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 Physics Name:   _____________________________ 

 LAB #6:  FORCES IN EQUILIBRIUM Date:   _____________________________ 

Forces in Equilibrium Lab #6 

Pre-Lab Discussion:  We have learned two ways to add vectors – graphically and algebraically.  In this 

lab we will use both methods and compare our results to actual data.  Forces are vectors and should 

add like vectors.  Furthermore, when multiple forces are acting concurrently on a system at 

equilibrium (not accelerating), the vector sum of these forces should be zero. 

In this lab, the forces will be provided by weights hanging from pulleys attached to a vector 

board.  The vector board allows us to choose the angles of all of the vectors relative to each other.  

When all of the forces are in equilibrium, the mounting pin at the center of the table will be at the 

center of the ring holding the weights.  After determining the actual forces needed to achieve 

equilibrium, we will determine the expected values both graphically and algebraically. 

Purpose:  To compare algebraic and graphical vector analysis. 

Materials: vector board masses hangers 

Method: 

 1. Add weights to pulleys A, B, and C.  Pulley A will be at 0.  Pulleys B, C, and D will be attached 

in a counterclockwise order at various angles.  The angles for pulleys B and C will be assigned.  

Weights will be added to each pulley as assigned.  Remember that each weight holder has a mass 

of 50 g (0.5 N). 

 2. Estimate the angle for pulley D.  Pull on the string for Pulley D at various angles until the ring does 

not touch the mounting pin.  Attach the pulley at this angle. 

 3. Determine the force needed to achieve equilibrium.  Add weights to Pulley D until the ring pulls 

away from the mounting pin.  It may be necessary to fine-tune both the angle of the pulley and the 

amount of weight on it. 

 4. Add weights to Pulley D until the ring pulls away from the mounting pin.  It may be necessary to 

fine-tune both the angle of the pulley and the amount of weight on it. 

 5. On the data table, record the fourth angle and masses needed to achieve equilibrium.  Record these 

angles and masses for your group. 

Data Table 

Group A B C D 

1 170 g, 0 120 g, 70 220 g, 150  

2 220 g, 0 120 g, 50 70 g, 140  

3 170 g, 0 220 g, 65 170 g, 145  

4 120 g, 0 220 g, 80 170 g, 125  

  



Data Analysis: 

 1. Convert the masses to forces using the approximate conversion factor of 100 g = 1 N and record 

these results in the results table below. 

Results Table 

Group A B C D 

1 N, 0 N, 70 N, 150  

2 N, 0 N, 50 N, 140  

3 N, 0 N, 65 N, 145  

4 N, 0 N, 80 N, 125  

 2. Add the three vectors graphically: 

Use 1 N = 5 cm as the scale.  Draw the 0° vector beginning toward the lower-left of the page and 

pointing toward the right.  Use a protractor and ruler to accurately draw the other vectors.  Position 

the vectors so they are all head-to-tail.  Each angle should be accurate to within ± 1° of the recorded 

angle and each length should be accurate to within ± 1 mm. 

In an ideal world, the sum of the vectors should be 0.  In the real world, there will be some error 

because of friction in the pulleys and inaccuracies in the drawing.  Determine the magnitude of the 

error by measuring the distance from the starting point to the end of the three vectors. 

 3. Add the three vectors algebraically: 

For each set of force vectors, determine the X- and Y-component of each vector.  Make a table 

showing all the values.  Add all the X-components and all the Y-components to determine the X- 

and Y-components of the resultant force vector.  This should be the same error that was determined 

graphically. 

Determine the magnitude of the resultant vector.  State how this is done and show your work.  

How does this compare to the measured value? 


