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Abstract 

In this work, the energies dissipated by the spring mass damper system with three degrees of freedom are modelled and simulated 
for three types of external loads, namely, constant load, exponential decaying load overtime and a partial load over a time period. 
Two models of the spring mass damper system are modelled and the governing equations are derived. The velocities of the 
oscillators are estimated by solving the corresponding governing equations for loss of factor of 0.15. The kinetic and potential 
energies are calculated using the mass, velocity and stiffness of the oscillators and total energy is estimated. , when the load is 
changed from full load to a partial load over a time period, there is significant increase in the displacement and the velocity at 
near 0.75 sec, which means it dissipates more energy The contribution of the kinetic energy is minimal for oscillator 2 in all cases 
and the total energy is constituted mostly of potential energy and there is a substantial contribution  both by kinetic and potential 
energy  of oscillator 1 and 3 is presented in this paper. 
 
Index Terms: Vibration, 3 Degrees of freedom, Dampers, Loss factor, Transient loads. 

--------------------------------------------------------------------***---------------------------------------------------------- 

 
1. INTRODUCTION 
Applications like automobiles, aeroplanes, space crafts, civil 
structures  engineering materials for building the structures.  
Most of the applications are dynamic and some are static. 
Examples of static structures are civil structures and the 
dynamic applications are the rest of the above list. The 
engineering components are elastic materials which transfer 
the energy or motion or load from one component to other 
component [1,2]. When the applied load acts on the elastic 
materials, they undergo vibrations. These materials also 
have some amount of built in damping characteristics which 
reduces the effect of vibrations. In other words, some part of 
the energy is utilized in overcoming the internal damping of 
the system. The vibration has two important characteristics 
and they are amplitude and frequency of vibration apart 
from other factors. Amplitude of the vibration becomes very 
high when there is alternating load acting and the frequency 
of this load is close enough to matching with the natural 
frequency of the system. The frequencies at which this kind 
behaviour is exhibited by the system is known as resonant 
frequencies [3]. 
 
The energy dissipated by the system may be termed as total 
energy and it consists of two parts, viz. Potential Energy and 
Kinetic Energy. Potential energy is the one which is 
dissipated in overcoming the stiffness of the system and the 
kinetic energy is the energy dissipated due the mass of 
components of the system and their velocity [4]. 

 
For a system with three degrees of freedom, there are three 
masses connected to each other through elastic stiffeners or 
springs and dampeners. The configuration of the masses, 
springs and dampeners must be derived from the actual 
application and assumptions are made in simplified 
representation. When the external load is applied on the 
system, the system undergoes the vibrations. The type of 
loads acting on the system can be classified as external loads 
or due to movement of the base excitation or movement of 
any other component of system. The external loads are of 
different types, namely, constant load, harmonic load, 
exponentially decaying loads, pulse loads over a full time 
period or partial time period etc. The response of the system 
can be steady state or transient in interest. The potential 
energy may also be termed as strain energy [5]. 
 
The energy input into the system may be either stored inside 
the system or dissipated. The energy which is dissipated 
may be termed as loss of energy in technical terms. It is 
important during any system design to know how much 
energy may get dissipated and essential to know the amount 
of loss of energy. The loss factor is required to be estimated 
for the system in use.  
 
The loss factorη may be defined as the ratio of the dissipated 
power per radian to the total energy of the structure [6-11].  

η = �������	
����	��            (1) 
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This can also be written as 

η = �����	���	��            (2) 

or 

η = ����	����	��           (3) 

where E����� : Energy input to the structure and  ε����� : Total integrated energy ε����� = ε !�"�!# + ε���"��!��.         (4) 
 
Power Input Method: 
For a structural system, the loss 
factor η can also be written as η2ω4 = ∆

67                         (5) 

where E8 : Strain energy 
∆E    : Energy dissipated. 
 
The energy that is input to the system can be obtained by 
measuring the force and the velocity at the point of input. 
However, the measurements of force and velocity to be 
obtained simultaneously. The energy input to the system can 
also be estimated by [6-9, 10-11] 
 E!� = 9

:� Re<h>>2ω4?G>>2ω4         (6) 

 
Where h>> : Mobility function of the driving point G>> : Power spectral density of the input force 
 
The strain energy E8 can be obtained by measuring the 
kinetic energy as follows: 
 E  = 9

: ∑ m!G!!2ω4C!D9           (7) 

Where  E  : Kinetic energy of the system 
N : Number of location points where measurements 

are carried out m!          : Mass of discrete locations of the system G!! : Power spectral density of the velocity 
If the system is assumed to be linear, then 

EℎGH2I4E: = JKKJLL           (8) 

where ℎGH : Transfer mobility function 
 
If all the points of measurement are equally spaced and 
having equal mass portions, Eqs. 5 to 8 can be written as 
 

η2ω4 = M"<NOO2�4?
�P ∑ EQKL2R4EST�UV .          (9) 

 
In order to estimate the loss factors accurately, it is essential 
to have accurate measurements. Otherwise, there is a 
possibility of making large errors which does not serve the 
purpose. The power input method requires few numbers of 
steps than the experimental Statistical Energy Analysis. The 

loss factors obtained from the power input method can be 
used in SEA to predict the vibration and for any parametric 
studies [12-26]. 
 
In this section, the basic definitions along with the literature 
available on the related work are explained. In Sec. II, 
analytical models are derived along with the applicable 
governing equations. In Sec. III, the simulation results are 
presented and the results are discussed. Finally important 
conclusions are drawn. 
 
2. ANALYTICAL MODEL 
In this section, two different models with three degree of 
freedom are simulated for two cases of stiffness and 
dampers [18-21]. The governing equations are derived and 
they are represented in the matrix form. By solving the 
governing equations, the energy stored in form of kinetic 
energy and potential energy in the model can be estimated.  
 
Figs.1 and 2 shows the spring mass damper system with 
three degrees of freedom for model 1 and model 2, 
respectively. In these two cases, m1, m2 and m3 represent 
masses which are connected to four springs of stiffnesses 
represented by  k1, k2, k3 and k4. The configurations of 
dampeners are different between two models. The 
dampeners c1, c2, c3 and c4 are attached to the masses as 
shown in Fig 1 for model 1. In case of model 2,the dampers 
c3, c4 and c5 are used as shown in Fig. 2. Damper c3 
connects only masses m2 and m3, and damper c4 connects 
mass m3 and the rigid surface and damper c5 connects mass 
m1 and rigid surface. In both the models, the force F2 acts 
directly on the oscillator 2. 

 
Fig -1: Spring Mass and Damper System of Model 1 

 

 
Fig -2: Spring Mass and Damper System of Model 2 

 
However, the nature of the load F2 is varied and the sub-
models are derived. In first sub model 1a, the load F2 is a 
constant load for the full time period (T sec) and in sub 
model 1b, the load F2 is exponentially decaying load for the 
entire time period. In model 1c, the load F2 is constant for 
certain duration of the time step and reduces to zero for the 
remain period of the time step. 

 W2 = W2YYYYfor t=T                       (10) 
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W2 = W2Z[\]for t=T        (11) 
 

W2 = W2. _2`4, … . . _2`4 = c1 efg ` ≤ i0 efg ` > il      (12) 

Eqs. 10,11, and 12 represent the loads acting on the 
oscillator 2 for model 1a, 1b and 1c respectively. Similarly, 
the same loads are repeated for the model 2 and the sub models are named as models 2a, 2b and 2c respectively.  
Fig.1 shows the spring mass damper system with three 
degrees of freedom for model 1. The force F2 acts on mass 
m2 and the energy is transferred to other masses through the 
springs and a part of energy is absorbed by dampers. Springs 
k1 and k4; and dampers c1 and c4 are attached to rigid 
surfaces. The spring mass damper system is represented by 
the following equations. 
 m1x1s + 2c1 + c24x1t − c2 x2t + 2k1 + k24x1 − k2 x2 = 0
          (13) 
 m2x2s + 2c2 + c34x2t − c2 x1t − c3 x3t + 2k2 + k34x2 −k2 x1 − k3 x3 = F2        (14) 
 m3x3s + 2c3 + c44x3t − c3 x2t + 2k3 + k44x3 − k3 x2 = 0
          (15) 
 
The above three governing equations can be represented in 
matrix form as 
 

z = {|1 0 00 |2 00 0 |3}       (16) 

 

~ = {�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4}     (17) 

 

� = {�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4}     (18) 

 

W = � 0W20 �        (19) 

 z�s + ~�t + �� = W       (20) 
 

{|1 0 00 |2 00 0 |3} ��1s�2s�3s � +
{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1t�2t�3t � +
{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1�2�3� = � 0W20 �    (21) 

 
 
 

for model 1a,  

{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1�2�3� = � 0W2. Z[\]
0 �    (22) 

 
 
for model 1b, 

{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1�2�3� = � 0W2. _2`40 �    (23) 

 

_2`4 = c1 efg ` ≤ i0 efg ` > il       (24) 

for model 1c, respectively. 
  
Fig.2 shows the spring mass damper system with three 
degrees of freedom for model 2. The force F2 acts on mass 
m2 and the energy is transferred to other masses through the 
springs and a part of energy is absorbed by dampers c3, c4 
and c5. Springs k1 and k4; and dampers c4 and c5 are 
attached to rigid surfaces. The spring mass damper system is 
represented by the following equations. 
 m1x1s + c5 x1t + 2k1 + k24x1 − k2 x2 = 0                  (25) 
 m2x2s + c3x2t − c3x3t + 2k2 + k34x2 − k2x1 − k3x3 = F2
         (26) 
 m3x3s + 2c3 + c44x3t − c3 x2t + 2k3 + k44x3 − k3 x2 = 0
         (27) 
 
The above three governing equations can be represented in 
matrix form as 
 

z = {|1 0 00 |2 00 0 |3}       (28) 

 

~ = {�5 0 00 �3 −�30 −�3 �3 + �4}       (29) 

 

� = {�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4}     (30) 

 

W = � 0W20 �        (31) 

 z�s + ~�t + �� = W       (32) 
 

{|1 0 00 |2 00 0 |3} ��1s�2s�3s � + {�5 0 00 �3 −�30 −�3 �3 + �4} ��1t�2t�3t � +
{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1�2�3� = � 0W20 �    (33) 
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for model 2a,  

{|1 0 00 |2 00 0 |3} ��1s�2s�3s � + {�5 0 00 �3 −�30 −�3 �3 + �4} ��1t�2t�3t � +
{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1�2�3� = � 0W2. Z[\]

0 �    (34) 

 
for model 2b, 

{|1 0 00 |2 00 0 |3} ��1s�2s�3s � + {�5 0 00 �3 −�30 −�3 �3 + �4} ��1t�2t�3t � +
{�1 + �2 −�2 0−�2 �2 + �3 −�30 −�3 �3 + �4} ��1�2�3� = � 0W2. _2`40 �    (35) 

_2`4 = c1 efg ` ≤ i0 efg ` > il       (36) 

for model 2c, respectively. 
 

The spring mass damper systems with three degrees of 
freedom are modelled for two cases. The cases are 
represented in the Fig. 1 and Fig.2. The respective equation 
are solved for all the three type of external forces, that is, 
constant force, exponentially decaying force and the partial 
load over a time period are solved. The equations are solved 
using MATLAB. The conditions for which these models are 
solved for a loss factor of 0.15 are given in Table1. 
 

TABLE -1: Conditions used for the simulation for two 
spring-mass-damper models 

Model 1 Model 2 
Steady 
Load 
Model 

1a 

Exponential
ly Decaying 

Load 
Model 1b 

Partial 
Pulse 
load 

Model 1c 

Steady 
Load 
Model 

2a 

Exponential
ly Decaying 

Load 
Model 2b 

Partial 
Pulse 
load  

Model 2c 
M1=1 kg 
M2=1 kg 
M3=1 kg 
K1=225 
N/m 
K2=400 
N/m 
K3=100 
N/m 
K4=100 
N/m 
F2=5 N 
t2=1 sec 
wn1=15 
rad/sec 
wn2=20 
rad/sec 
wn3=15 
rad/se 
wn4=20 
rad/sec; 
C1=�*w
n1 
C2=�*w
n2 
C3=�*w
n3 
C4=�*w
n4 
 

M1=1 kg 
M2=1 kg 
M3=1 kg 
K1=225 
N/m 
K2=400 
N/m 
K3=100 
N/m 
K4=100 
N/m 
F2=5 e-
wtt2=1 sec 
wn1=15 
rad/sec 
wn2=20 
rad/sec 
wn3=15 
rad/se 
wn4=20 
rad/sec; 
C1=�*wn1 
C2=�*wn2 
C3=�*wn3 
C4=�*wn4 
Wf=10 
 

M1=1 kg 
M2=1 kg 
M3=1 kg 
K1=225 
N/m 
K2=400 
N/m 
K3=100 
N/m 
K4=100 
N/m 
F2=5 (for 
100 time 
steps 
only) 

t2=1 sec 
wn1=15 
rad/sec 
wn2=20 
rad/sec 
wn3=15 
rad/sec 
wn4=20 
rad/sec; 
C1=�*w
n1 
C2=�*w
n2 
C3=�*w
n3 
C4=�*w
n4 
Total 
Number 
of time 
steps = 
1000 
 

M1=1 kg 
M2=1 kg 
M3=1 kg 
K1=225 
N/m 
K2=400 
N/m 
K3=100 
N/m 
K4=100 
N/m 
F2=5 N 
t2=1 sec 
wn3=15 
rad/sec 
wn4=20 
rad/sec 
wn5=20 
rad/sec 
C3=�*w
n3 
C4=�*w
n4 
C5=�*w
n5 
 

M1=1 kg 
M2=1 kg 
M3=1 kg 
K1=225 
N/m 
K2=400 
N/m 
K3=100 
N/m 
K4=100 
N/m 
F2=5 e-
wtt2=1 sec 
wn3=15 
rad/sec 
wn4=20 
rad/sec 
wn5=20 
rad/sec 
C3=�*wn3 
C4=�*wn4 
C5=�*wn5 
Wf=10 
 
 

M1=1 kg 
M2=1 kg 
M3=1 kg 
K1=225 
N/m 
K2=400 
N/m 
K3=100 
N/m 
K4=100 
N/m 
F2=5 (for 
100 time 
steps 
only)t2=1 
sec 
wn3=15 
rad/sec 
wn4=20 
rad/sec 
wn5=20 
rad/sec 
C3=�*w
n3 
C4=�*w
n4 
C5=�*w
n5 
Total 
Number 
of time 
steps = 
1000 
 

� = 0.15, where � is the coupling factor. 
3. SIMULATION RESULTS 
Based on the solutions, the displacements and velocities of 
the oscillators are obtained and the energies stored in the 
oscillators are calculated. Initially, for model 1, the three sub 
models are solved representing the cases of three different 
types of external loads as mentioned above. These sub 
models, namely, model 1a, model 1b and model 1c have 
been solved for displacement and velocities of the 
oscillators 1, 2 and 3. The displacements of oscillators are 
provided in Figs. 3 to 5 for model 1. Similarly, the 
displacements of oscillators are provided in Figs. 6 to 8 for 
model 2. 

 
Fig -3: Displacement of Oscillators for Model 1a 

 
Fig -4: Displacement of Oscillators for Model 1b 

 

 
Fig -5: Displacement of Oscillators for Model 1c 

 
Fig. 3 shows the maximum displacement is 0.22 m at 0.15 
sec for oscillator 2 in case of a constant load and the 
displacement becomes 0.13 m when the constant load is 
replaced by the exponentially decaying load. When the load 
is applied for only 10% of the time period, the displacement 
again jumps to 0.22 m. A difference one can notice between 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

  

_______________________________________________________________________________________ 

Volume: 02 Issue: 10 | Oct-2013, Available @ http://www.ijret.org                                                                               208 
 

the models 1a and 1c, that the displacement are larger in 
case of partial load of 10% of the time period than the load 
acting on it for the entire time period, i.e. constant load. This 
is due to the fact that there is no controlling load on the 
oscillator 2 in case of model 1c for the remaining 90% of the 
time period and hence the displacements are high. It can also 
be concluded that more potential energy will be dissipated in 
case of model 1c than model 1a or model 1b. 

 

 
Fig -6: Displacement of Oscillators for Model 2a 

 
By adding the damper c5 and removing c1 and c2 in model 
2a, the peak displacement of oscillator 2 has slightly 
increased from 0.22 meters to 0.23, and the oscillations in 
displacement profile are more. This is due to the fact that 
two dampeners c1 and c2 are replaced with a single 
dampener. Even for the exponentially decaying load, model 
2b exhibits higher displacement than model 1b. All these 
behaviours can be attributed to the replacing two dampeners 
c1 and c2 in model 1 with one dampener c5 in model 2. The 
displacement at 0.8 sec in case of model 2c is again higher 
than that of model 1a. The reason behind this kind of 
behaviour is already explained above. 

 
Fig -7: Displacement of Oscillators for Model 2b 

 

 

Fig -8: Displacement of Oscillators for Model 2c 
The dampeners in this case are modelled for loss factor of 
0.15.Although there is a minor variation in displacements 
for oscillators 1 and 3, their profiles remain almost same in 
all the two models. This is due to the fact that the excitation 
force is acting on oscillator 2.Overall there is significant 
change in the profiles of displacements between model 1 
and model 2 

 
Fig -9:Velocity of Oscillators for Model 1a 

 

 
Fig -10:Velocity of Oscillators for Model 1b 

 

 
Fig -11: Velocity of Oscillators for Model 1c 

 
Figs. 9 to 11 show the velocity of oscillators for the three 
sub models of model 1 and Figs 12 to 14 represent the 
velocity of oscillators for the three sub models of model 2. It 
can be observed that the higher velocities occur for the 
oscillator 1and 3 as the force is acting directly on oscillator 
2 and there is no controlling load on oscillators 1 and 3. 
Velocities of the oscillator 2 are very low compared to 
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oscillators 1 and 3. By removing the damper c1 and c2, and 
adding the dampener c5, the peak velocity does not change 
much except those velocities near 0.75 sec. At the time step 
of 0.8 sec, the velocity of the oscillator 1 in model 1c is 
higher than that of the model 1a, which means model 1c 
dissipates more kinetic energy than that of model 1a. 
Similarly, model 2 also has similar behaviours for all the 
three different external load types. 

 
Fig -12: Velocity of Oscillators for Model 2a 

 

 
Fig -13: Velocity of Oscillators for Model 2b 

 
 

 
Fig -14: Velocity of Oscillators for Model 2c 

 

 
 
 
 
 
 

 
 

 
 

Fig -15: Integrated Energy in Oscillator 1 – Non-
Dimensionalized for Model1a 

 
 

 
Fig -16 :Integrated Energy in Oscillator 1 – Non-

Dimensionalized for Model 1b 
 

 
Fig -17: Integrated Energy in Oscillator 1 – Non-

Dimensionalized for Model 1c 
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Fig -18: Integrated Energy in Oscillator 1 – Non-

Dimensionalized for Model 2a 
 
 

 
Fig -19: Integrated Energy in Oscillator 1 – 

NonDimensionalized for Model 2b 
 

 
Fig -20: Integrated Energy in Oscillator 1 – 

NonDimensionalized for Model 2c 
 
Overall, from the plots it can be concluded that the addition 
or deletion of dampeners have little effect on the velocity of 
the oscillators compared to as it is experienced in the case of 
displacement of oscillators. 

 
Figs. 15 to 20 show the integrated energy in the oscillator 1 
for the models 1 and 2. Total energy dissipated in model 1 is 
less than that of model 2. In model 1a, it is 880 and in case 
of model 2a, it is 680 in a time period of 1 sec. As explained 
above, there are only 3 dampeners in model 2a compared to 
model 1a, which has got4 dampeners. The kinetic energy 
dissipation is almost same in both models. However, the 

energies dissipated is quite different when the type of 
external loads change. 
 

 
Fig -21: Integrated Energy in Oscillator 2 – 

NonDimensionalized for Model 1a 
 
 

 
Fig -22: Integrated Energy in Oscillator 2 – 

NonDimensionalized for Model 1b 
 

 
Fig -23:  Integrated Energy in Oscillator 2 – 

NonDimensionalized for Model 1c 
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Fig -24: Integrated Energy in Oscillator 2 – 

NonDimensionalized for Model 2a 
 

 
Fig -25: Integrated Energy in Oscillator 2 – 

NonDimensionalized for Model 2b 
 

 
Fig -26: Integrated Energy in Oscillator 2 – 

NonDimensionalized for Model 2c 
 
Figs. 21 to 26 show the integrated energy for oscillator 2. 
One interesting observation can be made between the 
integrated energy diagrams for oscillators 1 and 3 on one 
hand and oscillator 2 on other hand is, the component of 
kinetic energy in total energy is very minimal for oscillator 
2, which means the most of potential energy is present in the 
total energy. This is due to the fact that the load directly acts 
on the oscillator and the corresponding energy is dissipated 
in overcoming the stiffness of the system. 

 

 
Fig -27: Integrated Energy in Oscillator 3 – 

NonDimensionalized for Model 1a 
 

 
Fig -28: Integrated Energy in Oscillator 3 – 

NonDimensionalized for Model 1b 
 

 
Fig -29: Integrated Energy in Oscillator 3 – Non-

Dimensionalized for Model 1c 
 

One can also notice from the Figs. 21 to 26 that, as the load 
is changed from a steady state to aexponentially decaying 
load, the dissipated energy also reduces. But when a load is 
applied over a partial time period, more energy is dissipated 
than the steady state case due to the reasons mentioned in 
the above paragraphs. 
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Fig -30: Integrated Energy in Oscillator 3 – 

NonDimensionalized for Model 2a 
 

 
Fig -31:  Integrated Energy in Oscillator 3 – 

NonDimensionalized for Model 2b 
 

 
Fig -32:  Integrated Energy in Oscillator 3 – Non-

Dimensionalized for Model 2c 
 

Figs. 27 to 32 show the corresponding non dimensionalized 
integrated energies for the oscillator 3 for models 1 and 2. In 
contrast to the integrated energies of the oscillator 2, here 
there is a significant contribution of kinetic energy in all the 
cases of external load. 

 

 
Fig – 33: Transferred Total Energy – Non-Dimensionalized 

for Model 1a 
 

 
Fig -34: Transferred Total Energy – Non-Dimensionalized 

for Model 1b 

 
 

Fig – 35: Transferred Total Energy – Non-
Dimensionalized for Model 1c 
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Fig – 36: Transferred Total Energy – Non-Dimensionalized 

for Model 2a 
 

 
Fig – 37: Transferred Total Energy – Non -Dimensionalized 

for Model 2b 
 
Figs. 32 to 38 show the transferred total energy for models 1 
and 2 and their sub models of different external loads. 
Highest energy is transferred from oscillator 1 to 2 and next 
highest from 3 to 2 in case of load over a partial time period 
than the other two cases. Negative energy means energy 
flows in the reverse direction. 

 

 
Fig -38: Transferred Total Energy – Non-Dimensionalized 

for Model 2c 
 
 
 
 
 
 
 

4. CONCLUSION 
Spring mass dampeners with three degrees of freedom are 
modeled for two cases. The external loads applied on the 
oscillator 2 is varied to three types, namely, constant, 
exponentially decaying and partial load over a time period. 
The equations are solved numerically and, the displacements 
and integrated energies are computed for the three 
oscillators.Based on the study of the behavior of these 
models, for a loss factor of 0.15, by adding the damper c5 
and removing c1 and c2 in model 2a the displacement of the 
oscillatorincreases while the oscillations in profile of the 
displacement also increases. The two effects are due to 
reducing the total number of dampeners from 4 to 3 in 
models 1 to 2. There is significant change in the velocities 
of oscillator 2 for this change in the number of dampeners. 
However, when the load is changed from full load to a 
partial load over a time period, there is significant increase 
in the displacement and the velocity at near 0.75 sec, which 
means it dissipates more energy. The contribution of the 
kinetic energy is minimal for oscillator 2 in all cases and the 
total energy is constituted mostly of potential energy. 
However, there is substantial contribution both by potential 
as well as kinetic energy for oscillators 1 and 3. 
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