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24.2: Physical Pendulum

A physical pendulum consists of a rigid body that undergoes fixed axis rotation about a fixed point .S (Figure 24.2).

Figure 24.2 Physical pendulum

The gravitational force acts at the center of mass of the physical pendulum. Denote the distance of the center of mass to the pivot
point S by Iy, . The torque analysis is nearly identical to the simple pendulum. The torque about the pivot point S is given by

Tg= ?S,Cm X mg = lem T X mg(cos OF — siHOé) = —lcmmgsinﬂl::
Following the same steps that led from Equation (24.1.1) to Equation (24.1.4), the rotational equation for the physical pendulum is

. d?o
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where I; the moment of inertia about the pivot point S. As with the simple pendulum, for small angles sinf =~ 8, Equation
(24.2.2) reduces to the simple harmonic oscillator equation
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The equation for the angle () is given by
0(t) = A cos(wot) + Bsin(wyt)

where the angular frequency is given by

Y ( physical pendulum )
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and the period is
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Substitute the parallel axis theorem, I'¢ = ml%, + I.;, into Equation (24.2.6) with the result that
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Thus, if the object is “small” in the sense that I.,, << ml2, the expressions for the physical pendulum reduce to those for the
simple pendulum. The z -component of the angular velocity is given by

_do
dt

The coefficients A and B can be determined form the initial conditions by setting t = 0 in Equations (24.2.4) and (24.2.8) resulting
in the conditions that

w,(t) (t) = —wp A sin(wyt) + wo B cos(wpt)

https://phys.libretexts.org/@go/page/25583



https://libretexts.org/
https://phys.libretexts.org/@go/page/25583?pdf
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Classical_Mechanics_(Dourmashkin)/24%3A_Physical_Pendulums/24.02%3A_Physical_Pendulum

LibreTextsw

A= 0(t = 0) = 00
B— w, (t=0) = w20
wo wo
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Therefore the equations for the angle 6(t) and w, (t) = 4-(t) are given by

w,(t)

0(t) = 6y cos(wpt) + %sin(wot)

_ df

= 47 (t) = —wob sin(wot) + w0 cos(wot)
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