4. Forces

1. Object: To study the effect of forces in both static and Dynamic cases.

2. Apparatus: Pulleys, masses, supports, Fletcher trolley, picket-fence, Science workshop Interface, photo-gate and a PC.

3. Experiment:

A) Statics: The resultant of forces acting on a body in Equilibrium (at rest or moving with constant velocity) is zero; The set-up used in this experiment is shown in    Figure 1.
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      Figure 1.

Point A is at rest, and thus the net force acting on it is zero. The vertical displacement y is given by:
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(1)

1. For m =200 g and L = 80 cm calculate y for various values of M and plot a graph of y against M (smooth curve) before you come to the laboratory. 

2. In the Lab, set L = 80 cm and m = 200g. Measure y as function of M and plot this on the above graph.

N. B. Make sure your arrangement is always symmetric. For each value of M you should approach equilibrium from larger and smaller values of y. Pull M below its equilibrium position and let it rise slowly until it stops. Measure y.


Next raise M above its equilibrium position and let it fall slowly until it stops. Measure y. The two value of y are slightly different and the true value of y is the average of these two measurements. 

B) Dynamics:








Figure 2.

Figure 2 shows one of the typical examples I dynamics. M slides on a horizontal frictionless plane. M is attached to M by means of a massless string that passes over a massless frictionless pulley. The Equation of motion is: 

  mg = (m +M)a




(2)

where a is the acceleration of the system. Eq. (2) states that the weight of m is the accelerating force for the total mass (m + M).


The fletcher trolley, in this experiment, is such a system where M is the trolley and mg is a weight that accelerates the system. To measure the acceleration we will use a picket-fence and a photogate timer connected to the PASCO 700 Interface. The picket-fence (a clear plastic strip with uniformly spaced opaque bands) moves through a photogate. Each opaque band blocks the photo-gate, and the time from one blockage to the next becomes increasingly shorter. Knowing the distance between the leading edge of each opaque band, The science workshop program calculates the average speed of the picket-fence from one band to the next. The slope of the graph of average speed versus time gives the acceleration of the moving trolley.

N.B. Of course the system is not frictionless, and to avoid systematic errors caused by friction we have to remedy the situation. A simple solution is to incline the plane slightly so that M (the trolley) moves with constant speed when given a slight push, when no mass is attached to it. In this case, inclining the plane exerts a force on the trolley that compensates for the force of friction. 

4. Procedures:

1. Incline the track by placing blocks under the end of the track (not the end with pulley) so that the trolley moves with constant speed when given a small push.

2. Place the picket-fence on the trolley, and gently tighten the screw to fix the picket-fence in its place. Connect the photo-gate’s stereo phone plug to Digital Channel 1 on the Interface. Make sure that the photo-gate beam is blocked by the picket fence as the trolley moves on the track.

3. Open the science workshop file titled: C:\phys105\Force.

4. Using a hanging mass m = 250 g, allow the trolley to roll down the track and simultaneously press the record button on the PC window.  When the trolley stops you will have a plot of the average speed v versus time on your screen the slope of the graph (linear part only) is the acceleration of the trolley. Record your acceleration in Table II.

5. Using m = 200g and adding 50g to the trolley repeat the above experiment. Note that the accelerating force (mg) has changed while the accelerated mass (m + M) has not. Repeat with m =150 g, 100 g, and 50 g, and respectively add 100 g, 150, and 200 g on the trolley.

6. Plot the acceleration a versus the accelerating force. What is the slope of this graph? Comment. Deduce the mass of the trolley.

7. Measure the mass of the trolley using a balance and compare it to the value obtained in 6.
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