FREE AND FORCED OSCILLATIONS —
POHL’S PENDULUM.

OBJECT

* To calculate coefficient of damping and period ofef oscillations of the Pohl’s
pendulum for different dampings.

* To investigate frequency characteristics of thecddr oscillations of the Pohl’s
pendulum for different dampings.

Pohl’s pendulum.

Copper disc

Ly Spiral spring

Levers

Electromagnetic break
Fig. 1. Pohl’s pendulum.

Pohl’s pendulum is shown in Fig.1. The copper gdigbrough a spiral spring and two levers
connected with a motor, which periodically expecera force on the spring. The rotational
motion of the motor shaft thus causes oscillatiohthe pendulum. At the lower part of the
pendulum there is an electromagnetic break B, widgchsed for study of the influence of
damping on the pendulum’s oscillations.

THEORY:
Pohl’s pendulum can be considered as a harmoniitatsc Its oscillatory motion represents,
depending on the conditions, different types oflizimon:

* Free oscillations.

» Damped oscillations.

» Forced oscillations.
Following equations describe the linear harmoniliagor. In case of Pohl’s pendulum, the
forces should be substituted by torques and liksplacement should be substituted by
angular displacement.

Note: Complete theory dealing with oscillatory nootiis described in the textbook: S. Pekarek, Mirl&—
PHYSICS II,CVUT, 2003.



Free oscillations
In this case there are no forces (apart of theef@mt gravity) acting on the pendulum.
Displacement of the particle as a function of tisigiven by the following equation:

x = Asin(at +¢),
whereA is the amplitude of oscillations, is angular frequency andis a phase angle.
Angular frequency» and periodT of oscillations relates the formula

a)=2?n= 2irf,  wheref is a frequency.

Damped oscillations

In this case the pendulum motion is (apart of thred of gravity) affected by the damping

force. Depending on the value of coefficient ofngiéng there can be either underdamped

motion, critical damping or overdamped motion.

Displacement of the particle as a function of tisigiven by the following equation:
x=e*Asin(wt +9¢),

wheres is coefficient of dampingy; is angular frequency of damped oscillations ani$ a

phase angle.
a)l:?l_—”; W =N -9°.
1
Note that for the damped motion the periads larger than the periotof free oscillations.
The ratio of two succeeding amplitudes (separatdue by the period,) is
Ae®
A T T
Natural logarithm ob is called logarithmic decrement of dampifg
N =Inb=7T,

Forced oscillations
In case when the pendulum is subjected to an asmijl external force
F.. =QsinQt,
whereQ is amplitude of the oscillatory external drivingyée andQ is angular frequency of
the this force, the pendulum experiences forcedlasons.

EXPERIMENTAL APPARATUS

For study of free oscillations connect the termsnafl the electromagnetic break (in the lower
part of the pendulum) across the AC/DC convertethes AC terminals of the laboratory

power supply. The ammeter between laboratory pewpply and AC/DC converter reads the
current k.

For the study of forced oscillations connect thégpatiof the DC laboratory power supply to

the terminals of the motor (labeled as 24 V, 650)nRespect the polarity — corresponding
terminals must have the same colors. The voltmistieled, as)x should be connected to the
terminals of the motor. The voltadé; is proportional to the number of revolutions oé th

motor, therefore this voltage is proportional te triving frequency of the pendulum.

The upper potentiometer is used to switch on théomand for rough regulation of the

number of revolutions. The lower potentiometersedifor fine adjustment of the number of
revolutions.



PROCEDURE
Free oscillations

1.

2.

Disconnect the motor. By the small rotation of thetor shaft adjust position of the
indicator on the copper disc to zero. Disconnesttebmagnetic break.

Displace the copper disc to the one of the extrigft@r right positions, release it, and
with the stopwatch measure the time of 10 periddeendisc oscillations. Repeat this
measurement 5 times. Calculate average value gfethedT of oscillations.

Displace the copper disc to the left or right exteepositions, release it and start to
measure the times at which the disc passes setm@teding extreme positions (on
one side only). Note that oscillations are fastafae collaboration of the members of
the team is required.

Using the formula

A=or =20
+

calculate average value of the logarithmic decreroédampingA: and coefficient

of dumping 0.

Repeat the measurements described in point 2 hhisicase with an electromagnetic
break switched on. Adjust the current throughdleetromagnetic bredk to the
following values:lg = 0, 25A(U~ = 4V); Ig = 0, 40A(U~ = 6V); Ig = 0, 55A(U~ = 8V)

and lg = 0, 9A(U~ = 12V).

Make a table into which you will involve for pamti@ar values of curreng following
guantities: T, f, A and 6. Make a graph of the dependence of the maximum
displacement of the pendulum on time.

Forced oscillations

1.

4.

Disconnect electromagnetic break. As far as you goeng to investigate the
dependence of amplitude of oscillations on thedesmgy of the driving force (that is
on number of revolutions of the motor) you havstfwf all to find the dependence of
the number of revolutions of the motor on the \gdtll,. Because this dependence is
linear you have to determine relation between thitage and number of revolutions.
For higher accuracy use the time of at least tealuéions.

Examine the dependence of the amplitude of odofiaton the frequency of the
driving force for the case, when the electromagnieteak is disconnected. As far as
the zero value of the pointer on the disc freqyetitles not match with the zero value
on the scale, find zero value of the pointer regsliny calculating average value of the
extreme displacements of the pointer. In the vigioif the resonance use a smaller
step. (Neglect the frequencies for which the poinmt@l collide with the limiting
points on the pendulum). Do not forget that it écessary to wait until the transition
process is over.

Repeat the measurements described in point 2 witlextromagnetic break switched
on. Adjust the current through the electromagneteakls to the following valuesls

~ 0, 25A(U~ =4V); Ig= 0, 40A(U~ = 6V); Ig = 0, 55A(U~ = 8V) andlg ~ 0, 9A(U~ =
12V).

Make a graph of the dependence of amplitude odrilveng frequency.



SEMESTER WORK INSTRUCTIONS

Create a program, which simulates motion of the’B@endulum.

Input parameters: Initial displacement (angle) li# topper disc, damping constant, spring
constant of the spiral spring, moment of inertiahaf copper disc, amplitude and frequency of
driving oscillations.



