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Q. A SiGNAL CONTAINING ONLY Two FReQUENCY CoMPONENTS (3 KHz AND 6 KHz) Is SampLep AT THe RATE OF 8 KHz,
IS A FUNDAMENTAL SCENARIO IN DIGITAL SIGNAL PROCESSING THAT HIGHLIGHTS THE IMPORTANCE OF PROPER SAMPLING RATES TO
AVOID ISSUES SUCH AS ALIASING. W/HEN DEALING WITH SIGNALS COMPRISING SPECIFIC FREQUENCY COMPONENTS,
UNDERSTANDING THE SAMPLING PROCESS, THE NYQUIST CRITERION, AND POTENTIAL ARTIFACTS IS ESSENTIAL FOR ACCURATE
DIGITAL REPRESENTATION. THIS ARTICLE EXPLORES THE IMPLICATIONS OF SAMPLING A SIGNAL WITH 3 kHz AND 6 kHz
COMPONENTS AT 8 kHz, EXAMINING CONCEPTS SUCH AS ALIASING, THE NYQUIST THEOREM, AND HOW TO ANALYZE THE SAMPLED
SIGNAL EFFECTIVELY.

UNDERSTANDING THE SIGNAL COMPONENTS AND SAMPLING RATE

SIGNAL CoMPONENTS: 3 kHz AND 6 kHz FREQUENCIES

A SIGNAL CONTAINING ONLY TWO FREQUENCY COMPONENTS AT 3 kHz AND 6 KHz CAN BE REPRESENTED MATHEMATICALLY AS A
SUM OF TWO SINUSOIDAL FUNCTIONS:

o FirsT componNenT: \(A_ 1 \sin(2\pi \TiMes 3\ \TexT{kHz} \TiMes T)\)

o Seconp coMponenT: \(A_2 \sin(2\p1 \TiMes 6\ \TexT{kHz} \TiMes T)\)

wHERe \(A_1\) anD \(A_2\) ARE THE AMPLITUDES. THESE COMPONENTS ARE WITHIN THE AUDIBLE AND RF SPECTRUM, AND
THEIR ACCURATE SAMPLING IS CRITICAL FOR FAITHFUL DIGITAL REPRODUCTION.

SAMPLING RATE: 8 kHz

SAMPLING INVOLVES CONVERTING THE CONTINUOUS-TIME SIGNAL INTO A DISCRETE-TIME SIGNAL BY MEASURING ITS AMPLITUDE
AT UNIFORM INTERVALS. THE SAMPLING RATE, IN THIS CASE, 8 kHz, SIGNIFIES THAT THE SIGNAL IS SAMPLED 8,000 TIMES PER
SECOND.

- SAMPLING RATE \(F_s = 8\ \texT{kHz}\)
- SAMPLING INTERVAL \(T_s=1/F_s=125\\mus\)

THIS RATE MUST BE EVALUATED AGAINST THE NYQUIST CRITERION TO DETERMINE WHETHER THE ORIGINAL SIGNAL COMPONENTS
CAN BE ACCURATELY RECONSTRUCTED AFTER SAMPLING.

NYQUIST THEOREM AND ALIASING

NYQuisT CRITERION

THE NYQUIST THEOREM STATES THAT TO ACCURATELY SAMPLE A SIGNAL WITHOUT INTRODUCING ALIASING, THE SAMPLING
RATE MUST BE AT LEAST TWICE THE HIGHEST FREQUENCY COMPONENT PRESENT IN THE SIGNAL:



e NyQuisT FREQUENCY: \(F_N = \rrac{r_s}2}\)

o For \(F_s = 8\ \text{kHz}\), \(F_N = 4\ \1ext{kHz}\)

SINCE THE HIGHEST FREQUENCY COMPONENT IN THE SIGNAL IS 6 KHZ/ WHICH EXCEEDS THE NYQUIST FREQUENCY OF 4 KHZ, THE
SAMPLING PROCESS WILL INEVITABLY INTRODUCE ALIASING.

UNDERSTANDING ALIASING

ALIASING OCCURS WHEN HIGHER FREQUENCY COMPONENTS ARE “FOLDED BACK” INTO LOWER FREQUENCIES DURING SAMPLING,
CAUSING DISTORTION IN THE RECONSTRUCTED SIGNAL. THE APPARENT FREQUENCY \(F_A\) OF AN ALIASED COMPONENT CAN BE
CALCULATED AS:

\[
F A=|F {oRIGINAL} - NF_5S

\]
wHERE \(N\) IS AN INTEGER CHOSEN SUCH THAT THE RESULTING \(F_A\) 1s wiTHIN THE NyQuIsT RANGE (O To \(F_N\)).

- For 6 kHz COMPONENT:

\[
N= 1 \RieHTARROW F_A = |6\ \TExT{kHz} - 1 \TiMes 8\ \TexT{kHz}| = 2\ \TexT{kHz}
\]

SO, THE 6 KHZ COMPONENT APPEARS AS A 2 KHZ SIGNAL AFTER SAMPLING.

- For 3 kHz COMPONENT:

\[
N=0 \RiGHTARROW F_A = 3\ \TexT{kHz}
\]

SINCE 3 KHz IS LESS THAN 4 KHZ, IT IS WITHIN THE NYQUIST FREQUENCY AND DOES NOT ALIAS.

IMPLICATION: THE 3 KHzZ COMPONENT IS SAMPLED ACCURATELY, BUT THE 6 kHz COMPONENT ALIASES TO 2 KHZ/ LEADING TO
POTENTIAL DISTORTION.

ANALYSIS OF SAMPLED SIGNAL AND SPECTRAL CONTENT

FREQUENCY SPECTRUM AFTER SAMPLING

THE SAMPLED SIGNAL'S SPECTRUM COMPRISES THE ORIGINAL FREQUENCIES AND THEIR ALIASES. THE KEY POINTS ARE:

e THE 3 kHz COMPONENT REMAINS AT 3 kHz.

® THE 6 kHz COMPONENT ALIASES TO 2 kHz.

THIS MEANS THAT IN THE DIGITAL DOMAIN, THE ORIGINAL 6 KHz FREQUENCY APPEARS AS A 2 kHz SIGNAL, WHICH CAN CAUSE
CONFUSION OR ERRORS IN SIGNAL PROCESSING APPLICATIONS.



VISUALIZING THE SPECTRUM

UsING FOURIER ANALYSIS OR SPECTRUM VISUALIZATION TOOLS, YOU WOULD OBSERVE:

- A SPECTRAL PEAK AT 3 kHz.
- A SPECTRAL PEAK AT 2 kHz (ALIAS OF 6 KHZ).

THIS SPECTRAL FOLDING CAN COMPLICATE SIGNAL INTERPRETATION, ESPECIALLY IF THE GOAL IS TO RECOVER THE ORIGINAL
FREQUENCIES.

CONSEQUENCES OF SAMPLING AT 8 kHz For THE GIVEN SIGNAL

ALIASING EFFECTS

SAMPLING AT 8 kHz CAUSES THE 6 kHzZ COMPONENT TO ALIAS TO 2 kHZ, WHICH IS SIGNIFICANTLY DIFFERENT FROM THE
ORIGINAL 6 kHz. THIS CAN LEAD TO:
® DISTORTION IN THE RECONSTRUCTED SIGNAL IF NO ANTI-ALIASING FILTER IS USED.

® MISINTERPRETATION OF THE SPECTRAL CONTENT, ESPECIALLY IN APPLICATIONS LIKE COMMUNICATION SYSTEMS OR AUDIO
PROCESSING.

ReCONSTRUCTION CHALLENGES

\X/HEN RECONSTRUCTING THE CONTINUOUS SIGNAL FROM THE SAMPLED DATA, THE ALIASED 6 kKHz COMPONENT WILL BE
PERCEIVED AS A 2 kHz SIGNAL, POTENTIALLY LEADING TO:

® |NCORRECT FREQUENCY ANALYSIS RESULTS.

® | OSS OF FIDELITY IN THE ORIGINAL SIGNAL COMPONENTS.

NOTE: PROPER ANTI-ALIASING FILTERING BEFORE SAMPLING CAN MITIGATE THESE ISSUES BY REMOVING FREQUENCY COMPONENTS
ABOVE THE NYQUIST FREQUENCY.

STRATEGIES TO AVOID ALIASING AND ENSURE ACCURATE SAMPLING

UsING ANTI-ALIASING FILTERS

BerFoRrE SAMPLING, APPLY A LOW-PASS FILTER WITH A CUTOFF FREQUENCY SLIGHTLY BELOW 4 kHz TO ELIMINATE FREQUENCIES
ABOVE THE NYQUIST LIMIT, THEREBY PREVENTING ALIASING OF HIGHER FREQUENCY COMPONENTS.

CHOOSING AN APPROPRIATE SAMPLING RATE

To ACCURATELY SAMPLE BOTH 3 kHz AND 6 kHZ COMPONENTS WITHOUT ALIASING:



o SeT THE SAMPLING RATE \(F_s \ceQ 2 \TiMes 6\, \TexT{kHz} = 12\ \texT{kHz}\)

® PROVIDES A NYQUIST FREQUENCY OF 6 KHZ, ALLOWING BOTH COMPONENTS TO BE SAMPLED CORRECTLY.

APPLYING DIGITAL SIGNAL PROCESSING TECHNIQUES

POST‘SAMPLING, TECHNIQUES LIKE SPECTRAL ANALYSIS AND FILTERING CAN HELP IDENTIFY AND DISTINGUISH ORIGINAL
FREQUENCIES FROM THEIR ALIASES.

SUMMARY AND KEY T AKEAWAYS

® SAMPLING A SIGNAL CONTAINING 3 kHz AND 6 kHz COMPONENTS AT 8 kHz CAUSES THE 6 kHz COMPONENT TO ALIAS
TO 2 KHz.

e THE 3 kHz COMPONENT IS SAMPLED CORRECTLY, BUT THE 6 kHz COMPONENT IS DISTORTED IN THE DIGITAL SPECTRUM.

e To AVOID ALIASING, THE SAMPLING RATE SHOULD BE AT LEAST TWICE THE HIGHEST FREQUENCY COMPONENT HERE, AT
LEAST 12 kHz.

e ANTI-ALIASING FILTERS ARE ESSENTIAL TO PREVENT HIGH-FREQUENCY COMPONENTS FROM FOLDING INTO LOWER
FREQUENCIES.

® UNDERSTANDING THE SPECTRAL IMPLICATIONS OF SAMPLING HELPS IN DESIGNING EFFECTIVE DIGITAL SIGNAL PROCESSING
SYSTEMS.

IN CONCLUSION, SAMPLING A SIGNAL WITH COMPONENTS AT 3 kHz AND 6 kHz AT 8 kHz IS INADEQUATE TO FAITHFULLY
REPRODUCE BOTH FREQUENCIES WITHOUT ALIASING. PROPER SAMPLING STRATEGIES, INCLUDING SELECTING A HIGHER SAMPLING
RATE AND EMPLOYING ANTI-ALIASING FILTERS, ARE VITAL IN PRESERVING THE INTEGRITY OF THE ORIGINAL SIGNAL. RECOGNIZING
THE ALIASING PHENOMENON HELPS ENGINEERS AND TECHNICIANS DESIGN BETTER SYSTEMS FOR AUDIO, COMMUNICATIONS, AND RF
APPLICATIONS, ENSURING ACCURATE DIGITAL REPRESENTATIONS OF CONTINUOUS SIGNALS.

KEYWORDS: SIGNAL SAMPLING, ALIASING, NYQUIST FREQUENCY, DIGITAL SIGNAL PROCESSING, ANTI-ALIASING FILTER,
SAMPLING RATE, FREQUENCY COMPONENTS, SIGNAL RECONSTRUCTION

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE TWO FREQUENCY COMPONENTS PRESENT IN THE SIGNALP

THE SIGNAL CONTAINS TWO FREQUENCY COMPONENTS AT 3 kHz AND 6 kHz.

\WHAT IS THE SAMPLING RATE USED FOR SAMPLING THE SIGNALP

THE SIGNAL IS SAMPLED AT A RATE OF 8 kHz.

IS THE GIVEN SAMPLING RATE SUFFICIENT TO ACCURATELY RECONSTRUCT THE ORIGINAL



SIGNAL?

No, BECAUSE THE NYQUIST RATE FOR THE HIGHEST FREQUENCY COMPONENT (6 kHz) IS AT LEAST 12 kHz, BUT THE SAMPLING
RATE IS ONLY 8 kHz, LEADING TO POTENTIAL ALIASING.

WILL ALIASING OCCUR FOR THE & kKHZ COMPONENT WHEN SAMPLED AT 8 kHz?

YES, SINCE THE SAMPLING RATE (8 kHz) IS LESS THAN TWICE THE 6 kHz coMPONENT (WHICH IS 12 kHZ), ALIASING OF THE &
KHZ SIGNAL WILL OCCUR.

WHAT IS THE NYQUIST FREQUENCY FOR THE GIVEN SAMPLING RATE?

THE NYQUIST FREQUENCY IS HALF OF THE SAMPLING RATE, WHICH IS 4 kHz.

CAN THE 3 kHz COMPONENT BE ACCURATELY RECONSTRUCTED FROM THE SAMPLED
DATA?

YES, BECAUSE 3 KHz IS BELOW THE NYQUIST FREQUENCY OF 4 KHZ, SO IT CAN BE RECONSTRUCTED WITHOUT ALIASING.

\WHAT EFFECT DOES SAMPLING AT 8 kHz HAVE ON THE 6 kHzZ COMPONENT?

SAMPLING AT 8 kHz CAUSES THE 6 kHzZ COMPONENT TO ALIAS TO A LOWER FREQUENCY , MAKING IT INDISTINGUISHABLE FROM A
LOWER FREQUENCY SIGNAL AND POTENTIALLY DISTORTING THE ORIGINAL SIGNAL.

\WHAT WOULD BE AN APPROPRIATE SAMPLING RATE TO PREVENT ALIASING OF BOTH
FREQUENCY COMPONENTS?

A SAMPLING RATE OF AT LEAST 12 kHz (Twice 6 kHz) wWoULD BE APPROPRIATE TO PREVENT ALIASING OF BOTH 3 kHz AND 6
kHz COMPONENTS.

ADDITIONAL RESOURCES

Q. A SicNAL CONTAINING ONLY Two FReQUENCY CoMPoNENTS (3 KHz AnD 6 KHz) Is SamPLED AT THe RaTE OF 8 KHz,

INTRODUCTION

SAMPLING IS A FUNDAMENTAL PROCESS IN DIGITAL SIGNAL PROCESSING, TRANSFORMING CONTINUOUS-TIME SIGNALS INTO
DISCRETE SEQUENCES SUITABLE FOR DIGITAL ANALYSIS, STORAGE, OR TRANSMISSION. UNDERSTANDING HOW SAMPLING AFFECTS
SIGNALS COMPOSED OF SPECIFIC FREQUENCIES IS CRUCIAL, PARTICULARLY IN CONTEXTS SUCH AS COMMUNICATIONS, AUDIO
PROCESSING, AND INSTRUMENTATION.

THIS REVIEW EXPLORES THE IMPLICATIONS OF SAMPLING A SIGNAL CONTAINING TWO DISTINCT FREQUENCY COMPONENTS—3
kHz AND 6 kHz—AT A RATE OF 8 kHz. IT DELVES INTO THE FUNDAMENT AL PRINCIPLES OF SAMPLING THEORY, THE

CONSEQUENCES OF SAMPLING AT THIS RATE, AND THE PHENOMENON OF ALIASING, WITH A DETAILED ANALYSIS OF HOW THESE
FACTORS INFLUENCE THE RECONSTRUCTED SIGNAL.

FUNDAMENTALS OF SAMPLING THEORY

NYQuIsT CRITERION AND NYQUIST FREQUENCY



- NYyQuIsT RATE: THE MINIMUM SAMPLING RATE REQUIRED TO ACCURATELY RECONSTRUCT A BAND-LIMITED CONTINUOUS SIGNAL
WITHOUT ALIASING IS TWICE ITS HIGHEST FREQUENCY COMPONENT.

- NYQUIST FREQUENCY: HALF OF THE SAMPLING RATE, REPRESENTING THE MAXIMUM FREQUENCY THAT CAN BE ACCURATELY
SAMPLED WITHOUT ALIASING.

MATHEMATICALLY:

F {s}\ceQ 2F_{max}

wHERE \(F_s\) 1s THE SAMPLING FREQUENCY, AND \(F_{MAX}\) IS THE HIGHEST FREQUENCY COMPONENT IN THE SIGNAL.

SIGNAL COMPONENTS IN QUESTION

- CoMPONENT 1: 3 kHz
- CoOMPONENT 2: 6 kHz

THE HIGHEST FREQUENCY CoMPONENT \(F_{MAX]\) Is 6 kHz.
SAMPLING RATE IN CONTEXT

GIVEN:

\[

F_{s} =8\, \text{kHz}

\]

SINCE:

\[

2 \1imes 6\, \texT{kHz} = 12\, \tex7{kHz} \neq 8\, \TexT{kHz}
\]

THE SAMPLING RATE (8 KHZ) IS BELOW THE NYQUIST RATE FOR THE 6 kHz COMPONENT, INDICATING POTENTIAL ALIASING.

ANALYSIS OF SAMPLING AT 8 KHz

Is THE SAMPLING RATE ADEQUATE?

- THE NYQUIST FREQUENCY:

F_{N} = \rrac{r_s}2} = 4\, \Text{xHz}

\]

- THE HIGHEST FREQUENCY COMPONENT (6 kHz) EXCEEDS THE NYQUIST FREQUENCY, IMPLYING ALIASING WILL OCCUR.
IMPLICATIONS FOR THE Two FREQUENCY COMPONENTS

1. 3 kHz COMPONENT:

- Since \(3\, \TexT{kHz} < 4\, \TexT{kHz}\), THIS COMPONENT IS SAMPLED CORRECTLY WITHOUT ALIASING.

2. 6 kHz COMPONENT:

- Since \(6\, \TexT{kHz} > 4\, \text{kHz}\), ALIASING OCCURS.
- THe 6 kHz COMPONENT WILL FOLD BACK INTO THE BASEBAND, APPEARING AT A LOWER FREQUENCY IN THE SAMPLED SIGNAL.

UNDERSTANDING ALIASING IN THIS CONTEXT



THE ALIASING FORMULA

\WHEN SAMPLING A CONTINUOUS SIGNAL CONTAINING A FREQUENCY \(F\), THE FREQUENCY OBSERVED AFTER SAMPLING (THE
ALIASED FREQUENCY \(F_A\)) IS GIVEN BY:

\[
F A=|F-n\TIMES F_S
\]

wHERE \(N\) IS AN INTEGER cHOSEN SUCH THAT \(F_A\) FaLLs wiTHIN \([O, F_s/2]\).

APPLYING TO 6 kHz COMPONENT

Fino \(N\):

\[

F_Aa =16\, \TexT{kHz} - n \TiMes 8\, \TexT{KHz}|

\]

- For \(Nn=T1):

\[

F_a =6\, \texT{kHz} - 8\, \texTt{kHz}| = 2\, \TexT{xHz}
\]

- For \(n=0\):

\[

F_a =06\, \Text{kHz} \Quap (\TexT{ABOVE NYQUIST, SO INVALID})
\]

- For \(n=2)):

\[

16\, \TexT{kHz} - 16\, \TexT{kHz}| = 10\, \TexT{kHz} \Quap (\TexT{ABOVE NYQUIST, DISCARD})
\]

THUS, THE 6 KHZ COMPONENT ALIASES TO 2 kHz IN THE SAMPLED SIGNAL.
SUMMARY OF THE FREQUENCY COMPONENTS AFTER SAMPLING
| ORIGINAL FREQUENCY | ALIASING BEHAVIOR | ALIASED FREQUENCY |

| 3 kHz | No aLiasinG | 3 kHz |
| 6 kHz | ALIASES TO LOWER FREQUENCY | 2 kHz |

SPECTRAL REPRESENTATION AND SIGNAL RECONSTRUCTION

SPECTRUM BEFORE SAMPLING

THE ORIGINAL CONTINUOUS-TIME SIGNAL CONTAINS TWO SPECTRAL COMPONENTS AT 3 kHz AND 6 kHz.
SPECTRUM AFTER SAMPLING

- THE SPECTRAL COMPONENT AT 3 kHz REMAINS UNCHANGED.
- THE SPECTRAL COMPONENT AT 6 kHz APPEARS AT 2 kHZ DUE TO ALIASING.

EFFECT ON SIGNAL RECONSTRUCTION



- IDEAL RECONSTRUCTION: REQUIRES AN IDEAL LOW-PASS FILTER WITH CUTOFF AT OR BELOW THE NYQUIST FREQUENCY (4
kHz).

- OUTCOME: THE RECONSTRUCTED SIGNAL WILL CONTAIN THE ORIGINAL 3 kHZ COMPONENT AND A 2 kKHZ COMPONENT, WHICH IS
A FOLDED VERSION OF THE ORIGINAL & KHZ COMPONENT.

VISUALIZATION
IMAGINE THE SPECTRA:
- BEFORE SAMPLING: TWO SPIKES AT 3 kHz AND 6 kHz.

- AFTER SAMPLING: SPECTRA AT 3 kHz AND 2 kHz, WITH THE 6 kKHZ COMPONENT FOLDED BACK INTO THE AUDIBLE (OR
BASEBAND) FREQUENCY RANGE.

PRACTICAL IMPLICATIONS

SIGNAL DISTORTION AND LOSS

- THE ALIASING OF THE 6 kHZ COMPONENT RESULTS IN DISTORTION BECAUSE THE RECONSTRUCTED SIGNAL NO LONGER
ACCURATELY REPRESENTS THE ORIGINAL.

- FREQUENCIES ABOVE THE NYQUIST FREQUENCY ARE EFFECTIVELY “FOLDED” INTO LOWER FREQUENCIES, LEADING TO AMBIGUITY
AND POTENTIAL ISSUES IN SIGNAL INTERPRETATION.

INABILITY TO DisTINGUISH ORIGINAL FREQUENCIES

- DUE TO ALIASING, THE 6 KHZ COMPONENT CANNOT BE DISTINGUISHED FROM A 2 KHZ COMPONENT IN THE SAMPLED DATA.

- THIS CAN CAUSE SERIOUS ISSUES IN APPLICATIONS REQUIRING PRECISE FREQUENCY INFORMATION, SUCH AS COMMUNICATIONS
OR INSTRUMENTATION.

EFFECT ON SYsTeM DEsIGN

- SAMPLING AT 8 kHz IS NOT SUFFICIENT FOR SIGNALS WITH COMPONENTS ABOVE 4 kHz.

- TO PREVENT ALIASING, THE SAMPLING RATE SHOULD BE AT LEAST TWICE THE HIGHEST FREQUENCY COMPONENT, I.E., 12 xHz
FOR THIS SIGNAL.

ANTI-ALIASING FILTERS

PuUrPOSE AND DESIGN

- BEFORE SAMPLING, AN ANTI-ALIASING FILTER (LOW-PASS FILTER) IS USED TO ATTENUATE FREQUENCY COMPONENTS ABOVE
THE NYQUIST FREQUENCY.

- FOR THIS SCENARIO, TO SAMPLE AT 8 kHz WITHOUT ALIASING:

- THE FILTER SHOULD SHARPLY CUT OFF FREQUENCIES ABOVE 4 kHz.

- THIS WOULD ELIMINATE THE 6 KHZ COMPONENT, PREVENTING ALIASING.

PracTICcAL CHALLENGES

- DESIGNING PERFECT FILTERS IS IMPOSSIBLE; REAL FILTERS HAVE TRANSITION BANDS AND RIPPLES.
- THEREFORE, CHOOSING AN APPROPRIATE SAMPLING RATE AND ENSURING ADEQUATE FILTERING IS CRITICAL.

SUMMARY OF KEY PoINTS

- SAMPLING RATE OF 8 kHz Is BeELow THE NYQuisT RATE (12 kHz) FOR A SIGNAL WITH A MAXIMUM FREQUENCY OF & kHz.
- THE 3 kHzZ COMPONENT IS SAMPLED CORRECTLY AND REMAINS UNCHANGED.



- THE 6 KHZ COMPONENT ALIAS INTO 2 kHZ IN THE SAMPLED DATA.

- AS A RESULT, THE RECONSTRUCTED SIGNAL CONTAINS BOTH 3 kHz AND 2 kHz COMPONENTS, NOT THE ORIGINAL 6 kHz AND 3
kHz.

- THIS LEADS TO DISTORTION, LOSS OF FIDELITY, AND POTENTIAL ISSUES IN APPLICATIONS WHERE PRECISE FREQUENCY CONTENT
IS NECESSARY.

CONCLUDING REMARKS

SAMPLING AT A RATE LOWER THAN TWICE THE HIGHEST FREQUENCY COMPONENT IN A SIGNAL LEADS TO ALIASING, WHICH
FUNDAMENTALLY DISTORTS THE FREQUENCY CONTENT OF THE ORIGINAL SIGNAL. IN THE CASE OF A COMPOSITE SIGNAL WITH 3
kHz AND 6 kHz COMPONENTS SAMPLED AT 8 kHz, THE 6 kHZ COMPONENT ALIASING TO 2 kHz EXEMPLIFIES THIS PHENOMENON.
To AVOID SUCH ISSUES, ENGINEERS AND PRACTITIONERS MUST:

- ENSURE THE SAMPLING RATE EXCEEDS TWICE THE MAXIMUM FREQUENCY COMPONENT (THE NYQUIST CRITERION).

- USE APPROPRIATE ANTI-ALIASING FILTERS BEFORE SAMPLING.

- BE AWARE OF THE SPECTRAL CONTENT OF SIGNALS TO SELECT SUITABLE SAMPLING RATES.

THIS DETAILED UNDERSTANDING IS CRITICAL IN DESIGNING SYSTEMS FOR ACCURATE DIGITAL REPRESENTATION OF ANALOG
SIGNALS, ENSURING FIDELITY AND AVOIDING ARTIFACTS CAUSED BY ALIASING.
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