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A. DETERMINE THE NYQUIST SAMPLING RATE For THe: X(7)= 2 Sinc (800 T) Sinc2(1800 T)
INTRODUCTION

IN THE REALM OF SIGNAL PROCESSING, ACCURATELY CONVERTING CONTINUOUS-TIME SIGNALS INTO DISCRETE-TIME SIGNALS IS
FUNDAMENTAL FOR DIGITAL ANALYSIS, STORAGE, AND TRANSMISSION. ONE OF THE CORE PRINCIPLES GOVERNING THIS
CONVERSION IS THE NYQUIST-SHANNON SAMPLING THEOREM, WHICH STATES THAT A BAND-LIMITED SIGNAL CAN BE PERFECTLY
RECONSTRUCTED FROM ITS SAMPLES IF IT IS SAMPLED AT A RATE GREATER THAN TWICE ITS HIGHEST FREQUENCY COMPONENT.
THIS CRITICAL SAMPLING RATE IS KNOWN AS THE NYQUIST RATE.

UNDERSTANDING HOW TO DETERMINE THE NYQUIST SAMPLING RATE FOR COMPLEX SIGNALS, PARTICULARLY THOSE COMPOSED
OF MULTIPLE SINC FUNCTIONS WITH DIFFERENT PARAMETERS, IS ESSENTIAL FOR ENGINEERS AND STUDENTS WORKING IN
COMMUNICATIONS, AUDIO PROCESSING, AND DATA ACQUISITION SYSTEMS. THIS ARTICLE DELVES INTO THE PROCESS OF
CALCULATING THE NYQUIST SAMPLING RATE FOR THE SPECIFIC SIGNAL:

X(1) =2 sinc(800 T) sinc2(1800 T)

BY EXPLORING THE CHARACTERISTICS OF SINC FUNCTIONS, THEIR FREQUENCY SPECTRA, AND THE COMBINED EFFECT OF MULTIPLE
SINC COMPONENTS, WE WILL ESTABLISH A COMPREHENSIVE METHOD TO IDENTIFY THE MINIMUM SAMPLING RATE REQUIRED FOR
PERFECT SIGNAL RECONSTRUCTION.

(UNDERSTANDING THE SIGNAL COMPONENTS

BEFORE COMPUTING THE NYQUIST RATE, IT IS CRUCIAL TO ANALYZE THE INDIVIDUAL COMPONENTS OF THE GIVEN SIGNAL.

WHAT IS A SINC FUNCTION?

THE SINC FUNCTION, DEFINED AS:

\l

\opreraToRNAME{SINC}(X) = \FrAc{\siINn(\PI x)3}{\PI x}

IS A MATHEMATICAL FUNCTION THAT ARISES NATURALLY IN SIGNAL PROCESSING, ESPECIALLY IN THE CONTEXT OF IDEAL LOW =
PASS FILTERS AND FOURIER TRANSFORMS. |TS FOURIER TRANSFORM EXHIBITS A RECTANGULAR SHAPE, INDICATING A PERFECT
BAND-LIMITED SPECTRUM.

THe SIGNAL COMPONENTS

THE GIVEN SIGNAL:

\[
X (1) = 2 \cooT \oreraTorNAME{SINC}(800 T) \cpoT \oreraTORNAME{sINC}"2(1800 T)
\]

COMPRISES TWO SINC FUNCTIONS MULTIPLIED TOGETHER:

1. FIrsT coMponenT: \(2 \cooT \operaTornAME{SINC}(800 T)\)
2. Seconp coMPonenT: \(\oreraTorNAME{SINC}*2(1800 T)\)

THE PARAMETERS INSIDE THE SINC FUNCTIONS DETERMINE THEIR BANDWIDTHS IN THE FREQUENCY DOMAIN.

Key PARAMETERS AND THEIR SIGNIFICANCE



- THE ARGUMENT OF A SINC FUNCTION DIRECTLY RELATES TO ITS BANDWIDTH.

- THe Term \(\oPerATORNAME{SINC}(A T)\) HAS A FOURIER TRANSFORM SPANNING A BANDWIDTH PROPORTIONAL TO \(A\).
- THE SQUARED SINC FUNCTION, \(\oPERATORNAME{SINC}"2( 1800 T)\), RESULTS IN A NARROWER BANDWIDTH BUT WITH
ADDITIONAL SPECTRAL FEATURES.

UNDERSTANDING THESE COMPONENTS' FREQUENCY SPECTRA IS CRUCIAL FOR DETERMINING THE OVERALL SPECTRAL SUPPORT OF

\(X(MW.

Fourier TRANSFORM OF THE COMPONENTS

To FIND THE NYQUIST SAMPLING RATE, WE NEED TO ANALYZE THE FREQUENCY SPECTRA OF EACH COMPONENT.
Fourier TransForM ofF \(\operaTorRNAME{SINC}(A T)\)

THe Fourier TRANSFORM OF \(\oreraTorRNAME{SINC3(A T)\) IS A RECTANGULAR FUNCTION:

\[

\MATHCAL{F\{\oreraTORNAME{SINC}(A TO\} = \TEXT{RECTI\LEFT(\FRAC{FH{ 2A}\RIGHT)
\]

WHICH IS 1 wITHIN THE BANDWIDTH \([-A, A]\) AND zERO OUTSIDE.

Fourier TrANSFOrRM oF \(\oreraTorRNAME{SINC}"2(A T)\)

THE SQUARED SINC FUNCTION HAS A MORE COMPLEX SPECTRUM, RESULTING FROM THE CONVOLUTION OF TWO RECTANGULAR
SPECTRA:

\[
\MaTHCAL{F\{\oreraToORNAME{SINC}"2(A TO\} = \LerT[\TEXT{RECT}\LEFT(\FRAC{F}{2A}\RIGHT ) \RIGHT]
\LerT[\TEXT{RECTI\LEFT(\FRAC{FH 2 AJ\RIGHT ) \RIGHT]

\]

WHICH PRODUCES A TRIANGULAR-SHAPED SPECTRUM SPANNING FROM \(-2A\) To \(2A\).

SPECTRAL SUPPORT OF EACH COMPONENT

GIVEN THIS, THE SPECTRAL SUPPORTS ARE:

1. For \(2 \cpoT \operaToORNAME{SINC}(800 T)\):

- BanowioTh: \(\pm 800\, \TexT{Hz}\)

2. For \(\oreraToRNAME{SINC}*2( 1800 T)\):

- BanowioTH: \(\pM 2 \TiMes 1800 = \pm 3600\, \TexT{Hz}\)

BECAUSE THE OVERALL SIGNAL IS THE PRODUCT OF THESE TWO FUNCTIONS, ITS SPECTRUM IS THE CONVOLUTION OF THEIR
INDIVIDUAL SPECTRA. THE CONVOLUTION OF THE RECTANGULAR AND TRIANGULAR SPECTRA RESULTS IN A COMBINED SPECTRAL
SUPPORT.

DETERMINING THE OVERALL BANDWIDTH

To FIND THE TOTAL SPECTRAL SUPPORT OF \(X(T)\), WE CONSIDER THE CONVOLUTION OF THE INDIVIDUAL SPECTRA!

- THE RECTANGULAR SPECTRUM OF THE FIRST SINC EXTENDS FRoM \(-800\) To \(800\) Hz.
- THE TRIANGULAR SPECTRUM OF THE SQUARED SINC EXTENDS FRoM \(-3600\) 1o \(3600\) Hz.

CONVOLUTION OF SPECTRA



THE CONVOLUTION OF A RECTANGLE AND A TRIANGLE YIELDS A TRAPEZOIDAL SPECTRUM, WITH THE OVERALL SPECTRAL
SUPPORT SPANNING:

\[
\TexT{FroM } - (3600 + 800) = -4400\, \tex1{Hz} \Quap \TexT{T0} \QuUAD 4400\, \TeEXT{Hz}

THIS IS BECAUSE THE MAXIMUM EXTENT OCCURS WHEN THE SUPPORTS ARE FULLY OVERLAPPED DURING CONVOLUTION.
FINAL SPECTRAL SUPPORT

THUS, THE ENTIRE FREQUENCY CONTENT OF \(X(T)\) LIES WITHIN:

\[
F_{Max} = 4400\, \TexT{Hz}
\]

AND

\[
F_{min} =-4400\, \texT{Hz}
\]

THE HIGHEST FREQUENCY COMPONENT IN THE SPECTRUM IS THEREFORE 4400 Hz.
CALCULATING THE NYQUIST SAMPLING RATE

BASED ON THE SPECTRAL ANALYSIS, THE NYQUIST THEOREM STATES THAT THE SAMPLING FREQUENCY \(F_S\) MUST BE
GREATER THAN TWICE THE MAXIMUM FREQUENCY COMPONENT TO AVOID ALIASING:

\[
F s> 2\TMes F_{mMax}

\]

SUBSTITUTING THE VALUE:

\[
F_s> 2 \TiMes 4400\, \texT{Hz} = 8800\, \TexT{Hz}
\]

MINIMUM SAMPLING RATE

HENCE, THE MINIMUM NYQUIST SAMPLING RATE FOR THE GIVEN SIGNAL IS:

\l

\Boxen{

F_{s}=8800\, \TexT{Hz}

SAMPLING AT OR ABOVE THIS RATE ENSURES PERFECT RECONSTRUCTION oF \(X(T)\) WITHOUT ALIASING.

PracTICAL CONSIDERATIONS IN SAMPLING

\WHILE THE THEORETICAL MINIMUM RATE IS 8800 Hz, PRACTICAL SYSTEMS OFTEN SAMPLE AT A SLIGHTLY HIGHER RATE TO

ACCOUNT FOR FILTER ROLL-OFF AND NON-IDEALITIES. THIS MARGIN HELPS ENSURE THE SIGNAL’'S SPECTRAL COMPONENTS ARE
FULLY CAPTURED.



OVERSAMPLING

- IMPLEMENTING AN OVERSAMPLING RATE, SUCH AS 9000 Hz or 10000 Hz, PROVIDES ADDITIONAL SAFETY AGAINST
ALIASING.
- OVERSAMPLING ALSO FACILITATES EASIER FILTERING AND MORE ACCURATE DIGITAL PROCESSING.

ANTI-ALIASING FILTERS

- BeFoRE SAMPLING, ANTI-ALIASING FILTERS SHOULD BE EMPLOYED TO ATTENUATE FREQUENCIES BEYOND THE NYQUIST LIMIT.
- SINCE THE SIGNAL’'S SPECTRUM EXTENDS UP TO 4400 HZI FILTERS MUST EFFECTIVELY SUPPRESS FREQUENCIES ABOVE THIS
THRESHOLD.

SUMMARY OF KEY STEPS IN DETERMINING THE NYQUIST RATE

1. IDENTIFY THE INDIVIDUAL SINC COMPONENTS AND THEIR PARAMETERS.
2. DETERMINE THE SPECTRAL SUPPORT OF EACH COMPONENT:

- \(\oreraTorNAME{SINC}(A T) \RIGHTARROW\) BANDWIDTH \(\PM A\)
- \(\oreraTorRNAME{SINC}"2(A T) \rRIGHTARROW\) BANDWIDTH \(\PM 2A\)

3. CONVOLVE THE SPECTRA TO FIND THE OVERALL SPECTRAL SUPPORT OF THE COMBINED SIGNAL.
4. IDeNTIFY THE MAXIMUM FREQUENCY coMPONENT (\(F_{Max}\)).
5. AppPLY THE NYQUIST CRITERION:

\[
F s>2\TiMes F_{max}

6. CALCULATE THE MINIMUM SAMPLING RATE ACCORDINGLY.
CoNCLUSION

UNDERSTANDING THE SPECTRAL CHARACTERISTICS OF COMPLEX SIGNALS COMPOSED OF SINC FUNCTIONS IS VITAL FOR EFFECTIVE
SAMPLING AND ACCURATE RECONSTRUCTION IN DIGITAL SIGNAL PROCESSING. FOR THE SPECIFIC SIGNAL:

\[
X(T) = 2 \operaToRNAME{SINC}(800 T) \oreraToORNAME{SINC}"2(1800 T)

\]

THE MAXIMUM FREQUENCY COMPONENT IS APPROXIMATELY 4400 Hz, LEADING TO A MINIMUM NYQUIST SAMPLING RATE OF
8800 Hz. ENSURING SAMPLING AT OR ABOVE THIS RATE GUARANTEES ALIAS-FREE DIGITIZATION AND FAITHFUL SIGNAL
RECONSTRUCTION.

BY FOLLOWING THE SYSTEMATIC APPROACH OF ANALYZING INDIVIDUAL SPECTRAL COMPONENTS, PERFORMING SPECTRUM
CONVOLUTION, AND APPLYING THE NYQuisT CRITERION, ENGINEERS CAN CONFIDENTLY DETERMINE THE APPROPRIATE SAMPLING
RATES FOR COMPLEX SIGNALS. THIS PROCESS IS FUNDAMENTAL IN DESIGNING EFFICIENT AND RELIABLE DIGITAL COMMUNICATION
SYSTEMS, AUDIO PROCESSING APPLICATIONS, AND DATA ACQUISITION SYSTEMS.

KeywoRrDs: NYQUIST SAMPLING RATE, SIGNAL PROCESSING, SINC FUNCTION, FOURIER TRANSFORM, BANDWIDTH, DIGITAL
SAMPLING, ALIASING, SIGNAL RECONSTRUCTION, SPECTRAL SUPPORT

FREQUENTLY AskeD QUESTIONS



W/HAT IS THE NYQUIST SAMPLING RATE FOR THE SIGNAL X(T) = 2 Sinc(800 T)
Sinc2(1800 T)?

THe NYQUIST RATE IS TWICE THE HIGHEST FREQUENCY COMPONENT PRESENT IN THE SIGNAL. FOR X(T), THE MAXIMUM
FREQUENCY IS 1800 Hz, so THe NYQUIST SAMPLING RATE IS 2 X 1800 Hz = 3600 Hz.

How Do THE SINC FUNCTIONS IN X(T) RELATE TO THE SIGNAL'S FREQUENCY
COMPONENTS?

THE SINC FUNCTIONS IN X(T) CORRESPOND TO IDEAL LOW-PASS FILTERS IN THE FREQUENCY DOMAIN, WITH THEIR MAIN LOBES
CENTERED AT ZERO FREQUENCY AND BANDWIDTHS DETERMINED BY THEIR PARAMETERS. SPECIFICALLY, SINC(800 T) RELATES TO
A BANDWIDTH ofF 800 Hz, AND sINc?( 1800 T) RELATES To A BANDWIDTH oF 1800 Hz.

WWHY IS IT IMPORTANT TO DETERMINE THE MAXIMUM FREQUENCY COMPONENT WHEN
CALCULATING THE NYQUIST RATE?

BeCAUSE THE NYQUIST RATE MUST BE AT LEAST TWICE THE HIGHEST FREQUENCY COMPONENT PRESENT IN THE SIGNAL TO AVOID
ALIASING AND ENSURE ACCURATE RECONSTRUCTION.

How DOES THE MULTIPLICATION OF TWO SINC FUNCTIONS AFFECT THE OVERALL
FREQUENCY SPECTRUM oF X(T)?

MULTIPLYING TWO SINC FUNCTIONS IN TIME DOMAIN RESULTS IN A CONVOLUTION OF THEIR SPECTRA IN THE FREQUENCY DOMAIN,
WHICH BROADENS THE OVERALL BANDWIDTH AND INTRODUCES ADDITIONAL FREQUENCY COMPONENTS.

CAN THE NYQUIST RATE BE LOWER THAN TWICE THE HIGHEST FREQUENCY COMPONENT?
\W/HY OR WHY NOT?

NO/ SAMPLING BELOW TW!ICE THE HIGHEST FREQUENCY COMPONENT CAUSES ALIASING, LEADING TO DISTORTION AND LOSS OF
INFORMATION IN THE RECONSTRUCTED SIGNAL.

WHAT RoLE DO THE PARAMETERS 800 AND 1800 PLAY IN DETERMINING THE
BANDWIDTH OF THE SINC FUNCTIONS?

THEY DETERMINE THE WIDTH OF THE SINC FUNCTIONS IN TIME, WHICH INVERSELY RELATES TO THEIR BANDWIDTH IN THE
FREQUENCY DOMAIN. LARGER VALUES CORRESPOND TO NARROWER MAIN LOBES AND LOWER BANDWIDTHS.

Is THE NYQUIST SAMPLING RATE CALCULATED BASED ON THE INDIVIDUAL SINC
FUNCTIONS OR THEIR COMBINED EFFECT IN X(T)P

[T IS BASED ON THE COMBINED FREQUENCY SPECTRUM OF THE PRODUCT, WHICH IS THE CONVOLUTION OF THE INDIVIDUAL SINC
SPECTRA, RESULTING IN A BANDWIDTH DETERMINED BY THE MAXIMUM OF THEIR INDIVIDUAL BANDWIDTHS, I.E., 1800 Hz.

W/HAT IS THE SIGNIFICANCE OF CHOOSING THE CORRECT SAMPLING RATE FOR THIS
SIGNAL?

CHOOSING THE CORRECT SAMPLING RATE ENSURES ACCURATE DIGITIZATION WITHOUT ALIASING, PRESERVING THE INTEGRITY OF
THE ORIGINAL SIGNAL FOR ANALYSIS OR RECONSTRUCTION.



ADDITIONAL RESOURCES
DETERMINE THE NYQUIST SAMPLING RATE For THe: X(T)= 2 Sinc (800 T) Sinc2(1800 T)

INTRODUCTION

IN THE REALM OF SIGNAL PROCESSING, UNDERSTANDING THE CONCEPTS OF SAMPLING AND ALIASING IS FUNDAMENTAL FOR
ACCURATELY CAPTURING AND RECONSTRUCTING CONTINUOUS-TIME SIGNALS. AT THE HEART OF THIS IS THE NYQUIST-SHANNON
SAMPLING THEOREM, WHICH STIPULATES THAT A SIGNAL MUST BE SAMPLED AT A RATE AT LEAST TWICE ITS HIGHEST
FREQUENCY COMPONENT TO BE PERFECTLY RECONSTRUCTED WITHOUT DISTORTION. THE PROCESS OF DETERMINING THE NYQUIST
SAMPLING RATE FOR A SPECIFIC SIGNAL IS CRUCIAL IN APPLICATIONS RANGING FROM TELECOMMUNICATIONS TO AUDIO
ENGINEERING.

THIS ARTICLE DELVES INTO THE DETAILED ANALYSIS AND CALCULATION OF THE NYQUIST SAMPLING RATE FOR THE SPECIFIC
SIGNAL:

\[ X(7) = 2\, \tex1{sinc}(800 T) \7iMes \texT{sinc}"2(1800 T) \]

wHErRe \(\TexT{sINnc}(x) = \rrac{\siIn(\PI x)}{\PI xJ\).

OUR GOAL IS TO COMPREHENSIVELY ANALYZE THIS SIGNAL'S SPECTRAL CONTENT, IDENTIFY ITS HIGHEST FREQUENCY
COMPONENT, AND CONSEQUENTLY DETERMINE THE MINIMUM SAMPLING RATE THAT SATISFIES THE NYQUIST CRITERION.

(UNDERSTANDING THE SIGNAL COMPONENTS

BEFORE CALCULATING THE NYQUIST RATE, IT IS ESSENTIAL TO UNDERSTAND THE CONSTITUENT PARTS oF \(X(T))),
ESPECIALLY SINCE IT IS A PRODUCT OF TWO SINC FUNCTIONS.

THE SINC FUNCTION IN SIGNAL PROCESSING

THE SINC FUNCTION, DEFINED AS:

\[
\TexT{siInc}(x) = \rrac{\siIn(\PI x)}{\PI x}
\]

APPEARS FREQUENTLY IN SIGNAL PROCESSING DUE TO ITS ROLE AS THE IDEAL LOW-PASS FILTER'S IMPULSE RESPONSE AND AS
THE FOURIER TRANSFORM OF A RECTANGULAR FUNCTION.

IN THE CONTEXT OF THE TIME DOMAIN, \(\TEXT{SINC}(A T)\) CORRESPONDS TO A RECTANGULAR SPECTRAL COMPONENT
CENTERED AT ZERO WITH A CERTAIN BANDWIDTH, WHICH CAN BE INTERPRETED THROUGH FOURIER ANALYSIS.

SPECTRAL ANALYSIS oF THE COMPONENTS

THE KEY TO DETERMINING THE NYQUIST RATE LIES IN THE SPECTRAL PROPERTIES OF EACH COMPONENT:

- \(\TexT{sinc}(800 T)\): ITS FOURIER TRANSFORM IS A RECTANGULAR FUNCTION, WITH A BANDWIDTH DETERMINED BY THE
PARAMETER 800.

-\O\TexT{sinc}*2(1800 T)\): THE SQUARE OF THE SINC FUNCTION HAS A FOURIER TRANSFORM THAT IS THE CONVOLUTION

OF THE FOURIER TRANSFORM OF A SINC WITH ITSELF.

LET'S ANALYZE THESE COMPONENTS SEPARATELY.



Fourier TransForM ofF \(\TexT{sINc}(A T)\)

THe Fourier TRANSFORM OF \(\TEXT{sINC}(A T)\) IS A RECTANGULAR FUNCTION:

\[
\MATHCAL{FI\LEFT\{\TEXT{sINC3(A T)\RIGHT\} = \TEXT{RECT}\LEFT(\FRAC{F}{ A}\RIGHT)

\]

WHICH IS 1 IN THE FREQUENCY DOMAIN FOR \(JF| \LEQ \FRAC{A}{2}\) AND O ELSEWHERE.
IMPLICATION:

- THE SINC FUNCTION CORRESPONDS TO A RECTANGULAR SPECTRUM OF BANDWIDTH \(\FrRAC{A}{2}\).
APPLYING THIS TO OUR FUNCTIONS:

- \(\texT{sinc3(800 T)\):

- TIME DOMAIN: SINC WITH PARAMETER 800.
- FREQUENCY DOMAIN: RECTANGULAR WITH BANDWIDTH \( \FRAC{8003}{2} = 400 \) Hz.

-\O\1exT{sInc3 (1800 THV):

- TIME DOMAIN: SINC WITH PARAMETER 1800.
- FREQUENCY DOMAIN: RECTANGULAR WITH BANDWIDTH \( \FrRac{18003}{23} = 900 \) Hz.

SpecTrAL ConTENT ofF \(X(T)\)

Since \(X(1)\) 1s THe probucT oF \(\TexT{sINnc}(800 T)\) ano \(\TexT{sinc}"2(1800 T)\), WE NEED TO ANALYZE
THE SPECTRAL IMPLICATIONS:

\[
X(1) = 2 \1iMes \TexT{sINnc}(800 T) \1iMes \TexT{sinc}*2(1800 T)

\]

IN THE FREQUENCY DOMAIN, MULTIPLICATION IN TIME CORRESPONDS TO CONVOLUTION IN FREQUENCY:

\[
X(F) = 2 \1iMes \LerT[ \MATHCAL{FI\LerT\{\ TEXT{sINnc}(800 T)\rIGHT\} \MATHCAL{F}\LerT\{\TexT{sinc}*2(1800
TO\RIGHT\} \RIGHT]

\]

Fourier TransForM of \(\TexT{sinc}*2(1800 T)\)

THe Fourier TRANSFORM oF \(\TEXT{sINc}"2(A T)\) IS THE CONVOLUTION OF THE RECTANGULAR FUNCTION WITH ITSELF:

\[
\MATHCAL{FN\LEFT\{\TEXT{sINnc}"* 2(A T)\RIGHT\} = \TEXT{ReECT\LEFT(\FRAC{F}{ A}\RIGHT)
\TexT{RecTN\LEFT(\FRAC{F}{ A}\RIGHT)

\]

THIS RESULTS IN A TRIANGULAR FUNCTION:



\[

\TexT{TRINLEFT(\FRAC{FH{ AJ\rIGHT) = \BEGIN{CASES}
1 - \LertT\rrAC{FH A \rRIGHT], & [F| \Leq A \\

0, § \TexT{oTHERWISE}

\eno{cases}

\]
BANDWIDTH:

- THE CONVOLUTION OF TWO RECTANGLES OF WIDTH \(A/2\) EACH PRODUCES A TRIANGLE WITH SUPPORT OVER \([-A,

Al\D.
- For \(\TexT{sinc}*2(1800 T)H\):
- FOURIER TRANSFORM: A TRIANGLE WITH BANDWIDTH \(A = 900\) Hz.

- THe specTrAL supPorT Is \(JF| \Leq 900\) Hz.

CoNvoLUTION oF SPECTRAL COMPONENTS

Now, THE SPECTRAL CONTENT oF \(X(F)\) Is:

\[
X(F) = 2 \1iMes \LerT[ \TexT{reECTI\LEFT(\FRAC{F}{400}\rIGHT) \TEXT{TRII\LEFT(\FRAC{F}{ Q00 \RIGHT) \RIGHT]
\]

THE CONVOLUTION OF A RECTANGLE AND A TRIANGLE RESULTS IN A PIECEWISE FUNCTION WITH SUPPORT OVER:

\[
IFl \Leq 400 + 900 = 1300\, \TexT{Hz}
\]

THIS IS BECAUSE:

- THE RECTANGULAR FUNCTION sPANs \([-400, 400]\).
- THE TRIANGULAR FUNCTION spans \([-900, 900]\).

THer convoLuTion spans \([- (400 + 900), 400 + 900] =[-1300, 1300]\).

THUs, THE SPECTRAL CONTENT oF \(X(T)\) I1s conFined wiTHIN \(\PM 1300\) Hz.

DETERMINING THE HIGHEST FREQUENCY COMPONENT
THE CRITICAL FACTOR FOR NYQUIST SAMPLING IS THE HIGHEST FREQUENCY PRESENT IN THE SIGNAL SPECTRUM.
- THE MAXIMUM FREQUENCY COMPONENT, BASED ON THE SPECTRAL ANALYSIS, IS APPROXIMATELY 1300 Hz.

- TO PREVENT ALIASING AND ENABLE PERFECT RECONSTRUCTION, THE SAMPLING FREQUENCY MUST BE AT LEAST TWICE THIS
MAXIMUM FREQUENCY, ACCORDING TO THE NYQUIST CRITERION.

CALCULATING THE NYQUIST SAMPLING RATE

THE NYQUIST SAMPLING RATE \(F_s\) Is:



\[
F s \GeQ 2 \TiMes F_{mAX}
\]

wHERE \(F_{MAX}\) IS THE HIGHEST FREQUENCY COMPONENT.

PLUGGING IN THE VALUE:

\[
F_s\ceQ 2 \7iMes 1300\, \texT{Hz} = 2600\, \texT{Hz}
\]

THEREFORE, THE MINIMUM NYQUIST SAMPLING RATE FOR THE SIGNAL \(X(T)\) 1s 2600 Hz.

PracTIcAL CONSIDERATIONS
\/HILE THE THEORETICAL MINIMUM SAMPLING RATE IS 2600 Hz, PRACTICAL SYSTEMS OFTEN EMPLOY A HIGHER SAMPLING RATE

TO ACCOUNT FOR FILTER ROLL-OFFS, NON-IDEALITIES, AND ANTI-ALIASING FILTER IMPERFECTIONS. ENGINEERS MIGHT CHOOSE A
SAMPLING RATE LIKE 3000 Hz OR HIGHER TO ENSURE ROBUST RECONSTRUCTION.

SUMMARY OF FINDINGS

- COMPONENT ANALYSIS:

- \(\TexT{sinc}(800 T)\): eaNDWIDTH oF 400 Hz.

-\(\1exT{sinc3(1800 T)\): BANDWIDTH oF 900 Hz.

- \O\TexT{sinc}*2(1800 T)\): TRIANGULAR SPECTRAL SHAPE WITH SUPPORT UP To 900 Hz.
- COMBINED SPECTRUM:

- CONVOLUTION RESULTS IN A SPECTRAL SUPPORT UP TO APPROXIMATELY 1300 Hz.

- NYQuIsT RATE:

- MINIMUM SAMPLING RATE = \(2 \TiMes 1300\, \texT{Hz} = 2600\, \texT{Hz}\).

CONCLUSION

THe CoMPREHENSIVE ANALYSIS of \(X(T) = 2\, \TexT{sInc}(800 T) \1imes \TexT{sinc}*2(1800 T)\) REVEALS THAT
ITS SPECTRAL CONTENT IS CONFINED WITHIN APPROXIMATELY \(\PMm 1300\, \TexT{Hz}\). AccorpING TO THE NYQUIST-
SHANNON SAMPLING THEOREM, THE MINIMUM SAMPLING RATE TO AVOID ALIASING — THE NYQUIST RATE — IS THEREFORE 2600
Hz.

THIS CALCULATION UNDERSCORES THE IMPORTANCE OF SPECTRAL ANALYSIS IN SAMPLING THEORY, ESPECIALLY FOR COMPLEX

SIGNALS FORMED BY THE PRODUCT OF MULTIPLE FUNCTIONS. ACCURATE DETERMINATION OF THE SPECTRAL BANDWIDTH ENSURES
THE INTEGRITY OF SIGNAL RECONSTRUCTION IN DIGITAL SIGNAL PROCESSING SYSTEMS.

FINAL REMARKS

(UNDERSTANDING THE SPECTRAL CHARACTERISTICS OF SINC-BASED FUNCTIONS IS VITAL FOR VARIOUS APPLICATIONS, INCLUDING
COMMUNICATIONS, AUDIO PROCESSING, AND INSTRUMENTATION. THIS ANALYSIS NOT ONLY HELPS IN SELECTING APPROPRIATE



SAMPLING RATES BUT ALSO GUIDES THE DESIGN OF FILTERS AND RECONSTRUCTION SYSTEMS TO PRESERVE SIGNAL FIDELITY.

BY THOROUGHLY DISSECTING THE COMPONENTS AND THEIR SPECTRAL INTERACTIONS, ENGINEERS AND RESEARCHERS CAN MAKE
INFORMED DECISIONS, OPTIMIZE SYSTEM PERFORMANCE, AND PREVENT ISSUES LIKE ALIASING AND INFORMATION LOSS.

Kevyworbs: NYQUIST SAMPLING RATE, SINC FUNCTION, SPECTRAL ANALYSIS, SIGNAL RECONSTRUCTION, ALIASING, FouRrIEr
TRANSFORM, SAMPLING THEOREM
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