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EE354 Study Guide for Final Exam 

 

 

Fourier Series 

 

• Given an arbitrary time-domain signal, compute the trigonometric and exponential Fourier Series 

Coefficients, write the Fourier Series approximation of the signal, and draw the Fourier Spectrum. 

• Given an arbitrary set of Fourier Coefficients, draw the Fourier Spectrum and write the time domain 

trigonometric or exponential Fourier Series. 

• Given a Fourier Series or Fourier Spectrum of an arbitrary signal, compute the Fourier Series or Fourier 

Spectrum after passing the signal through a high-pass, low-pass, or bandpass filter. 

 

Fourier Transforms 

 

• Explain how the Fourier Transform can be used to understand, visualize, or analyze a signal. 

• Given an arbitrary signal in the time-domain, use the provided tables to compute the Fourier Transform and 

draw the signal spectrum. 

• Given an arbitrary signal spectrum, use the provided tables to compute the Inverse Fourier Transform and 

write the signal in the time-domain. 

 

Convolution 
 

• Given two arbitrary (but simple) signals, a(t) and b(t), compute the result of a(t)*b(t). 

• Apply the properties of convolution in the frequency domain to simplify and solve convolution of a(t)*b(t). 

• Understand and be able to apply the following convolution properties: 

a. Identity 

b. Commutative 

c. Associative 

d. Distributive 

• Apply the properties of convolution with special functions (e.g., delta-functions or constants) to simplify and 

solve convolution of an arbitrary signal with the special function. 

 

Energy/Power and Filtering 

 

• Convert between gain as a linear ratio and gain expressed as a dB quantity. 

• Convert between powers expressed as Watts and powers expressed as dBm. 

• Given an arbitrary signal, apply the frequency domain version of convolution to determine the output (time-

domain or frequency domain) of a high-pass, low-pass, bandstop, or bandpass filter. 
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Sampling Theorem 

 

• Explain the difference between natural, flat-top, and impulse sampling a signal. 

• For an arbitrary signal (expressed in either the time-domain or as a frequency spectrum), calculate the 

Nyquist sampling frequency. 

• Define aliasing and explain how aliasing is related to the Nyquist sampling frequency.  Calculate the output 

spectrum when a signal is sampled at a rate that would cause aliasing. 

• For an arbitrary signal which is impulse sampled at a sampling frequency of fs, apply the sampling theorem 

and calculate the frequencies present in the sampled signal’s spectrum. 

• Draw the frequency spectrum for an arbitrary signal that is impulse sampled at a sampling frequency of fs. 

• Apply a filter to the sampled signal and determine the time domain and frequency domain output of the filter. 

 

A/D Conversion 
 

• Define Quantization and explain how quantization introduces error into a sampled signal. 

• Given an ADC (analog-to-digital converter), determine the number of bits of quantization required to obtain 

a specified SQNR (i.e., Dynamic Range); given the number of bits for an ADC, determine the resulting 

SQNR. 

• Given an ADC with a specified full-scale input range (Vfs) and number of bits of quantization, determine the 

quantization error (resolution) of the ADC. 

• Given an arbitrary signal, calculate the required sampling frequency and number of bits of quantization 

necessary to achieve a specified SQNR. 

• Given a sampling frequency and number of bits of quantization, calculate the bit rate necessary to transmit 

the encoded signal. 

 

Amplitude Modulation 
 

• Explain in words the difference between DSB-SC and DSB-TC Amplitude Modulation. 

• Given an arbitrary modulating signal, express mathematically a DSB-SC and DSB-TC signal in both the 

time-domain and frequency-domain. 

• Given an arbitrary modulating signal, illustrate the resulting Amplitude Modulated signal in both the time-

domain and frequency-domain. 

• Given an arbitrary modulating signal, calculate the bandwidth of the resulting DSB-TC or DSB-SC AM 

signal. 

• Given a sinusoidally modulated DSB-TC AM signal, calculate the modulation index, carrier power, sideband 

power, total power, and power efficiency. 

• Explain in words or draw a block diagram illustrating how to demodulate a DSB-TC AM signal with a 

modulation index less than 1.0.  
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Frequency Modulation 

 

• Explain in words the difference between Amplitude Modulation and Angle Modulation. 

• Explain in words the difference between Frequency Modulation and Phase Modulation.   

• For an arbitrary signal, calculate the instantaneous frequency of the signal using the definition of 

instantaneous frequency. 

• Explain in words the difference between narrowband FM and wideband FM. 

• Given an arbitrary modulating signal, express mathematically a PM or FM signal in both the time-domain 

and frequency-domain. 

• Given an arbitrary modulating signal, illustrate the resulting FM or PM signal in both the time-domain and 

frequency-domain. 

• Given a sinusoidally modulated FM or PM signal, calculate the modulation index, total power in the signal, 

power in a given sideband, and power efficiency. 

• Given a sinusoidally modulated FM or PM signal, calculate both the Absolute Bandwidth and Carson’s Rule 

Bandwidth.  Explain in words the difference between the two bandwidths. 

 

 

Superheterodyne 

 

• Explain in words the primary and fundamental reason(s) for the use of a superheterodyne receiver. 

• For a superheterodyne receiver using either High-Side (HSI) or Low-Side (LSI) injection, identify the Radio 

(RF) Frequency, Local Oscillator (LO) Frequency, Intermediate (IF) Frequency and Image (IM) Frequency.  

Calculate each of these frequencies based on the given information. 

• Explain, both in words and mathematically, why the Image Frequency exists for a superheterodyne receiver, 

what problems it causes, and how to eliminate it.   

• Design a simple superheterodyne architecture based on a given RF frequency and a selection of one or more 

IF frequencies. The architecture should include the specification of the LO, reason for selection of IF 

frequency, and specifications for the RF and IF filters (center frequency and bandwidth), given limitations on 

their Quality Factor (Q). 

 

Baseband Communications and Line Codes 

 

• Mathematically Describe the difference between Unipolar and Bipolar Signaling. 

• Mathematically describe the difference between RZ and NRZ Signaling in terms of the pulse width, required 

transmission bandwidth, and spectral characteristics. 

• Encode a sequence of bits into a RZ/NRZ/Unipolar/Bipolar signaling waveform. 

• Calculate the bandwidth required to transmit a square pulse shape given the bit rate or pulse width. 

• Calculate and sketch the frequency response of a square pulse shape given the bit rate or pulse width. 

• Given an arbitrary signal, calculate its autocorrelation and power spectral density. 

• Determine the channel capacity given a bandwidth and signal to noise ratio. 
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Amplitude Shift Keying 

 

• Calculate the bandwidth, power, and data rate of an M-ary ASK communication system. 

• Draw and label the signal constellation and spectrum for an M-ASK signal set. 

• Design and draw a block diagram to demodulate M-ASK signals through a matched filter receiver. 

• Calculate the SNR (Eb/N0) for a 2-ASK signal set. 

• Calculate the BER of an 2-ASK communication system. 

 

Frequency Shift Keying 

 

• Draw and label the signal constellation and spectrum for an M-FSK signal set. 

• Calculate the bandwidth, power, and data rate of an M-ary FSK communication system. 

• Calculate the bandwidth for an M-ary OTS FSK communication system. 

 

Phase Shift Keying 

 

• Draw and label the signal constellation and spectrum for an M-PSK signal set. 

• Draw a block diagram for a transmitter that will create M-PSK signals. 

• Calculate the bandwidth, power, and data rate of an BPSK communication system. 

 

 


