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Forces

	


Objective:

To understand the concepts of tension, force components, and resultant force.

Part 1 - Tension

Theory
1. In your own words, define the concept of tension.

2. What is the physical difference between weight and mass?

3. What are two different units of weight (in English and Metric)?

4. What are two different units of mass (in English and Metric)?

Procedure/Data:
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1. Use the spring scale and 200g mass with a mass hanger (50g), as shown below. Record the scale reading (to the correct number of significant figures) in Newtons. Make sure there is a string between the scale and the mass hanger.
Scale Reading= _________________N

Does the scale reading always indicate the weight of the hanging mass or does it always indicate the tension in the string T? Hint: If you are having trouble answering this question jiggle this system vertically and observe and discuss the scale reading.
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2. Cross the string over a pulley with the same setup (see right).
a. What is the expected scale reading? Why? (don’t worry about being wrong here.)
b. Record the scale reading in Newtons.
Scale Reading
= _________________N

c. Does the pulley affect the scale reading? (if there is no friction between the pulley and the string.) 
d. Is the scale always measuring the weight of the object in this setup? Hint: If you are having trouble answering this question jiggle this system and observe and discuss the scale reading.
3. Instead of your hand, use another 200 gram mass with a mass hanger connecting to the right side of the scale and cross over the second pulley (see right).

a. What is the expected scale reading? Why? (don’t worry about being wrong here.)

b. Record the scale reading in Newtons.
Scale Reading
= _________________N

c. Does the scale reading agree with your expectations? Explain?
4. Suppose you replace the scale in the middle with two scales on both side (see right), 

a. What’s the reading on the scales?
TA = ______________N

TB = ______________N

b. What are the scales measuring in this system?
Par 2 - Static Equilibrium with Unequal Angles


Purpose: 
The purpose of this part is to verify that the sum of the forces acting on an object in equilibrium is zero. 

Pre-lab Question: 
If an object is suspended by two strings at two different angles, as shown in figure, which string will have the greater tension?
Theory:
The sum of the forces acting on an object in equilibrium is zero: 
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This requires that the sum of the force components in the x- and y- directions must each separately be zero:
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For example, if three forces are acting on an object (as shown in figure), equations above yields
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This can also be interpreted as requiring the magnitudes of the x- and y-components of the forces be equal and opposite:
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or
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Procedure/Data:

1. Attach two Tension Protractors (oriented with zero degrees horizontal) to a cross rod, and clamp this rod between the vertical rods as shown in the figure below (but don’t attach the mass yet).


2. Zero the Force Scale of each Tension Protractor: 
Allow the string to hang freely with no force applied, adjust the thumb screw on the back of the Tension Protractor to set the red pointer to zero on the face of the Tension Protractor.
3. Zero the angle scale of each Tension Protractor: 
Hang a small mass (50-g hanger) from the hook, rotate the outer ring to align the 900 mark with the string (see figure).

4. Cut a piece of string, and tie a loop in the middle (little off the middle). Tie both ends of the string to the wire hook of the Tension Protractors, and hang a 500-g mass from the loop of the string (see figure above). 
5. Read the magnitude of force and the angle for each string and record them in Table 1.

6. Remove the hooked mass and use a balance to find its exact mass. Record it in Table 1. 
Table 1: Data

	
	Magnitude of Force (N)
	Angle (0)
	Hanging Mass (g)

	Tension 1
	
	
	

	Tension 2
	
	
	


Analysis:
1. Calculate the weight of the hanging mass and record it in Table 2.

2. Calculate the x- and y-components of the tension of each string, and record them in Table 2.

Table 2: Calculations

	Weight of Hanging Mass, W 
	

	x-component of Tension 1, F1x
	

	x-component of Tension 2, F2x
	

	y-component of Tension 1, F1y
	

	y-component of Tension 2, F2y
	


3. Calculate the sum of the forces to the left and the sum of the forces to the right. Calculate the percentage difference between them. Record these values in Table 3.
4. Calculate the sum of the upward forces and the sum of the downward forces. Calculate the percentage difference between them. Record these values in Table 3. 
Table 3: Results
	
	
	
	% difference

	Sum of x-components
	Left
	
	

	
	Right
	
	

	Sum of y-components
	Upward
	
	

	
	Downward
	
	


5. Estimate the precision of the tension and angle measurements. Are the resulting forces being compared the same within the range of precision?
Part 3-Conceptual Questions

1. Setup the apparatus as shown with two mass hangers on each side and one in the middle (m1 = m2 = m3 = 50g). 
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a) Add 20g to the middle hanger (for a total of 70g). What happened to the angle Circle one: increase/decrease) Explain. 

b) Replace 20g with 50g (for a total of 100g). Can you still achieve the equilibrium? Explain. 
2. Leave the 50g on the middle hanger (a total of 100g), and add 50g on both side of the hangers (a total of 100g each). How does the angle  change? (Circle one: increase/decrease) Is it possible to achieve =180o by adding more masses on each side? Explain.
Experiment 
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