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Newton’s 1st and 2nd Law and Vector Addition
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The world evolves in a three dimensional space and, therefore, when we specify the velocity of an object, we must give both its magnitude and its direction in order to adequately describe its motion. Newton's first law says that an object maintains its state of uniform motion (constant velocity) if the net force (the resultant force) acting on it is zero. If it is moving, it continues moving in a straight line with constant speed. If it is at rest, it remains at rest. If several forces act simultaneously on an object it will still be in equilibrium if the vector sum (the resultant) of the forces is zero. If the resultant force on an object is not zero, then Newton's second law tells us that the object will be accelerated and its velocity will change.

Forces, displacements, velocities, and accelerations are vector quantities. They have directions as well as magnitudes. When two or more forces act on a single object, the object responds as though a single resultant force (the vector sum of all the forces acting on the object) has been exerted on it. In this experiment we will determine the forces necessary to place an object in equilibrium, and we will verify that the net force (the vector sum of all the forces) is zero.

2.1 Background Discussion
[image: image81.png]Fig. 2-1



A vector can be represented graphically in the form of an arrow, which has a length proportional to the magnitude of the vector quantity, and a direction, which corresponds to the direction of the vector quantity. The vector arrow can be moved anywhere on the graph without changing its properties as one does not change its length or its direction. Two vectors, A and B, are added by joining the tail of the B arrow to the head of the A arrow.  The resultant vector R=A+B is an arrow drawn from the tail of A (at origin O) to the head of B, as illustrated in Fig. 2-1. The length of R can be measured with a ruler and the direction of R can be measured with a protractor.

Instead of drawing a graph of the vectors and measuring the resultant, the techniques of trigonometry can be used to calculate the length and direction. Figure 2-2 shows how the vectors A and B can each be decomposed into two vector components:
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where A and B are the lengths of A and B, respectively, and 
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 and 
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 are the angles between each vector and the positive x direction.  If we assume that A represents a force of 10.0 N acting in a direction 53.1o above the positive x direction, Eq. (2.1)

 yields
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If we further assume that B represents a force of 11.18 N acting 210o from the positive x direction, Eq. (2.2)

 yields
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Since 
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 both lie along the same direction (as shown in Fig. 2-3) they can be added algebraically to find the x component of R:

[image: image82.png]



[image: image9.wmf]6.00 N + (9.68 N)3.68 N.

xxx

RAB

=+=-=-


in the same way,
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The graphical addition of these components is illustrated in Fig. 2-3. The tail of 
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 is attached to the head of 
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, and 
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 is drawn from the tail of 
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 to the head of 
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. Similarly, the tail of 
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is attached to the head of 
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, and 
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 is drawn from the tail of 
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 to the head of 
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. The resultant vector R is drawn from the tail of 
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 to the head of 
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.  It points leftward, since 
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 is negative, and upward, since
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 is positive.

We can find R (the magnitude of the resultant vector R) by the Pythagorean theorem:
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The angle 
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 between R and the x-axis can be found from trigonometry:
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from which one obtains 
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.  There is some ambiguity regarding the proper quadrant for the angle when using the arctan function, so you have to look at Fig. 2-3 to see that 33o is the angle between R and the negative x direction.

If there are several vectors to be added, such as R = A + B + C + D, we can find the components of each vector using the method of Eq. (2.1)

. We then sum them,
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and then apply Eqs.(2.4)

 as before.
(2.3)

 and 
2.2 [image: image83.png]


 The Experiment

The apparatus is illustrated in Fig. 2-4.  It consists of a round force table with its circumference marked off in degrees. Pulleys can be attached to the circumference at various angles by means of clamps so that weights can be used to apply forces through strings tied to a ring at the center of the table. You will hang two or more weights from the ring and determine the sizes and angles which lead to equilibrium of the ring. 

2.3 Procedure

1. Hang two masses of approximately 200 gram (total) each at 
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 and 
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, respectively. Put a third pulley at 
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 and see how much mass you have to suspend from it to get equilibrium. Always make sure that the strings run in a straight line from the central hole to the pulley, and that the pulley is pointed straight toward the central hole. Measure (using the triple beam balances) and record the masses and angles in the excel spreadsheet.

2. This time you will use a total of four different masses. Hang 
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at 
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 at 
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, and 
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, where N is the last digit of your student ID number and 
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 is yet to be determined. Hang a fourth mass, 
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, over a pulley whose angle you will vary. Establish equilibrium by choosing different masses for 
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 and 
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 and different angles for 
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. When you establish equilibrium, record the masses and angles in the excel spreadsheet. 
3. Hang two masses from the force table, mass 
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 at 
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 and mass 
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 at 
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. They should each have a total mass of ~250 g (does not have to be exact). The ring is in equilibrium when it is centered over the hole in the middle of the force table. Now change one of the masses by small amounts until the ring is out of equilibrium. You will know it is out of equilibrium if, when you give the ring a slight push towards the side with the heavier mass, it starts to accelerate. After it is no longer in equilibrium, record the values of 
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 and 
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 in the excel spreadsheet and print out all your data. 
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2.4 Interpretation of Measurements

1. We will use the data from the 2-string setup to get an idea of the tolerance of the force table. Ideally, equilibrium would only be achieved if the two masses in the 2-string setup were exactly the same. Since you found that the system was in equilibrium for a range of masses, error sources such as friction in the pulleys or elasticity of the string must exert some force. To get an approximation of how much force each string and pulley in the system can exert, use the formula below to find the mass tolerance of the 2-string setup:
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This value tells us over how large a range the masses can vary and still have the system in equilibrium. We multiply by gravity to find the range of force. We have divided by two because we attribute half of this tolerance to each pulley. This is obviously a rough approximation, but the resulting formula for the force tolerance per pulley is
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Find the uncertainty in the angle, .  This will be half the smallest measurable angle.
2. For both the 3-string and the 4-string setups, complete the following steps:

a. Using the mass values you measured, fill in the tables with the corresponding force on the ring. Remember, the force, F, on the ring is the tension, T, in the string which must be equal to the weight of the attached mass. For the symbolically inclined, we have



[image: image54.wmf]FTmg

==


b. On a separate sheet of graph paper, draw the free-body diagram of the ring as in Fig. 2-5. Choose the x-axis of the drawing to correspond with 
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 on the force table and draw the lengths of the vectors to scale. Remember, you are drawing the forces applied to the ring. Your scale should be in Newton.

c. Using Fig. 2-1 as a guide, add the vectors graphically on the piece of graph paper. To do this, you must draw the vector to scale (use a different scale than what you used for the previous part (2.b) so you can fill the entire page with your vector addition), joined head-to-tail, and measure the length and angle of the resultant vector. The units should still be Newton (1N = 1 Kg m/s2).

d. Add the vectors algebraically. The chart has spaces for you to break them into components and sum those components. Then use the sums of the components to find the magnitude and direction of the resultant.

e. Find the relative percent error for the resultant obtained graphically and the resultant obtained algebraically. The relative percent error is defined as the magnitude of the resultant divided by the average magnitude of the component forces.  For example:   
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f. Using the force tolerance per pulley, find the hypothetical force tolerance of the set up.
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1. Raw Data
(1.a) 3-string setup:

	Force #
	m (Kg)
	Angle 
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 (deg)

	1
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(1.b) 4-string setup:

	Force #
	m (Kg)
	Angle 
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 (deg)

	1
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	2
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(1.c) 2-string setup:

Mass at 0 degrees: 
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Mass at 180 degrees: 
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2. Experimental Results

(2.a) 2-string setup:

Mass uncertainty for each hanging mass: 
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Force uncertainty per pulley: 
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Uncertainty of the angle: 
(2.b) 3-string setup: Attach free-body diagram of forces on the ring, and a graphical vector addition of those forces, to lab report on separate page.

Magnitude of graphical resultant: 
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Direction of graphical resultant: 
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Graphical relative percentage error: 
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  Fill in the table below for algebraic addition of the force vectors.

	Force #
	Magnitude (N)
	X-component (N)
	Y-component (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	Vector Sum
	-----
	
	


Magnitude of algebraic resultant: 
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Direction of algebraic resultant: 
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Algebraic relative percentage error: 
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Measurement uncertainty of the resultant: 
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(2.c) 4-string setup: Attach free-body diagram of forces on the ring, and a graphical vector addition of these forces, to the lab report on separate page.

Magnitude of graphical resultant: 
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Direction of graphical resultant: 
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Graphical relative percentage error: 
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  Fill in the table below for algebraic addition of the force vectors. 

	Force #
	Magnitude (N)
	X-component (N)
	Y-component (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	Vector Sum
	----
	
	


Magnitude of algebraic resultant: 
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Direction of algebraic resultant: 
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Algebraic relative percentage error: 
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Measurement uncertainty of the resultant: 
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3. Conclusion Section
This section contains answers to questions on this lab provided by your lab instructor.
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