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Problem 1

The skewness of a random variable X is defined as

SX = E

((
X − µ
σ

)3
)

Skewness is a measure of the ‘asymmetry’ in the shape of a distribution. Compute analytically the skewness
of an exponential distribution given by

px(x) = λe−λx, x ≥ 0
0 , x < 0

Problem 2

An estimator for the skewness may be written as

Ŝx =
1
N

∑i=N
i=1 (xi − x̄)3(

1
N

∑i=N
i=1 (xi − x̄)2

) 3
2

where x̄ is the sample mean. We will use this estimator to numerically compute the skewness of the standard
Rayleigh distribution given by

px(x) = xe−x
2/2

(a) If X and Y are Gaussian random variables with zero mean and unit variance, then Z =
√
X2 + Y 2 has

a standard Rayleigh distribution. Use this rule to write a program to generate N samples drawn from a
standard Rayleigh distribution.
(b) Numerically compute the sample mean, sample variance, and sample skewness for different values of N .

Problem 3

Kurtosis is a measure of how ‘peaked’ a distribution is. Kurtosis may be defined as

KX = E

((
X − µ
σ

)4
)

(a) Compute analytically, the kurtosis for an exponential distribution defined in Problem 1
(b) Write down an expression for the sample kurtosis of a distribution. Repeat Problem 2, but now compute
the kurtosis of a standard Rayleigh variable.
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Problem 4

(a) Let f(x) = A sin(2πkx + φ). Analytically compute the Fourier transform of f(x). Plot by hand the
spectrum of f(x) (amplitude and phase).
(b) Write a program to generate a sine wave given by f(x) = A sin(2πkx+φ). Choose A = 2, k = 0.5, φ = 0.3.
Compute the Fast Fourier Transform (FFT) of this function, and plot its spectrum (magnitude and angle).
Compare the numerically evaluated spectrum with the analytical spectrum derived in part (a).

Problem 5

Load the file bell.mat into your workspace. You will load two variables: bell time, which is a time domain
recording of the sound produced by a bell when it is struck, and fs, which is the rate at which this signal is
sampled.
(a) Compute and plot the power spectral density of this signal. What are the fundamental frequencies em-
nated by the bell?
(b) Reconstruct the signal interms of the first two dominant frequency components. Compare the recon-
structed signal to the original one.
Note: If you have earphones/speakers, you can use the sound function in MATLAB to play the original and
reconstructed signals.
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