Motion of a leaky pendulum
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period of the system was determined from the data collected a potentiometer
attached to the of the pendulum and thea interfaced with 2 computer running
Scieace W ‘The results agreed well with the qualitative theoretical
assumptions of the motion of the pendulum.
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Here, My o 13 the mass of the fluid when
the tube is full, L is the length of the
aluminum tube, and x is the distance from
the top of the meter stick to the 1op of the
aluminum tube, The expressions
and my, are the masses of the
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A expression
Meand (VL) 15 the mass of the sand when
the height of the columm ish, The center
of mass of the sand column is located at
(h/2). The derivation of y can be found
in Appendix B.

’-

The moment of incrtia of the
composite system is given by
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where I; 1s the moment of inenia of the

stick and the moment of incrtia of the
cmpty tube, and it can be calculated using
the parallel axis theorem.? If m,, is the
mass of the meter stick, and L, is the

leagth of the meter stick (and also the
, then the moment of inertia of
the meter stick is given by
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The moment of inertia of the
aluminum tube can be calculated in a
similar manner with the equation
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where m,, and L are the mass and
leagth of the empty aluminum tube
respectively, and dyy,, is the distance
from the ceater of mass of the tube to the

of the composite system.
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III. EQUIPMENT
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V. DATA ANALYSIS &
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Fig.5. Period determination of the smpty system.
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Fig (a). Period change with time for the leaky pendulum, Runid. The equation used to
fit the data is a fourth onder polynomial in the form of y = Kg + Kyx +Kzx? + Kyx?,
where Kg=1.60992, K= 0.0126557, Kz= 0.00067839, and Kg= -0.000172067.
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Fig.6 (b). Period change with time for the leaky pendolum, Run#S. The data was fit
with & fourth order polynomial in the form of y =Ko + KX + K,x? + K3x®, and the value
of hfnum mre Kog=1.61614, K;= 0,018917, Kz= -0.00144808, and

K3= -1.948610-05.
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7. Superposition of data from runs #4 and #5 and the values of the period obtained
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In Fig.7, Runid, Run#3, and the Run#S, it should be noted that the initial
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gystem in a similar fashion for the height it was released for

both data scts. mm‘&mn,” both runa. The results are superimposed
and comparing the resuks of and 30 that a qualitative understanding of the
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mass. These two quantities are related by
x=L1,6. Since the pendulam rotates
about a fixed axis, its motion obeys

3. £=1a, whens the only torque is

cansed by the dﬁm

As it can be seen
arm of the weight is L, sin @, and
therefore the torque £ is given by
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where the minus sign denotes & restoring

torque. Using ¥ ¢ =1a, it can be
shown that
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Since the tangential acceleration a; of the
center of masg is equal L&, we have

2 b 4
3, =La -_Elll_‘l_lm[E cq.A3)

For small angles sin(x /Ly) = x /1,4, aad
therefore the acceleration of the center of

mass is
8 =-(5%1)x (eq.Ad)
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axis of rotation

F1g.9. The physical pendulum

APPENDIX B: CALCULATION
OF THE CENTER OF MASS OF

The center of mass of the meter stick can
be cakculated in a similar fashion, kecping



in mind that the length of the meter stick
is Ly, = (L +x), where x is measured to
be 11 centimeters. Thus,
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Since the height of the sand colamn is h,
the center of mass of the sand column is

cm_;-% (cq.B4)
Substituting equations B2, B3, and B4
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which is the center of mass of the
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heigi of the column is h.

‘Therefore the center of mass from
the axis of rotation is
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APPENDIX C: DERIVATION OF

1
* The parallel axis theorem states
that if you know the rotational inertia of a

where M is the mass of ths body and sis
distance between the

the perpendicalar
two parallel axes, whereas the expression
Lo 15 the rotational inertia of the body
about a pamallel axis through its center of -
mass. 1, can be calculmed by the
following integral:
I = [Pdm (€q.C2)
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(@

TlEpe e
which can be solved to obtain -

1 'y
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axis of rotation of the pendulum to the
bottom of the aluminum tobe, then s is
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Since the mass of the sand
column o the beight of the
column, M can be expressed as
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