Equilibrium of a Rigid Body

Purpose: To investigate the conditions for equilibrium of a rigid body.

Equipment: Meter stick, meter stick support stand, knife edge clamp, two weight hangers, set of weights, balance, string loops, unknown weight.

Theory: 

     For rigid bodies in equilibrium it is not enough that the net force acting on the body is zero. One also needs to insure that the body is not undergoing a rotational acceleration. Just as a net force can cause a linear acceleration, a net torque causes angular acceleration. For example, a door hanging on its hinges is not accelerating vertically or horizontally and leaving its hinged location. However, applying a force to open the door will cause it to rotate. If this force is applied at the door knob, then the resulting angular acceleration will be different than if it is applied in the middle of the door. (Why is the door knob located at the furthest point from the hinge?)  The ability of an applied force to rotate the door depends upon the force’s tangential component, which is perpendicular to the door and the distance it is applied from the rotation axis through the hinges. Using these quantities, we define the torque as 

 This can also be defined as the product of the force and the moment arm, 

 as you will learn in class. However, in this lab all forces will be acting tangentially 
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; so, the torque may be computed as 

 You will later see that torques are vector quantities.
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Torque: We define the torque as 

 This can also be defined as the product of the force and the moment arm, 

 If the force acts tangentially,  the torque may be computed as 




     For rigid bodies in equilibrium we need to require both that the net force acting on the body is zero and that the net torque is zero. This can be written as 

and 

 Your instructor will explain to you how this applies in the lab. 

Instructions: 

1.  Weight the meter stick without the knife-edge clamp. Weight the unknown mass. 

2.  Determine the center of mass of the meter stick by balancing it on the support stand. Make sure that the meter stick is horizontal. Record the position according to the middle of the knife edge and to the nearest 0.5 mm.

3.  Place the 100 g weight on a loop of string at the 10.0 cm mark and slide the knife-edge clamp along the meter stick until it is balance on the support stand. Record the positions in row I of the data table.

4.  Keeping the 100 g weight in place, add a 200 g weight at the 90.0 cm mark and slide the knife-edge clamp along the meter stick until it is balance on the support stand. Record the positions in row II of the data table.

5.  Remove the weights. Put the knife-edge clamp at the center of mass of the meter stick and hang the unknown mass at the 10.0 cm mark. Place the 200 g mass on the meter stick at a location for which the system is balanced. Record the positions in row III of the data table.

Data:      











Mass of Meter Stick ____________     Mass of the unknown ______________

Center of Mass of Meter Stick     _______________

I.
100 g Position
Knife-edge Position

II.
100 g Position
200 g Position
Knife-edge Position

III.
Unknown’s Position
200 g Position
Knife-edge Position

Analysis:

1.  From data set I determine the mass of the meter stick using the equilibrium conditions and compare your results with the actual mass of the meter stick.

2.  Use data set II to compute the torques and verify that the sum of the torques is zero.

3.  Determine the mass of the unknown and compare with the known mass.
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