily calculated by using the data measured at the 
beginning.  
 
1. Fill in the table below from the pendulum experiment: 

Measurement No. Angle θ (rad) h (m) 𝑣 (m/s) 
1 0.148 0.0039 2.77 
2 0.171 0.0056 3.19 
3 0.143 0.0036 2.67 
4 0.148 0.0039 2.77 
5 0.193 0.0066 3.60 

Avg with SE 0.161 0.0047 3.00 
Data table.1 𝑣  calculated by angle θ 

 
2. Fill in the table below with 𝑣  measured by photogate: 

Measurement No. 𝑣  (m/s) 
1 3.00 
2 3.17 
3 3.07 
4 3.12 
5 2.99 

Avg with SE 3.07 
Data table.2 𝑣  measured by photogate 

 
3. (1) How well does the initial speed, 𝑣 , calculated from Equation 4 agree with the 
value measured directly using the photogates? 
From the figure above, it can be easily found that the average 𝑣  calculated by angle θ 
is 3.00 m/s, while the average 𝑣  measured by photogate is 3.07 m/s. Usually, the 
difference formula can be used to measure the error:  

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑣 − 𝑣

𝑣
× 100% = 2.28% 



Through the difference data, there is the conclusion that although there is error, it’s 
acceptable. 

(2) What does this show? 
From the two data tables, it’s obvious that the v  calculated by angle is smaller than 𝑣  
measured by photogate. This means that there is energy loss during the collision, or in 
other words, it’s not an elastic collision. The angle θ the rotary motion sensor recorded 
is smaller than the theoretical value, and lead to calculate a smaller 𝑣 . 

(3) Why is error analysis important? 
In the question (1), the difference between 𝑣  measured by two kinds of methods has 
already been calculated. There is no doubt that the 𝑣  measured by the photogates is 
more accurate. Although the error is tiny, it’s important to know why there exists this 
error, so that the results will be more accurate in the next time experiment. Here are the 
three reasons. 
          (a) The energy loss during the inelastic collision. 
As the explanation in question (2), during this experiment, after launching, the ball will 
collide into the pendulum. However, in this procedure, there will be energy loss, which 
may cause the inequivalent of Eq.3. Then the 𝑣  calculated by Eq.4 will be smaller than 
the 𝑣  measured straightly by the photogates. 
          (b) The difference of 𝑔. 
In this experiment, 𝑔 = 9.8𝑚/𝑠  is used in the calculation, which may be a little 
smaller than this value. This can also become a reason leading to the tiny error. 
          (c) The limitation of the calculating. 
During the experiment, according the manual of equipment, the rotary motion sensor 
will provide a digit of 3. The inaccurate data will cause the error. Also, the estimated 
error of the apparatus used in the experiment will also influence the data. 
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