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1. Using the parameters of Appen and Bresker, estimate the dielectric constant of Na2O xAl2O3(3-2x)SiO2 glass series for x = 0, 0.2, 0.4 and 0.6. Compare your values to those reported by Hsieh et al in J. Appl. Phys. 80 (1996) 1704 (attached). 
David Shahin submitted the most detailed calculation of dielectric constant following the empirical values of Appen and Bresker:

The dielectric constant for the Na2O ( x Al2O3 ( (3-2x) SiO2 glasses can be found by summing the products of the dielectric constant ((i) and mole percent (pi) of each component, as shown in the following equation:

( = (1/100)((i*pi = (1/100)[((Na2O*pNa2O + (Al2O3*pAl2O3 + (SiO2*pSiO2)]

The mole percentages must first be calculated for each glass in the series, as follows:

x = 0, Na2O ( 3 SiO2:

% Na2O = (1/(1+3)) * 100% = 25% Na2O

% SiO2 = (3/(1+3)) * 100% = 75% SiO2 
x = 0.2, Na2O ( 0.2 Al2O3 ( 2.6 SiO2:

% Na2O = (1/(1+0.2+2.6)) * 100% = (1/3.8) * 100% = 26.32% Na2O

% Al2O3 = (0.2/3.8) *100% = 5.26% Al2O3 

% SiO2 = (2.6/3.8) *100% = 68.42% SiO2 
x = 0.4, Na2O ( 0.4 Al2O3 ( 2.2 SiO2:

% Na2O = (1/(1+0.4 + 2.2)) * 100% = (1/3.6) *100% = 27.78% Na2O

% Al2O3 = (0.4/3.6) * 100% = 11.11% Al2O3 
% SiO2 = (2.2/3.6) *100% = 61.11% SiO2 
x = 0.6, Na2O ( 0.6 Al2O3 ( 1.8 SiO2:

% Na2O = (1/(1+0.6+1.8)) * 100% = (1/3.4) * 100% = 29.41% Na2O

% Al2O3 = (0.6/3.4) * 100% = 17.65% Al2O3 
% SiO2 = (1.8/3.4) * 100% = 52.94% SiO2 
The dielectric constant summation formula may then be used to find the dielectric constant for each glass, where (Na2O = 17.6, (Al2O3 = 9.2, and (SiO2 = 3.8, as given by the data from Appen and Bresker.

x = 0, Na2O ( 3 SiO2:

(x=0 = (1/100)[(17.6 * 25% Na2O + 9.2 * 0% Al2O3 + 3.8 *75% SiO2)]

(x=0 = 7.250
x = 0.2, Na2O ( 0.2 Al2O3 ( 2.6 SiO2:

(x=0.2 = (1/100)[(17.6 * 26.32% Na2O + 9.2 * 5.26% Al2O3 + 3.8 *68.42% SiO2)]

(x=0.2 = 7.716
x = 0.4, Na2O ( 0.4 Al2O3 ( 2.2 SiO2:

(x=0.4 = (1/100)[(17.6 * 27.78% Na2O + 9.2 * 11.11% Al2O3 + 3.8 *61.11% SiO2)]

(x=0.4 = 8.234
x = 0.6, Na2O ( 0.6 Al2O3 ( 1.8 SiO2:

(x=0.6 = (1/100)[(17.6 * 29.41% Na2O + 9.2 * 17.65% Al2O3 + 3.8 *52.94% SiO2)]

(x=0.6 = 8.812
The following Table compares these calculated values with experimental values for intermediate frequencies reported by Hsieh et al.

	x
	Hsieh et al. data
	Calculated dielectric constant

	0
	7.3
	7.25

	0.2
	7.6
	7.72

	0.4
	8.0
	8.23

	0.6
	8.8
	8.81



After a critical review of the structural information included in the latter reference, explain the compositional trend of dielectric constant. 
It is clear from the Table above that the dielectric constant increases with increasing x. Liying provided the following figure that illustrates the same fact more clearly:
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After noting that the compositional variation of electronic polarization, as estimated from refractive index (i.e. optical frequency dielectric constant), is small, we may conclude that the main source of the increase in the intermediate frequency dielectric constant with x is from the variation of ionic polarization. The paper analyzes the dielectric constant in terms of various structural units. Note that both the concentration of the units as well as their polarizability can affect the dielectric constant. The authors demonstrate that the dielectric constant increases primarily the change in concentration and the polarizability of individual units may be assumed to remain concentration independent. The XPS data, however, indicates that sodium becomes increasingly more ionized with increasing x. Its increased ionicity will also contribute to the observed trend of dielectric constant.

State clearly any shortcomings of this study with your reasons. 
Some of the shortcomings of the study are:

· Lack of data at GHz frequencies for which Appen and Bresker’s data are obtained. 
· No estimates or discussion of the ‘jellyfish’ fluctuations that contribute to microwave frequency dielectric constant.

· Data limited to Na/Al >1. Higher alumina data may provide a critical test of some the assumptions since different type of structural changes are expected as one crosses the boundary of Na/Al = 1.

Next, provide an explanation of any discrepancy between your estimates and experimental values.

Lack of information on experimental uncertainty is an obvious source of likely discrepancy. Notwithstanding, the discrepancy seems to be real and outside the experimental error. It may be due to any of the following reasons:

The difference in the frequency of measurements/calculations

Jellyfish contribution 

Assumption of composition independent polarizability of various structural units 
2. In most cases, drinking glass does not heat up much directly when placed in kitchen microwave oven. However, a newly imported glass ware is found to heat up when placed in microwave oven for a couple of minutes. Make a recommendation to the manufacturer of this glass to correct the problem. Include a thorough scientific explanation in support of your recommendation. [35 points]
The household microwave ovens operate at 2.45 GHz, which overlaps the dipolar loss peak of liquid water. Therefore, H2O molecules heavily absorb the microwave radiation and heat up the food that contains water. The relaxation time of dipoles in most insulating solids including glass is much longer than the inverse of this frequency, so that they would not heat up in microwave ovens. However, if there is any molecular water present in the glass structure, it will heat up the glass just as the food items. Therefore, the first recommendation should be to remove moisture from the batch materials and control humidity during melting. Once the glass is solidified and stored at room temperature, diffusion of moisture can happen but at a very slow rate. 

The second cause of microwave absorption in glass is the fluctuation of jellyfish structures, of which alkali cations are the most effective component. So the next recommendation would be to reduce the concentration mobile alkali or other monovalent cations.
Finally, metal particles (not so common in typical glass), if any, should be eliminated or oxidized to a state that does not absorb at the frequency of interest.

In any case, the question has no relevance to dielectric strength, which some students tried to make.
3.  Examine the last slide of lecture 1 that shows a cartoon with two polar bears. Explain the cartoon in the context of this course, including its scientific message. [15 points]
 There was no obvious answer to this question. Here the purpose was to make you think beyond the standard text or subject matter, while building on or making connection with what you learnt in the course. Logical use of this scientific knowledge was the main expectation with focus on dielectric polarization. For example, if polarizability of water molecules is reduced by some mechanism, the bonding will become weaker and the freezing temperature will decrease, thus turning more ice into water, causing problem for the bears. As another example, increased dielectric constant of the medium will reduce Coulomb force and may impact total polarization of the medium. 
Some of your interesting (not necessarily perfect) answers to this question are given below:

While this cartoon may not have been intended to have a scientific message, it can be viewed in the context of this course.  High polarization within a material is related to highly dielectric materials, which can be used in energy storage devices such as capacitors.  If there is a decreasing polarization of our “society”, then perhaps we will not be able to make the best use of the energy that we have available to us, leading to increasing energy and environment problems.  The polar bears may be feeling the effects of global warming and may be lamenting about the fact that humans are willing to pay over $4/gallon of gas to drive their Hummers, rather than investing in the science and technology needed to improve energy storage devices and better their quickly worsening situation.  

The last slide in lecture 1 shows a cartoon with two polar bears.  The polar bears make a comment about how they are worried about the decreased polarization of our society.  The cartoon is referring to global warming and how it is causing the polar regions of our planet to melt and subsequently decrease in size.  As such, the polar bears are worried because the polar ice caps are their home.  This cartoon can relate to this course through a variety of different ways because it relates to the idea of polarization in materials.  The simplest unit of polarization is the dipole and so understanding the dipole is important to understanding polarization.  A similarity between the magnitude of destruction of the polar ice caps due to global warming and the magnitude of a dipole can be observed.  The magnitude of a dipole is the distance times the charge.  The magnitude of the destruction of the polar ice caps is temperature and distance.  For the magnitude of a dipole, as the charge increases, so does the magnitude of the dipole. For global warming, as temperature increases, so does the destruction of the polar ice caps.  For materials as the distance between the charges increases, so does the magnitude of the dipole.  As the distance between the polar ice caps increases, so does the destruction of the polar ice caps.
Polarization is dipole moment per volume. And dipole moment depends on charges and separation of those opposite charges. The decreased polarization results from either decrease amount of opposite charges per volume or decrease distance per volume from those charges. In microscopic point of view, we may assume that materials as polar bear’s society, opposite charges as pairs of male and female polar bears, distance between charges as distances between bears, and volumes as area those polar bears available.

Polar bear worry about the decreased polarization of their society imply that they worry about global warming melting ice in the arctic causing decrease opportunity that male and female bear meeting each other.

Consequently, a final result in macroscopic is the reduction of offsprings that affect to less popularity in future comparing to reduce of dielectric in material. Not only the first off spring that are serious dangerous but also cross breed with other bear’s society to improve their breed that can imagine as a composite to other materials that can change their dielectric constant or other properties.

We should also concern about our society but in the opposite way. We have chance about increased polarization in human society because the more water in the sea increase, the less the area we can live. Then, the habitats are decreased leading to increasing opportunity between men and women to “polarize” each other and give birth to child that will increase more polarization in the future.
Polarization of light involves scattering and absorption of radiation waves.  One type of is Rayleigh scattering, which is responsible for why the sky is blue. Polarization effects are dependent on direction and orientation of the waves - as materials acting as polarizers (including the atmosphere) – will increase coherency of the waves passing through the medium.  Polarization ‘filters out’ waves that are not oriented properly is relation to the polarizing medium.  This occurs from dipole interactions with waves in the medium.

Decreasing polarization of solar radiation due to changes in the atmosphere (reduced ozone levels) results a higher percentage of those rays penetrating the atmosphere.  This would increase the amount of the sun’s energy absorbed by Arctic ice, melting the polar bears’ habitat.
A general decrease in polarization as it relates to materials, mathematically is P=dipole moment/volume.  A decrease in polarization would mean that less dipoles would be created, thus also resulting in a decrease in dielectric constant.  This would make it hard to find materials that can store a charge because there are less positive and negative ion interactions.  This would greatly affect growth in technology with a lack of materials that contained high dielectric constants.  Items such as capacitors and batteries would not exist or possibly not be as efficient.  Other methods would have to be evaluated possibly decreasing the future of microelectronics and portable devices.  Future devices may never exist or technology may never progress unless another means of producing the same results as highly polarized (high dielectric constant) materials.
Decreased polarization of Mr. and Mrs. Bears’ society because of the green house effect? Yes!!! Due to the green house effect, the average temperature increases in polar area, then causes a lot of ices melt, which is eliminating the polar area’s ICY uniqueness which is distinct from the non-polar areas, then each bear family prefers standing on an isolated icy island, that is why Mr. and Mrs. Bears think the polarization is decreasing.

Let’s compare this picture with our matter’s world. Mr. and Mrs. Bears are one family in the North Pole, which is one of the many dipoles. This Bear family is similar to our one DIPOL, e.g. H+-Cl-. On the other hand, many families (dipoles) essentially are fairly independent, i.e., no such a strong bonding like ionic bonding (ionic polarization) and electronic connection to nucleus (electronic polarization), if there are some connections between bear families, the connection is more like Van der Waals’ force. Ok, now our picture is that the bear society is like a polar gas composed of many many polar molecules. The polarization of bear’s society is significantly affected by temperature, i.e. with increasing temperature, the bear communities’ polarization decreases. Polar gas’s polarizability is also temperature dependent, i.e., at higher temperature, the dipoles’ alignment is disturbed by the thermal agitation, which follows the equation 

[image: image2.wmf]
i.e., polarization decreases as temperature increases, which is essentially the same as the bear community’s situation. In conclusion, the polarization decreases as temperature increases in the case of dispersive medium (molecular material, or bears’ society).
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