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Problems 223



4.79. A signal that has amplitudes with a Gaussian pdf with zero mean and unit variance is ap-
plied to the quantizer in Example 4.27.
(a) Pick d so that the probability that X falls outside the range of the quantizer is 1%.
(b) Find the probability of the output levels of the quantizer.



4.80. The signal X is amplified and shifted as follows: where X is the random
variable in Problem 4.12. Find the cdf and pdf of Y.



4.81. The net profit in a transaction is given by where X is the random variable in
Problem 4.13. Find the cdf and pdf of Y.



4.82. Find the cdf and pdf of the output of the limiter in Problem 4.54 parts b, c, and d.
4.83. Find the cdf and pdf of the output of the limiter with center-level clipping in Problem 4.55



parts b, c, and d.
4.84. Find the cdf and pdf of in Problem 4.56 parts b, c, and d.
4.85. The exam grades in a certain class have a Gaussian pdf with mean m and standard devia-



tion Find the constants aand b so that the random variable has a Gauss-
ian pdf with mean and standard deviation 



4.86. Let where n is a positive integer and U is a uniform random variable in the unit
interval. Find the cdf and pdf of X.



4.87. Repeat Problem 4.86 if U is uniform in the interval 
4.88. Let be the output of a full-wave rectifier with input voltage X.



(a) Find the cdf of Y by finding the equivalent event of Find the pdf of Y by
differentiation of the cdf.



(b) Find the pdf of Y by finding the equivalent event of Does the
answer agree with part a?



(c) What is the pdf of Y if the is an even function of x?
4.89. Find and plot the cdf of Y in Example 4.34.
4.90. A voltage X is a Gaussian random variable with mean 1 and variance 2. Find the pdf of



the power dissipated by an R-ohm resistor 
4.91. Let



(a) Find the cdf and pdf of Y in terms of the cdf and pdf of X.
(b) Find the pdf of Y when X is a Gaussian random variable. In this case Y is said to be



a lognormal random variable. Plot the pdf and cdf of Y when X is zero-mean with
variance 1/8; repeat with variance 8.



4.92. Let a radius be given by the random variable X in Problem 4.18.
(a) Find the pdf of the area covered by a disc with radius X.
(b) Find the pdf of the volume of a sphere with radius X.
(c) Find the pdf of the volume of a sphere in 



4.93. In the quantizer in Example 4.20, let Find the pdf of Z if X is a Lapla-
cian random variable with parameter 



4.94. Let where X is uniformly distributed in the interval 
(a) Show that Y is a Cauchy random variable.
(b) Find the pdf of Y = 1/X.



1-1, 12.Y = a tan pX,
a = d/2.
Z = X - q1X2.



Y = b 12p21n-12/2Xn/12 * 4 * Á * n2 for n even
212p21n-12/2Xn/11 * 3 * Á * n2 for n odd.



Rn:



Y = eX.
P = RX2.



fX1x2
5y 6 Y … y + dy6.5Y … y6.Y = ƒX ƒ



3-1, 14.X = Un
s¿.m¿



y = aX + bs.



Y = 3X + 2



Y = 2 - 4X



Y = 2X + 3,
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Problems 223



4.79. A signal that has amplitudes with a Gaussian pdf with zero mean and unit variance is ap-
plied to the quantizer in Example 4.27.
(a) Pick d so that the probability that X falls outside the range of the quantizer is 1%.
(b) Find the probability of the output levels of the quantizer.



4.80. The signal X is amplified and shifted as follows: where X is the random
variable in Problem 4.12. Find the cdf and pdf of Y.



4.81. The net profit in a transaction is given by where X is the random variable in
Problem 4.13. Find the cdf and pdf of Y.



4.82. Find the cdf and pdf of the output of the limiter in Problem 4.54 parts b, c, and d.
4.83. Find the cdf and pdf of the output of the limiter with center-level clipping in Problem 4.55



parts b, c, and d.
4.84. Find the cdf and pdf of in Problem 4.56 parts b, c, and d.
4.85. The exam grades in a certain class have a Gaussian pdf with mean m and standard devia-



tion Find the constants aand b so that the random variable has a Gauss-
ian pdf with mean and standard deviation 



4.86. Let where n is a positive integer and U is a uniform random variable in the unit
interval. Find the cdf and pdf of X.



4.87. Repeat Problem 4.86 if U is uniform in the interval 
4.88. Let be the output of a full-wave rectifier with input voltage X.



(a) Find the cdf of Y by finding the equivalent event of Find the pdf of Y by
differentiation of the cdf.



(b) Find the pdf of Y by finding the equivalent event of Does the
answer agree with part a?



(c) What is the pdf of Y if the is an even function of x?
4.89. Find and plot the cdf of Y in Example 4.34.
4.90. A voltage X is a Gaussian random variable with mean 1 and variance 2. Find the pdf of



the power dissipated by an R-ohm resistor 
4.91. Let



(a) Find the cdf and pdf of Y in terms of the cdf and pdf of X.
(b) Find the pdf of Y when X is a Gaussian random variable. In this case Y is said to be



a lognormal random variable. Plot the pdf and cdf of Y when X is zero-mean with
variance 1/8; repeat with variance 8.



4.92. Let a radius be given by the random variable X in Problem 4.18.
(a) Find the pdf of the area covered by a disc with radius X.
(b) Find the pdf of the volume of a sphere with radius X.
(c) Find the pdf of the volume of a sphere in 



4.93. In the quantizer in Example 4.20, let Find the pdf of Z if X is a Lapla-
cian random variable with parameter 



4.94. Let where X is uniformly distributed in the interval 
(a) Show that Y is a Cauchy random variable.
(b) Find the pdf of Y = 1/X.



1-1, 12.Y = a tan pX,
a = d/2.
Z = X - q1X2.



Y = b 12p21n-12/2Xn/12 * 4 * Á * n2 for n even
212p21n-12/2Xn/11 * 3 * Á * n2 for n odd.



Rn:



Y = eX.
P = RX2.



fX1x2
5y 6 Y … y + dy6.5Y … y6.Y = ƒX ƒ



3-1, 14.X = Un
s¿.m¿



y = aX + bs.



Y = 3X + 2



Y = 2 - 4X



Y = 2X + 3,
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298 Chapter 5 Pairs of Random Variables



5.93. The number X of goals the Bulldogs score against the Flames has a geometric distribu-
tion with mean 2; the number of goals Y that the Flames score against the Bulldogs is also
geometrically distributed but with mean 4.
(a) Find the pmf of the Assume X and Y are independent.
(b) What is the probability that the Bulldogs beat the Flames? Tie the Flames?
(c) Find E[Z].



5.94. Passengers arrive at an airport taxi stand every minute according to a Bernoulli random
variable. A taxi will not leave until it has two passengers.
(a) Find the pmf until the time T when the taxi has two passengers.
(b) Find the pmf for the time that the first customer waits.



5.95. Let X and Y be independent random variables that are uniformly distributed in the in-
terval [0, 1]. Find the pdf of 



5.96. Let and be independent and uniformly distributed in 
(a) Find the cdf and pdf of 
(b) Find the cdf of 



5.97. Let X and Y be independent random variables with gamma distributions and parameters
and , respectively. Show that is gamma-distributed with para-



meters Hint: See Eq. (4.59).
5.98. Signals X and Y are independent. X is exponentially distributed with mean 1 and Y is



exponentially distributed with mean 
(a) Find the cdf of 
(b) Use the result of part a to find E[Z].



5.99. The random variables X and Y have the joint pdf



Find the pdf of 
5.100. Let X and Y be independent Rayleigh random variables with parameters 



Find the pdf of 
5.101. Let X and Y be independent Gaussian random variables that are zero mean and unit



variance. Show that is a Cauchy random variable.
5.102. Find the joint cdf of and if X and Y are independent



and X is uniformly distributed in [0, 1] and Y is uniformly distributed in [0, 1].
5.103. Find the joint cdf of and if X and Y are independent



exponential random variables with the same mean.
5.104. Find the joint cdf of and if X and Y are the indepen-



dent Pareto random variables with the same distribution.
5.105. Let and 



(a) Find an expression for the joint pdf of W and Z.
(b) Find if X and Y are independent exponential random variables with



parameter
(c) Find if X and Y are independent Pareto random variables with the same



distribution.
5.106. The pair (X, Y) is uniformly distributed in a ring centered about the origin and inner and



outer radii Let R and be the radius and angle corresponding to (X, Y). Find the
joint pdf of R and ®.



®r1 6 r2 .



fW,Z1z, w2l = 1.
fW,Z1z, w2



Z = X - Y.W = X + Y



Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2Z = X/Y



Z = X/Y.
a = b = 1.



Z = X + Y.



fX,Y1x, y2 = e-1x+y2 for 0 6 y 6 x 6 1.



Z = ƒX - Y ƒ .
1.



1a1 + a2 , l2. Z = X + Y1a2 , l21a1 , l2 Z = Y + X3 .
Y = X1 + X2 .



3-1, 14.X3X1 ,X2 ,
Z = XY.



Z = X - Y.
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298 Chapter 5 Pairs of Random Variables



5.93. The number X of goals the Bulldogs score against the Flames has a geometric distribu-
tion with mean 2; the number of goals Y that the Flames score against the Bulldogs is also
geometrically distributed but with mean 4.
(a) Find the pmf of the Assume X and Y are independent.
(b) What is the probability that the Bulldogs beat the Flames? Tie the Flames?
(c) Find E[Z].



5.94. Passengers arrive at an airport taxi stand every minute according to a Bernoulli random
variable. A taxi will not leave until it has two passengers.
(a) Find the pmf until the time T when the taxi has two passengers.
(b) Find the pmf for the time that the first customer waits.



5.95. Let X and Y be independent random variables that are uniformly distributed in the in-
terval [0, 1]. Find the pdf of 



5.96. Let and be independent and uniformly distributed in 
(a) Find the cdf and pdf of 
(b) Find the cdf of 



5.97. Let X and Y be independent random variables with gamma distributions and parameters
and , respectively. Show that is gamma-distributed with para-



meters Hint: See Eq. (4.59).
5.98. Signals X and Y are independent. X is exponentially distributed with mean 1 and Y is



exponentially distributed with mean 
(a) Find the cdf of 
(b) Use the result of part a to find E[Z].



5.99. The random variables X and Y have the joint pdf



Find the pdf of 
5.100. Let X and Y be independent Rayleigh random variables with parameters 



Find the pdf of 
5.101. Let X and Y be independent Gaussian random variables that are zero mean and unit



variance. Show that is a Cauchy random variable.
5.102. Find the joint cdf of and if X and Y are independent



and X is uniformly distributed in [0, 1] and Y is uniformly distributed in [0, 1].
5.103. Find the joint cdf of and if X and Y are independent



exponential random variables with the same mean.
5.104. Find the joint cdf of and if X and Y are the indepen-



dent Pareto random variables with the same distribution.
5.105. Let and 



(a) Find an expression for the joint pdf of W and Z.
(b) Find if X and Y are independent exponential random variables with



parameter
(c) Find if X and Y are independent Pareto random variables with the same



distribution.
5.106. The pair (X, Y) is uniformly distributed in a ring centered about the origin and inner and



outer radii Let R and be the radius and angle corresponding to (X, Y). Find the
joint pdf of R and ®.



®r1 6 r2 .



fW,Z1z, w2l = 1.
fW,Z1z, w2



Z = X - Y.W = X + Y



Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2Z = X/Y



Z = X/Y.
a = b = 1.



Z = X + Y.



fX,Y1x, y2 = e-1x+y2 for 0 6 y 6 x 6 1.



Z = ƒX - Y ƒ .
1.



1a1 + a2 , l2. Z = X + Y1a2 , l21a1 , l2 Z = Y + X3 .
Y = X1 + X2 .



3-1, 14.X3X1 ,X2 ,
Z = XY.



Z = X - Y.
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298 Chapter 5 Pairs of Random Variables



5.93. The number X of goals the Bulldogs score against the Flames has a geometric distribu-
tion with mean 2; the number of goals Y that the Flames score against the Bulldogs is also
geometrically distributed but with mean 4.
(a) Find the pmf of the Assume X and Y are independent.
(b) What is the probability that the Bulldogs beat the Flames? Tie the Flames?
(c) Find E[Z].



5.94. Passengers arrive at an airport taxi stand every minute according to a Bernoulli random
variable. A taxi will not leave until it has two passengers.
(a) Find the pmf until the time T when the taxi has two passengers.
(b) Find the pmf for the time that the first customer waits.



5.95. Let X and Y be independent random variables that are uniformly distributed in the in-
terval [0, 1]. Find the pdf of 



5.96. Let and be independent and uniformly distributed in 
(a) Find the cdf and pdf of 
(b) Find the cdf of 



5.97. Let X and Y be independent random variables with gamma distributions and parameters
and , respectively. Show that is gamma-distributed with para-



meters Hint: See Eq. (4.59).
5.98. Signals X and Y are independent. X is exponentially distributed with mean 1 and Y is



exponentially distributed with mean 
(a) Find the cdf of 
(b) Use the result of part a to find E[Z].



5.99. The random variables X and Y have the joint pdf



Find the pdf of 
5.100. Let X and Y be independent Rayleigh random variables with parameters 



Find the pdf of 
5.101. Let X and Y be independent Gaussian random variables that are zero mean and unit



variance. Show that is a Cauchy random variable.
5.102. Find the joint cdf of and if X and Y are independent



and X is uniformly distributed in [0, 1] and Y is uniformly distributed in [0, 1].
5.103. Find the joint cdf of and if X and Y are independent



exponential random variables with the same mean.
5.104. Find the joint cdf of and if X and Y are the indepen-



dent Pareto random variables with the same distribution.
5.105. Let and 



(a) Find an expression for the joint pdf of W and Z.
(b) Find if X and Y are independent exponential random variables with



parameter
(c) Find if X and Y are independent Pareto random variables with the same



distribution.
5.106. The pair (X, Y) is uniformly distributed in a ring centered about the origin and inner and



outer radii Let R and be the radius and angle corresponding to (X, Y). Find the
joint pdf of R and ®.



®r1 6 r2 .



fW,Z1z, w2l = 1.
fW,Z1z, w2



Z = X - Y.W = X + Y



Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2Z = X/Y



Z = X/Y.
a = b = 1.



Z = X + Y.



fX,Y1x, y2 = e-1x+y2 for 0 6 y 6 x 6 1.



Z = ƒX - Y ƒ .
1.



1a1 + a2 , l2. Z = X + Y1a2 , l21a1 , l2 Z = Y + X3 .
Y = X1 + X2 .



3-1, 14.X3X1 ,X2 ,
Z = XY.



Z = X - Y.
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298 Chapter 5 Pairs of Random Variables



5.93. The number X of goals the Bulldogs score against the Flames has a geometric distribu-
tion with mean 2; the number of goals Y that the Flames score against the Bulldogs is also
geometrically distributed but with mean 4.
(a) Find the pmf of the Assume X and Y are independent.
(b) What is the probability that the Bulldogs beat the Flames? Tie the Flames?
(c) Find E[Z].



5.94. Passengers arrive at an airport taxi stand every minute according to a Bernoulli random
variable. A taxi will not leave until it has two passengers.
(a) Find the pmf until the time T when the taxi has two passengers.
(b) Find the pmf for the time that the first customer waits.



5.95. Let X and Y be independent random variables that are uniformly distributed in the in-
terval [0, 1]. Find the pdf of 



5.96. Let and be independent and uniformly distributed in 
(a) Find the cdf and pdf of 
(b) Find the cdf of 



5.97. Let X and Y be independent random variables with gamma distributions and parameters
and , respectively. Show that is gamma-distributed with para-



meters Hint: See Eq. (4.59).
5.98. Signals X and Y are independent. X is exponentially distributed with mean 1 and Y is



exponentially distributed with mean 
(a) Find the cdf of 
(b) Use the result of part a to find E[Z].



5.99. The random variables X and Y have the joint pdf



Find the pdf of 
5.100. Let X and Y be independent Rayleigh random variables with parameters 



Find the pdf of 
5.101. Let X and Y be independent Gaussian random variables that are zero mean and unit



variance. Show that is a Cauchy random variable.
5.102. Find the joint cdf of and if X and Y are independent



and X is uniformly distributed in [0, 1] and Y is uniformly distributed in [0, 1].
5.103. Find the joint cdf of and if X and Y are independent



exponential random variables with the same mean.
5.104. Find the joint cdf of and if X and Y are the indepen-



dent Pareto random variables with the same distribution.
5.105. Let and 



(a) Find an expression for the joint pdf of W and Z.
(b) Find if X and Y are independent exponential random variables with



parameter
(c) Find if X and Y are independent Pareto random variables with the same



distribution.
5.106. The pair (X, Y) is uniformly distributed in a ring centered about the origin and inner and



outer radii Let R and be the radius and angle corresponding to (X, Y). Find the
joint pdf of R and ®.



®r1 6 r2 .



fW,Z1z, w2l = 1.
fW,Z1z, w2



Z = X - Y.W = X + Y



Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2Z = X/Y



Z = X/Y.
a = b = 1.



Z = X + Y.



fX,Y1x, y2 = e-1x+y2 for 0 6 y 6 x 6 1.



Z = ƒX - Y ƒ .
1.



1a1 + a2 , l2. Z = X + Y1a2 , l21a1 , l2 Z = Y + X3 .
Y = X1 + X2 .



3-1, 14.X3X1 ,X2 ,
Z = XY.



Z = X - Y.
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298 Chapter 5 Pairs of Random Variables



5.93. The number X of goals the Bulldogs score against the Flames has a geometric distribu-
tion with mean 2; the number of goals Y that the Flames score against the Bulldogs is also
geometrically distributed but with mean 4.
(a) Find the pmf of the Assume X and Y are independent.
(b) What is the probability that the Bulldogs beat the Flames? Tie the Flames?
(c) Find E[Z].



5.94. Passengers arrive at an airport taxi stand every minute according to a Bernoulli random
variable. A taxi will not leave until it has two passengers.
(a) Find the pmf until the time T when the taxi has two passengers.
(b) Find the pmf for the time that the first customer waits.



5.95. Let X and Y be independent random variables that are uniformly distributed in the in-
terval [0, 1]. Find the pdf of 



5.96. Let and be independent and uniformly distributed in 
(a) Find the cdf and pdf of 
(b) Find the cdf of 



5.97. Let X and Y be independent random variables with gamma distributions and parameters
and , respectively. Show that is gamma-distributed with para-



meters Hint: See Eq. (4.59).
5.98. Signals X and Y are independent. X is exponentially distributed with mean 1 and Y is



exponentially distributed with mean 
(a) Find the cdf of 
(b) Use the result of part a to find E[Z].



5.99. The random variables X and Y have the joint pdf



Find the pdf of 
5.100. Let X and Y be independent Rayleigh random variables with parameters 



Find the pdf of 
5.101. Let X and Y be independent Gaussian random variables that are zero mean and unit



variance. Show that is a Cauchy random variable.
5.102. Find the joint cdf of and if X and Y are independent



and X is uniformly distributed in [0, 1] and Y is uniformly distributed in [0, 1].
5.103. Find the joint cdf of and if X and Y are independent



exponential random variables with the same mean.
5.104. Find the joint cdf of and if X and Y are the indepen-



dent Pareto random variables with the same distribution.
5.105. Let and 



(a) Find an expression for the joint pdf of W and Z.
(b) Find if X and Y are independent exponential random variables with



parameter
(c) Find if X and Y are independent Pareto random variables with the same



distribution.
5.106. The pair (X, Y) is uniformly distributed in a ring centered about the origin and inner and



outer radii Let R and be the radius and angle corresponding to (X, Y). Find the
joint pdf of R and ®.



®r1 6 r2 .



fW,Z1z, w2l = 1.
fW,Z1z, w2



Z = X - Y.W = X + Y



Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2 Z = max1X, Y2W = min1X, Y2Z = X/Y



Z = X/Y.
a = b = 1.



Z = X + Y.



fX,Y1x, y2 = e-1x+y2 for 0 6 y 6 x 6 1.



Z = ƒX - Y ƒ .
1.



1a1 + a2 , l2. Z = X + Y1a2 , l21a1 , l2 Z = Y + X3 .
Y = X1 + X2 .



3-1, 14.X3X1 ,X2 ,
Z = XY.



Z = X - Y.
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Problems 223



4.79. A signal that has amplitudes with a Gaussian pdf with zero mean and unit variance is ap-
plied to the quantizer in Example 4.27.
(a) Pick d so that the probability that X falls outside the range of the quantizer is 1%.
(b) Find the probability of the output levels of the quantizer.



4.80. The signal X is amplified and shifted as follows: where X is the random
variable in Problem 4.12. Find the cdf and pdf of Y.



4.81. The net profit in a transaction is given by where X is the random variable in
Problem 4.13. Find the cdf and pdf of Y.



4.82. Find the cdf and pdf of the output of the limiter in Problem 4.54 parts b, c, and d.
4.83. Find the cdf and pdf of the output of the limiter with center-level clipping in Problem 4.55



parts b, c, and d.
4.84. Find the cdf and pdf of in Problem 4.56 parts b, c, and d.
4.85. The exam grades in a certain class have a Gaussian pdf with mean m and standard devia-



tion Find the constants aand b so that the random variable has a Gauss-
ian pdf with mean and standard deviation 



4.86. Let where n is a positive integer and U is a uniform random variable in the unit
interval. Find the cdf and pdf of X.



4.87. Repeat Problem 4.86 if U is uniform in the interval 
4.88. Let be the output of a full-wave rectifier with input voltage X.



(a) Find the cdf of Y by finding the equivalent event of Find the pdf of Y by
differentiation of the cdf.



(b) Find the pdf of Y by finding the equivalent event of Does the
answer agree with part a?



(c) What is the pdf of Y if the is an even function of x?
4.89. Find and plot the cdf of Y in Example 4.34.
4.90. A voltage X is a Gaussian random variable with mean 1 and variance 2. Find the pdf of



the power dissipated by an R-ohm resistor 
4.91. Let



(a) Find the cdf and pdf of Y in terms of the cdf and pdf of X.
(b) Find the pdf of Y when X is a Gaussian random variable. In this case Y is said to be



a lognormal random variable. Plot the pdf and cdf of Y when X is zero-mean with
variance 1/8; repeat with variance 8.



4.92. Let a radius be given by the random variable X in Problem 4.18.
(a) Find the pdf of the area covered by a disc with radius X.
(b) Find the pdf of the volume of a sphere with radius X.
(c) Find the pdf of the volume of a sphere in 



4.93. In the quantizer in Example 4.20, let Find the pdf of Z if X is a Lapla-
cian random variable with parameter 



4.94. Let where X is uniformly distributed in the interval 
(a) Show that Y is a Cauchy random variable.
(b) Find the pdf of Y = 1/X.



1-1, 12.Y = a tan pX,
a = d/2.
Z = X - q1X2.



Y = b 12p21n-12/2Xn/12 * 4 * Á * n2 for n even
212p21n-12/2Xn/11 * 3 * Á * n2 for n odd.



Rn:



Y = eX.
P = RX2.



fX1x2
5y 6 Y … y + dy6.5Y … y6.Y = ƒX ƒ



3-1, 14.X = Un
s¿.m¿



y = aX + bs.



Y = 3X + 2



Y = 2 - 4X



Y = 2X + 3,











