	 Projectile Motion–Dart Gun  
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This toy can be purchased at any toy shop or drug store at about $10.  This Dart Gun toy teaches two dimensional projectile motion and energy conservation.  The project can take up to 2 to 3 weeks to finish. Here is a student worksheet ready to use in the classroom.  Please pay special attention to the bold instruction. 
 

Name _________________  Partners: ___________________,_____________________
Date ____________
Muzzle velocity: 
1) Place a lump of clay on a dart so that when the dart is fired straight up from the floor it will Almost reach the ceiling, but will not actually hit the ceiling.  Measure the vertical distance it traveled to the nearest whole cm.  Please be sure to take account for any over lap of the meter sticks if you are using more than one stick, also be sure to count the tip of the dart being above the floor when it is fired. Repeat the experiments five times and take the average distance.
Trial 
1
2
3
4
5
Average
Height in cm.
 

 

 

 

 

 

 

Important: Be sure to save your clay-loaded dart in the envelope provided so that you can use it again the next day if necessary.  Be sure to record your name and the Dart Gun number on the envelop.
2) Use the kinematics equation to calculate the initial velocity of the dart.  This will be the "muzzle velocity" of the dart. 
a) Clearly list your variable with values and units.
 

b) Show equations used.
 

c) Show calculation and obtain muzzle velocity.
 

 

Stop!
Do not do any further firing of the gun until all members of the lab group have completely finished the calculations in step 2 above and steps 3 and 4 below. Further firing of the gun prior to doing this may reduce your credit for the lab.
3) There is another way of obtaining the muzzle velocity value using conservation of energy:  You may  have to do this part later when you understand conservation of energy.
a) What is the maximum potential energy? 
 

b) Write down the conservation of energy equation:
 

c) Calculation for the muzzle velocity:  
 

d) Do you need to know the mass of the dart gun?  Why or why not?
 

4) Compare results from 2c and 3c. 
3) There is another way of obtaining the muzzle velocity value using conservation of energy:  You may  have to do this part later when you understand conservation of energy.
a) What is the maximum potential energy? 
 

b) Write down the conservation of energy equation:
 

c) Calculation for the muzzle velocity:  
 

d) Do you need to know the mass of the dart gun?  Why or why not?
 

4) Compare results from 2c and 3c. 
 

a) Do the values of the muzzle velocity in 2c and 3c agree?  Which one is larger?
 

 

b) what is the discrepancy?  
% Discrepancy = (muzzle velocity from 3c– muzzle velocity from 2c) / muzzle velocity in 3c * 100%.
 

 

c) Is the discrepancy positive or negative?  Give two physical reasons why there is the discrepancy.
 

 

5) Range: 
 Predict the range first. Choose an angle between 30 and 60 degree upwards from horizontal at which you will later fire the dart with the gun on the floor. ( Do not actually fire the gun in this step.) Then use kinematics equations to calculate the horizontal distance the dart should travel.  This will be the predicted or theoretical range of the dart.  Realize that the initial vertical and horizontal velocities will be the vertical and horizontal components of the "muzzle velocity" determined earlier in 2c and that the sine and cosine of the angle chosen will have to be used to obtain the values of the components.  Ignore the small error introduced by the dart's initial height off the floor when fired.  Write neatly and clearly the following:
a) List the variables with value and units needed in this calculation.
 

b) Show equations used.
 

c) Show calculation of range:
Vertical direction:
Horizontal direction:
Vi = V sin (angle)=
 

Vi = V cos (angle)=
 

Vf =
 

Vf =
 

   a =
 

a =
 

t =
 

t =
 

 

 

total traveling time:
 

 

 

Range = 
 

Record the Range that you have calculated as the theoretical number that you will use later for comparison.
When everything above has been completed, obtain my initials before proceeding.  Failure to do this may reduce credit for this lab.  Teacher's initial : ______________.
6) Actual (Experimental )range:
a) Hold the dart gun on the floor so that it is aimed at the angle used in the previous calculations.  Use the large protractor provided and be sure to use the same clay and dart gun used in the muzzle velocity determination as in part 1 above.  Fire the dart and note the landing place.  Measure the firing place to the landing mark, this is the range.  ( You may ignore the small error due to the muzzle of the gun being slightly above the level of the floor when the dart is fired.)  Record the experimental value to the nearest 0.01 m. Repeat and find the average in the space provided:
Trial 
1
2
3
4
5
Average
Height in cm.
 

 

 

 

 

 

7) Comparison of theoretical and experimental Range value.  
a) Copy the theoretical value from part 5c R =   m. 
Average measured range from above R =   m.
Do they agree?  
What is the % discrepancy?
% Discrepancy = (Theoretical - experimental) / Theoretical * 100%.
 

b) Why is the discrepancy?  Give two physical reasons.
 

Obtain my initials on the line below to receive credit for the lab.
Teacher's initials _________________.
 

Credit: This activity was successfully used in Don Rathjen's physics class because of his detailed worksheet at Foothill High School, Pleasanton, CA.


  

 

