Analytical Solutions

Chapter 1

1.1) Alowpass filter is desired with the cutoff frequency of 10 Hz. This filter should
attenuate a 100-Hz signal by a factor of at least 78. What should be the order of this

filter?
Ignoring the initial slope:
Atten dB = -20 (N- poles) log (f2/f:) = 20 log 85
-20(N- poles) log (10/100) = 20(N- poles) log (100/10) = 38.5

38.5
N — pole = Tlog1o 1.9 - 2 poles

Chapter 2

2.3) Use Eq. 2.14 to analytically determine the RMS value of a “square wave” with an
amplitude of 1.0 volt and a period 0.2 sec.

Apply Eq. 2.14 directly.

T 1/ 0.2 1/
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0 - 0

= [5¢132]72 = [5(0.2)] /2 = 1



2.5) Use Eq. 2.14 to analytically determine the RMS value of the waveform shown below
with amplitude of 1.0 volt and a period 0.5 sec. [Hint: You can use the symmetry of the
waveform to reduce the calculation required.]

To find the RMS of a “sawtooth” wave, apply Eqg. 2.14 directly. By symmetry only the
first half period need to be evaluated:
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2.9) If a signal is measured as 2.5 volts and the noise is 28 mV (28 x 10 volts), what is the
SNRin dB.

SNRs = 20 log (=) =39 dB

2.10) A single sinusoidal signal is found in a large amount of noise. (If the noise is larger than
the signal, the signal is sometimes said to be “buried in noise.”) If the RMS value of the
noise is 0.5 volts and the SNR is 10 dB, what is the RMS amplitude of the sinusoid?

Apply Eg. 1.13, but solve for the RMS value of the signal:

SNRas = 20log (~22) 10 dB; 20log (=£) 10

Vnoise

Vsig) — 10 _ Vsig _ 1005 — o
log( 0.5) T 20 0.5 05 10"> =3.16 Vg, =1.58 volts rms



2.12) An 8-bit ADC converter that has an input range of + 5 volts is used to convert a signal
that ranges between * 2 volts. What is the SNR of the input if the input noise equals the

guantization noise of the converter? [Hint: Refer back to Eq. 1.8 to find the quantization
noise.]
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o = 0.0327

Vioise = 0 =V0.0327 = 0.18 volts

E

SNR = =11.11 = 209dB
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2.16) A resistor produces 10 pV noise (i.e., 10 x 10°® volts noise) when the room temperature
is 310K and the bandwidth is 1 kHz (i.e., 1000 Hz). What current noise would be
produced by this resistor?

Need to find R from information on the voltage noise of the resistor. Using Eq. 2.25 for
the voltage noise from a resistor:

V,, = V4ktRBW =10 x 10° volts

_ (1075 1010
T 4kTBW  1.7x10720(103)

. 1.7 X 10720(103 -
i = ’4ktBW/R _ \/ ( )/5.88 % 106 = 1.7 % 10712 amp

= 5.88x 10° =5.88 MQ

2.17) The noise voltage out of a 1-MQ (i.e., 10°-Q) resistor is measured using a digital

voltmeter as 1.5 uV at a room temperature of 310 K. What is the effective bandwidth of
the voltmeter?

Apply the equation for noise from a resistor (Eq. 2.25), but solve for bandwidth:

2 —-6)2
V. = VARGRBW BwW =i — _(SX10°) 455,

4KkTR 1.7X10720(10%)



2.18) A 3-ma current flows through both a diode (i.e., a semiconductor) and a 20,000-Q (i.e.
20-kQ) resistor. What is the net current noise, i,? Assume a bandwidth of 1 kHz (i.e., 1
x10° Hz). Which of the two components is responsible for producing the most noise?

There are two current noise sources. Apply the appropriate current noise equations, Eq.
2.26 and 2.27, and combine as the square root of the sum of squares (modified Eq.
2.28):

1 1
i, = (112 + 11:2)) /2 — (4kTBW/R + ZCIIDBW) /2

Y,
- (1.76 x 1020 (103/20 y 103) +2(1.662 x 10719)3 x 103(103))

i, = (85x107%2 +9.96 x 10719)"/2 =9.98 x 10" amps

Chapter 10

10.13) From inspection of the Hénon map equations, determine the best values for
embedding dimension and delay.

It is apparent from the structure of the Hénon map equations that an ideal embedding
dimension and delay should be 2 dimensions and one sample.

10.17) How would the presence of broadband noise in a signal of interest affect your
estimation of the optimal delay? Would you expect the same behavior if the signal is
linear compared to nonlinear? What about a comparison of stochastic versus
deterministic systems?

Broadband noise decreases the length of time that a series is correlated. If the SNR is too
low, the correlation will fall to too few samples to perform a meaningful or accurate
phase-space reconstruction. This will happen regardless of whether or not a system is
linear or nonlinear, but a nonlinear system can also have its nonlinear properties masked
by noise, making it appear more similar to a linear system. Similarly, noise will make it
difficult to determine an optimal delay for both a stochastic and dynamical system.



