Additional end-of-chapter problems for Chapter 1 – Signals, Filters, and Tools
CMOS: Mixed-Signal Circuit Design
A1.1 	Verify, using trigonometric identities, that Eq. (1.9) can be represented using a single sinusoid with a peak amplitude of 1.414.
A1.2	Using trigonometric identities show the equality seen in Eq. (1.10) is valid.
A1.3	How would a delay be plotted in the complex plane at a single frequency, say f0? Comment on the movement of the delay’s representation (the vector) in the complex plane (does it move? Why or why not?). Also plot cos(2f0t) in the complex plane and it’s representation after passing through the delay.
A1.4	Determine, and simulate, the transfer function of the filter seen in Fig. 1.9 if the direct connection between the input and the adder is passed through a gain of 2 stage.
A1.5	Plot, in the complex plane, the location of the poles and zeroes for a digital system with a transfer function of . Determine the frequency response, both magnitude and phase, and compare to the intuitive method used in Sec. 1.2.3. Sketch the block diagram implementation of the system. Simulate the system’s operation using LTspice (frequency response). What type of filter does this system implement?
A1.6	Using digital building blocks in LTspice (or some other simulator) show how, in the time-domain, the digital integrator’s response is infinite for a DC input (show overflow in the integrator’s output). 
A1.7	Show how to plot  in the complex plane. What is the magnitude and angle of this complex number?
A1.8	Determine the magnitude and phase response of a K = 8 comb filter. Provide simulation examples, in the time-domain, showing that the frequency response you determined is correct. 
A1.9	Repeat problem 1.3 on page 25 if the in-phase component has a peak amplitude of 1 V and the quadrature component has peak amplitude of 0.5 V (the amplitudes are swapped from problem 1.3). Use LTspice to verify your answer and provide the sketch of the resulting waveforms. 
A1.10	Suppose a filter has the following frequency. If the input signal, Vin, is a 1 V peak sinewave at 35 MHz sketch the filter’s input and output, Vout, on the same plot in the time domain.
[image: ]
A1.11	Describe, in your own words and with pictures, how Figs. 1.1, 1.2, and 1.3 change for negative frequencies. Modify the MATLAB animations at: http://cmosedu.com/jbaker/matlab/matlab.htm to support your answers.
A1.12	Show that a real signal, such as sin(2fo·t) or cos(2fo·t), has a two-sided spectrum while an imaginary signal, such as exp(j·2fot) which is the IQ signal given by Eq. (1.9), has a one-sided spectrum. 
A1.13	How can one tell the difference between a real signal, such as sin(2fo·t) or cos(2fo·t), and an imaginary signal, such as exp(j·2fot) when the signal is represented in the complex plane as a rotating vector? 
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