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ADDITION OF FORCE VECTORS
           Lab #

When two or more forces act simultaneously at the same point, they are said to be acting concurrently and are called concurrent forces. Each of the arrangements shown in Figure 10—1 illustrates three concurrent forces acting on point P. Since point P is not moving, the system must be in equilibrium. You will determine the vector sum of two of the con​current forces (the resultant) and investigate the relationship of the resul​tant to the third force.
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Figure 10-1.  The apparatus used to measure concurrent forces varies slightly. 
Your apparatus will probably resemble one of these.

Objective:
During this investigation you will apply the laws of vector addition.

Procedure:

A.
The Vector Sum of Two Forces



Your instructor will demonstrate the apparatus you will be using (Method 1 or Method 2).

Method 1


1.  
Set up the apparatus as indicated in Figure 10-1(a).  Check each spring scale to be sure the needle points to zero when no load is attached.  Attach the scales to the force board so that each scale registers a force midrange on the scales.


2.
Place a large piece of paper beneath the spring scale arrangement.  Using a sharp pencil, mark two points along the line of action of each force.


3.
Remove the paper and, using the points you marked, construct lines A, B, and C.


4.
Record the reading of each spring scale next to the corresponding line.


5.
Using a suitable number scale, construct vectors along lines A, B, and C to represent each force.  If the spring scales are not calibrated in newtons, you can use the readings in grams or kilograms to represent the force because the readings in kilograms are directly proportional to the forces.


6.
Add vector A to vector B by drawing A parallel to itself but with its tail at the head of B.  (See Figure 10-2.)

7.
Draw a vector representing the vector sum of A + B, the resultant.  Evaluate the magnitude of this resultant in terms of the number scale used.

[image: image3.png]


[image: image4.png]30N

30N

SON

(b)



[image: image5.png]



Figure 10-2.  Be sure that you are careful to draw the vectors parallel to one another when you add them.

Method 2


1.
Set up the apparatus as indicated in Figure 10-1(b).  With a protractor, measure each of the three angles at the intersection of the three strings.


2.
Using these angle measurements, construct a diagram on paper of the forces acting on P by drawing three lines to represent the lines of action of the three forces.  Label the lines A, B, and C.


3.
Record the values of the two spring-scale readings and the weight of the known mass next to the lines A, B, and C on your paper.  (Convert the mass (in kilograms) to weight in newtons by multiplying the mass by 9.8 m/s².)


4.
Using a suitable number scale, construct vectors along lines A, B, and C to represent the forces acting along each line of force.


5.
Add vector A to vector B by reproducing A parallel to itself but with its tail at the head of B.  (See Figure 10-2.)


6.
Draw the vector representing the vector sum of A + B, the resultant.  Evaluate the magnitude of this resultant in terms of the scale used.

B.

The Vector Sum of the Three Forces in Equilibrium



On a separate sheet of paper, reconstruct vectors A, B, and C and add them.  Do this by placing a piece of paper over your first diagram and tracing the vectors.  Place the tail of B at the head of A and then the tail of C at the head of B.

Interpretation:
1.

Compare the magnitude and direction of the resultant force of A + B with the magnitude of force C.  Explain your findings.




2.

Describe the results of your addition of A + B + C in Procedure B.  Explain.




3.

Suppose that you had added B to C.  What resultant would you expect?



4.

What resultant would you expect if you added C to A?



5.

Try adding your three vectors in the order C + B + A.  What resultant do you obtain?



6.

On the basis of the results of Question 4, do you think that the commutative property applies to vector addition?  Explain.




Extension:

1.
Using a different method, repeat the investigation, setting the angle between A and B at some angle other than 90˚.  Solve for C both mathematically and graphically.

Draw your vector diagrams here

Equipment





Method 1 – Force board and 3 spring


scales


Method 2 – Spring scales and an object of known mass


Metric ruler


String


Protractor


Large sheets of plain paper
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