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Abstract
This report explores three main technological principles of radio and microwave sections of the electromagnetic spectrum: waveguides, antennas, and radar. 
Firstly, two types of rectangular waveguide are simulated in ANSYS HFSS software and compared. In addition to field plots, the cut-off frequencies, for the first three TE modes, of both a vacuum and Teflon filled waveguide are calculated and compared to readings from the simulation plot. Identification is made of lower cutoff-frequencies for a material of greater dielectric constant.
Secondly, the theory and design of a half-wave dipole antenna is conducted. Observations are made, using the simulation Smith chart, of a capacitance above optimal levels and poor impedance match across the system. Efforts are made to counteract this by re-simulating with a proportionally shorter antenna to produce the desired antenna operating frequency.
Thirdly, the developing use of radar to track UAVs is explored in exposition. It is known that classical CW radars cannot effectively detect objects with small RCSs, such as drones. The operation of mmWave radar as an alternative technological deployment is evaluated. Moreover, suggestions are made relating to ATR, Rayleigh fading models, and phased array systems in order to prevent errors from false detection of flying birds and signal interference respectively.



















Task 1 – Waveguide Design
1.1 Introduction
Waveguides are used to efficiently transmit electromagnetic power from one place to another through, through a bounded medium [1]. The most popular use cases include optical fibers, coaxial cables, and in this case – microwave transmitters.
Rectangular waveguides will carry microwaves in TE (Transverse Electric) mode only; although there are waveguides which can carry TM (Transverse Magnetic) and TEM (Transverse Electromagnetic) modes [2]. In the case of TE, the electric field vector propagates in the transverse direction to the wave propagation. The mode number is given by the notation TEmn: where m denotes the number of half-wavelength variations of the electric field across the width, and n denotes denotes the number of half-wavelength variations of the electric field across the height.
Whilst wave numbers are an established measurement concept in electromagnetic measurements, it is more practical to consider the cutoff frequencies (fc) of waveguide modes (rather than the critical wave number (kc)) [3]. This is the minimum frequency from which you will see the mode propagating through the waveguide, and as such there is a given cutoff frequency for every waveguide mode. The mode with the lowest cutoff frequency is considered the dominant mode, since it is the lowest order mode which can propagate through the waveguide. Any modes below the dominant are considered evanescent, since they are attenuated by the waveguide.

1.2 Task 1A Methodology – Vacuum Waveguide
For task 1A, a rectangular waveguide model has been produced in ANSYS software; designed with PEC (Perfect Electric Conductor) walls and filled with a vacuum. The vacuum has a relative permeability of 1 and relative permittivity of 1 [4]. The waveguide dimensions are given by a (width), b (height) and l (length) – the last of which is taken along the z-axis. The exact values are given in the equations below:
 
   

Both waveguide ports (1 and 2) are excited with three modes, and then a frequency sweep across 2-30GHz was conducted in order to analyse the waveguide behaviour [4].








1.3 Task 1A Results – Vacuum Waveguide
[image: ]
Figure 1 - Vacuum Waveguide Mode 1
In the simulation image above we have the first electric field vector excitation at Port 1 of the waveguide (Port 2 will be identical). Here we observe the first (dominant) waveguide mode as TE10, since only one half sine wave appears, as is expected from a rectangular waveguide [5].
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Figure 2 - Vacuum Waveguide Mode 2
In the simulation image above we have the second electric field vector excitation at Port 1 of the waveguide (Port 2 will be identical). Here we observe the second waveguide mode as TE20, since two half sine waves are present.
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Figure 3 - Vacuum Waveguide Mode 3
In the simulation image above we have the second electric field vector excitation at Port 1 of the waveguide (Port 2 will be identical). Here we observe the second waveguide mode as TE30, since three half sine waves are present.
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Figure 4 - Vacuum Waveguide Electric Field Magnitude
In the simulation image above we see a plot of the electric field magnitude across the whole waveguide. Warmness of colour here denotes a greater field intensity [2]. The transverse propagation of the electric field produced by the first TE mode can be seen.
[image: ]
Figure 5 - Vacuum Waveguide Electric Field Magnitude
In the simulation image above we see a plot of the electric field vector across the whole waveguide. The direction of the arrows here demonstrate the direction of propagation at that point in space [2]. The transverse propagation of the electric field produced by the first TE mode can again be seen.
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Figure 6 - Vacuum Waveguide Magnetic Field Magnitude
In the simulation image above we see a plot of the magnetic field magnitude across the whole waveguide. This provides a contrast to the electric field, where the magnetic field is seen to propagate in both the direction and transverse direction of the wave.
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Figure 7 - Vacuum Waveguide Magnetic Field Vector
In the simulation image above we see a plot of the magnetic field vector across the whole waveguide. This again provides a contrast to the electric field in terms of the field propagation.
As previously stated, the cutoff frequency (fc) is the minimum frequency from which you will see the mode propagating through the waveguide [3]. From the results above we see the dominant mode TE10, and then two additional modes: TE20 and TE30 (shown in red, green and blue respectively on the graph below). These are simulated, and then compared to the theoretical equation (also below). It is to be understood that the gamma plot graphs the imaginary parts of the propagation constant ϒ, given by the equation [2]:
        (where α is the attenuation constant, and β is the phase constant of propagation).
[image: ]
Figure 8 - Vacuum Waveguide Gamma Plot
[bookmark: _GoBack]The cutoff frequency of a rectangular waveguide with mode TEmn is given by the following equation [1]:

Where c is the speed of light, given by the below equation:

In the case where the medium is a vacuum, the speed of light is given by:


For mode 1 (TE10):
fc = 6.48 GHz from the simulation.


For mode 2 (TE20):
fc = 12.99 GHz from the simulation.


For mode 3 (TE30):
fc = 19.50 GHz from the simulation.


All above calculations demonstrate the ANSYS simulation gives a relatively accurate illustration of the operation of the waveguide.




1.4 Task 1B Methodology – Teflon Waveguide
For task 1B, another rectangular waveguide model has been produced in ANSYS software; designed with PEC (Perfect Electric Conductor) walls and filled with a Teflon. In this case the Teflon has a relative permeability of 1 and relative permittivity of 2.1 [2]. The waveguide dimensions are given by a (width), b (height) and l (length) – the last of which is taken along the z-axis [4]. The exact values are given in the equations below:
 
   

Again, both waveguide ports (1 and 2) are excited with three modes, and then a frequency sweep across 2-30GHz was conducted in order to analyse the waveguide behaviour [4].

1.5 Task 1B Results – Teflon Waveguide
The below images will demonstrate very similar results to the waveguide in task 1A, including the waveguide modes of TE10, TE20, TE30, with one/two/three half sine waves at the terminating ports respectively. Furthermore, we again seen the contrast of propagation between the electric and magnetic fields due to the nature of the TE modes.

[image: ]
Figure 9 - Teflon Waveguide Mode 1
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Figure 10 - Teflon Waveguide Mode 2
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Figure 11 - Teflon Waveguide Mode 3
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Figure 12 - Teflon Waveguide Electric Field Magnitude
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Figure 13 - Teflon Waveguide Electric Field Vector
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Figure 14 - Teflon Waveguide Magnetic Field Magnitude

[image: ]
Figure 15 - Teflon Waveguide Magnetic Field Vector

As previously undertaken, the cutoff frequency (fc) is plotted for the dominant mode TE10, and then two additional modes: TE20 and TE30 (shown in red, green and blue respectively on the graph below). Again, these are simulated, and then compared to the theoretical equations below. Again, these demonstrate the accuracy of the ANSYS simulation.
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Figure 16 - Teflon Waveguide Gamma Plot

Using the previous equations, but for Teflon, the speed of light is given by:


For mode 1 (TE10):
fc = 4.45 GHz from the simulation.


For mode 2 (TE20):
fc = 8.93 GHz from the simulation.


For mode 3 (TE30):
fc = 13.48 GHz from the simulation.


1.6 Discussion
It is observed that the cut-off frequencies for all three modes are lower for the Teflon dielectric (rather than the vacuum-filled) waveguide; for example, 4.5 GHz and 6.5 GHz for the dominant mode. By evaluating the fc equation calculations, we see that the cut-off frequency is inversely proportional to the dielectric constant [6]:
    given that  for the dielectric constant.
Since Teflon has a relative permittivity of 2.1, compared to 1 for a vacuum, it has a greater dielectric constant. As such, the cut-off frequency for every mode in a waveguide of the same dimensions will be lower – which is proven in the results.

1.7 Conclusion
The transmission of microwaves in TE mode through rectangular PEC waveguides has been simulated and evaluated. For both the vacuum and Teflon dielectrics, the propagation of the electric field has been identified through electric field diagrams (in the transverse direction to the wave, as theory dictates). Three modes have been identified (TE10, TE20, TE30): with cut-off frequencies calculated, and readings taken from the simulation gamma plot. It has been identified that the cut-off frequencies are lower for the same modes in Teflon, as compared to a vacuum. This has been explained as a result of the greater dielectric constant for Teflon, which – being inversely proportional – decreases the fc value.
















Task 2 – Dipole Antenna Design
2.1 Introduction
Antennas convert between electric current and electromagnetic waves for transceiving purposes [7]. One of the most common forms is a dipole antenna: a cylindrical conductor (often a wire), with both halves connected at a central feed line. This feed is connected via a transmission line to the RF (radio frequency) circuit, which will dictate the current fed to the antenna. The most efficient dipole design will have a total length equal to half the wavelength of the radio wave, in order to improve radiation efficiency.

2.2 Methodology
For task 2, a half-wave dipole antenna model has been produced in ANSYS software; constructed from PEC, with excitation applied through a 50 Ω lumped port, and placed within a rectangular radiating surface [4]. The dimensions are given below:

     for the wavelength
     for a half-wave dipole
    for the dipole operating frequency

2.3 Results
[image: ]
Figure 17 - Dipole Field Radiation Plot
Above we see the field radiation plot that depicts the near-field gain of the dipole [2]. Then, below, we see the radiation pattern and S-parameter plot of the dipole. The radiation pattern shows the characteristic ‘apple’ shape that is expected of the antenna design/simulation.
[image: ]
Figure 18 - Dipole Elevation Gain Plot

[image: ]
Figure 19 - Dipole S-Parameter Plot
The S-parameter plot is used in the simulation to characterize the frequency and bandwidth of the antenna [2]. In this case we observe that the operating frequency of the dipole is 1.1875 GHz (seen at the minima of the graph).

2.4 Discussion
Above we see that the simulated operating frequency is lower than the expected calculated value. This is because, as seen in the Smith chart below, the antenna is capacitive in nature; due to the increased impedance. This is according to the equation below [8]:

[image: ]
Figure 20 - Dipole Smith Chart
The increased impedance is related to the established fact that half-wave dipole antennas have an intrinsic impedance of ~73 Ω [7]. However, we cannot change the 50 Ω lumped port to match, since in an operational case this would be matched to the RF circuit. As such, there must be a graduated transmission line between them, or - as in this case – the length of the dipole reduced. Taking these factors into consideration, we adjust the dipole dimensions by calculation:


The new S-parameter plot is shown below, with a better-aligned frequency of 1.306 GHz.
[image: ]
Figure 21 - Dipole S-Parameter Plot (Updated)


2.5 Conclusion
The half-wave dipole antenna has been demonstrated, through simulation, to radiate radio/microwaves. Theory sets the length of this dipole equal to half the wavelength (calculated from the desired operating frequency using the wave equation) in order to maximize transceieved signal efficiency. However, it was observed that due to increased capacitance and a poor impedance match between the dipole and its lumped port (which carries the electric current to/from the RF circuit), the operating frequency of the antenna is lower than expected. To counteract this, a comparison is made with a proportionally shorter antenna in order to produce the desired frequency. Both of these cases are visualized through S-parameter plots from the simulation.
























Task 3 – RADAR for UAV Detection
3.1 Introduction
Radio detection and ranging (RADAR) is an RF technology that uses the reflection of waves to determine the size, distance and/or velocity of an object [9]. It relies on the same series of properties: an RF wave is transmitted, the wave is reflected by the radar cross-section of the observed object, and then signal processing is performed on the received (reflected) wave in order to determine the desired properties. The main feature of the signal processing is derived from the Doppler effect, a change in observed wavelength and frequency of the wave emitted (in this case, reflected) by a moving source relative to the observer (radar emission point) [10]. For example, this can be used to calculate the distance to an observed object, and its velocity using the following equations:


Where c denotes the speed of light:  
Radar was originally designed for military purposes, and continues to be so, although it has now expanded much further; it is used in vehicle detection on roads, monitoring global environments, and civilian maritime and aviation applications [4].

3.2 Literature Review
Whilst CW (continuous wave) radar is the most commonly explored, mmWave (millimetre wave) radar is the most popular for UAV (unmanned aerial vehicle) detection [4]. This is because the range and accuracy of a radar is dependent on the cross-section (RCS) of the observed object [11]. As the wavelength decreases (in relation to the RCS), the likelihood of object detection by the radar increases. In the case of a UAV, the RCS is typically small, and therefore CW radars are unable to detect them [12]. As a result, a smaller radio wavelength is required in order to have a significant change in wavelength (and frequency) by the Doppler effect. Millimetre wave is ideal for this purpose, since its 30-300 GHz frequency corresponds to the required wavelength [9].
However, the short wavelength – whilst providing better imagine of drones than classical CW – also has its disadvantages. Interference, where two or more waves interact to produce a new resultant wave, is more common in the transmitted and received waves – which is due to the higher frequency [5]. In addition, there is increased attenuation (reduction in wave amplitude as it travels through a medium) since higher frequencies are more susceptible to atmospheric effects.
Moreover, millimetre wave radar is susceptible to false detection of UAVs by the presence of flying birds. This is because many flying birds have a comparable RCS, velocity range, and approximated signal amplitude, to popular consumer drones [13].



3.3 Discussion
As aforementioned in 3.2, flying birds falsely alert radars as drones. This is apparent in the radar images produced, since birds and drones have similar Doppler spectra (produced by performing the fast Fourier transform on the signal time-series) [13]. A proposed solution to this is to adapt the ATR (automatic target recognition), often used in military and aviation radars, to account for drone/flying bird classification. There is evidence that this is successful when evaluating kinematic and trajectory parameters: acceleration, curvature and slope [14]. Since there is a greater significance in difference for these features (rather than the radar spectra), they can be evaluated using ML (machine learning) classification techniques. For example, the NRC Canada has demonstrated that a “5-fold cross-validation method” combined with a decision tree algorithm, will produce a 97% accuracy on drone classification (at ranges of approximately 1km). By deploying an algorithm such as this, the radar will not only be more accurate but less damaging to wildlife – the flying birds are less likely to be targeted by defense radar-based air security systems as a result.
Furthermore, the atmospheric effects (also referenced in 3.2) that reduce the performance of millimeter wave radar can be modelled by Rayleigh scattering principles [9]. A Rayleigh model depicts the scattering of electromagnetic waves (such as those produced by the radar) off of the particles in air. It is most applicable in this case since particle size is smaller than the radar wavelength, and often taken from overhead (where Rayleigh scattering is dominant). By applying a Rayleigh fading model, we can estimate the fading on the radar signal – and then adapt the signal processing to counteract it and improve detection accuracy.

[image: ]
Figure 22 - Rayleigh Channel PDF Graph
Above is shown a simplistic standardised PDF (probability density function) for a Rayleigh channel, characteristically peaking at 63% (according to exponential growth/decline) [15]. This model, as discussed above, can be applied to multipath signal data – which is inherent of wave scatter – by summing the constituent sinusoids (Jake’s model) [16]. An example is produced in MATLAB code (see appendix) to support the suggestion of its use to adapt the radar signal processing [17]. This technique is also beneficial to the environment since no additional physical infrastructure is required (system changes only) and so there will be less impact by construction and material use.
Interference, specifically at transmission, could also be reduced by deploying radar in the form of phased arrays (PAR) [18]. A phased array antenna is composed of multiple single elements which can be fed by varying phase shifts, and therefore by definition – steered electronically. By combination of orthogonality and phase shifts between individual beams, interference between channels can be minimized. Moreover, by usage of computer algorithms, the beams can be directed so that there is constructive interference (by superposition of waves) in transmission signals – boosting the radiated power in the desired direction. A phased array is advantageous since electronic steering is more flexible than traditional mechanical methods, requiring less infrastructure and maintenance. However, in that same consideration; current radar systems hardware would need to be updated. Whilst this may have a negative benefit with regards to the environment, this will provide related employment at buy-in companies.
Ultimately, the overall impact of deploying improved radar systems must be considered. There is the main disadvantage of reduced privacy, since in some cases radar can be used to invasively scan observed objects [4]. However, in terms of advantage: it will result in improved security systems for the military, better safety features on automotive, and increased efficiency at airports and maritime ports.
 
3.4 Conclusion
In conclusion, millimeter wave radar is a suitable technological deployment for the detection of UAVs. Its faults in terms of flying bird false alarm rate and interference due to the high frequency have been evaluated and suggestions made to mitigate against them. For false detection via flying birds, an ATR using ML techniques has been proposed, with success observed in research elsewhere. For the interference at gigahertz frequencies, two methods have been presented. For attenuation in the environment; an adjusted method of signal processing to account for a Rayleigh fading model by channel scatter. Lastly, for interference in the initial transmitted wave, the use of phased array techniques to promote constructive (rather than destructive) interference.











References
[1] 	Massachusetts Institute of Technology, "Waveguides and Integrated Optics," in Classical Electromagnetism and Optics. 
[2] 	ANSYS Learning, "Waveguide Simulation Using Ansys HFSS - YouTube Lectures".
[3] 	M. N. Joseph Edminister, Electromagnetics (Schaum's Outlines), Mc-Graw Hill, 2014. 
[4] 	UWTSD, Electromagnetic Radiation Module, Embedded Electronic Systems, 2025. 
[5] 	DSTL, Antennas and Waveguides Learning (S. J. Boyes), 2025. 
[6] 	H. Engan, Waveguide Propagation, IEICE, 2006. 
[7] 	K. B. Yi Huang, Antennas: From Theory to Practice, UK: John Wiley & Sons, 2008. 
[8] 	W. H. Paul Horowitz, The Art of Electronics, New York: Cambridge University Press, 2015. 
[9] 	J. S. William Melvin, Principles of Modern Radar: Radar Applications, New Jersey: SciTech Publishing, 2014. 
[10] 	NASA, "Doppler Effect," NASA, 13 5 2021. [Online]. Available: https://www.grc.nasa.gov/www/k-12/airplane/doppler.html. [Accessed 1 4 2025].
[11] 	Airsight, "Radar Drone Detection," Airsight: UAS & Drone Pilot Detection, 2025. [Online]. Available: https://www.airsight.com/en-us/knowledge-hub/drone-detection/radar. [Accessed 1 4 2025].
[12] 	Robin Radar Systems, "Why Traditional Radar Isn't Effective at Tracking Drones," Robin Radar Systems, 2025. [Online]. Available: https://www.robinradar.com/why-traditional-radar-isnt-effective-at-tracking-drones. [Accessed 1 4 2025].
[13] 	J. Gong, "Interference of Radar Detection of Drones by Birds," Progress In Electromagnetics Research, vol. 81, no. M, pp. 1-11, 2019. 
[14] 	National Research Council Canada (NRC), "Tracking and Classification of Drones and Birds at a Far Distance Using Radar Data," Aerospace Research Centre, 2021.
[15] 	S. Boyes, Reverberation Chambers, UK: John Wiley & Sons, 2016. 
[16] 	W. Jakes, Microwave Mobile Communications, UK: John Wiley & Sons, 1974. 
[17] 	Matlab, "Fading Channels," Mathworks, 2025. [Online]. Available: https://www.mathworks.com/help/comm/ug/fading-channels.html#bq5zk36. [Accessed 1 4 2025].
[18] 	A. Fenn, "The Development of Phased-Array Radar Technology," Lincoln Laboratory Journal, vol. 2, no. 2000, 2000. 



Appendix
PDF Curves for Rayleigh Channel
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Multipath Rayleigh Channel Fading Response
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Rayleigh Channel Path Gains
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%% PDF Curves for Rayleigh Channel
Ns = 1.92e6; % number of samples
Rs = 1.92e6; % sample rate
dopplershift = 2000;

chan = comm.RayleighChannel( ...
*SampleRate’,Rs,
‘Pathbelays’,0, ...
‘AveragePathGains’,0, ...
*MaximunDopplershift ', dopplershift, ...
‘ChannelFiltering’, false,
“NumSamples’,Ns,

*FadingTechnique’, Sun of sinusoids'); % set Rayleigh channel
Figure;

hold on;

gain = chan(); % set gain as channel value
pd = Fitdist(abs(gain), Kernel', Banduidth’,0.01);

y = pdf(pd.r);

plot(r,y); % empirical PDF plot
exp_pdf_amplitude = raylpdf(r,.63);

plot(r,exp_pdf_amplitude); % theoretical PDF plot

Legend("Enpirical’, ‘Theoretical');
title(*POF Curves for Rayleigh Channel');|
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%% Multipath Rayleigh Channel Fading Response

raychan = comm.RayleighChannel( ...
*SampleRate’, 1000, .
‘Pathbelays’,[@ 1.5e-3],
*AveragePathGains’,[@ -3],
*PathGainsOutputPort’,true,
‘ChannelFiltering’, true, ..
*MaximumDopplershift’,0.0001,

“NormalizePathGains',true); %
data = randi([e 1],600,1); %
chaninfo = info(raychan); %
coeff = chaninfo.ChannelFilterCosfficients; %

Np = length(raychan.PathDelays);
state = zeros(size(coeff,2)-1,5ize(coeff,1));
nFranes = 105
chkChan = zeros (nFrames,1);

1 ¢ nFrames
data = randi([0 1],600,1);
[chanout1,pg] = raychan(data);
fracdelaydata = zeros(size(data,1),Np); %
for ii = 1:mp

set Rayleigh channel parameters
generate randon data points (9-1)

set channel info
set channel coefficient

calculate fractional delayed input

[Fracdelaydata(:, i1), state(:.i1)]
Filter(coeff(i1,1),1,data, state(s,10));

end

chanout? - sun(pg .* fracdelaydata,2); %

chkchan(33) = isequal(chanoutl,chanout2); %
end
chkchar

%

apply and sum path gains
compare channel outputs

display channel outputs
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Rsyn = 9600; K dnput synbol rate (symbols/s)
sps - 10; % number of samples per dnput synbol

Fs - sps*Rsym; % input sampling Frequency (samples/s)

Ts - 1/Fs; % input sampling period (z)

numsyn = 1e6; % nusber of simulation input sysbols
nunsamp = numsym*sps; % nunber of simulation channel samples

£ - 100; % max Doppler frequency shift (z)
nun_acsamp - 5000 % nusber of autovariance samples calculated

numex = 1;
numex = 1;

numsin = 48;

Frmlen = 10000;

nunFrames = numsamp/frmen;

chan = comm.RayleighChannel(

%
%
%
%
%

number of transmit antennas (SISO)
number of receive antennas (SISO)
number of sinusoids

frame length

number of frames

*FadingTechnique’, 'Sum of sinusoids’, ...

“NunSinusoids’ ,numsin,

“Randomstrean’, 'nt19937ar with seed’,

‘PathDelays’,0, ...
‘AveragePathGains’,0, ...
‘SampleRate’,Fs,

*MaximunDopplershift’,fd,

“PathGainsOutputPort s true);

tx = randi([@ 1],numsamp,numtx) ;

dpsksig = dpskmod(tx,2);
outsig
pe_rx
For fralium = 1:nunFrames

zeros (numsap, numrx) 5

zeros (numsanp, numrx, numtx) ;

%

%
%

set Rayleigh channel

random bit stream
form DPSK signal

[outsig((1:frnLen)+(Frmhium-1)*frmLen, :),pathGains] = .

chan(dpskSig((1: frmLen)+(frmhum-1) *FrmLen, :

for i

pe_rx((1:frnLen)+(FrmNun-1)*FrmLen, 1,

pathGains(:,,:,1);

end
end

s





image26.png
a1
a2
a3
as
a5
a6
a7
a8
a5
s0
51
52
53
54
ss
s6
57
58
B
60
61
62
63
64
65
6
67
S
6
70
7
72
73
74
75
7%

autocov = zeros(frmLent1,numrx, numtx);
autocov_normalized_real = zeros(num_acsamptl,numrx, numtx);
autocov_normalized_imag = zeros(num_acsamptl,numrx, numtx);
For 1 = Linumrx
% Compute autocovariance of simulated complex fading process
for § = Lrnumtx
autocov(:,1,3) = xcov(pg_rx(:,i,3),num_acsamp);
% Real part of normalized autocovariance
autocov_normalized_real(:,1,3)

real (autocov(num_acsamps1iend,i,3) ...
/ autocov(num_acsamp+1,1,3));

% Inaginary part of normalized autocovariance

autocov_normalized_imag(:,1,9) = -
imag(autocov(num_acsamp1iend,i,3) ...
/ autocov (num_acsamp+1,1,3));

end
end

Rrr = zeros(1,nun_acsamptl);
for n

:1:num_acsamp+l
Rrr(n) = besselj(0,2%pi®fd* (n-1)*Ts);

end

Rer_normalized = Rer/Rer(1);

subplot(2,1,1)
plot (autocov_normalized_real, b-
hold on
plot(Rrr_normalized, "
hold off

Legend(’ comm.RayleighChannel’,

*Bessel function of the first kind')
title(*Autocovariance of Real Part of Rayleigh Process’)
subplot(2,1,2)
plot (autocov_normalized_inag)

Legend(’ comm. RayleighChannel')
title(*Autocovariance of Imaginary Part of Rayleigh Process’)

N
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