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Circular Motion Lab
I. Objective
This lab will allow us to examine the relationship between mass, velocity, radius, and centripetal force.
II. Materials
· A piece of string 1 to 1.5 meters long
· Several washers or nuts to use as weights
· Masking tape
· Meter stick
· Stopwatch
· Calculator
· Plastic tubing
· Rubber Stopper
III. Laboratory Setup
[image: ]
IV. Procedures
· This lab requires you to swing objects on the end of a rope with uniform circular motion to examine what happens as you change three quantities: the mass, the length of the string, and the velocity.  That is, what happens to the centripetal force when you change v, r, and m?  It makes sense to divide this lab into three parts that will examine each of these.
· To get started, tie a knot at the end of your string that will act as a stop.  It is important to make a good stop so that your masses do not fly off when you start swinging your string.  We don’t want anyone getting hurt.
· To calculate velocity, use your stopwatch and the equation for the circumference of a circle (2r).  Remember that to calculate velocity you don’t need to time just one revolution.  In fact, it would be smart to time 10-20 revolutions to find your velocity.
· I have created a chart that will help you organize your data.  In the column labeled “Feel” of the Force, you will enter words like “greater, less, same.”  You will put a word there that describes how the force of the rope in your hand feels compared to the initial force.  Do an initial trial first to have a baseline, and then for each trial record whether the force is less, greater, or the same.

· You may work through the three parts of this lab in any order you wish.

Part 1: How Mass Affects FC:
In this experiment you will see how mass affects the centripetal force, Fc.  You must hold the radius and velocity as constant as possible for this part so that you are only seeing what effect a change in mass produces.  This will be hard to do and it may take a couple of trials to get it right.  Experiment with different amounts of mass and try to feel how the force varies on your hand. Does the rope pull more or less on your hand when the mass at the end of the rope is increased?
Part 2: How Velocity Affects FC:
In this experiment you must hold mass and radius constant.  Spin the weight around in a circle and vary the velocity at which you spin it.  Record how the amount of force on your varies with velocity.
Part 3: How Radius Affects FC
In this experiment you must hold mass and velocity as constant as possible.  This will be hard to do and it may take a couple trials to get it right.  First, measure a couple of lengths out from your knot and wrap some tape around the rope to mark the spots.  Don’t go over 1.5 m, for the sake of safety.  Spin the mass at different radii by changing the location of where you grab the rope.  Once again, it is crucial that velocity is constant – pay attention to this.


V. Data and Calculations
	Part 1:              ( mass)
	Mass (kg)
	Velocity (m/s)
	Radius (m)
	“Feel” of The Force
	Calc. FC (N)

	Initial
	.0878kg
	0.944m/s
	.18m
	Greater
	.435N

	Trial 1
	.121kg
	1.066m/s
	.18m
	Less
	.764N

	Trial 2
	.1536kg
	1.171m/s
	.18m
	Less
	1.170N

	Trial 3
	.184kg
	1.090m/s
	.18m
	Greater
	1.215N

	Part 2:              ( velocity)
	Mass (g)
	Velocity (m/s)
	Radius (m)
	“Feel” of The Force
	Calc. FC (N)

	Initial
	.184kg
	0.760m/s
	.18m
	Greater
	.590N

	Trial 1
	.184kg
	0.934m/s
	.18m
	Less
	.892N

	Trial 2
	.184kg
	1.123m/s
	.18m
	Less
	1.289N

	Trial 3
	.184kg
	1.341m/s
	.18m
	Less
	1.371N

	Part 3:             ( radius)
	Mass (g)
	Velocity (m/s)
	Radius (m)
	“Feel” of The Force
	Calc. FC (N)

	Initial
	.184kg
	1.090m/s
	.18m
	Greater
	1.215N

	Trial 1
	.184kg
	0.696m/s
	.08m
	Greater
	1.601N

	Trial 2
	.184kg
	1.077m/s
	.20m
	Greater
	1.067N

	Trial 3
	.184kg
	1.453m/s
	.25m
	Less
	1.554N


		Calculating Velocity: Time It took for 20 revolutions / 20 * 2
		Calculating Fc: m*(v2/r) 
VI. Data Analysis
Mass ∝ Fc , Fc ∝ V , 1/r ∝ Fc
VII. Conclusion
Centripical Force:
 A centripetal force is a force that makes a body follow a curved path. Its direction is always orthogonal to the motion of the body and towards the fixed point of the instantaneous center of curvature of the path.

Acceleration:
 Acceleration, in physics, is the rate of change of velocity of an object. An object's acceleration is the net result of any and all forces acting on the object, as described by Newton's Second Law.

Mass is directly proportional to Fc; Velocity is directly proportional to Fc; Radius is indirectly proportional to Fc.
VIII. Application
1. Figuring out how satellite will orbit the earth or not.
2. 	Figuring out how fast you will go on a loop in a roller coaster
3.	Swing sets show centripetal force in motion
4.	Turning a curve in a car 
5.	Standing still as gravity is applied to keep you from flying off of earth
IX. Problem Set
1.	You ponder how much centripetal force you create as you throw a tether ball. You find the tether ball set online and you see it is 10 kilograms. The cord connecting the ball is 2 meters and using a speedometer you find out after some rough calculations the ball was traveling 5 m/s as you threw it. How much centripetal force did you cause?
2.	A ball is attached to 0.85 meter string and spun at 5 m/s with a centripetal force of 15N. What is the mass of the ball?
3.	A 3kg ball is attached to 1 meter string and spun with a force of 10N. What is the velocity of the ball?
4.	4.5 kg ball is attached to 0.5 meter string and spun at 2 m/s. What is the centripetal acceleration?
5.	1 kg ball is attached to a string and spun at 2 m/s with a centripetal force of 12.5 N. What is the radius of the string?
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