Abstract
In this experiment the centrifugal force was studied to know the effected factors on it.

To do this study a system of two identical sides carried tow blocks was rotated by a motor and by change the masses with fixed distance and vice versa the brake speed was found and the centrifugal force was calculated.

After the experiment was done it was found that the centrifugal force magnitude proportionate directly with the mass, the distance from the rotating axis and the square of the speed of rotation.  
I
List of symbols

	Mass of  block (a)   [gm]
	       ma :

	Mass of  block (b)   [gm]
	       mb : 

	The normal distance from the axis of rotation of the system to the axis of rotation of the spider [cm]
	         r  : 

	Speed of rotation [rpm]
	        ω  :

	Uncertainty in the calculated force [N]
	  Wforce : 

	Uncertainty in the mass of  block (a)   [gm]
	    Wma :


    Wmb :     Uncertainty in the mass of  block (b)   [gm]
       Wr :     Uncertainty in the distance (r)  [cm]
     Wω :     Uncertainty in the Speed of rotation [rpm]
          g :     Acceleration due gravity  [m/s2] 
II
Objectives
        In this experiment, the factors affecting the magnitude of the centrifugal force are to be studied separately.

Experimental setup

        Figure-1 below shows the layout of the system to be used in this experiment, in which a circular table is attached to an electrical motor, which drives it with rotational speed (, and carries two blocks at opposite sides from the axis of rotation, each one can slide over a diametric rectangular way towards or away from the centre of the table.

Each block possesses a spider free to rotate about the axis passing through point O, at distance r from the axis of rotation.  The two masses ma and mb are fixed at the two ends of the spider, each at a side from that axis, at distances ra and rb, respectively.

        In the state of rotation, each upper mass ma experiences a centrifugal force that tries to push it radial outwards, producing a moment that counteracts the moment caused by the weight of the lower mass mb.  By increasing the speed of rotation (, the centrifugal force builds up until it reaches the required value to overcome the moment of the gravitational force; and there, the spider turns over.

[image: image6.wmf]r

b

r

w

r

a

m

b

m

a

O

Block

Rotating

table

Spider

Axis of

rotation

O


Figure-1 General layout of the experiment set-up

Procedures:

1) Prepare the system shown in Figure-8.1 with (r = 12.5 cm), (ma = 25 gm) & (mb = 25 gm).

2) Switch the motor on at low speed, and then increase its speed slowly.  During this, keep listening carefully until you hear a knocking sound, and there fix the speed and record it.

This sound indicates that the spider has turned over, and so equilibrium has been reached.

3) Keep r and ma unchanged, and increase the value of mb to (50, 75 and 100 gm), respectively.  Repeat step-2 for each of the three cases.

4) With the same radius (r = 12.5 cm); increase ma to (50 gm) then to (75 gm).  And for each one of them, repeat step-2 another four times corresponding to the same four values of mb (25, 50, 75 and 100 gm).

5) Fix ma at (25 gm), and reduce the radius r to (9.5 cm) then to (8 cm); and again for each one of the two radii, repeat step-2 four times, one corresponding to a value of mb (25, 50, 75 and 100 gm).

Note: In each case before you run the motor, cover the table with the Safety Dome; this dome is a transparent plastic dome for protection during operation and the motor switches of if it is not in place.  
1
Data observed

Tables-1—5  Data collected (speed of motor) for the mentioned states

	Mass ma = 25 gm,     r = 12.5 cm*

	Trial
	Mass mb (gm)
	Speed (rpm)

	1
	25
	84

	2
	50
	117

	3
	75
	147

	4
	100
	165


	Mass ma = 50 gm,     r = 12.5 cm

	Trial
	Mass mb (gm)
	Speed (rpm)

	1
	25
	60

	2
	50
	84

	3
	75
	102

	4
	100
	120


	Mass ma = 75 gm,     r = 12.5 cm

	Trial
	Mass mb (gm)
	Speed (rpm)

	1
	25
	48

	2
	50
	69

	3
	75
	87

	4
	100
	99


	Mass ma = 25 gm,     r = 9.5 cm

	Trial
	Mass mb (gm)
	Speed (rpm)

	1
	25
	96

	2
	50
	138

	3
	75
	165

	4
	100
	198


	Mass ma = 25 gm,     r = 8 cm

	Trial
	Mass mb (gm)
	Speed (rpm)

	1
	25
	105

	2
	50
	153

	3
	75
	183

	4
	100
	210


* r : the normal distance from the axis of rotation of the system to the axis of rotation of the spider.

2
Sample calculations

For mass ma=25 gm, mass mb=25 gm, distance r=12.5 cm and speed ω=8.796 rpm
1- Calculate the centrifugal force needed to turnover the spider which equal the weight of mass mb
                        Force = mb * g 

                                  = 25 * 10-3 * 9.81= 0.245 [N]

2- Calculate the centrifugal force that turnover the spider from the mass ma and the normal acceleration ( r ω2 )
                        Force = ma * r * (2 

                                   = 25 * 10-3 * 15.5 * 10-2 * 8.7962 = 0.242 [N]
3- Calculate the parentage relative error between the calculated force in 1 and  2

     Percentage Error = (force (in 1) – force (in 2)) / force (in 1)

                                   = ( 0.245 – 0.242 ) / 0.245 = 1.4 [%]

Results and discussion

Tables from 6 to 10 shows the values of the forces needed to turn over the spider calculated by the two methods shown in the sample calculation for the experimental data.  

Table-6—10 Data processing results

	Mass ma = 25 gm,     r = 12.5 cm(1)

	Trial
	Mass mb
(gm)
	Speed (
(rad/sec)
	mbg(2)
(N)
	mar(2(3)
(N)
	Percentage Error (()

	1
	25
	8.796
	0.245
	0.242
	1.40

	2
	50
	12.252
	0.491
	0.469
	4.36

	3
	75
	15.394
	0.736
	0.741
	0.65

	4
	100
	17.279
	0.981
	0.933
	4.89


	Mass ma = 50 gm,     r = 12.5 cm

	Trial
	Mass mb
(gm)
	Speed (
(rad/sec)
	mbg

(N)
	mar(2
(N)
	Percentage Error (()

	1
	25
	6.28
	0.245
	0.247
	0.61

	2
	50
	8.80
	0.491
	0.484
	1.40

	3
	75
	10.68
	0.736
	0.713
	3.08

	4
	100
	12.57
	0.981
	0.987
	0.61


	Mass ma = 75 gm,     r = 12.5 cm

	Trial
	Mass mb
(gm)
	Speed (
(rad/sec)
	mbg

(N)
	mar(2
(N)
	Percentage Error (()

	1
	25
	5.03
	0.245
	0.237
	3.42

	2
	50
	7.23
	0.491
	0.489
	0.21

	3
	75
	9.11
	0.736
	0.778
	5.76

	4
	100
	10.37
	0.981
	1.008
	2.71


3

	Mass ma = 25 gm,     r = 9.5 cm

	Trial
	Mass mb
(gm)
	Speed (
(rad/sec)
	mbg

(N)
	mar(2
(N)
	Percentage Error (()

	1
	25
	10.05
	0.245
	0.240
	2.13

	2
	50
	14.45
	0.491
	0.496
	1.12

	3
	75
	17.28
	0.736
	0.709
	3.63

	4
	100
	20.73
	0.981
	1.021
	4.08


	Mass ma = 25 gm,     r = 8 cm

	Trial
	Mass mb
(gm)
	Speed (
(rad/sec)
	mbg

(N)
	mar(2
(N)
	Percentage Error (()

	1
	25
	11.00
	0.245
	0.242
	1.40

	2
	50
	16.02
	0.491
	0.513
	4.67

	3
	75
	19.16
	0.736
	0.734
	0.17

	4
	100
	21.99
	0.981
	0.967
	1.40


(1)  r : the normal distance from the axis of rotation of the system to the axis of rotation of the spider.

(2)  mbg :  the centrifugal force needed to turnover the spider which equal the weight of mass mb
(3) mar(2 : the centrifugal force that turnover the spider from the mass ma and the normal acceleration ( r ω2 )
The results in the tables plotted in figures 2-4 
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Figure-2           (centrifugal force versus mass mb) at constant distance r=12.5 cm, and variable mass ma.       
4
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Figure-3         (centrifugal force versus mass mb) at constant mass  ma =25 gm, and variable distance  r.       
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Figure-4     (centrifugal force versus speed  ω) at constant distance r =12.5 cm, and variable masses  ma and mb.

* From figure-2 and  3 it's clear that the value of brake centrifugal force doesn’t depend on the value of mass ma or distance  r and this is shown in the left side of the equation:
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Since the force depends just on the value of mass  mb and  the acceleration of gravity.

But the right side in the equation show that the change in ma & r transform to change in the angular acceleration so ma increase the angular acceleration decrease for the same values of r and the centrifugal force as shown in figure-4.

5
** When performing the experiment, you increase the speed of the motor slowly until you hear knocking sound where the spider turns over.  At that instant, if you try reversing the process and returning to the original position, you will observe that it needs a large reduction in the speed of the motor, and not slight as in the forward one this is happened because the mass (ma) weight is passing through point O before hearing the sound so it's moment about point O equal to zero so the only moment against the moment of (mb) weight is the moment of the centrifugal force. But in returning the (ma) weight moment not equal to zero because of the slope on the mass position so the moment of (mb) weight needs to overcome to the sum of (ma) weight moment and the moment of the centrifugal force to return the spider to the original position.

Uncertainty analyses
1- Uncertainty the centrifugal force needed to turnover the spider which equal the weight of mass mb

                        Wforce =9.81 *  Wmb     because the acceleration of gravity is a standard value.

                                  = 4.905*10 -3 [N]
2- Calculate the centrifugal force that turnover the spider from the mass ma and the normal acceleration ( r ω2 )

                     Wforce = ( (Wma * r * ω2 )2 + ( Wr * ma *ω2 )2 + ( Wω * ma * r * 2ω )2 )

For mass ma=25 gm, mass mb=25 gm, distance r=12.5 cm and speed ω=8.796 rpm

                     Wforce = ( (0.5*10-3 * 12.5*10-2*8.7962 )2 + ( 5*10-4*25*10-3 *8.7962)2 + (0.005 * 25*10-3  *  

                                   12.5*10-2* 2*8.796)2 )0.5 = 4.939 *10-3 [N]
Conclusions

the centrifugal force magnitude proportionate directly with the mass, the distance from the rotating axis and the square of the speed of rotation.

This force has many practical applications, some of typical examples:

a) The roller coasters: whereas the centrifugal force balance the weight and keep the riders on the coaster.

b) In Turbines ,the start locks are metal pins that are held out by centrifugal force at operating rpm, which allows the blade angle to change. 

c) To separate materials according to variation in densities since the heaviest particles subjected to largest centrifugal force so they go to the vessel edges.

d) Centrifugal pumps consist of a set of rotating vanes, enclosed within a housing or casing, used to impart energy to a fluid through centrifugal force.
e)   For Automobiles to move on circular paths safely, it is considered in their design to have a wide base and low height (separation from ground). This can understood easily by knowing that the weight of the car and the centrifugal force acting on the center of gravity so when the car is wide the moment cased by it's weight about the farthest wheels from the center of curvature increases and then it has low high the moment of the centrifugal force about this wheels decrease so the moment of the weight prevent the moment of the centrifugal force from turning the car as figure-5 shows.
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Figure-5   the moment of the centrifugal force turns the car  

Sources of errors
1.   Human errors 
     In measured the distances and masses and in reading the brake speed. 
2. Equipments errors

 Inaccurate mass balance, caliper, and speedometer.
These errors can be decreased by using more precise equipments and more careful in the work.
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