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Abstract 
The purpose of this paper is to present the fundamentally basic aspects of source spectra 
through the preliminary use of the one-dimensional Haskell source model which assumes 
a finite fault with a constant rupture velocity. Teleseismic distances are assumed, such 
that the far field term dominates, allowing the P and S waves emanating from the source 
to be effectively considered double couple point sources. The appropriate slip is modeled 
instantaneously such that displacement along the fault is represented by a step, ramp 
function. The source time function thus produces a Fourier transform of two boxcar 
functions with corresponding widths defined by the rise time and rupture duration 
[Shearer, 2009]. In the frequency domain, the product of two functions is equivalent to 
the convolution of two functions in the time domain. Convolution results in a pulse shape 
that is trapezoidal, with this pulse shape being identical at all stations but varying in 
length. The spectra can be divided into three regions based on the corner frequencies. The 
spectrum appears flat at lower frequencies (proportional to Mo). Within intermediate 
frequencies a ω-1 falloff is observed, while at higher frequencies a ω-2 falloff is expected. 
It is further demonstrated how upon determination of the source spectra one may utilize it 
to obtain radiated seismic energy, moment, and stress drop. 
 
Introduction 
 An important aspect of the propagation of seismic waves is the source in which 
these waves are derived and how the release of radiated energy relates to the physical 
aspects of the source. Resolving such source properties is at the heart of understanding 
the fundamental processes that govern earthquakes. When an earthquake occurs, potential 
strain energy that has accumulated along faults within the Earth is released in the form of 
seismic waves, heat, fracturing of rock, and various other forms of work [Chandra, 
1970]. Not only is that potential energy radiated as seismic waves, but it it also the 
inherent radiation of that energy that provides fundamental information about the 
mechanical aspects of the source. From the beginning of the science of seismology, 
seismologists have been plagued with the problem of accurately estimating this radiated 
seismic energy [Houston, 1990]. The difficulties arise in the need to define the seismic 
moment for a large dynamic range and a wide frequency band from the low frequencies 
beyond the corner frequencies [Prieto et al., 2006]. In an attempt to quantify radiated 
seismic energy (among other things), seismologists have relied heavily on a methodology 
known as teleseismic source spectra which allows for the characterization of the radiated 
seismic energy at periods from 1-50 seconds [Houston, 1990]. By quantifying the source 
spectra, workers are able to estimate not only the seismically radiated energy Es directly, 
but also moment (Mo) and stress drop (Δσ). While Es is computed from the integrated 



velocity spectra, the moment can be determined by examining the lower frequency limit 
of the displacement spectra [Shearer et al., 2006]. Stress drop, an important measure of 
the difference between the average state of stress on the fault plane before and after an 
earthquake, can be constrained through spectral corner frequencies that contain estimates 
on fault area [Shearer et al., 2006]. Within this paper, the fundamental theoretical aspects 
of source spectra will be analyzed through considering a finite fault 1D Haskell source 
model with a constant rupture velocity. The appropriate source time function for the 
Haskell model will produce a Fourier transform of two boxcar functions with 
corresponding widths defined by the rise time and rupture duration [Shearer, 1999]. In 
the frequency domain the product of two corresponding functions is equivalent to the 
convolution of two functions in the time domain. This convolution will effectively result 
in a pulse that is trapezoidal for the far field displacement. Exploration will further be 
made into how important characteristics of the source, such as Es, Mo, and Δσ can be 
determined through the constraints of the spectra. Thereafter a discussion into the 
uncertainties and limitations of the method will be presented. 
 
1D Haskell Source: Finite Source 
 
 As those who determine source spectra are usually interested in discovering 
salient source characteristics such as Es, Mo, and Δσ it is important to note the faulting 
parameters that primarily affect the seismic radiation: average displacement on the fault 
(D), the dimensions of the fault (L, W), rupture velocity (vr), and particle velocity 
(defined as the rate at which an individual particle on the fault travels from its initial to 
final position) [Lay and Wallace, 1995]. In spite of immense advances made by the 
seismological community in understanding the dynamics of earthquake ruptures, the most 
widely used models for interpreting seismic radiation are dislocation models [Madariaga, 
2007]. Dislocation models simulate kinematic spreading of a displacement discontinuity 
along a fault plane. One of the most widely used models was introduced by Haskell 
[1964]. In the simplest explanation of Haskell’s model a finite fault (ribbon like) is 
utilized to model a uniform displacement discontinuity as it spreads out with constant 
rupture velocity (See Figure 3). It is assumed that the reader is clearly familiar with the 
notion that when modeling shear-dislocation across a fault two distinct terms are 
determined: the near field and the far field terms. In the respect that this paper focuses on 
teleseismic sources, if we consider that the distance x>>l, where l denotes the fault 
length, then it is most basically obvious that the far field effects would dominate. Below 
the derivation of the source time function will be examined for the aforementioned 
effects. Following Lay and Wallace (1995), without formal derivation we will begin by 
noting that in considering the far field P and S waves under the constraints of teleseismic 
distances we are effectively considering a double couple point source. Utilizing the ray 
coordinate system with directions l, p, φ  along P, SV, and SH directions at a source as 
first described by Aki and Richards [1980] and the standard fault orientation parameters 
given by Lay and Wallace [1995] of strike (φf,) dip (δ), and rake (λ ) and source take off 
angles ih we can write these radiated far field terms under the predefined assumptions as 
the following [Equation (8.65) Lay and Wallace, 1995]: 
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where [Lay and Wallace, 1995]: 
 
RP=cosλsinδsin2ihsin2φ-cosλcosδsin2ihcosφ+sinλsin2δ(cos2ih-
sin2ihsin2φ)+sinλcos2δsin2ihsinφ 
 
RSV= sinλcos2δcos2ihsinφ-cosλcosδcos2ihcosφ+(1/2)cosλsinδsin2ihsin2φ-
(1/2)sinλsin2δsin2ih(1+sin2φ) 
 
RSH=cosλcosδcosihsinφ+cosλsinδsinihcos2φ+sinλcos2δcosihcosφ-
(1/2)sinλsin2δsinihsin2φ 
 
Where φ=φf-φs with φf the fault strike and φs the station azimuth; the 1/r term 
corresponding to geometric spreading [Lay and Wallace, 1995]. Due to our prescribed 
distance from the fault (teleseismic), we are effectively considering our source to be that 
of a point source, thus comprehensively the seismic moment rate describes displacement 
histories of a particle [Lay and Wallace, 1995]. The far field displacement field would 
thus be [modified equation (9.6) Lay and Wallace, 1995]: 
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where r is the distance from the source to the observer, and c stands for either α for P-
waves or β for shear waves (SV or SH). For respective P waves uc is the radial 
components and for S waves the appropriate transverse component for SH or SV waves 
[Madariaga, 2007]. The term RC is the radiation pattern, which is a function of the 
takeoff angle of the ray at the source. If we consider the radiation pattern in terms of a 
spherical coordinate system it is not hard to see that the radiation patterns are the radial 
components of the moment tensor projected onto spherical coordinates [Madariaga, 
2007]. If we further consider as is prescribed in Lay and Wallace [1995] that we are 
dealing with a single point that describes the entirety of our fault, i.e., our assumption of a 
point source, then it can effectively be assumed (in the simplest case), that our 
displacement occurs instantaneously along the fault as a step, single ramp function (See  
Figure 1). If we consider that the displacement is of this flavor than the moment rate can 
effectively be described as a delta function. As the reader may infer, this is a powerful 
method because it comprehensively allows us to map the displacement history of slip as a 



single particle throughout time, and since that displacement history is inherent within our 
moment rate we can subsequently obtain the shape of P or S wave energy radiated from 
an earthquake. For ramp like particle time history, the resultant far field P and S wave 
displacements are shaped like boxcars (derivative) (See Figure 1). The underlying 
impressive implications of the aforementioned assumptions is that the pulse shape of 
these displacements will be identical everywhere but the amplitudes will be a function of 
azimuth depending on the radiation pattern [Lay and Wallace, 1995] (See Figure 2). The 
next step in the process is to recognize that in considering single point displacement it is 
necessary to sum up all of the effective point sources to get a holistic view of the fault. 
This allows us to account for corresponding time lags as each point will occur along the 
finite fault at different times as the rupture expands [Lay and Wallace, 1995]. In 
considering the above, we will see how under our preliminary assumptions we will be 
able to determine the seismic moment from far-field displacements. The approach is to 
consider small pieces of a long and narrow fault with a unilateral rupture of finite 
velocity (See Figure 3). As aforestated, it is necessary to consider the summation of 
individual point sources to accommodate for time lags as the rupture propagates, to do so, 
the seismologist whenever possible will always use the principal of linear superposition. 
Thus, the total far field displacement is simply obtained by adding together each subevent 
point source displacement [Lay and Wallace, 1995]. This can be written as [Equation 
(9.7) Lay and Wallace, 1995]: 
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where Δti is the time lag between subevents. Noting that the moment rate is effectively 
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rate contains the individual point particle history. Plugging this into equation (2) and (3) 
we obtain [Equation (9.8) Lay and Wallace, 1995]: 
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The above equation implies that when considering teleseismic distances, and in the case 
of Lay and Wallace [1995] stations normal to the fault, one may observe ri and Rc

i will 
become approximately constant. Noting our previous assumptions (constant rupture 
velocity, identical displacements everywhere), this also precludes that Δti is simply the 
distance along the fault divided by the rupture velocity [Lay and Wallace, 1995]. 
Recalling that the moment rate is effectively described as a delta function the following 
can be written [Equation (9.10) Lay and Wallace, 1995]: 
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Where * denotes convolution. Taking the limit of the sum in equation (4) as dx→0 [Lay 
and Wallace, 1995] and noting the above described implications, plugging in equation (5) 
into these results we obtain [Equation (9.11) Lay and Wallace, 1995]: 
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Noting that 
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˙ D  is independent of x and the obvious need for integration by parts of the 
delta function, following Lay and Wallace [1995] we let: 
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Equation (6) then becomes [Equation (9.13) Lay and Wallace, 1995]: 
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Noting equation (7) contains the integral of δ(z) which is the heaviside step function, H(t) 
where [Equation (9.14) Lay and Wallace, 1995]: 
 

                  H(t) = 0 before time t          (8) 
H(t) = 1 after time t 

 
Plugging in the appropriate heaviside step functions into equation (6) we obtain 
[Equation (9.15) Lay and Wallace, 1995]: 
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where B(t;τc) is a boxcar of duration τc, the rupture time, where τc=x/vr which starts at 
time t [Lay and Wallace, 1995]. Effectively what has been determined from the above 
equation is that the Haskell Fault model produces a far field displacement pulse shape 
that is a convolution of two boxcars (See Figure 4), one of which describes the apparent 
rupture duration, implicit in this is the effects of a finite fault, and the other giving the 
displacement history [Lay and Wallace, 1995] (See Figure 5). The resulting pulse will be 



a trapezoidal time function, i.e., P and S wave displacements will be trapezoidally shaped 
and will have a duration equal to the sum of the two boxcars with is shape describing the 
particle velocity (rise and fall) [Lay and Wallace, 1995] (See Figure 4,5). The most 
important conclusions to draw from this model is in that describing a finite fault with 
constant rupture velocity in an attempt to achieve determinations of P and S wave far 
field displacements, we are also able to obtain important source characteristics and 
medium propagation effects inherent in our far field estimates. Examining the equation 
below [Equation (9.17) Lay and Wallace, 1995]: 
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it is clearly evident that the area of the trapezoid is proportional to the scalar moment Mo 
for the entire event [Shearer, 1999] (See Figure 2). Examining the left hand side of the 
equation one can see this represents the displacement pulse corrected for spreading, 
radiation pattern and source material constants [Lay and Wallace, 1995]. In other words 
Mo can be obtained from the area under the far field term u(t), but only after correcting 
for the terms on the left hand side. Extrinsic within the Haskell source model is that the 
rupture duration time will change through time as a function of azimuth along the fault 
and the direction and velocity of the rupture (directivity). We will consider an example of 
the above which will demonstrate that although the general shape of a trapezoid will stay 
the same at all observable receivers, its overall length will vary in order to compensate 
for directivity effects [Shearer, 1999] (See Figure 2). Consider a fault with length L 
rupturing unilaterally from left to right with a rupture recorded at a station located at 
teleseismic distances. The time it takes for a ray to travel and arrive at the station from 
the beginning of the fault is t=(r/c), where c is either the velocity of a P or S wave [Lay 
and Wallace, 1995]. If we determine the arrival time at a specific point x along the fault 
following Lay and Wallace [1990], the following equation holds true [Equation (9.18) 
Lay and Wallace, 1995]: 
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The resultant time pulse due to the imposed finiteness of the fault will be a boxcar of 
duration τc. In terms of describing the total rupture duration time, i.e., the time it takes the 
rupture to propagate from the beginning of the fault to the end (L) we can define τc as 
follows (See Figure 5): [Equation (9.19, 9.20) Lay and Wallace, 1995]: 
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The above effectively shows that the general shape of our trapezoidal time function will 
stay the same at all observable receivers (associated with fault finiteness), but over its 
length, or its rupture time it will vary as a function of azimuth (directivity). Thus when 
observing pulses propagating in the same direction as rupture propagation, higher 



amplitudes and shorter durations would be expected [Shearer, 1999; Lay and Wallace, 
1995]. While when observing a pulse propagating in the opposite direction of rupture 
propagation, weaker and longer durations would be expected [Shearer, 1999; Lay and 
Wallace, 1995] (See Figure 2).  
 
Source Spectrum 
 Utilizing the previous simple Haskell source, Fourier analysis of the time series 
can be utilized for constructing an equivalent representation in the frequency domain. 
What we effectively have from the simple Haskell source model is a source time function 
of the following [Equation (9.21) Lay and Wallace, 1995]: 
 

u(t)=Mo(B(t;τr)*B(t; τc))          (12) 
 

which is equivalently, in a more simplistic sense: 
 

u(t)=Mo(boxcar[t; τr]*boxcar[t; τc])          (13) 
 

The above boxcars are a function of unit area that is zero everywhere except in the time 
interval from 0 to τc, and 0 to τr respectively, where it is equal to 1/τc and 1/τr, i.e., the 
heights are normalized by these relations. The boxcar of width τr describes the particle 
dislocation history while the boxcar of width τc represents our fault finiteness effects [Lay 
and Wallace, 1995] (See Figure 5). Taking the respective Fourier transform of the above 
boxcars [Equation (9.22) Lay and Wallace, 1995] gives: 
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Utilizing the Fourier properties that the convolution of two functions in the time domain 
is equivalent to the product of the corresponding functions in the frequency domain we 
can write the appropriate spectral density of the source time function as [Equation (9.23) 
Lay and Wallace, 1995]: 
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Thus for the far field amplitude spectrum, for the convolution of two boxcars, under the 
assumption that τr<τc will display three distinct trends [Equation (9.25) Lay and Wallace, 
1995]: 
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A spectrum’s corner frequency is defined as that frequency where the high and low 
frequency trends intersect [Molnar et al., 1973]. The properties of the spectra will be 
divided into three regions based on the corner frequencies 2/τr and 2/τc [Lay and Wallace, 
1995] (See Figure 6). Equation (16) suggests that the spectrum should be flat (α Mo) at 
lower frequencies, i.e., less than the first corner. Within intermediate frequencies, 
between rise time and rupture time (between corners), a ω-1 falloff should be expected, 
while at high frequencies we should expect to see a ω-2 falloff. From the above 
parameterization we can thus see that the spectra is attributed to three factors; seismic 
moment, rise time, and rupture time. It is important to note that the variations in the 
spectra are generally observed to be log-normally distributed [Shearer, 1999; Molnar et 
al., 1973; Abercrombie, 1995] (See Figure 6). Most workers assume an  ω2 source model 
based on Brune (1970) based on the frequency band that best estimates where the 
moment magnitude of the earthquake lies. Although the Haskell source model assumes a 
finite source with constant rupture velocity it manages to comprehensively describe the 
fundamental characteristics of far field radiation, thus the general trend of decreasing far 
field spectra observed with increasing frequency should be expected to be observed in 
other finite source models [Lay and Wallace, 1995]. 
 
Determining Seismically Radiated Energy, Moment, and Stress Drop from 
the Source Spectra 
 If we assume an ω2 source model, Brune (1970), our displacement spectra takes 
the following form [Equation (3) Shearer et al., 2006]: 
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where Ω0 is the long period amplitude which is proportional to Mo, n is assumed to be 2 
due to the assumed high frequency falloff inherent in the model, fc is the corner 
frequency, and f is the frequency [Shearer et al., 2006]. Es can then be calculated 
following Vassiliou and Kanamori (1982) by taking the integral squared of the moment 
rate which gives the time history of a point source with scaling factors obtained by 
integrating over the surface of a sphere [Equation (1) Houston, 1990]:  
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Where 
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˙ ̇ M (t)  is the far field source time history. It is important to note that the above is 
just one of the plethora of methods to determine Es. Often to make sure the energy being 
calculated is absolute energy and not relative energy workers will compute first a relative 
energy from their best model by converting the displacement spectra to velocity, 
squaring, and then integrating [Shearer et al., 2006]. From that relative energy they will 
calculate an absolute energy on inferred boundary conditions, known focal sphere, and 
propagation effects. The total absolute radiated seismic energy will then be calculated by 
summing the radiated seismic energy from both the P and S waves. In the previous 
section it was noted that the lower portion of the frequency of the spectra could be related 
directly to the moment due to proportionality. However, this is often hard to infer in 
practice directly because corrections for geometrical spreading and path effects are not 
explicitly known [Shearer et al., 2006]. The most common method found in the literature 
are to calculate Mo using the Kanamori [1977] relation: 

 
Mw=(2/3)log10Mo-10.7          (19) 

 
and scale it by some normalized magnitude appropriate to the particular data set. 
Theoretical relationships for Mo given by Aki and Richards [1980] for the case of a finite 
fault modeled as a double couple point source in the far field gives [Equation (9) Prieto et 
al., 2004]: 
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where ρ is the density, c is the seismic velocity of either P or S waves, r is the source 
receiver distance, uφθ is the radiation pattern, and Ω0 is the observed long period amplitude 
[Prieto et al., 2004]. Once Es and Mo are known there are a multitude of ways to 
calculate stress drop. A common stress drop that is computed is known as the Orowan 
stress drop defined as [Equation (6) Houston, 1990]: 
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The corner frequency can also be related to stress drop by the following [Equation (4) 
Shearer et al., 2006]: 
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where β is the shear velocity, Mo is the moment, and Δσ is the stress drop [Shearer et al., 
2006]. Assuming all of the other parameters were known Δσ could be computed quite 
simply. However it is important to note that the above relation assumes a circular rupture 
with constant velocity. Inherent in relations to solve for Es, Mo, and Δσ are the initial 
source models, i.e., different relations are more appropriate depending on how the source 
is modeled. 
 



Discussion of Uncertainties and Limitations 
As for any methodology, the underlying assumptions that go into it are sources of 
uncertainty and are the defining limitations. For the Haskell source model, the obvious 
unphysical feature of this model is that it assumes instantaneous rupture. This assumption 
of instantaneous rupture also has to do with our assumption of a ramp function wherein 
our slope is estimated from the expected duration of fault slippage. In actual earthquake 
dislocations the effective stress will not be applied instantaneously over the dislocation 
but will be applied in a general complex manner [Lay and Wallace, 1995; Brune, 1970]. 
An underlying limitation of the methodology related to the rupture propagation is that it 
explicitly assumes unilateral rupture, when it is commonly known that bilateral ruptures 
exist as well. However, Warren and Shearer (2005) note that although complicated 
ruptures do exist, many large earthquakes exhibit primarily unilateral rupture propagation 
styles. Our assumption of a uniform displacement is also subject to debate as many 
current large earthquakes (Japan 2011, Chile 2010) exhibit slip distributed throughout the 
fault plane in patches defined by high slip and low slip eluding to the fact that commonly 
uneven slip is observed along a fault rupture plane. The assumption of constant rupture 
velocity is also subject to debate as current and past earthquakes exhibit varying degrees 
of rupture velocity within fault planes. Another feature of the Haskell model is that is 
assumes within its borders that slip suddenly jumps from the average slip D to zero 
(related to the above assumption of instantaneous slip). Physically this violates material 
continuity such that the most basic equations of motion break down and are no longer 
valid near the edges of the fault [Madariaga, 2007]. The validity of the point source 
approximation and finiteness of the fault are also subject to the size of the earthquakes 
and whether this is an appropriate approximation to make. However, it is also important 
to note that in spite of the above suggested uncertainties, the Haskell source model does 
manage to capture the most important physical properties of an earthquake. The 
assumption of identical pulse shapes everywhere is also subject to considerable question. 
Beyond the theoretical approach there are many uncertainties that may be propagated 
when scaling is applied to determine Mo, errors in assumed focal mechanism, the 
possible breakdown in self similarity of Mo causing estimates of stress drop to vary, 
complications in accounting for geometrical spreading and propagation effects, and 
determining Es, to name a few. The scope of all possible spectra application errors/biases 
are not discussed in full detail here due to the brevity of the paper and the reader is 
referred to other workers studies for such information [Shearer et al., 2006; Madariaga, 
2007; Prieto et al., 2004]. 
 
Conclusion 
An important aspect of the propagation of seismic waves is the source in which these 
waves are derived and how the release of radiated energy relates to the physical aspects 
of the source. When an earthquake occurs potential energy is radiated out from the source 
as seismic waves, and it is this inherent radiation of energy that produces fundamental 
information about the mechanical aspects of the source. In an attempt to quantify radiated 
seismic energy, seismologists have relied heavily on the source spectra methodology. The 
fundamental basic theory begins with a Haskell finite source model which models a 
uniform displacement discontinuity as it spreads out with a constant rupture velocity for 
double couple point source far field P and S waves. The resulting source time function for 



the Haskell model produces a far field displacement that is a convolution of two boxcars, 
one describing the apparent rupture duration and the other giving the displacement 
history. Thus the resulting pulse shape is a trapezoidal time function. The far field 
amplitude of two boxcars is divided into three regions based on corner frequencies. 
Equation (16) suggest that the spectrum of a trapezoidal source time function should be 
flat, proportional to Mo, at lower frequencies (less than the first corner). Within 
intermediate frequencies, between the rise time and rupture time (between corners) a ω-1 
segment exists, and at high frequencies a ω-2 falloff is observed. Thus we see the spectra 
is attributed to three factors; Mo, rise time, and rupture time. Overall, the source spectra 
of earthquakes offer an increased understanding into the fundamental mechanical and 
dynamical properties of earthquakes. Understanding the sources of earthquakes can lead 
to monumental leaps in our ability to assess seismic hazards, facilitate better mitigation 
practices, and generally further understanding in faulting and shearing motions on 
surfaces inside of the Earth. 
 
 
 
 
 
 
 
 
 
 



 
Figure 1: Simple ramp model of the displacement history of a particle on a fault. For ramp like particle 
time history the far field displacements will be shaped like boxcars. The simple ramp model assumes 
instantaneous rupture. Top figure axes are time on the x axis and a corresponding displacement history on 
the y axis. Bottom figure axes are particle velocity and a time derivative on the y axis. [Lay and Wallace, 
1995]. 
 



 
 
Figure 2: Due to the assumptions implicit in the 1D Haskell source model, the pulse shape of 
displacements will be identical everywhere, but the amplitude will be a function of azimuth depending on 
the radiation pattern. Moment can be obtained from the area under the far field term which is independent 
of the azimuthal variabilitity. Depending on the observed direction of the rupture (i.e., toward the direction 
of rupture propagation or away from it), the trapezoid will vary in length. When the observation is along 
the direction of rupture propagation the diagram on the far right will be obtained, owing to a very narrow 
trapezoid that exhibits a high amplitude. While when the observation is away from the direction of rupture 
our trapezoid will spread out and exhibit a small amplitude as seen on the far left. This is also known as 
directivity [Lay and Wallace, 1995]. 
 
 
 
 

 
Figure 3: Haskell 1D fault model of a long narrow fault with a unilateral rupture of finite velocity. The 
fault has dimensions of length L, and width w. Small segments of the fault dx are considered as the rupture 
front propagates. The fault ruptures with a velocity vr [Lay and Wallace, 1995]. 
 
 
 
 
 
 
 



 
 
 
 
 
 

 
Figure 4: Schematic of how the convolution of two boxcars results in a source time function that is a 
trapezoid [Lay and Wallace, 1995]. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: The above shows a boxcar of width τr (top left) which describes the particle dislocation history 
convolved with a boxcar of width τc that represents our fault finiteness effects. As shown in Figure 4, the 
convolution of two boxcars will result in a source time function that is shaped like a trapezoid. In our case 
this will be a trapezoid that is defined by a rise time τr and a fall width τc [Lay and Wallace, 1995]. 
 
 



 
 
 
 
 
 
 
 
 

 
 
Figure 6: Log-Log plot of the far field displacement (Fourier) amplitude spectrum of a Haskell source 
model showing low, mid, and high frequency portions defined by their respective corner frequencies 
[Shearer, 1999]. 
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