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Columbia University

Random Signals and Noise

ELEN E4815

Spring Semester- 2007

Professor I. Kalet

9 May 2007

Final Examination

( Length of Examination- Three hours

( Answer All Questions

( Open Book Examination

You may use any results which we derived in class- You do not have to “re-derive” results, already derived in class!! 

GOOD LUCK!!!

Problem #1(34%)

The power spectral density, Pn(f), of a narrow-band gaussian WSS random process, n(t), is shown below. 

The process can be represented by the equation below

n(t)=nR(t) cos 2(f0t – nQ(t) sin 2(f0t
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a. What is the total average power in this random process?

b. Draw the spectral densities PnR(f)and  PnQ(f), the spectral densities respectively of nR(t) and nQ(t) if  f0  is equal to 10W.

c. What are the average powers of nR(t) and nQ(t)? 

d. Draw the spectral densities for nR(t) and nQ(t), if f0=12W.

e. The signal, n(t), is now multiplied by cos 2(f1t, where f1 is equal to 10 W Hz, and then passed through the low pass filter, HLPF(f), as shown in the figure below. Find the spectral density, Pout(f), of vout(t), and also find the output power, Pout , of vout(t).
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Repeat the above if f1 is equal to 12W Hz.

Problem #2 (33%)

We showed in class that any narrowband random process, n(t), could be written in the form 

n(t)=nR(t) cos 2(f0t – nQ(t) sin 2(f0t

where nR(t) and nQ(t) were defined in class.

Suppose the narrowband band process is bandlimited to 2W Hz between f0 -W and f0 +W Hz.

We would now like to re-write this equation but using a different center frequency, (f0 +(f) Hz, in the following form:

n(t)=nI(t) cos [(2((f0 +(f)t] – nJ(t) sin [2((f0 +(f)t]

where 


-W < (f < W Hz

a. Find nI(t) and nJ(t) as functions of nR(t)and nQ(t) and (f .

b. Find the autocorrelation function of nI(t), as a function of the autocorrelation functions of nR(t) and nQ(t), or as a function Rn(().

c. Find PnI(f) as a function of PnR(f) and PnQ(f), or as a function of Pn(f).

DO EITHER (b) OR (c)!

Problem # 3 (33%)

We transmit a SSB-USB signal as defined below, over an additive white Gaussian noise channel shown below.


xSSB-USB(t)= s(t) cos 2(f0t-  s(t) sin 2(f0t

The function, s(t), is a perfectly bandlimited gaussian random process with the power spectral density shown, Ps(f), below.

Ps(f) 
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The receiver for the transmitted signal is shown below.

    n(t), N0/2 watts/Hz         cos(2(f0t)
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              n IN(t)=nR(t) cos 2(f0t – nQ(t) sin 2(f0t

Normally the bandwidth of the ideal bandpass filter, HB(f), would be W Hz. However, because of a technical error, the bandwidth is 2W Hz as shown below. 

HL(f) still remains an  ideal low pass filter with bandwidth equal to W Hz.
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a. Find the output signal , vout(t), as a function of s(t), nR(t) and nQ(t).

b. Find the signal-to-noise ratio, S/N,out,  at the output of the receiver, as a function of A, W and N0.

c. How does the result in part (b) compare to the signal-to-noise ratio, if you would have used the correct SSB receiver, (the one used in class), for which the bandwidth of the bandpass filter was just equal to W Hz?

THE END!!
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