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ABSTRACT 

  In estimate, around six billion fluorescent lamps are discarded every year. In human life, suddenly 
fused fluorescent lamp creates a lot of problem. Then authors think how fused fluorescent lamp can 
be re-utilized and this mentioned problem can be overcome. Therefore authors motivated a simple 
method to design a prototype model in the laboratory. This paper presents a new concept to analyze 
the process of lighting with fused fluorescent lamp using bridge rectifier circuit. And what are the 
role of choke & starter in this mechanism of circuit model.  Experimentally, characteristics of fused 
fluorescent lamp are also analyzed throughout this paper.  
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1. INTRODUCTION 
 
Fluorescent lamp is basically a glass tube with two 
electrodes; one at each end. It produces light in 
aspects of two main physical principles: i) Electric 
discharge in mercury vapour    
-here electrical energy converts into radiant energy 
in fluorescent lamp which relies on inelastic 
scattering of electrons [1]. An incident electron 
collides with an atom in the gas. If the free electron 
has enough kinetic energy, it transfers energy to the 
atom's outer electron, causing that electron to 
temporarily jump up to a higher energy level. The 
collision is 'inelastic' because a loss of energy 
occurs. This higher energy state is unstable, and the 
atom will emit an ultraviolet photon as the atom's 
electron reverts to a lower, more stable, energy 
level. Most of the photons that are released from the 
mercury atoms have wavelengths in the ultraviolet 
(UV) region of the spectrum predominantly 
at wavelengths of 253.7 nm and 185 nm [2]. These 
are not visible to the human eye, so they must be 
converted into visible light. ii) The second 
is fluorescence phenomenon by which ultraviolet 
photons are absorbed by electrons in the atoms of 
the lamp's interior fluorescent coating, causing a 
similar energy jump, then drop, with emission of a 

further photon [3]. The photon that is emitted from 
this second interaction has a lower energy than the 
one that caused it. The chemicals that make up the 
phosphor are chosen so that these emitted photons 
are at wavelengths visible to the human eye. The 
difference in energy between the absorbed ultra-
violet photon and the emitted visible light photon 
goes toward heating up the phosphor coating.  
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a. A collision with a moving particle excites the 
atom.              

b. This causes an electron to jump to a higher 
energy level.                                                                             
c. The electron falls back to its original energy 
level, releasing the extra energy in the form of a 
light photon. 

There are two processes: 

i) Impact ionization is the process in a material by 
which one energetic charge carrier charge can lose 
energy by the creation of other charge carriers[4]-
[6]. This process is a relatively harsh form of 
ionization producing a wide range of molecular 
fragments. The electron impact source consists of a 
heated filament that produces electrons which are 
accelerated to another electrode called the ion trap. 
Sample vapor diffuses into the electron beam and 
become ionized and fragmented the size depending 
on the electron energy which is controlled by the 
accelerating potential on the ion trap electrode. Low 
energy electrons produce molecular ions and larger 
fragments, whereas high energy electrons produce 
many smaller fragments and possibly no molecular 
ions. After the ions are produced, they are driven by 
a potential difference. 

ii) An electron avalanche is a process in which a 
number of free electrons a medium (usually a gas) 
are subjected to strong acceleration by an electric 
field ,ionization the medium's atoms by collision 
(called impact ionization), thereby forming "new" 
electrons to undergo the same process in successive 
cycles. Electron avalanches are essential to 
the dielectric breakdown process within gases [6]-
[7]. The process can culminate in corona discharges, 
streamers, leaders or in a spark or continuous 
arc that completely bridges the gap. The process 
extends to huge sparks — streamers 
in lightning discharges propagate by formation of 
electron avalanches created in the high potential 
gradient ahead of the streamers' advancing tips. 
Once begun, avalanches are often intensified by the 
creation of photoelectrons as a result 
of ultraviolet radiation emitted by the excited 
medium's atoms in the aft-tip region. 

Plasma begins with a rare natural 'background' 
ionization event of a neutral air molecule, perhaps 
as the result of photo excitation or background. If 
this event occurs within an area that has a 
high potential gradient, the positively charged 
ion will be strongly attracted toward, or repelled 
away from, an electrode depending on its polarity, 

whereas the electron will be accelerated in the 
opposite direction. Because of the huge mass 
difference, electrons are accelerated to a much 
higher velocity than ions [8]-[9].High-velocity 
electrons often collide with neutral atoms 
inelastically, sometimes ionizing them. In a chain-
reaction — or an 'electron avalanche' — additional 
electrons recently separated from their positive ions 
by the strong potential gradient, cause a large cloud 
of electrons and positive ions to be momentarily 
generated by just a single initial electron. However, 
free electrons are easily captured by neutral oxygen 
or water vapor molecules (so-
called electronegative gases), forming negative ions. 
In air at STP, free electrons exist for only about 
11nanoseconds before being captured. Captured 
electrons are effectively removed from play — they 
can no longer contribute to the avalanche process. If 
electrons are being created at a rate greater than 
they are being lost to capture, their number rapidly 
multiplies, a process characterized by exponential 
growth [10].  

Therefore, when the light is turned on, the electric 
power heats up the cathode enough for electrons 
emission. These electrons collide with and ionize 
noble gas atoms inside the bulb surrounding the 
filament to form plasma by a process of impact 
ionization. As a result of avalanche ionization   the 
conductivity of the ionized gas rapidly rises, 
allowing higher currents to flow through the lamp. 
Fluorescent lamps are negative differential 
resistance devices, so as more current flows through 
them, the electrical resistance of the fluorescent 
lamp drops, allowing even more current to flow. 
Connected directly to a constant-voltage power 
supply, a fluorescent lamp would rapidly self-
destruct due to the uncontrolled current flow. To 
prevent this, fluorescent lamps must use an 
auxiliary device, a ballast, to regulate the current 
flow through the lamp [11]. 

Functions of Starter and Choke: 
Starter consist of a bimetallic plate in a glass bulb 
filled with argon gas .When supply is ON, current 
passes through this and discharged argon gas .Due 
to this ,bimetallic strip bends and closes contact. At 
this stage, the choke, the filament of the tube and 
the starter become connected in series across the 
supply. A current flows through filaments and hits 
them. Meanwhile the argon discharge in the starter 
tube disappears and after a cooling time, the strip 
causes a sudden break in the circuit [12]. This 
causes a high value of induced emf in the choke. 
The induced emf in the choke is applied across both 
of the filaments of the fluorescent lamp and is 
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responsible for initiating a gaseous discharge 
because initial heating has already created good no 
of free electron in the vicinity of filaments. Thus, 
the fluorescent lamp starts giving light output. Once 
the discharge   through the tube is established, a 
much lower voltage than the supply voltage is 
required to maintain it [13]. A reduction in voltage 
available across the tube during running condition is 
achieved by having a voltage drop across the choke. 
In this way, different elements maintain their role 
and circuit of fluorescent lamp provide visible light. 
 Different causes of ends of life of Lamp: 
Emission Mix:  
The emission mix is responsible for electrons pass 
through the gas when the cathode is heated. And it 
goes into plasma state. During course of operation 
of fluorescent lamp many gaseous atoms, electrons, 
molecules strike the filament and reduces the 
emission mix. When all the emission mix is gone, 
the cathode can not passes sufficient electrons into 
the gas field to maintain the discharge at the 
designed operating voltage of tube.    
Burned Filament: 
After the lifetime of lamp’s the filament can burn 
and loose the capability of heat up. In normal 
condition both filament works in series. When 
starter breaks the circuit, then both filaments come 
into series inside the lamp. When it burnt out, can’t 
make the circuit complete and it is called fused. 
Ballast Electronics: 
It is integral part of the fluorescent lamp. If it burnt 
out, the circuit is not completed. So that it must be 
changed. 
Loss of mercury:  
Because of excessive heating of mercury, it’s 
molecules are slowly absorbed by the phosphor. 
And at one point mercury is completely absorbed 
by the phosphor inside the tube. Hence,   loss of 
mercury is causes initially an extended run-up time 
to full light output; and at a point it causes the lamp 
to glow a dim pink when the mercury runs out and 
the argon base gas takes over as the mercury on the 
discharge [15]. 
Darkening of the fluorescent lamp occurs because 
of: 
a) Effect of mercury on the fluorescent coating and 
b) Material   given off by the electrodes. The letter 
specially contributes to the darkening at the ends of 
the fluorescent lamp, which occurs late in life. The 
rate of depreciation in light output diminishes 
throughout life, the first hundred hours produces as 
much or more darkening as the following thousand 
hours. The percent lumens at thousands  hours life 
may on the average the expected to be as good or 
better than for vacuum filament lamps of the same 

colors. 
 
2. SYSTEM MODEL: 

 
Here, a mechanism is presented by which fused 
fluorescent lamp can be enlighted: 
 
 

 
             Fig2. Circuit Diagram of Experimented 
Model 
 
 
In this model, only healthy filament of fused 
fluorescent lamp can emit the sufficient electrons 
and collected by other one to glow up. 
In the circuit a DC voltage is provided across two 
filaments with fixed polarity through a Full Wave 
Bridge Rectifier. In which one port inputs are two 
different tube-end-pins connection. And other’s 
port inputs are Supply Line and Choke input point 
connection. Choke is connected between supply 
line and bridge rectifier input terminal to control 
the current flow through back emf process. Starter 
is also connected across the tube to develop 
striking voltage. Here Starter and Choke functions 
same as in a healthy fluorescent lamp. 
Different Models for making this type of Circuit: 
a) When both end pins of fused filament are 

shorted and connected through bridge rectifier 
output. 

  b) When either one pin of fused filament is 
connected through bridge rectifier output and starter 
input. 

Either of the above configurations can be used for 
this type of the making circuit. 
When power supply is ON, unhealthy filament is 
bypassed and healthy filament is connected through 
starter, bridge rectifiers output and choke in series 
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with power supply. In this process healthy filament is 
heated and emits electrons. When starter breaks up 
it’s contact, a high voltage is induced in the choke. 
This voltage is converted into DC voltage by the 
bridge rectifier and applied across the fluorescent 
lamp. Here the healthy filament must get negative 
polarity and the unhealthy filament must get positive 
polarity. Due to this reason, only healthy filament 
acts as electrons emitter and unhealthy filament acts 
as electrons collector. This makes both filaments in 
series with other circuit elements. This circuit 
arrangement eliminates fused due to:   
i) Unhealthy Filament due to material loss 
ii) Only one Broken Filament 
iii) Low gaseous volume in the tube 
iv) Low amount of mercury (Hg) in the tube. 
Here bridge rectifier is used because of similarity of 

its configuration to that of Wheatstone bridge, does 
not required a centre trapped transformer, easy to 
implement. The peak inverse (PIV=Vm across one 
diode) rating of the diode in bridge rectifier circuit is 
less than the used diodes in centre trapped 

transformer. It has 82.1% efficiency and value of 
ripple factor is 0.482.  
And here half wave rectifier circuit can not be 
implemented because it does not pass current in the 
circuit in one half cycle of supply input. 

Here if choke is not used, then a lot of current is 
passed through the circuit which can damage our 
healthy filament also; even if an equivalent resistance 
is connected in place of choke. As any element is not 
present in the circuit to control the current which is 
directly flowing from supply to healthy filament. So, 
this circuit model provides a controlled current flow 
to glow the fused fluorescent lamp continuously. 
 
3. PERFORMANCE ANALYSIS: 
 
 Parameters: Normal Fluorescent lamp; striking 
voltage is 172 volt and extinguishing voltage is 136 
volt in case of AC supply. 
Fused Fluorescent lamp; Striking voltage is 180 volt 
and extinguishing voltage is 112 volt in case of DC 
supply through bridge rectifier circuit. 

 
 

 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 

       Table: 1  
Type 
of 

Supply 

Obs. 
No. 

Applied Voltage increasing Applied Voltage Decreasing 
Applied    

Voltage (V) 
Lamp  

Voltage(V) 
Line 

Current(A) 
Applied 

Voltage(V) 
Applied    

Voltage (V) 
Lamp  

Voltage(V) 

 
A.C. 

(Normal 
Fluorescent 

Lamp) 

1.  172  120 0.20   210  120    0.28 
2.  180  120 0.20   200  120    0.26 
3.  186  120 0.22   186  120    0.22 
4.  190  120 0.24   172  120    0.20 
5.  200  120 0.26   160  120    0.18 
6.  210  120 0.28   150  120    0.15 

    Table : 2  
Type 
of 

Supply 

Obs. 
No. 

Applied Voltage increasing Applied Voltage Decreasing
Applied    

Voltage (V) 
Lamp  

Voltage(V) 
Line 

Current(A) 
Applied 

Voltage(V) 
Lamp 

Voltage(V) 
Line 

Current(A) 
 

D.C. 
(Fused 

Fluorescent 
Lamp) 

1.  180  130 0.22     208 124  0.32
2.  188  129 0.24 196 127  0.28
3.  196  129 0.26 188 129  0.24
4.  200  128 0.29 180 131  0.20
5.  204  125 0.31 172 132  0.16
6.  208  124 0.31 160 135  0.14
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Fig.3          V-I Characteristics of Fluorescent Lamp 

 
                            (Applied Increasing voltage) 

  
Fig.4       V-I Characteristics of Fluorescent Lamp  
                       (Applied Increasing Voltage) 
 
 
It is shown from above experimental data analysis 
two graphs are plotted. And it shows that 
fluorescent lamp has the negative differential 
resistance characteristics i.e. as temperature 
increases it’s resistance decreases. so as more 
current flows through them, the electrical resistance 
of the fluorescent lamp drops, allowing even more 
current to flow. Now, with a constant-voltage power 
supply, the current flow must be controlled 
otherwise fluorescent lamp would rapidly self-
destruct. Another point should be noted that striking 
voltage of fused fluorescent lamp in modeled circuit 
is greater than the normal fluorescent lamp in AC 
supply, but it is not much differ as compared to 
normal fluorescent lamp in DC supply. But the 
result of extinguishing voltage maintains reverse 
order i.e. this voltage of normal fluorescent lamp in 
AC supply is greater with respect to experimented 
circuit. 
 

 

4. CONCLUSION 
 
A prototype system model is developed and 
operational in the laboratory on lighting with fused 
fluorescent lamp. Authors provide a mechanism by 
which fused fluorescent lamp can be re-utilized 
through a fixed polarity of DC supply with choke in 
series. In the circumstances, this model help to 
overcome the problem due to suddenly fused 
fluorescent lamp at instant and is very useful in all 
domestic purposes. 
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