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Abstract 
An calorimetric plasma cell was used to investigate DC discharge plasma’s containing 

hydrogen. Previous studies by De Maat showed no excess power being generated as claimed 

to should happen by Mills. For the excess power a catalyst, for example strontium, must be 

used. In Mills experiments the strontium catalast did not change during the experiments, with 

De Maats experiments the strontium changed color from a yellow-goldish color to a black-gray 

color. Therefor the coloring of the strontium was investigated. 

The colored strontium was analysed using EDX. The analysis showed no other elements than 

strontium and oxygen. This is to be expected due to the oxidation of the strontium when it is 

exposed to air to place it in the machine. 

Also depositions of material on parts of the setup were investigated. It was found to be a 

mixture of C, Fe, Ni, Si, Mo, Cr, Ni and O. These elements are common in stainless steel and 

quartz. Therefor is it logical to assume they came from other parts of the setup. 

Furthermore the shape of the plasma was investigated using a heat camera. The results 

showed that the plasma in the cell with a pressure of about 2 mbar is uniformly distributed 

throughout the entire plasma cell. For plasma’s in a cell with a pressure of about 5 mbar the 

heating, caused by the plasma, is more localized at the bottom of the cell. 
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1. Introduction 
Claims have been made by R.L. Mills on excess heat production in low pressure DC 

plasmas containing hydrogen and a certain catalyst [1]. He explains this as a part of a 

bigger theory which he describes in his book called “The Grand Unified Theory of 

Classical Quantum Mechanics” [2]. In this book Mills claims to have unified Maxwell’s 

equations, Newton’s laws, and Einstein's general and special relativity on the basis that 

they hold on all scales, including the atomic scale. 

For his theory Mills uses a revised model of the electron, where the electron is not a 

particle nor a probabilistic wave function, but a two-dimensional spherical surface of 

charge (zero thickness, total charge = -e and total mass = me), called an electron 

orbitsphere. Mills claims the electron can get in a lower state than the ground state, the 

so called hydrino state, which causes the excess heat in the plasma. This effect can be 

greatened by using a catalyst, like argon, helium or strontium. 

1.1. Previous studies 

Besides the excess heat production, several other unusual observations have been made 

on plasmas containing hydrogen, such as excessive hydrogen Balmer-α spectral line 

broadening, extreme ultra-violet (EUV) en vacuum ultraviolet (VUV) emission, 

anomalous plasma afterglow and Lyman population inversion. These phenomena cannot 

easily be explained with the accepted physics theories. This was reason for B.A.H. de 

Maat to do his graduation project on this subject. In his thesis [3] he gives a more 

extensive summary of this theory and possible catalysts. In this project only argon and 

strontium were used as a catalyst. 

De Maat’s research was the basis for this research. His findings were that the 

calorimeter that was built for the research did not reproduce any excess heat 

production, as predicted by Mills. In the experiments different catalyst were used, 

namely argon, helium and strontium. However it was not possible to keep the strontium 

in the same condition during the experiments. In most cases, he concludes, the 

strontium changes from goldish-yellow to black. According to Mills and his co-workers 

the strontium catalyst should not oxidize during an experiment. Therefore Mills’ claims 

cannot be verified, nor rejected. 

In his recommendations he writes that it is better to use cells with an inner wall of 

stainless steel. This was already realized before my research. Also he writes that 

oxidation can be prevented by using a clean glove box to insert the strontium in the 

plasma cells. Conclusive experiments can only be done when the strontium does not get 

discolored during an experiment. 



1.2. Research motivation 

The main goal of this research was to find possible contaminants in the setup or other 

causes of the strontium contamination, in order to reproduce the experimental results 

of Mills. 
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2. Theory 

2.1. DC Glow Discharge Plasmas 

An electric glow discharge is a plasma formed by applying a potential over a gas. The 

simplest form is a direct-current (DC) glow discharge. Typically the potential is applied to 

two electrodes placed in a cell containing a gas at a pressure of several mbar. The cell 

walls also can be used as an electrode if they are conductive. Due to the potential 

between these electrodes, free electrons are created near one of the electrodes and a 

current can be formed between them. 

Practical applications of this phenomenon can be light sources, ion sources, sputtering 

or atomic spectroscopy. Figure 2.1 shows the most important regions that may be 

present in a DC glow discharge. Regions described as a glow-region emit significant light, 

dark spaces do not. The most important regions will be discussed below. 

 

Figure 2.1: An electric glow discharge tube showing the different glowing regions in the gas that appear 

when a high DC voltage is applied between the electrodes. The figure is taken from [4a]. 

2.1.1. Cathode Zone 

The cathode zone consists of several regions. Starting from the cathode itself, the first 

region is called the Aston Dark Space (AD). It has a strong electric field which accelerates 

the electrons away from the cathode. Next is the cathode glow, where the accelerated 

electrons have enough energy to excite neutral atoms. This causes the ion density to be 

high in this region. The last region is the cathode dark space which has a moderate 

electric field and a positive space charge due to a high ion density. 

2.1.2. Negative Glow 

The negative glow (NG) region has a relatively low electric field, which causes the 

electrons to have an almost constant energy over a long distance. This makes the 

conditions for excitation more favorable, which causes intense ionization and excitation.  



2.1.3. Faraday Space 

In the faraday dark space (FS) the electrons have less energy as in the negative glow, 

because they were slowed down by excitation collisions. This region therefore has 

neither excitations, nor ionization. 

2.1.4. Positive Column 

The positive column (PC) has a small, negative electric field, which conducts the 

electrons towards the anode. This is the largest region and it’s length depends on the 

pressure, size of and distance between the electrodes. 

2.1.5. Anode Zone 

The anode zone consists of the anode glow (AG), which is the boundary of the anode 

sheath, and the anode dark space (AD). The anode dark space has a higher electric field 

than the positive column, which causes the electrons to travel from the positive column 

to the cathode. This also causes the anode dark space to have a negative space charge. 

2.2. Calorimetry 

Calorimetry is the science of measuring an amount of heat and is done with a 

calorimeter. In this section different calorimeters will be discussed and the basic 

equations used in heat calculations will be presented. 

2.2.1. Calorimeters 

Three popular types of calorimeters will be introduced. Some (components) of these 

methods are used in the experimental setup. 

Adiabatic calorimeter 

In an adiabatic calorimeter heat losses are minimized to simulate adiabatic conditions. 

Conduction and convection is minimized by insulated the sample in vacuum, using thin 

electric wires, thermal anchoring, etc. Also the surrounding wall is kept on the same 

temperature to minimize radiation losses. 

Differential scanning calorimeter 

Differential scanning calorimetry involves heating two similar samples at the same rate. 

By recording the heat flow to the reference sample the heat flow of the first sample can 

be calculated. Important is that the samples have a well defined heat capacity. 
[4d]

 

Twin calorimeter 

With the twin calorimeter setup disturbances of external effects are minimized by using 

two calorimeters simultaneous. One sample is used for the actual measurements and 

one is used as a reference. By using the difference between the output signals a net 

signal is derived and external effects are minimized.  
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2.2.2. Basic heat equations 

Heat can be transferred in three different ways; conduction, convection and radiation. 

These three forms will be discussed below. First an overview of the more general 

equations is given. 

When applying a voltage over a resistance in closed circuit, a current shall be induced. 

The dissipated power P can be calculated by the product of the potential difference V 

and the current I. This can be rewritten using Ohm’s law to 

� = � ∙ � = �	 ∙ 
. (2.1) 

The relation between the energy E and the power is given by: 

� = � ���. (2.2) 

Heat is defined as the energy transfer ΔQ due to temperature differences ΔT. The 

relation between the transferred heat and the temperature difference is given by 

ΔQ = C ∙ ΔT, (2.3) 

where C is the heat capacity of the system. For a pure material it can be calculated by 

multiplying the mass of the object m with the specific heat capacity c: 

� = � ∙  . (2.4) 

Conduction 

Conduction is the transport of heat by atomic interactions. Hot particles transfer their 

kinetic or vibration energy to neighboring particles by vibrating against each other, or 

electrons move from one atom to another. 

Fourier’s law (the law of heat conduction) states that the time rate of heat transfer 

through a material is proportional to the negative gradient in the temperature and to 

the area, at right angles to that gradient, through which the heat is flowing. [4c] 

The integral form of Fourier’s law of thermal conduction is given by 

"#

"$
= −& ∮ ∇))*+ ∙ �,)))))*

-
, (2.5) 

where Q is the amount of heat, k is the thermal conductivity coefficient, ∇T is the 

temperature gradient and S is the surface trough which the heat is flowing. In the simple 

1D linear case this can be written as 

∆#

∆$
= −& ∙ , ∙

∆2

∆3
, (2.6) 

where A is the cross-sectional surface area, ΔT the temperature difference between the 

ends and Δx the distance between the ends. 



Convection 

Convection is the transport of heat by a combination of conduction and fluid flow. Fluids 

move trough space and thereby transport their momentum due to their mass and 

kinetic and vibration energy. 

This process can take place naturally, due to changes in the density, or it can be induced, 

by for example a fan or a pump. In the experimental setup convection is forced by a 

steady gas flow, due to the vacuum pumps and a gas inflow. Natural convection is 

present due to temperature differences between different parts inside the vessel. 

Radiation 

Radiation is the transport of heat by electromagnetic waves. All objects with a 

temperature above absolute zero emit thermal radiation (and are capable of absorbing 

it). Thermal radiation can propagate without the presence of matter. 

The Planck radiation law describes the spectral radiance of electromagnetic radiation 

emitted from a black body at a temperature T, as a function of its frequency v. Planck’s 

law is written as: 

�(ν, +) =
	89:

;< ∙
=

>
?@
ABC=

. (2.7) 

Here h is Planck’s constant, k is Boltzmann’s constant and c is the speed of light. By 

integrating this over the frequency and taking in account the emissivity factor ε(ν) for a 

non-black body, the heat emitted per unit of time is given by 

G#

G$
= , ∙ H ∙ I ∙ +J. (2.8) 

where σ is the Stefan-Boltzmann constant. 

2.3. Energy-dispersive X-ray spectroscopy 

Energy-dispersive X-ray spectroscopy (EDX) is an analytical technique used to 

qualitatively analyze a sample for its components. The characterization capabilities are 

due to the principle that each element has a unique atomic structure. In rest the atoms 

will be in their ground state. In order to determine the elements characteristics a high-

energy beam of charged particles or X-rays is directed at the sample. This beam may 

eject an inner shell electron, creating an electron hole. Electrons from higher shells can 

fill that hole by emitting for example an X-ray. The energy of that X-ray is dependent on 

the difference in energy difference between the two shells. 
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Figure 2.2: Energy-dispersive X-ray spectroscopy ejects an inner shell electron, creating an electron hole. 

Electrons from higher shells can fill that hole by emitting X-rays with an energy dependent on the difference 

in energy difference between the two shells. The figure is taken from [4b]. 
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3. Setup and Methods 
An adiabatic differential scanning calorimeter was built by De Maat [3]. The setup is 

shown in figure 3.1Figure 3.1. The most important components will be discussed in the 

different sections of this chapter. In the center of the setup are two plasma cells that 

can be removed from the setup. In these cells a DC glow discharge is induced. 

In a typical experiment, which last about 7 to 8 hours, one of both cells is operated at a 

constant input power, usually 10 W. This can be the power of the plasma inside or the 

power trough a resistor, which is placed inside the copper. The cell is then heated and 4 

thermal probes measure the cell temperature. The power input of the other cell is then 

set to follow the same temperature profile as the first cell. This heating can also be done 

using a plasma or a resistor. If the second cell needs more power to follow the 

temperature profile of the first cell excess power was produced in the first cell, or the 

other way around. 

In order to minimize heat losses to the environment the cells are surrounded by a 

copper box of which the temperature is controlled to be the same as the cell 

temperature. This box is placed in a vacuum vessel to minimize conductive and 

convective heat losses. 

 

Figure 3.1: A schematic representation of the setup. Two plasma cells are housed inside a copper box, which 

can be thermally regulated to minimize heat losses. This box is mounted inside the vacuum vessel which can 

be opened by sliding the flange of the vessel on the rail as shown. After opening the vessel the cells can be 

taken out (one cell is elevated for demonstration purposes). Both cells are connected to the gas flow system 

as shown on the right. The figure is taken from [3].
 



Both cells are connected to a gas flow system, which can regulate a steady gas flow into 

the cells. It is possible to select a different gas for each cell. The gasses can also come 

from the same source. Also an optical fiber is connected to the cells, so that a 

spectrometer can be connected to do spectroscopic measurements on the plasma. 

For the experiments done in this research the plasma cell was not placed in the setup as 

shown above. Instead only one of the cells was connected to a gas flow system and no 

qualitative experiments were done. This was done in order to keep the setup as simple 

and clean as possible. Therefore only the plasma cell and the used gas flow system will 

be discussed here. For details on the rest of the setup see De Maat [3]. 

3.1. Plasma Cell 

Figure 3.2 shows a schematic representation and a cross section of one of the two 

identical plasma cells. The outer part of the cell is a copper cylinder with an outer 

diameter of 9.5 cm, a wall thickness of 2.0 cm and a length of 20.5 cm. The cell can be 

opened by removing the flange that is covered with stainless steel on the inside. Also a 

stainless steel tube is placed inside the copper cell. 

The flange has two stainless steel gas feed-trough’s, 1.0 mm thick, with an outer 

diameter of 6.0 mm. One ends directly on the lid, the other ends 15 cm inside the cell. 

This tube is electrically insulated with a quartz tube. The flange can be rotated 180 

degrees so that the gas tube is in the top. 

The flange holds an optical fiber feed-trough and in the center is an electrical feed-

trough which is partially covered by a 25 mm long quartz tube. This is then connected to 

a 6.0 mm outer diameter and 50 mm long stainless steel hollow tube that functions as 

the anode for the plasma discharges. The stainless steel tube covering the walls serves 

as a cathode. 

 In the bottom a stainless steel table can be placed as shown in figure 3.2. On this table 

the strontium can be placed. This table will also electrically shields the gas feed trough 

below it. 

A Watlow firerod C1E42 heating resistor is placed inside the flange, connected to a 

second electrical feed-trough. Also four thermistors are placed approximately 5 mm 

inside the copper (measured from the outside). One is placed in the front, the back, the 

top and the bottom. 
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Figure 3.2: A schematic representation (a) and cross section (b) of the plasma cell. All major components 

have been pointed out. The stainless steel wall functions as the cathode.  

 

The mass of both plasma cells is (10.01 ± 0.01) kg. This value includes the mass of the 

copper cylinder, the stainless steel tube, the gas and power feed trough, the quarts rod, 

the heating resistor and the thermistors. 

A stainless steel frame (the cell holder) holds the cell in its place. This frame has a mass 

of (0.372 ± 0.001) kg and has minimal contact with the copper cylinder. 

3.2. Gas Flow System 

Since only a single cell was operated at the time, a more simplified version o f the gas 

flow system as that of the setup as shown in figure 3.1 is used. The system should be 

able to supply different gasses and it needs to be very clean, to keep the gasses as pure 

as possible. Therefore a system as shown in figure 3.3 was designed. 

 

Figure 3.3: Complete gas flow system of the experimental setup.
 

 

(a) (b) 



The gas is supplied trough a flow controller (Bronkhorst F200-CV). The gas flow is given 

in sccm, which stands for standard cubic centimeters per minute. After the flow 

controller a capacitive pressure meter (Pfeiffer CMR 363) is placed. The gas drain is 

formed by a pre-pump (Primary Pump), that is followed by a turbo pump (Turbo Pump). 

On the high vacuum side another capacitive pressure meter (Pfeiffer CMR 363) is placed 

to measure the pressure fall in the setup. 

The gas supply, the cell and the pump system are separated by valves so that they can 

be operated independently and so the plasma cell can be taken out as easy as possible. 

Also a connection between the gas supply and drain was created for flushing purposes. 

3.3. Electrical System 

In figure 3.4 a schematic representation of the power scheme is given. A Xantrex DC 

power source was used to supply DC power to the plasma or the resistor. A ballast 

resistor of 1.0 kΩ is used to stabilize the plasma. Two Agilent digital multimeters are 

used to measure the current trough and voltage over the plasma or the heating resistor. 

For a 10 W plasma the typical conditions are a voltage of about 200 V and a current of 

0.05 A.  

 

Figure 3.4: Electrical scheme of the experimental setup. 
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3.4. Spectrometer 

The spectrometric measurements were mainly used to determine whether or not 

oxygen and/or water can be seen in the plasma’s spectrum, what would mean there is a 

leak in the setup. Also it is used to see if the strontium lines are visible in the light 

emitted by the plasma. The OceanOptics HR2000, HR2000+ and HR4000 were used. 

Three different types were used because of their different wavelength range and 

availability.  

Table 1: Specifications on the OceanOptics spectrometers, such as wavelength range and slit width. 

Spectrometer 

Minimum 

wavelength 

(nm) 

Maximum 

wavelength 

(nm) 

Wavelength 

range (nm) Slit width (µm) 

HR2000 172 624 452 50 

HR2000+ 415 855 440 10 

HR4000 497 946 449 50 

 

3.5. Strontium 

In most of the experiments strontium was used as a catalyst. Strontium is a soft 

silverwhite or yellowish metallic element that is chemically highly reactive. It is a metal 

that is softer than calcium and even more reactive in water. It also has an extreme 

reactivity with oxygen and it will react with nitrogen at temperatures above 650 K. 

Strontium has a melting point of 1050 K and a boiling point of 1655 K. 
[4e]

 

The used strontium is produced by Aldrich Chemical Company and has a purity of 99.9%. 

According to De Maat
[3]

,  the strontium metal, when exposed to air, rapidly changes 

color from yellow-goldish to a silvery color. After longer exposure it will then turn black 

and eventually it turns into a white powder. This differs from the properties as described 

on Wikipedia
[4e]

, saying it is a grey, silvery metal. Freshly exposed to oxygen it rapidly 

turns a yellowish color with the formation of the oxide.  

3.6. Glove Box 

In order to keep the strontium catalyst as pure and clean as possible a MBraun 

LabMaster glove box is used to add and remove the strontium to a plasma cell. The 

glove box has a hydrogen and water level of <0.1 ppm. 

  



3.7. Heat Camera 

In order to look at the heating process within the plasma cell a Flir ThermaCAM S65HS 

infrared camera was used to look at the plasma cell. The camera has a range from -40 °C 

up to +1500 °C, with an accuracy of ±2% of the measured value. 

In order to see the process clearly the copper cylinder was removed from the stainless 

steel inner cylinder. A typical experiment was done with an input power of about 10 W. 

Because the massive copper block was missing the heat could not be conveyed. 

Therefore an experiment is only run for 2 – 3 minutes. 

 

Figure 3.6: heat camera. 
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4. Measurements 
The coloring of the strontium  from a yellow-goldish color to a black-gray color as 

detected by De Maat  was investigated. In order to more easily do this, a single plasma 

cell as described in the setup chapter was taken out of the larger vacuum vessel. By 

doing that we eliminate any possible negative effects of the larger setup and the 

experiments can be run more easily, but as a consequence no comparative calorimetric 

experiments were done. 

4.1. Coloring of the Strontium 

The strontium was placed in the plasma cell in the glove box environment and 

photographed before doing any experiments. Then the plasma cell was connected to the 

setup, without exposing it to air. Next a plasma was ignited and after running the 

experiment for several hours the cell was disconnected and transported back to the 

glove box, again without exposure to air. After opening the plasma cell, the Strontium 

had assumes a different color as before the experiments. A photo of both before and 

after the experiments is shown in figure 4.1. 

 

 

Figure 4.1: Pieces of strontium before (left) and after (right) an experiment was run. Before the strontium 

has a yellow-goldish color, afterwards it is black-gray. 

 

Figure 4.2 shows the temperature as a function of time during an experiment containing 

the strontium. The power was set to be 15 W. In the graph you can see that the 

temperature increases over time and that it is a decreasing inclination due to heat losses 

by convection and radiation. The temperature of the environment was also measured to 

determine the temperature difference between the cell and the environment. 



 

Figure 4.2: The temperature as a function of time for a 15 W ArH2 plasma containing strontium.  

 

During the experiments the light emitted by the plasma was analyzed with a 

spectrometer. During the entire run of the experiments spectral analysis show that 

emission lines belonging to the strontium are visible. Single difference is that the 

emission lines decreased in intensity over time. This might be explained by a 

contaminated optical pass-through. As visible in figure 4.1 a dark layer of deposition can 

be found on the strontium holding table. A similar layer is deposited on the optical pass-

through as was on the anode as shown in figure 4.3. In the right picture you clearly see 

the difference between before and after since the quartz rod at the bottom was partially 

covered during the experiments. The covered part is still transparent, the rest is black. 

 

 

Figure 4.3: Parts of the plasma cell after experiments containing strontium have been ran. 
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4.2. Strontium Analysis 

In an effort to explain the coloring of the strontium the colored samples were analyzed 

with the Energy dispersive X-ray analysis (EDX). This analysis was done by Niek Lousberg 

of the chemistry department. In order to do this it was necessary to expose the 

strontium to air, to place it in the EDX machine. This causes the strontium to react with 

the oxygen in the air. Due to this reaction it is not possible to say whether or not the 

coloring of the strontium is caused by oxygen. 

The EDX method only works for elements carbon and heavier. Therefore H, He, Li, Be 

and B can not be seen in these measurements. There is no upper limit. 

In figure 4.4 the surface analysis of a piece of strontium, that was used in a reaction, is 

shown. In figure 4.5 the EDX analysis of that same piece is shown. In the spectrum 

strontium and oxygen peaks can clearly be seen as to be expected. No other substances 

were found with this method. So from this we can say that the coloring of the strontium 

is not caused by any element heavier than carbon, except for oxygen. Possible 

contaminants can be H, He, Li, Be, B and O. From this list oxygen is the most probable 

source of contamination. 

 

Figure 4.4: Surface analysis of a piece strontium that was colored during the reaction. 



 

Figure 4.5: EDX Analyses of a piece of strontium. 
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4.3. Contamination of the Cell 

Another problem as described before is the contamination of the plasma cell. After the 

experiments have been done, the inside of the plasma cell has changed. The quartz, 

covering the anode and the gas in/out-let, has a layer of unknown material on it. This 

material was also analyzed using EDX. The results are shown in figure 4.6 and 4.7. In the 

EDX spectrum the lines of C, O, Si, Cr, Fe, Ni and Mo can clearly be seen. 

Stainless steel is mainly composed of C, Cr, Fe, and Ni. It is also common to find N, Mg, 

Si, Ti and Mo in it as well
[4f]

.Quartz is composed of Si and O. Combining these two lists all 

the found components can easily be explained. Note that no strontium was found in the 

depositions. So from this we can say that the contamination off the cell is likely to be 

caused by depositions of the stainless steel in cell. 

 

Figure 4.6: Surface analysis of the depositions on the quartz rods. 



 

Figure 4.7: EDX analysis of the depositions on the quarts insulations. 
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4.4. Time Resolved Heat Measurements 

In an attempt to analyze the plasma shape, the heating of the cell (without the copper 

shell) was observed with a thermal camera. The experiments were typically 1-5 minutes, 

to prevent overheating. The stainless steel inner wall has a much lower heat capacity as 

the copper cell wall. The gas used was Argon. The temperature rises during the 

experiments from room temperature of about 18 °C to a temperature of around 40 °C. 

All other conditions were similar to the other experiments. 

For different pressures, the time evolution of the temperature was observed. In figure 

4.8 the different results are shown with the gas flowing in at the top and out through 

the bottom tube. On the left the pressure was about 2.0 mbar, with a flow of 0.2 sccm. 

On the right the pressure was about 5.5 mbar with a flow of 1.5 sccm. 

It is clear to see in these images that the plasma with a lower pressure is more uniform 

through the entire cell where the higher pressure causes the plasma to be more 

localized at the bottom. 

  



Figure 4.8: Time evolution of the temperature in a plasma cell. On the left a pressure of 2.0 mbar and a flow of 0.2 

sccm. On the right a pressure of 5.5 mbar and a flow of 1.5 sccm. 
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5. Discussion and Conclusions 
In all experiments it was found that the strontium changed its color from yellow-goldish to 

black-gay during an experiment. EDX analysis was used to check if this color change is caused 

by a foreign material. In the EDX results, only strontium and oxygen emission was visible. 

Because of the limitations to this method possible contaminants can be H, He, Li, Be, B and O. 

From this list oxygen is the most probable source of contamination, because the described 

color change also happens when the strontium is exposed to air. Therefore we assume that 

the coloring is caused by oxidation and no deposition of other materials has occurred. Sources 

for these contaminants can be impurities in the gas, a leak in the setup, emissions from the 

vacuum cell wall, etc. 

The same color depositions on other parts of the plasma cell were also investigated. The EDX 

spectrum showed the lines of C, O, Si, Cr, Fe, Ni and Mo in the deposition that was found on a 

quartz rod. All these elements commonly seen in stainless steel and quartz. Therefore it is 

likely to assume that these depositions came from the stainless steel inside the plasma cell. No 

strontium was found in these depositions, so we can conclude that this is not the source for 

these contaminations. 

The heating of a plasma cell was investigated using a heat camera. From the thermal images it 

can be concluded that the plasma in a cell with a pressure of about 2 mbar is uniformly 

distributed throughout the entire cell. For plasma’s in a cell with a pressure of about 5 mbar 

the heating, caused by the plasma, is more localized at the bottom of the cell. 

Overall we can conclude that the cause of the coloring of the strontium was not found with 

absolute certainty. In an effort to determine it, all elements except for H, He, Li, Be, B and O 

were excluded. From the remaining elements, oxygen is the most likely cause for the coloring. 

This does not explain the origin of the other contamination of the plasma cell. With the EDX 

analyses it was found that this is caused by stainless steel from the plasma cell. Finally the shap 

of the plasma was investigated and found to be uniform around the entire cell for pressures of 

2 mbar as in most experiments. For a higher pressure the plasma is localized in the bottom of 

the cell. 

5.1. Outlook 

Possible future research objectives can be a better analysis of the colored Strontium. This 

should be done without exposing the Strontium to air, to determine whether or not the 

strontium reacted with oxygen or water in the vacuum vessel. 

Furthermore it is advised to determine if the discoloring of the strontium is the same for 

different pressures in the plasma cell. This research showed that the shape of the plasma is 

different for different pressures, but due to a lack of time the effect on the strontium coloring 

was not investigated. 
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