Building Your Own Force Meter
Purpose: To construct, calibrate and measure forces and weights using your own constructed and calibrated force meter.

Materials: spring, paper clips, tape, fastener, piece of acetate, various known masses, various masses of unknown weight
Procedure:
Part A: Construction
1. Roll a piece of acetate along the long edge into a tube, 2 cm in diameter. 

2. Tape the tube along its length. 

3. Using the hole punch, make two holes on opposite sides near the top of the tube 
4. Lie the spring down next to the acetate tube and link paperclips to the bottom of the spring until the spring and paperclip chain are the same length as your acetate tube. 
5. Reshape a paper clip into a hook and connect it to the end of the paperclip chain. 

6. Feed the entire spring and paperclip chain into the tube (paperclip chain first) keeping hold of the top loop of the spring.

7. Finally, fix the spring’s top loop to the top of the acetate tube by feeding the fastener through the first hole then on either side of the bottom of the loop and then through the other hole. Finish by opening the fastener.  (You will need to hold firmly onto the top loop when measuring forces, so make sure that the loop is sticking out the top.)
Part B: Calibrating
1. Hang your force meter on a clamp stand and with no masses attached, mark the bottom of the spring with a fine line round the tube and label it with the value 0 N. (N = Newton) 

2. Hang a 100 g mass on the force meter, calculate the weight of the mass here on Earth and where the bottom of the spring is now, draw a line round the tube and label it with its weight in Newton’s. 

3. Repeat step 2 using 200 g, 300 g, and so on, until the bottom of the spring meets the bottom of the acetate tube.
4. If there is time try step 2 using 50g, 150g etc.  What do you notice? 
Part C: Measuring forces using your meter
1. Listed in the table below are various unknown weights. 

2. Estimate the weight in Newtons of each object and record it in the table below. 

3. Using your constructed force meter, weigh each and record the weight in Newton’s in the table below. 

 Data:

	Object Name
	Estimated Weight (Newtons)
	Measured Weight  from force meter (Newtons)
	Measured Weight from F vs x graph (N)

	A


	  
	  
	

	B
	  
	  
	

	C
	  
	  
	


Part D: Plotting a graph of Force vs Extension
1. Hang your force meter on a clamps stand.
2. Measure the original length of the spring with a ruler. Be sure to measure to a mm.

3.  Hang a 50g mass on your force meter and measure the spring’s new length. Record your results in a table

4.  Repeat step 3 with a 100g, 150g, 200g, and so on, until the spring’s length reaches the end of your tube. Record all your results.

5. Calculate the weight of each mass and the extension of the spring (length – original length)

6.  Plot a graph of Force (on x) vs. extension (on y).  Draw a line of best fit through the points

7.  Hang three unknown weights on your force meter and determine the spring’s length and extension.

8. Use your graph to determine the weight of the objects.
Example Table 
	Mass (kg)
	Force (N)
	Length (cm)
	Original length (cm)
	Extension (cm)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


 Questions:

1. What did you notice about the spacing in the scale?  What does this tell you about the stretching of a spring? How does this make it an ideal object to use in a force meter?
2. How could you design a force meter to measure greater forces? Lighter forces? 

3. What are the limitations of your design?
4. What problems did you encounter building your force meter and what would you do differently the next time to improve your design? 
5. How is the force and extension of a spring related? 
6. What happens to the extension when you double the force?

7. You found the weight of the unknown objects by two different methods.  Which method do you think is better and why?
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