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TEP Coupled pendula with Cobra4  
(advanced version) 

www.phywe.com 

Related topics 
Spiral spring, gravity pendulum, spring constant, torsional vibration, torque, beat, angular velocity, angu-
lar acceleration, characteristic frequency. 

Principle 
Two equal gravity pendula with a particular characteristic frequency are coupled by a “soft” spiral spring. 
The amplitudes of both pendula are recorded as a function of time for various vibrational modes and dif-
ferent coupling factors using Cobra4. The coupling factors are determined by different methods. 

Equipment 
2 Pendulum w. recorder connection 02816-00
1 Helical spring, 3 N/m 02220-00
1 Rod with hook 02051-00
1 Weight holder f. slotted weights 02204-00
5 Slotted weight, 10 g, black 02205-01
2 Capacitor, 10 µF/35 V 39105-28
1 Cobra4 Wireless Manager 12600-00
2 Cobra4 Wireless-Link 12601-00
2 Cobra4 Sensor-Unit Electricity 12644-00
1 Power supply 0-12 V DC/6 V, 12 V AC 13505-93
2 Bench clamp PHYWE 02010-00

2 Support rod PHYWE, square, l = 
1000 mm 02028-55

2 Right angle clamp PHYWE 02040-55
1 Measuring tape, l = 2 m 09936-00
4 Connecting cord, l = 1000 mm, red 07363-01
4 Connecting cord, l = 1000 mm, blue 07363-04
1 Software Cobra4 - multi-user licence 14550-61
 
 Additionally required  

 
PC with USB-port, Windows XP or 
higher  

 
Fig. 1: Experimental set-up. 
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Pendula” experiment. (“Experiment”  “Open experiment”). All pre-settings that are necessary for 
measured value recording are now carried out.  
Click on  in the icon strip to start measurement.  
 

Theory and evaluation 
If two gravity pendula P1 and P2 with the same angular characteristic frequency W0 are coupled by a 
spring, for the position of rest and small angle deviation ~ due to the presence of gravity and spring-
tension we have the following torques (Fig. 2): 
torque due to gravity: 

 
torque due to spring-tension: 

 
DF = spring constant 
x0 = extension of the spring 
l = coupling length 
m = pendulum mass 
L = pendulum lengh 
g = acceleration due to gravity 
f0 = angle between the vertical and the position of rest 
If P1 is now deflected by f1 and P2 by f2 (see Fig. 3) and 
subsequently released, we have because of 

 
I = moment of inertia of a pendulum around its fulcrum 

 
Introducing the abbreviations 

 
we obtain from Eqs. (2) 

 
At t = 0 the following three initial conditions are to be realized successively. 

 
 Fig. 2: Diagram of coupled pendula in rest. 
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For the angular frequency of the second factor we get: 

 
Subsequently we get: 

 
Fig. 3 shows the amplitudes Φ1 (t) and Φ2 (t) of both pendula as a function of time for the beat case and 
for different coupling lenghts l.  
 
As coupling factor we define the ratio 

 
From Eq. (3) and Eq. (9) we get 

 
The coupling factor K of Eq. (10) can be calculated from the frequencies of the individual vibrational 
modes. 
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To check the influence of coupling length on the frequencies of the individual vibrational modes, we sub-
stitute Eq. (11) and Eq. (12) into Eq. (9). Then we get for the in opposite phase vibration: 

 
And for the beat mode: 

 
as well as 

 
The measurement of the “inphase” vibration of the uncoupled pendula results in the following: 
 ܶ଴ = ሺ1.935 ± 0.003ሻݏ;	∆ܶ଴ܶ଴ = ±0.15% 

or 2ܶߨ଴ = ߱଴ = ሺ3.247 ± 0.005ሻିݏଵ 

 
Analysis of the measurement 
To determine the frequency of the in opposite phase vibration select in the “Analysis” window the option 
“Fourier analysis” for the measured channel (see Fig. 4): 

 
With the function “Survey” determine then the frequency fc (see Fig. 5). In our example fc = 0.519 Hz for 
the coupling length l = 80 cm and ωc = 2 πfc = 3.261 1/s. 
 
 

Fig. 4: Fourier analysis of the beat mode. 
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Comparison with Eq. (13) gives 

 

 
 
In Fig. 8 the measured values ω 2 of Tab. 1 have been plotted versus l 2. The regression line 
y = A + Bx 
should confirm Eq. (15). We obtain: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Frequency of the opposite phase vibration ߱௖ଶ as a function of the coupling 
length l2. 
 



 10 

TE

 

 
 
In Fig
throu
differe
frequ
 

             

P 

g. 9 the mea
gh the origi
ent vibration
ency of the 

                       

asured valu
n confirms 
nal modes f
uncoupled 

Fig. 8: 
 

Fig. 9
 

             PHYWE 

Cou

es ω1 of Ta
Eq. (14), B 
for the coup
pendula. 

Frequency

: Frequen

Systeme GmbH &

upled pen
(advanc

ab. 1 are plo
= (0.374} 0

pled pendul

y ߱ଶ  (beat mo

cy ߱ଵ  (beat m

 

& Co. KG © All rig

ndula with 
ced versio

otted as a fu
0.015) 1/s2 
a are in goo

ode) as a funct

mode) as a fun

ghts reserved        

Cobra4 
on) 

unction of l2
m2. The res
od agreeme

tion of the cou

nction of the co

                            

2. The regre
sults obtain
ent with the

upling length l2

oupling length

                           

ession line y
ned for ω0 u
 angular ch

2. 

h l2. 

           P2132560

y = Bx 
sing three 

haracteristicc 


