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Esercizio

Un pendolo è costruito saldando un’asta sottile omogenea di lunghezza L = 20 cm omogenea e massa
MA = 80 gr con un disco omogeneo di raggio R = 5 cm e massa MD = 1 kg.

Calcolare la posizione del centro di massa del pendolo posto in verticale
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SOLUZIONE

Dati noti
L = 0.2 m
MA = 0.08 kg
R = 0.05 m
MD = 1 kg

• Definiamo innanzitutto un sistema di assi x− z come in figura, dove il disco è all’altezza z = 0,
e l’asta ed il centro del disco sono posti alla coordinata x = 0.

z
<latexit sha1_base64="xOCiH0y44PpIlquFdd71FsrEhDU=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrxCWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfXYmPhA==</latexit><latexit sha1_base64="SN2NEl6sa2h7PhwZJVpbvNiZ95k=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmhbiktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD4EZF3</latexit><latexit sha1_base64="SN2NEl6sa2h7PhwZJVpbvNiZ95k=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmhbiktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD4EZF3</latexit>
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<latexit sha1_base64="yh5zD7PrydiBCnlEIm82LS3aq4s=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrhiWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfWoGPgg==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit>

• Calcoliamo innanzitutto il centro di massa di ciascuno dei due costituenti (asta e disco) sepa-
ratamente.

– centro di massa dell’asta
Essendo l’asta omogenea il centro di massa cade al centro dell’asta, che ha coordinate:

~rCM,A = (xCM,A, zCM,A) = (0, 2R +
L

2
) (1)

– centro di massa del disco
Essendo il disco omogenea il centro di massa cade al centro del disco, che ha coordinate:

~rCM,D = (xCM,D, zCM,D) = (0, R) (2)

• Per calcolare il centro di massa sfruttiamo ora la proprietà distributiva del centro di massa,

~rCM = (xCM, zCM) =
MA ~rCM,A + MD ~rCM,D

MA + MD
=

=
MA (0, 2R + L

2 ) + MD (0, R)

MA + MD
=

=

(
0,

MA (2R + L
2 ) + MD R

MA + MD

)
(3)
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Sostituendo i valori per la coordinata zCM otteniamo

zCM =
0.08 kg/ (2 · 0.05 m + 0.2m

2 ) + 1 kg/ · 0.05 m

0.08 kg/ + 1 kg/
=

=
0.08 · 0.2 m + 0.05 m

1.08
=

= 0.06 m (4)

Pertanto il centro di massa cade poco sopra il centro del disco

z
<latexit sha1_base64="xOCiH0y44PpIlquFdd71FsrEhDU=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrxCWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfXYmPhA==</latexit><latexit sha1_base64="SN2NEl6sa2h7PhwZJVpbvNiZ95k=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmhbiktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD4EZF3</latexit><latexit sha1_base64="SN2NEl6sa2h7PhwZJVpbvNiZ95k=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmhbiktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD4EZF3</latexit>

x
<latexit sha1_base64="yh5zD7PrydiBCnlEIm82LS3aq4s=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrhiWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfWoGPgg==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit>
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<latexit sha1_base64="UD2lGGDV2MbH+6bQfZEN06qnKys=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGNhkYC5QLKE2cnZZMzs7DIzK4QlpZWNhSK2vomvYOcz+BJOLoUm/jDw8f/nMOecIBFcG9f9cpaWV1bX1nMb+c2t7Z3dwt5+XcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASDq3HeuEeleSxvzTBBP6I9yUPOqLFW9aZTKLoldyKyCN4Mipcf3w8EACqdwme7G7M0QmmYoFq3PDcxfkaV4UzgKN9ONSaUDWgPWxYljVD72WTQETm2TpeEsbJPGjJxf3dkNNJ6GAW2MqKmr+ezsflf1kpNeO5nXCapQcmmH4WpICYm461JlytkRgwtUKa4nZWwPlWUGXubvD2CN7/yItRPS55b8qpusXwBU+XgEI7gBDw4gzJcQwVqwADhEZ7hxblznpxX521auuTMeg7gj5z3HxfRj1Y=</latexit><latexit sha1_base64="nlLIUEibcpT+dPDTOb5V30t4QTI=">AAAB6HicbZC7SgNBFIbPxluMt6ilIINBsAq7NloIBmwsLBIwF0iWMDs5m4yZvTAzK4QlpZWNhSK2PoWtr2DnM+hDOLkUmvjDwMf/n8Occ7xYcKVt+9PKLCwuLa9kV3Nr6xubW/ntnZqKEsmwyiIRyYZHFQoeYlVzLbARS6SBJ7Du9S9Gef0WpeJReK0HMboB7Ybc54xqY1Wu2vmCXbTHIvPgTKFw/v51t/9W+S638x+tTsSSAEPNBFWq6dixdlMqNWcCh7lWojCmrE+72DQY0gCVm44HHZJD43SIH0nzQk3G7u+OlAZKDQLPVAZU99RsNjL/y5qJ9k/dlIdxojFkk4/8RBAdkdHWpMMlMi0GBiiT3MxKWI9KyrS5Tc4cwZldeR5qx0XHLjoVu1A6g4mysAcHcAQOnEAJLqEMVWCAcA+P8GTdWA/Ws/UyKc1Y055d+CPr9QeyWZFJ</latexit><latexit sha1_base64="nlLIUEibcpT+dPDTOb5V30t4QTI=">AAAB6HicbZC7SgNBFIbPxluMt6ilIINBsAq7NloIBmwsLBIwF0iWMDs5m4yZvTAzK4QlpZWNhSK2PoWtr2DnM+hDOLkUmvjDwMf/n8Occ7xYcKVt+9PKLCwuLa9kV3Nr6xubW/ntnZqKEsmwyiIRyYZHFQoeYlVzLbARS6SBJ7Du9S9Gef0WpeJReK0HMboB7Ybc54xqY1Wu2vmCXbTHIvPgTKFw/v51t/9W+S638x+tTsSSAEPNBFWq6dixdlMqNWcCh7lWojCmrE+72DQY0gCVm44HHZJD43SIH0nzQk3G7u+OlAZKDQLPVAZU99RsNjL/y5qJ9k/dlIdxojFkk4/8RBAdkdHWpMMlMi0GBiiT3MxKWI9KyrS5Tc4cwZldeR5qx0XHLjoVu1A6g4mysAcHcAQOnEAJLqEMVWCAcA+P8GTdWA/Ws/UyKc1Y055d+CPr9QeyWZFJ</latexit>
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<latexit sha1_base64="EjX8SwBZwzz+x5GmdRbHr4N0TTY=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZiLlAsoTZydlkzOzsMjMrhCWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64R6V5LG/NMEE/oj3JQ86osVb1plMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXOenFfnbVq65Mx6DuCPnPcfIOmPXA==</latexit><latexit sha1_base64="9X/+wZ0Fb4yWzJmaONz+QYz6oEI=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzEXSJYwOzmbjJmdXWZmhbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129RKhaJaz2I0QtJV7CAUaKNVblq5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqwb68F6tl4mpRlr2rMLf2S9/gC7cZFP</latexit><latexit sha1_base64="9X/+wZ0Fb4yWzJmaONz+QYz6oEI=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzEXSJYwOzmbjJmdXWZmhbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129RKhaJaz2I0QtJV7CAUaKNVblq5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqwb68F6tl4mpRlr2rMLf2S9/gC7cZFP</latexit>

CM
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