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Abstract

In curve of growth, traditionally equivalent width is found for absorption lines of

Gaussian, Lorentz and Voigt profile against flat continuum. Here, absorption against

non-flat distributions is examined. These non-flat distributions are Gaussian and Lorentz

distribution. Analytically equivalent widths for absorption against non-flat continuum

are complicated integrals. It is impossible to solve these integrals analytically so I have

solved them numerically. At low the absorption is independent on profile while the

growth of absorption depends on profile at high , where is width.
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Chapter 1

Introduction
1.1 Curve of Growth

The curve of growth is a method of showing how the equivalent width of an absorption line

increases with depending on the profile of the absorption. Let us think our homogeneous slab

of gas in front of a continuum source.  Let ( ) be the radiance per unit wavelength interval of

the continuum at wavelength . Let ( ) ) be the optical thickness in the vicinity of a line and= − , the emergent radiance per unit wavelength as a function of wavelength will be

I (x) = I (c)exp[−τ(x)] (1.1.1)

The equivalent width W is given by

WI (c) = ∫ I (c) − I (x) dx,                                (1.1.2)

Or by using of equation (1.1.1), I get same unit as “x”.

W = ∫ [1 − exp{−τ(x)}] dx. (1.1.3)

If the line is symmetric, this may be evaluated as

W = 2∫ [1 − exp{−τ(x)}] dx. (1.1.4)



5

Figure 1.1

This figure illustrates how an absorption line profile with Gaussian absorption coefficient

denotes from Gaussian as it gets more optical thide

1.2 Curve of Growth for Gaussian Profiles

By “Gaussian profile” in the title of this section, I mean profiles that are Gaussian in the

optically-thin case; as soon as there are departures from optical thinness, there are also

departures from the Gaussian profile in the absorption line profile. However, the Gaussian

profile refers to τ(x) and thus the absorption coefficient and the optical depth are Gaussian. For

an optically-thin thermally-broadened line, the optical thickness as a function of wavelength is

given by

τ(x) = τ(0) exp − (1.2.1)

Where the HWHM is “g” and the so called Gaussian width σ are related

g = V √ = σ√ln 2 (1.2.2)

Here is the modal speed of all the atoms. The line profiles, as calculated from equations 1.1.4

and 1.2.1, are shown in figure-1.2a for the following values of the optical thickness at the line
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centre: τ(0) = 2 , n from -4 to 4. The integrated absorption in normalized spectra (equivalent

width) as a function of μ is shown in Fig 1.2b

On combining equations 1.1.4 and 1.2.1 and 1.2.2, we obtain the following expression for the

equivalent width:

(W) = 2∫ 1 − exp −τ(0) exp − dx (1.2.3)

Now, with variable change x = √
, we obtain

Or (W) = ∫ [1 − exp{−τ(0) exp(−x )}] dx , (1.2.4)

The half-width at half maximum (HWHM) of the expression 1.1.4 for the optical thickness

corresponds to ∆x = √ln 2 = 0.8326. For the purposes of practical numerical integration of

equation 1.2.4, we shall integrate from x = −5 to + 5 that is to say from ±6 times the HWHM.

One can see from figure 1.2a that going outside these limits will not contribute significantly to

the equivalent width. We shall calculate the equivalent width for central optical depths ranging

from 1/20 (log τ(0) = −1.3) to 10 (log τ(0) = 5.0).
In figure 1.2b we have curve of growth for thermally broadened lines. I have plotted this from

log τ(0) = −1.3 to 5.0; that is τ(0) = 0.05 to 10 .
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Figure 1.2a

Line profile due to Gaussian absorption coefficient of different values.

Figure1.2b:

Curve of Growth for Gaussian Profile
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1.3 Curve of Growth for Lorentz Profiles

The optical depth of a line broadened by radiation damping is given, as a function of wavelength,

by τ(x) = τ(0) (1.3.1)

Where HWHM is l = (1.3.2)

And τ(0) the optical thickness at the line Centre.

Here x = λ−λ and the damping constant Γ include a contributions from pressure broadening

and natural broadening. Now, we draw line profiles for optical thicknesses at the line

Centre τ(0) = 2 , n from -4 to 4 (Fig 1.3a).

We see that the wings continue to add to the equivalent width as soon as, and indeed before, the

central depth has reached unity. On combining equations 1.1.4, 1.3.1, 1.3.2 we obtain the

following expression for the equivalent width:( ) = 2∫ 1 − exp − (0) dx (1.3.3)
After variable change y = , we get(W) = ∫ 1 − exp − ( ) dy, (1.3.4)

If we now substitute y = tan , the expression for the equivalent width becomes

E(W) = Γλ2πc 1 − exp(−τ(0)cos θcos θ dθ
Now that we have a finite upper limit, the expression can be integrated numerically without

artificial and unjustified truncation. Calculation of the trigonometric function “cos” can be

avoided, and hence the integration much speeded up, by the substitution of t = tan θ ,

Although the denominator of the integrand is obviously zero at the upper limit, so is the

numerator, and the value of the integrand at the upper limit is finite and equal to τ(0). Figure

1.3b shows the equivalent width, in units of as a function of τ(0).
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Figure 1.3a

Absorption due to Lorentzian absorption coefficient at different optical depths.

Figure 1.3b

Curve of Growth of Lorentzian absorption
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1.4 Curve of Growth for Voigt Profiles

Our next task is to construct curves of growth for Voigt profiles for different values of the ratio

of the Lorentz and Gaussian HWHMs, which is= √ = . (1.4.1)

Or, better, for different values of the Gaussian ratio k = , these should look intermediate in

appearance between figures 1.2b and 1.3b. Our aim is to calculate the equivalent width as a

function of τ(0) for different values of the Gaussian fraction k = . LetW = √
; that is,W is the equivalent width expressed in units of √ For τ(0) less than 5, where the wings

contribute relatively little to the equivalent width, we find thatW is almost independent of the

Gaussian fraction. The difference in behavior of the curve of growth for different profiles

appears only for large values of τ(0), when the wings assume a larger role.  However, for any

profile which is less Gaussian then about k equal to about 0.9, the behavior of the curve of

growth (for τ (0)> 5) mimics that for a Lorentz profile. For that reason we have drawn curves of

growth in figure1.4 only for k = 0.9, 0.99, 0.999, and 1. This corresponds to l/g = 0.1111,

0.0101, 0.0010 and 0Figure 1.4
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Figure1.4

Curve of Growth for Voigt profile
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Chapter 2

Probability Distribution Function
2.1 Distribution

The probability P{X ≤ x} is the probability of the event {X ≤ x}. It is thus an increasing function

of . We call this function, denoted by F (x), the cumulative probability distribution of random

variable . Thus, F (x) = P{X ≤ x}
We shall often call F (x) just the distribution function of . The argument is any real number

ranging from −∞ to∞. Where the right-hand side represents the probability that the random

variable takes on a value less than or equal to .The probability that X lies in the semi close

interval (a, b], where a < b, is therefore,P{a < ≤ } = F (b) − F (a)
There two types of distribution, discrete and continuous, but we deal with continuous

distribution.

Figure 2.1
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2.2 Gaussian distribution

The most commonly used continuous probability distribution applied statistics is the normal

distribution. Its graph, called the normal curve, is the bell-shaped curve of Figure 1.1a, which

approximately describes many phenomena that occur in nature, industry, and research. For

example, physical measurements in areas such as meteorological experiments, rainfall studies,

and measurements of manufactured parts are often more than adequately explained with a

normal distribution. In addition, errors in scientific measurements are often approximated by a

normal distribution.

In 1733, Abraham DeMoivre developed the mathematical formula of the normal curve. It

provided a basis from which much of the theory of inductive statistics is founded. The normal

distribution is often referred to as the Gaussian distribution, in honor of Karl Friedrich Gauss

Figure 2.2

(1777–1855), who also derived its equation from a study of errors in repeated measurements of

the same quantity. A continuous random variable X having the bell-shaped distribution of

Figure1.1 is called a normal random variable. The mathematical equation for the probability

distribution of the normal variable depends on the two parameters µ and s, its mean and standard

deviation, respectively. Hence,

we denote the values of the density of X by N(x; µ, ).
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2.2.1 Definition:

“The density of the normal random variable X, with mean µ and variance , is

N(x; µ, ) =√ ( )
, −∞ < < ∞

Once µ and s are specified, the normal curve is completely determined. Here we have different

cases

Figure 2.2.1a

Figure 2.2.1b

Figure 2.2.1c

The dependence of the parameters µ and σ
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2.2.2 Properties:

The curve is symmetric about a vertical axis through the mean µ.The curve has its points of

inflection at x = µ± ; it is concave downward if µ - <X<µ+ and is concave upward

otherwise. The total area under the curve and above the horizontal axis is equal to 1. The mean

and variance of N(x; µ, ) are and , respectively. Hence, the standard deviation is . The

distribution of a normal random variable with mean 0 and variance 1 is called a standard normal

distribution.

N(x; 0, 1) =√
2.3 Lorentz Distribution

The Lorentz distribution, named after Hendrik Lorentz, he was physicists. It is also known as

The Cauchy distribution, named after Augustin Cauchy, Cauchy–Lorentz distribution, Lorentz

function, or Breit–Wigner distribution. It is a continuous probability distribution.

2.3.1 Definition:

The Cauchy distribution has the probability density functionf(x; x, γ) = 1π γ(x − x ) + γ
Where x0 is the location parameter, specifying the location of the peak of the distribution, and γ
is the scale parameter, which specifies the half-width at half-maximum (HWHM). γ is also equal

to half the interquartile range and is sometimes called the probable error. The distribution is

important in physics as it is the solution to the differential equation describing forced resonance,

while in spectroscopy it is the description Doppler broadened.

The following graph shows how the distributions move as the location parameter changes:
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Figure 2.3.1a

While the following graph shows how the shape (scale) parameter alters the distribution:

Figure-2.3.1b

The amplitude of the above Lorentz function is given by

Amplitude (or height) =
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The special case when x0 = 0 and γ = 1 is called the standard Cauchy distribution with the

probability density function f(x; 0, 1) = 1π( 1 + x )
In physics, a three-parameter Lorentz function is often used:f(x; x, γ, I) = I γ(x − x ) + γ
Where is the height of the peak.
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Chapter 3

Emission and Absorption
3.1 Emission

Emission is the process by which a higher energy quantum mechanical state of a particle

becomes converted to a lower one through the emission of a photon, resulting in the production

of light. The frequency of light emitted is a function of the energy of the transition.

3.2 Absorption

If we are talking about absorption, we have different ways to define absorption like, the social

process of absorbing one cultural group into harmony with another or complete attention; intense

mental effort. Now the absorption according to science, in chemistry, the process by which one

substance, such as a solid or liquid, takes up another substance, such as a liquid or gas, through

minute pores or spaces between its molecules. A paper towel takes up water, and water takes up

carbon dioxide, by absorption, in physics, the taking up and storing of energy, such as radiation,

light, or sound, without it being reflected or transmitted. During absorption, the energy may

change from one form into another. When radiation strikes the electrons in an atom, the electrons

move to a higher orbit or state of excitement by absorption of the radiation's energy and in

biology, the movement of a substance, such as a liquid or solute, across a cell membrane by

means of diffusion or osmosis.

3.3 Example:

The Earth receives about 342 Wm-2 from the sun, average over the globe and over the annual

cycle. About 30% of this energy (~102 Wm-2) is reflected back to space by the surface and

atmosphere. The remaining 240 W m-2 is absorbed by this system. The partitioning of this

energy between the surface and atmosphere is poorly understood, however. In particular, recent

measurements of the solar flux at the surface and at the top of the atmosphere (cf. Li et al., 1996

and references therein) indicate that the atmosphere absorbs as much as 98 W m-2 , while the

radioactive transfer algorithms used in global general circulation models (GCMs) indicate values

between 56 and 68 W m-2(Arking,1996). Aircraft observations collected simultaneously at
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different altitudes also show that the atmosphere absorbs significantly more solar radiation than

existing models predict (Piewskieand Valero, 1995). The largest discrepancies are seen in cloudy

regions, where the atmosphere appears to absorb up to 50% more sunlight than otherwise

comparable cloud-free regions. In contrast, most models indicate similar amounts of absorption

in cloudy and clear-sky regions. Because the largest discrepancies are seen in cloudy conditions,

this phenomenon has come to be known as the cloud absorption anomaly.

3.4 Fluorescence

Fluorescence is the emission of light by a substance that has absorbed light or

other electromagnetic radiation. It is a form of luminescence. In most cases, the emitted light has

a longer wavelength, and therefore lower energy, than the absorbed radiation. However, when

the absorbed electromagnetic radiation is intense, it is possible for one electron to absorb

two photons; this two-photon absorption can lead to emission of radiation having a shorter

wavelength than the absorbed radiation. The emitted radiation may also be of the same

wavelength as the absorbed radiation, termed "resonance fluorescence.

Figure 3.4

The most striking examples of fluorescence occur when the absorbed radiation is in

the ultraviolet region of the spectrum, and thus invisible to the human eye, and the emitted light

is in the visible region.

3.5 Applications of Fluorescence

Fluorescence has many practical applications, including mineralogy, gemology, chemical sensors

(fluorescence spectroscopy), fluorescent labeling, dyes, biological detectors, and, most

commonly, fluorescent lamps. But we have to discuss some of these.
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3.5.1 Forensics

Fingerprints can be visualized with fluorescent compounds such as ninhydrin. Blood and other

substances are sometimes detected by fluorescent reagents, like fluorescein. Fibers, and other

materials that may be encountered in forensics or with a relationship to various collectibles, are

sometimes fluorescent.

3.5.2 Biochemistry and medicine

Fluorescence in the life sciences is used generally as a non-destructive way of tracking or

analysis of biological molecules by means of the fluorescent emission at a specific frequency

where there is no background from the excitation light, as relatively few cellular components are

naturally fluorescent (called intrinsic or auto fluorescence). In fact, a protein or other component

can be "labeled" with an extrinsic fluorophore, a fluorescent dye that can be a small molecule,

protein, or quantum dot, finding a large use in many biological applications.

Figure 3.5.2

3.5.3 Fluorescent lamps

Fluorescent lamps or fluorescent tube is a gas-discharge lamp that

uses electricity to excite mercury vapor. The excited mercury atoms produce short-

wave ultraviolet light that then causes a phosphor to fluoresce, producing visible light. A

fluorescent lamp converts electrical power into useful light more efficiently than an incandescent

lamp. Lower energy cost typically offsets the higher initial cost of the lamp. The lamp fixture is

more costly because it requires a ballast to regulate the current through the lamp. While larger

fluorescent lamps have been mostly used in commercial or institutional buildings, the compact
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fluorescent lamp is now available in the same popular sizes as incandescent and is used as an

energy-saving alternative in homes.

Figure 3.5.3
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Chapter 4

Absorption of Distributions with Gaussian

Profile

4.1Gaussian absorption with Gaussian emission

As mention in the Section, we have

Integrated intensity(I) = ∫ I ∗ e ∗ e ∗ dx (4.1)

We can’t solve this integral analytically, so we solve equation (4.1) numerically here.

We have the following three quantities:

 Total energy = I ∗ e
 Transmission Effect = e ∗
 Absorption Effect = 1- e ∗

This is the agreement with

Transmission Effect + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
Since∆x = , ℎ = max { − },
I get ∆x = 0.0002
Now we have different cases to discuss,
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4.1.1 Case I; << : =

Figure 4.1.1a                                                                        Figure 4.1.1b

Figure 4.1.1 Example of Gaussian Absorption of Gaussian Emission when <<
In optical thin cases, (when absorption is low) the total absorption follow an exponential

dependence of (see Figure 4.1.1a). At higher absorption it converges less rapidly then

absorption are better fitted with polynomial than exponential. From figure 4.1.1b we can see that

initially and at the end there is almost no absorption occur or we can say from point (-0.05 to -

0.0128) & from point (0.0128 to 0.05) negligible absorption occur. From point (-0.0052 to -

0.0012) bed fraction went up from 1% to 99%. Similarly, from point (0.0012 to 0.0054) bed

fraction went down from 99% to 1%.
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4.1.2 Case II; ≈ : =

Figure 4.1.2 Example of Gaussian Absorption of Gaussian Emission when ≈
In figure 4.1.2 we can see that the remaining fraction of integrated line initially follow linear

dependence of μ. At higher μ, the line intensity converges to zero in exponential fashion. We see

that, as in the case when σ ≈ σ is negligible in the line wings. The absorption sharply effect

the emission line (see figure 4.1.2). At the line center the line flux is almost zero. Thus, the total

absorption at high μ should behave exponentially.

4.1.3 Case 3; >> : =

Figure 4.1.3 Example of Gaussian Absorption of Gaussian Emission when σ >> σ
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The case when σ >> σ differs from the previous two cases. When the absorption width is

very large it is possible to fit completely exponential function to the fractional line versus μ
graph (see figure 4.1.3). When σ >> σ equation 4.1

I ∗ e ∗ e ∗ dx ≈ I ∗ e ∗ e dx
Conclusion:

 For low μ Gaussian absorption grows linearly with μ.

 For high μ Gaussian absorption grows exponentially with μ.

 If σ >> σ one can consider the Gaussian absorption growing exponential at all μ.lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.
4.2 Gaussian absorption with Lorentz emission:

As mention in the Section, we have

Integrated intensity(I) = ∫ I ∗ ∗ e ∗ dx (4.2)

We can’t solve this integral analytically, so we solve equation (4.2) numerically here.

We have the following three quantities:

 Total energy = I ∗
 Transmission Effect = e ∗
 Absorption Effect = 1- e ∗
This is the agreement with

Transmission Effect + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
Since
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∆x = , ℎ = max { − },

I get ∆x = 0.0002
Now we have different cases to discuss,

4.2.1 Case I; << : =

Figure 4.2.1 Example of Gaussian Absorption of Lorentz Emission when <<
In the figure 4.2.1 we can see that the total absorption follow a Polynomial dependence of μ

(see Figure 4.2.1a). From figure 4.2.1b we can see that initially and at the end there is almost no

absorption occur or we can say from point (-0.05 to -0.032) & from point (0.032 to 0.05)

negligible absorption occur. From point (-0.013 to -0.0012) bed fraction went up from 1% to

99%. Similarly, from point (0.0048 to 0.0012) bed fraction went down from 99% to 1%.
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4.2.2 Case ; When ≈ : =

Figure 4.2.2 Example of Gaussian Absorption of Lorentz Emission when ≈
In figure 4.2.2 we can see that the remaining fraction of integrated line initially did not follow

linear or exponential dependence of μ. Initially and at higher μ, the line intensity converges to

zero in polynomial fashion. We see that, as in the case when σ ≈ γ is not negligible in the line

wings. The absorption sharply effect the emission line (see figure 4.2.2). At the line center the

line flux is almost zero. Thus, the total absorption at high μ should behave polynomial.

4.2.3 Case III; >> : =

Figure 4.2.3 Example of Gaussian Absorption of Lorentz Emission when >>
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The case when σ >> γ differs from the previous two cases. When the absorption width is

very large it is possible to fit completely Polynomial function to the fractional line versus μ
graph (see figure 4.1.3). When σ >> γ equation 4.2

I ∗ γx + γ ∗ e ∗ dx ≈ I ∗ γx + γ ∗ e dx
Conclusion:

 For low μ Gaussian absorption grows Polynomialy with μ.

 For high μ Gaussian absorption also grows Polynomialy with μ.

 If σ >> γ one can consider the Gaussian absorption growing polynomial at all μ.lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.
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Chapter 5

Absorption of Distributions with Lorentz

Profile
5.1 Lorentz absorption with Gaussian emission:

As mention in the Section, we haveIntegrated intensity(I) = ∫ I ∗ e ∗ e ∗ dx (5.1)

We can’t solve this integral analytically, so we solve equation (5.1) numerically here.

We have the following three quantities:

 Total energy = I ∗ e
 Transmission Effect = e ∗
 Absorption Effect = 1-e ∗
This is the agreement with

Transmission Effect + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
Since∆x = , ℎ = max { − },

I get ∆x = 0.0002
Now we have different cases to discuss,
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5.1.1 Case I; << : =

Figure 5.1.1 Example of Lorentz Absorption of Gaussian Emission when <<
In optical thin cases, (when absorption is low) the total absorption follow an exponential

dependence of (see Figure 4.1.1a). At higher absorption it converges less rapidly then

absorption are better fitted with polynomial than exponential. The absorption sharply effect the

emission line (see 5.1.1). At the line center the flux is almost zero. Thus the total absorption at

high μ should behave polynomial.

5.1.2 Case II; ≈ : =

Figure 5.1.2 Example of Lorentz Absorption of Gaussian Emission when ≈
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In the figure the remaining fraction of integrated line initially and at the end follow exponential

dependence of μ. At higher μ the intensity converges to zero in a polynomial fashion. The

absorption sharply effect the emission line (see 5.1.2). At the line center the flux is almost zero.

Thus the total absorption at high μ should behave polynomial.

5.1.3 Case III; >> : =

Figure 5.1.3 Example of Lorentz Absorption of Gaussian Emission when >>
The case when γ >> σ differs from the previous two cases. When the absorption width is very

large it is possible to fit completely exponential function to the fractional line versus μ graph (see

figure 5.1.3). When γ >> σ equation 5.1

∗ ∗ ∗ ≈ ∗ ∗
Conclusion:

 For low μ Lorentz absorption grows exponentially with μ.

 For high μ Lorentz absorption grows polynomially with μ.

 If γ >> one can consider the Gaussian absorption growing exponentially at all μ.lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.
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5.2 Lorentz absorption with Lorentz emission:

As mention in the Section, we haveIntegrated intensity(I) = ∫ I ∗ ∗ e ∗ dx (5.2)

We can’t solve this integral analytically, so we solve equation (5.1) numerically here.

We have the following three quantities:

 Total energy = I ∗
 Transmission Effect =e ∗
 Absorption Effect = 1-e ∗

This is the agreement with

Transmission Effect + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
Since∆x = , ℎ = max { − },

I get ∆x = 0.0002
Now we have different cases to discuss,
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5.2.1 Case I; << : =

Figure 5.2.1 Example of Lorentz Absorption of Lorentz Emission when <<
In the figure 5.2.1 we can see that the remaining fraction of the integrated line initially follow

linear dependence of μ. At higher μ, the line intensity converges to 10 in a polynomial fashion

and makes a parabolic shape. From point (-0.05 to -0.004) bed fraction went up from 9% to 99%.

Similarly, from point (0.004to 0.05) bed fraction went down from 99% to 9%.

5.2.2 Case II; ≈ : =

Figure 5.2.2 Example of Lorentz Absorption of Lorentz Emission when ≈

0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5

0 5 10

In
ve

rs
e 

of
 f

ra
ct

io
n 

of
 li

ne

Width "µ"

0

10

20

30

40

50

60

-0.05 0 0.05
"I

" 
af

te
r 

ab
so

rp
ti

on
x

0

2

4

6

8

10

12

14

0 2 4 6 8 10

In
ve

rs
e 

of
 f

ra
ct

io
n 

of
 li

ne

Width "µ"

0
2
4
6
8
10
12
14
16
18
20

-0.05 0 0.05

"I
" 

af
te

r 
ab

so
rp

ti
on

x



34

In the figure 5.2.2 we can see that the remaining fraction of the integrated line initially follow

linear dependence of μ. At higher μ, the line intensity converges to 10 in a polynomial fashion

and makes a parabolic shape. The absorption sharply effects the emission line. At the line center

the flux is almost zero. Thus the total absorption at high μ should behave polynomial.

5.2.3 Case III; >> : =

Figure 5.2.3 Example of Lorentz Absorption of Lorentz Emission when >>
The case when γ >> γ differs from the two cases. In the figure 5.2.3 we can see that the

remaining fraction of line initially follow exponential dependence of μ. At higher absorption it

converges less rapidly then the absorption are better fitted with polynomial then an exponential.

When the absorption width is very large it is possible to fit completely Polynomial function to

the fractional line versus μ graph (see figure 5.2.3). When γ >> γ equation 5.2.

I ∗ γx + γ ∗ e ∗ dx ≈ I ∗ γx + γ ∗ e dx
Conclusion:

 For low μ Lorentz absorption grows linearly with μ.

 For high μ Lorentz absorption also grows Polynomialy with μ.

 If γ >> γ one can consider the Lorentz absorption growing polynomial at all μ.lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.
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Chapter 6

Application
Example:

A football match is going on in a stadium and during the match one team gets the penalty kick.

Now what would be the probability of goal for given cases and net of the goal is 10m long.

Shooter is Gaussian and goal keeper is Gaussian.

Shooter is Gaussian and goal keeper is Lorentz.

Shooter is Lorentz and goal keeper is Gaussian.

Shooter is Lorentz and goal keeper is Lorentz.

Solution:

1-Shooter is Gaussian and goal keeper is Gaussian.

As mention in the Section, we have

I = ∫ I ∗ e ∗ e ∗ dx (1)

We can’t solve this integral analytically, so we solve equation numerically here.

We have the following three quantities:

 Shooter energy = I ∗ e
 Goalkeeper Profile = e ∗
 Absorption Effect = 1 − e ∗
This is the agreement with

Goalkeeper Profile + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
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Since∆x = , ℎ = max { − },

I get ∆x = 0.0002

Figure 1: Shooter Gaussian of Goalkeeper Gaussian

2-Shooter is Gaussian and goal keeper is Lorentz:

As mention in the Section, we have

I = ∫ I ∗ ∗ e ∗ dx … … … … … … … … . . (1)
We can’t solve this integral analytically, so we solve equation (5.1) numerically here.

We have the following three quantities:

 Shooter energy = I ∗
 Goalkeeper Profile = e ∗
 Absorption Effect = 1 − e ∗

This is the agreement with

Goalkeeper Profile + Absorption Effect = 1
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In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
Since∆x = , ℎ = max { − },

I get ∆x = 0.0002

Figure 2: Shooter Gaussian of Goalkeeper Lorentz

3-Shooter is Lorentz and goal keeper is Gaussian:

As mention in the Section, we have

I = ∫ I ∗ ∗ e ∗ dx
We can’t solve this integral analytically, so we solve equation (5.1) numerically here.

We have the following three quantities:

 Shooter energy = I ∗ e
 Goalkeeper Profile = e ∗
 Absorption Effect = 1 − e ∗
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This is the agreement with

Goalkeeper Profile + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to calculate

the integral (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
The uncertainty now depends on the values of a, b and n. I have used –a = b = 0.05a = −0.05 , b = 0.05 , & = 500
Since∆x = , ℎ = max { − },

I get ∆x = 0.0002.

Figure 3: Example of Shooter Gaussian and Goalkeeper Lorentz

4-Shooter is Lorentz and goal keeper is Lorentz:

As we know that for this we haveI = ∫ I ∗ ∗ e ∗ dx
We can’t solve this integral analytically, so we solve equation (5.1) numerically here.

We have the following three quantities:

 Shooter energy = I ∗
 Goalkeeper Profile = e ∗
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 Absorption Effect = 1 − e ∗
This is the agreement with

Goalkeeper Profile + Absorption Effect = 1

In this case as we increase the value of μ we get maximum absorption. Now we have to sole

equation (1), numerically. According to the definition of definite integral we have,∫ f(x)dx = lim → ∑ [ ( )∆ ]
And we also have the numeric valuesa = −5 , b = 5 , & = 10
And we know that∆x =So∆x = 1
I = 5, μ = 0, 1, 10, 100, γ = 10 and γ =10.

Figure 4: Example of Shooter Lorentz and Goalkeeper Lorentz
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Result:

μ = 0.1 μ = 1 μ = 10 μ = 100
G.A* L.A* G.A L.A G.A L.A G.A L.A

G.E* 0.990584 0.990648 0.401684 0.401971 0.000146 0.000147 2.35E-35 2.39E-

35

L.E* 0.990834 0.990840 0.912051 0.912108 0.39915 0.399405 0.000129 0.00013

Probability to hit goal

*G.E stands for Gaussian Emission

*L.E stands for Lorentz Emission

*G.A stands for Gaussian Absorption

*L.A stands for Lorentz Absorption

Conclusion

From this table, I conclude that

 For both Gaussian and Lorentz profile, the absorption is independent on profile at low μ.

I can say, for very low value of μ goalkeeper has very high efficiency to stop the goal for

both cases.

 The growth of absorption depends on profile at high μ, for both Lorentz and Gaussian.

 As for, as i increase value of μ, i observe that for Gaussian profile goalkeeper has less

ability to stop the goal as compare to Lorentz profile.

 Efficiency of Lorentz is better than Gaussian due to their wings.

 For very high value μ, we see that goalkeeper has zero efficiency to stop the goal for

Gaussian profile and for Lorentz profile; there is very minute chance to stop the goal. In

short, we have best goalkeeper in term of Lorentz profile.
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Chapter 7

Conclusion

In the end, I conclude that

 For both Gaussian and Lorentz profile, the absorption is independent on profile at low μ.

 The growth of absorption depends on profile at high μ, for both Lorentz and Gaussian.

 Efficiency of Lorentz is better than Gaussian due to their wings.

 For higher value of width μ in Gaussian profile; Gaussian absorption with Gaussian

emission and Gaussian emission with Lorentz absorption, the behavior of absorption

became exponential.

 If σ >> σ one can consider the Gaussian absorption growing exponential at all μ.Lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.
 If γ >> σ one can consider the Gaussian absorption growing exponentially at all μ.lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.

 For higher value of width μ in Lorentz profile; Gaussian absorption with Lorentz

emission and Lorentz absorption with Lorentz emission, the behavior of absorption

became Polynomial.

 If σ >> γ one can consider the Gaussian absorption growing polynomial at all μ.
lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.

 If γ >> γ one can consider the Lorentz absorption growing polynomial at all μ.lim → F(μ) = I e ,F(μ) is the integrated intensity as a function of μ.
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