1 Continuous RV (10 pts)
Consider a positive random variable t > 0. You know that

Pt>tl=cla—t), 0<t<a
1. (5pts) Let a > 0, What values of ¢ lead to a valid distribution.

2. (5pts) Determine the pdf p(t) of RV t in terms of a alone.
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2. K out of N Detection (15pts)

When a target is present, a radar detects it with probability py =~ 0.9;
if it is not present it falsely detects with probability g == 0.01. These
are defined to be the single-look detection py and false alarm qo probabilities.
Note that po, qo are completely unrelated; for example, go +po # 1 in general.

The radar takes multiple looks and detects independently on each look.
The probabilities remain fixed at the single-look values. Two different meth-
ods are used to determine whether the target is present on multiple looks,
and we seek to compare these methods. Take N and K to be arbitrary such

that
< B <N

In the questions, we will only consider the detection probability.
Part 1. If the radar takes n = N looks, and decides on an overall

detection using the rule:
Rule 1: A target is said to be Detected if it is detected on any single look.
what is the resulting probability of detection PS). An exact, non-numeric
symbolic answer in terms of po is required.

1. (5pts) What is the probability PS )

Part 2 The radar again looks n = N times, but now votes:
Rule 2: A target is said to be Detected if it is detected on at least K

out of N looks .
What is the resulting probability of detection PBK}. Again, an exact
non-numeric symbolic answer in terms of pg is required.

2. (5pts) What is the probability pY)

3. (5pts) For what values of K does the overall detection probability drop
under Rule 2 compared with Rule 1?7 Be precise.
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3 Bernoulli (15pts)
A Bernoulli generator puts out {z1, Zs, ..., Z,} Where z; € {0, 1} iid with
A second Bernoulli generator puts out {y1,%2;...,y.} where y; € {0,1}
iid with P(y; = 1) = r, independent of z;
For any £ =0,1,2,...

1. (10 points) Determine the probability that
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4 The Lost Signal (15 pts)

A signal is located in exactly 1 of N frequencies Fy, Fy, ..., Fiy with cor-
responding probabilities Py, Ps,..., Py, 3 P, = 1 so, for example, with
probability P, the signal is at frequency Fi.

A detector examines each of the N frequencies for a total of T =Ty +...+
Ty seconds. If t seconds is used to detect the signal when it is present, it
is detected with probability

Pr=Fylti=1~ eXp(—t/T)
so, the longer we search, the higher the chance of detecting the target.

1. (5 points) Write down the probability of detecting the target given an
allocation 71, Ts, ..., Ty

2. (5 points) What would be the probability of finding the signal if we
only search in frequncy 17

3. (5 points) What is the maximum probability of finding the signal if we
only search in the one mostly likely frequency?
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5 Multivariate RVs (20 pts)
Two statistically independent random variables x and y have mean values

Exl =5 (1)
Bly] = -5 )
Ex* = 100 (3)
Ely?] = 400 (4)
Elx-5)(y+5)] = 10 (3)
Let
u = x+y (6)
v = Xx=¥ (7)
1. (5 pts) Find the mean value of u
2. (5 pts) Find the variance of u
3. (5 pts) Find the covariance of u and v
4. (5 pts) Find the minimum value over all a of E[((u) — a(v))?].
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6. Max SNR (15pts)
A signal
$p=[+1 —1]

is received ov_er an AWGN channel w, resulting in
Tn = 8n +Wn
The average power in wy, is
P, = Ew?] =100

The received signal z,, is processed using a correlator

2
V= Exncn

n=1
1. (5pts) Determine the SNR in V for any ¢, where

SNR. = E(V3|z = s)/E(V?|z = w)

2. (5pts) Determine the best choice of ¢,, to maximize the SNR.

3. (5pts) Give a numerical answer for the max SNR.
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7 Continuous RVs (10 pts)
Two continuous independent RVs x,y have an exponential pdfs with
mean values

Ex]=2, Ely]=

1. (10 pts) Determine
Ply > x|
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