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1. Suppose we want to estimate the average weight of an adult male in a County. 
We draw a random sample of 40 men from a population of 1,000,000 men and 
weigh them. We find that the average man in our sample weighs 180 pounds, 
and the standard deviation of the sample is 30 pounds. What is the 96% 
confidence interval? 

2. For a certain commodity which you buy, you can make either a $500 profit with 
probability 0.5 when you sell it, or $200 with probability 0.3 or lose $100 with 
probability 0.2. 

a. Find the mean and variance of your net profit if you sell one item. 
b. Suppose you sell 80 items separately and independently, find the mean and 

standard deviation of your total net profit. 
 

3. Two random variables X and Y are related by Y = aX + b, where X is a random variable with zero 
mean and unit variance. 

a. Find the mean and variance of Y 
b. Find the correlation coefficient between X and Y. 

 
4. Let X and Y be random variables with a joint pdf  Cyxf YX ),(,  for 10  YX

, 10  X , 10  Y  
a. Find C so that this is a valid joint pdf 
b. Find the marginal density functions of X and Y. 
c. Are X and Y independent? 
d. Find the conditional pdf of Y given X = 0.5 

 
5. If X and Y are independent, normal random variables with E(X) = 10, Var(X) = 4, 

E(Y) = 0, and Var(Y) = 9.   
a. Let T = X – Y, find the mean and variance of T 
b. Let Z = XY, find the mean and variance of Z. 

 
6. The random variables X and Y are independent and uniformly distributed in the 

interval (0,1). Find )( XYP  . 
 

7. Let X be a uniformly distributed random variable on the interval 100  x  and 
zero elsewhere  and let Y be another uniformly distributed random variable on 

200  y  and zero elsewhere. Assuming that X and Y are independent, find 

a. )84(  YXP  
b. E {X + Y} 
c. E {XY} 
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d. Var (X + Y)  
 

8. The lifetime of a structure T is a Gaussian distribution which is dependent on the 
strength of used concrete. B250 has  = 35 years,  = 10 years, whereas B300 has 
 = 50 years,  = 5 years. 

a- If a structure with design period of 40 years will be designed, which concrete is 
better to be used? 

b- For B300, find time in years at which the lifetime of the structure will exceed 95% 
of its design period. 

  
9.  For the joint density function shown in the  

figure, find the followings: 
 

a- Marginal density functions of X and Y 
b- P (X < 3) 
c- P (Y   2) 
d- P [X = x / (Y = 1)] 
e- P (X   Y) 

 
10. 9) Let X1 and X2 be independent normal 

random variables with means 23 and 4 and 
variances 3 and 1, respectively. Find the  
probability density function of Y = 4X1 – X2. 
 

11. The joint pdf of two random variables X and Y is given by 



 


otherwise

yxkxy
yxf YX 0

3020
),(,  

a. Find the constant k so that this is a valid pdf. 
b. Are X and Y statistically independent? 
c. Find the expected value of the function g(X,Y) = 2X + 3Y 
d. Find P(X + Y < 1), P( Y – X < 1). 
 

12. A manufacturer of semiconductor devices takes a random sample of size n of 
chips and tests them, classifying each chip as defective or non-defective. Let Xi = 
0 if the chip is non-defective and Xi = 1 if the chip is defective. 

a. Find the mean and variance of the sample average defined as 



n

i
iX

n
X

1

1 . 

b. Compare the sample variance for the case when n = 50 and n = 100. Comment on 
the effect of sample size on the variance of the sampling distribution 

c. If p is the probability of a defective chip, find an unbiased estimator of p. 
 

13. Consider a random sample of size n taken from a discrete distribution, the pmf of 
which is given by: xxxf  1)1()(   , x = 0, 1. Two estimators for θ are 
proposed 
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a. Which one of these two estimators is an unbiased estimator of the parameter θ? 
b. Which one has a smaller variance? 

 
14. In a random sample of 500 persons in the city of Ramallah, it was found that 372 

voted for Abu Mazen in the 2005 presidential elections for the Palestinian 
Authority. Determine a 95% confidence interval for p, the actual proportion of 
Ramallah residents supporting Abu Mazen. 

 
15. The compressive strength of concrete is being tested by a civil engineer. He tests 

12 specimens and obtains the following data (in psi) 
2216 2237 2249 2204 2225 2301 2281 2283 
2318 2255 2275 2295 

a.    Find point estimates for the mean and variance of the strength 
b. Construct a 95% confidence interval on the mean strength 
c. Construct a 95% confidence interval on the variance of the strength. 

 
16. A random sample of n = 36 observations has been drawn from a normal 

distribution with mean 50 and standard deviation 12. Find the probability that the 
sample mean is in the interval 47 to 53. 

 
17. Given the following pair of measurements, which are suspected to be linearly 

related. Do a regression analysis to find the linear relationship   xy  
 

iX 0.77 4.39 4.11 2.91 0.56 0.89 4.09 2.38 0.78 2.52 
iY 14.62 22.21 20.12 19.42 14.69 15.23 24.48 16.88 8.56 16.24 

 
18. A machine produces metal rods used in an automobile suspension system. A 

random sample of 9 rods is selected and the diameter is measured. The resulting 
data (in mm) are: 

8.24 8.23 8.20 8.21 8.22 8.28 8.17 8.26 8.19 
If the sampling comes from a normal population with a mean rod diameter   and a 
variance 2 , find  

a. point estimates for the mean and the variance 
b. a 95% confidence interval on the mean 
c. a 95% confidence interval on the variance 

 
19. A random sample of n = 10 structural elements is tested for compressive strength. 

We know that the true mean compressive strength is  = 5000 psi and the standard 
deviation is  =  100 psi. Find the probability that the sample mean compressive 
strength exceeds 4985 psi. 
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20. Let X1 and X2 be a sample of size two drawn from a population with mean  and 
variance 2. Two estimators for  are proposed: 

2
ˆ 21

1
XX 

  

3
2ˆ 21

2
XX 

  

Which is the better estimator and in what sense? 
 

21. Suppose that X has the following discrete distribution 



 


otherwise
x

xXP
0

3,2,13/1
)(   

A random sample of n = 200 is selected from this population. Approximate the 
probability that the sample mean is greater than 2.1 but less than 2.5. 
 

22. The amount of waiting time that a customer spends waiting at a  bank is a random 
variable with mean 8.2 minutes and standard deviation 1.5 minutes. Suppose that 
a random sample of n = 50 customers is observed. Find the probability that the 
average waiting time for these customers is less than 8 minutes. 

 
23. A computer, in adding numbers, round each number to the nearest integer. 

Suppose that all rounding errors are independent and uniformly distributed over (-
0.5, 0.5). If 1500 numbers are added, what is the probability that the magnitude of 
the total error exceeds 15? 

 
24. Suppose that X has a normal distribution with mean μ and variance σ2, where μ 

and σ2 are unknown. A sample of size 15 yielded the values 7.8
15

1




i

iX  and 

3.27
15

1

2



i

iX . Obtain a 95% confidence interval on the variance. 
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1. Suppose we want to estimate the average weight of an adult male in a County. 
We draw a random sample of 40 men from a population of 1,000,000 men and 
weigh them. We find that the average man in our sample weighs 180 pounds, 
and the standard deviation of the sample is 30 pounds. What is the 96% 
confidence interval? 

ܲ ቊߤොݔ − ७ఈ
ଶ

ො௫ߪ

√݊
≤ ݔߤ ≤ ݔොߤ + ७ఈ

ଶ

ො௫ߪ

√݊
ቋ = 1 −  ߙ

ܲ ൜180 − 2.05 ∗
30

√1000
≤ ݔߤ ≤ 180 + 2.05 ∗

30
√1000

ൠ = 0.96 

ܲ൛180 − 1.94 ≤ ݔߤ ≤ 180 + 1.94ൟ = 0.96 
 

2. For a certain commodity which you buy, you can make either a $500 profit with 
probability 0.5 when you sell it, or $200 with probability 0.3 or lose $100 with 
probability 0.2. 

a. Find the mean and variance of your net profit if you sell one item. 
b. Suppose you sell 80 items separately and independently, find the mean and 

standard deviation of your total net profit. 
Profit 500 200 -100 
probability 0.5 0.3 0.2 

௫ߤ =  ݔ



ୀଵ

ܲ(ܺ = (ݔ = 500 ∗ .5 + 200 ∗ .3 − 100 ∗ .2 = 300$ 

௫ߪ
ଶ = ൫݅ݔ − ൯ݔߤ

ଶ
݊

݅=1

ܲ(ܺ = (݅ݔ = 48000 

௫ߤ̂ = ௫ߤ = 300 
௫ߪ

ଶ = 80 ∗ 48000 = 3840000 
ඥߪ௫

ଶ = √3840000 = 1960$ 
your total net profit 80 items ௫݂(ݔ) = ∑ ݔ

଼
ୀଵ  

௫ߤ̂ = ௫ߤ݊ = 80 ∗ 300 = 24000$ 
ඥߪ௫

ଶ = n√3840000 = 1960 ∗ 80 = 156800$ 
 

 
3. Two random variables X and Y are related by Y = aX + b, where X is a random variable with zero 

mean and unit variance. 
a. Find the mean and variance of Y 

[ݕ]ܧ = [ݔ]ܧܽ + ܾ = ܾ 
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(ݕ)ݎܸܽ = ܽଶ[ݔ]ܧ = ܽଶ 

b. Find the correlation coefficient between X and Y. 
,ܺ)ݒܿ ܻ) = [ܻܺ]ܧ − ௬ߤ௫ߤ = + aX)ܺ]ܧ  b)] − 0 ∗ ܾ = aܧ[X2] + [X]ܧܾ = aܧ[X2] 

aܧ[Xଶ] = ܽ൫ݔߪ
2 + ଶ൯[X]ܧ = ܽ(1 + 0) 

௫௬ߩ =
,ܺ)ݒܿ ܻ)

௬ߪ௫ߪ
=

ܽ
1 ∗ ܽ2 =

1
ܽ

 

 
4. Let X and Y be random variables with a joint pdf  Cyxf YX ),(,  for 10  YX

, 10  X , 10  Y  
a. Find C so that this is a valid joint pdf 
b. Find the marginal density functions of X and Y. 
c. Are X and Y independent? 
d. Find the conditional pdf of Y given X = 0.5 
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the marginal density functions of X and Y 

xdyxf
x

222)(
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222)(
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Are X and Y independent? No ),()()( yxfyfxf   
2)22)(22(  yx  

Find the conditional pdf of Y given X = 0.5 

2
2*5.02

2
)5.0(

),()5.0|( 






xf

yxfxyf  

1. variables with E(X) = 10, Var(X) = 4, E(Y) = 0, and Var(Y) = 9.   
a. Let T = X – Y, find the mean and variance of T 
b. Let Z = XY, find the mean and variance of Z. 
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See EXAMPLE (5-6)  
T = X – Y 

(ܶ)ܧ = ܺ)ܧ − ܻ) = (ܺ)ܧ − (ܻ)ܧ = 10 − 0 = 10 
(ܶ)ݎܸܽ = ܺ)ݎܸܽ − ܻ) = ݔߪ

2 + ݕߪ2(1−)
2 + 0 = 4 + 9 = 13 

Z = XY 
(ܼ)ܧ = (ܻܺ)ܧ = (ܻ)ܧ(ܺ)ܧ = 10 ∗ 0 = 0 

(ܼ)ݎܸܽ = (ܻܺ)ݎܸܽ = (ଶ(ܻܺ))ܧ − ଶ(ܻܺ)ܧ = 
(ଶܻ)ܧ(ଶܺ)ܧ − ଶ(ܻܺ)ܧ = ݔߪ)

2 + ݕߪଶ)൫(ܺ)ܧ
2 + ଶ൯(ݕ)ܧ − 0 = 

(4 + 100) ቀ9 + 02ቁ = 936 
 
 

2. The random variables X and Y are independent and uniformly distributed in the 
interval (0,1). Find )( XYP  . 

௫݂,௬(ݔ, (ݕ =  ௫݂(ݔ) ௬݂(ݕ) =
1

1 − 0
∗

1
1 − 0

= 1 

ܲ൫ܻ ≤ √ܺ൯ = න න ௫݂,௬(ݔ, ݔ݀ݕ݀(ݕ
√



ଵ


= න න ݔ݀ݕ1݀ =

√



ଵ


 

න ݔ݀ܺ√
ଵ


=

2
3
 

 
3. Let X be a uniformly distributed random variable on the interval 100  x  and 

zero elsewhere  and let Y be another uniformly distributed random variable on 
200  y  and zero elsewhere. Assuming that X and Y are independent, find 

a. )84(  YXP  
b. E {X + Y} 
c. E {XY} 
d. Var (X + Y)  

௫݂,௬(ݔ, (ݕ =  ௫݂(ݔ) ௬݂(ݕ) =
1

10 − 0
∗

1
20 + 0

=
1

200
 

ܲ(ܺ ≤ 4 ∩ ܻ ≤ 8) = න න ௫݂,௬(ݔ, ݔ݀ݕ݀(ݕ
଼



ସ


= න න

1
200

ݔ݀ݕ݀ =
଼



ସ


 

න
1

25
ݔ݀

ସ


=

4
25

 

ܺ)ܧ + ܻ) = (ܺ)ܧ + (ܻ)ܧ =
10 + 0

2
+

20 + 0
2

= 15 

(ܻܺ)ܧ = (ܻ)ܧ(ܺ)ܧ =
10 + 0

2
∗

20 + 0
2

= 50 

ܺ)ݎܸܽ + ܻ) = ݔߪ
2 + ݕߪ

2 + 0 =
(10 − 0)ଶ

12
∗

(20 − 0)ଶ

12
= 277.78 

 
  
 

4.  For the joint density function shown in the  
figure, find the followings: 
 

a- Marginal density functions of X and Y 
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b- P (X < 3) 
c- P (Y   2) 
d- P [X = x / (Y = 1)] 
e- P (X   Y) 

 
 
 
 
 

 x\y 1 2 3 4     f(x) 
1 0.1   0.1     0.2 
2 0.3   0.1 0.2   0.6 
3   0.2       0.2 

              
 f(y) 0.4 0.2 0.2 0.2   1 

P (X < 3)=0.2+0.6=0.8 
P (Y   2)=0.2+0.2+0.2=0.6 
P [X = x / (Y = 1)]=0.4 
P (X   Y)=0.1+0.3+0.2=0.6 

 
5. Let X1 and X2 be independent normal random variables with means 23 and 4 and 

variances 3 and 1, respectively. Find the probability density function of Y = 4X1 – 
X2. 

 
 

6. The joint pdf of two random variables X and Y is given by 



 


otherwise

yxkxy
yxf YX 0

3020
),(,  

a. Find the constant k so that this is a valid pdf. 
b. Are X and Y statistically independent? 
c. Find the expected value of the function g(X,Y) = 2X + 3Y 
d. Find P(X + Y < 1), P( Y – X < 1). 
 

ܽ) ௫݂,௬(ݔ, (ݕ = න න ݀ݕ݀ݕݔ݇
ଷ



ଶ


= 1 

න ݔ݇
3ଶ

2
ݔ݀

ଶ


= 1 
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݇
2ଶ3ଶ

4
= 1 

݇ =
1
9

 
 
 

ܾ)  ௫݂(ݔ) =
1
9

න ݕ݀ݕݔ
ଷ


=

ݔ
2

 

௬݂(ݕ) =
1
9

න ݕ݀ݕݔ
ଶ


=

ݕ2
9

 

௫݂,௬(ݔ, (ݕ ?
= ௫݂(ݔ) ௫݂(ݕ) 

ݕݔ
9

=
ݕ2
9

ݔ
2

 
X and Y statistically independent 
 

d)  P(X + Y < 1) = P(Y < 1 − X) =
1
9

න න ݔ݀ݕ݀ݕݔ
ଵି௫



ଶ


= 

1
9

න ݔ
(1 − ଶ(ݔ

2
ݔ݀

ଶ


=

1
9

න
ଷݔ − ଶݔ2 + ݔ

2
ݔ݀ =

1
9

[
ସݔ

8
−

ଷݔ

3

ଶ


+

ଶݔ

4
|20] =

1
27

 

P(Y − X < 1) = P(Y < 1 + X) =
1
9

න න ݔ݀ݕ݀ݕݔ
ଵା௫



ଶ


= 

1
9

න ݔ
(1 + ଶ(ݔ

2
ݔ݀

ଶ


=

1
9

න
ଷݔ + ଶݔ2 + ݔ

2
ݔ݀ =

1
9

[
ସݔ

8
+

ଷݔ

3

ଶ


+

ଶݔ

4
|20] =

17
27

 

 
 

7. A manufacturer of semiconductor devices takes a random sample of size n of 
chips and tests them, classifying each chip as defective or non-defective. Let Xi = 
0 if the chip is non-defective and Xi = 1 if the chip is defective. 

a. Find the mean and variance of the sample average defined as 



n

i
iX

n
X

1

1 . 

b. Compare the sample variance for the case when n = 50 and n = 100. Comment on 
the effect of sample size on the variance of the sampling distribution 

c. If p is the probability of a defective chip, find an unbiased estimator of p. 
 
See EXAMPLE (5-8)  

)ܧ തܺ) =
1
݊

ଵߤ) + ଶߤ + ⋯ + (ߤ =  (ܺ)ܧ

)ݎܸܽ തܺ) =
ݔߪ

2

݊
 

when n = 50 and n = 100. 
)ܧ തܺୀହ) = )ܧ തܺୀଵ) =  (ܺ)ܧ

)ݎܸܽ തܺୀହ) =
ୀହ,ݔߪ

2

50
< )ݎܸܽ തܺୀଵ) =

ୀହ,ݔߪ
2

100
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)ݎܸܽ തܺୀହ) = 50 ∗ ݔߪ
2 < )ݎܸܽ തܺୀଵ) = 100 ∗ ݔߪ

2 
 
If p is the probability of a defective chip, find an unbiased estimator of p 

()ܧ =
1
݊

ଵߤ) + ଶߤ + ⋯ + (ߤ =
1
݊

) +  + ⋯ + ( =  
 

8. Consider a random sample of size n taken from a discrete distribution, the pmf of 
which is given by: xxxf  1)1()(   , x = 0, 1. Two estimators for θ are 
proposed 

 



n

i
iX

n
X

1
1

1ˆ  

 
2
1ˆ

2 



n
Xn  

a. Which one of these two estimators is an unbiased estimator of the parameter θ? 
b. Which one has a smaller variance? 

[Θଵ]ܧ =
1
݊

 ܺ



ୀଵ

=
1
݊

 ௫ߠ



ୀଵ

(1 −  ଵି௫(ߠ

 
 

9. In a random sample of 500 persons in the city of Ramallah, it was found that 372 
voted for Abu Mazen in the 2005 presidential elections for the Palestinian 
Authority. Determine a 95% confidence interval for p, the actual proportion of 
Ramallah residents supporting Abu Mazen. 

 
10. The compressive strength of concrete is being tested by a civil engineer. He tests 

12 specimens and obtains the following data (in psi) 
2216 2237 2249 2204 2225 2301 2281 2283 
2318 2255 2275 2295 

a.    Find point estimates for the mean and variance of the strength 

௫ߤ̂ =
1
݊

 ݔ



ୀଵ

= 2261 

ො௫ߪ
ଶ =

݊ ∑ ݔ
ଶ

ୀଵ − (∑ ݔ

ୀଵ )ଶ

n(݊ − 1) = 426339 

b. Construct a 95% confidence interval on the mean strength 
 

c. Construct a 95% confidence interval on the variance of the strength. 
 

11. A random sample of n = 36 observations has been drawn from a normal 
distribution with mean 50 and standard deviation 12. Find the probability that the 
sample mean is in the interval 47 to 53. 

 
12. Given the following pair of measurements, which are suspected to be linearly 

related. Do a regression analysis to find the linear relationship   xy  
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iX 0.77 4.39 4.11 2.91 0.56 0.89 4.09 2.38 0.78 2.52 
iY 14.62 22.21 20.12 19.42 14.69 15.23 24.48 16.88 8.56 16.24 

 

ߙ =
∑ ݕݔ


ୀଵ − 1

݊ ∑ ݔ

ୀଵ ∑ ݕ


ୀଵ

∑ ݔ
ଶ

ୀଵ − 1
݊ (∑ ݅ݔ

݊
݅=1 )ଶ

=
457.6 − 1

10 ∗ 23.4 ∗ 172.5

75.7 − 1
10 ∗ (23.4)ଶ

 

ߚ = ௬ߤ̂ +  ௫ߤ̂ߙ
 

13. A machine produces metal rods used in an automobile suspension system. A 
random sample of 9 rods is selected and the diameter is measured. The resulting 
data (in mm) are: 

8.24 8.23 8.20 8.21 8.22 8.28 8.17 8.26 8.19 
If the sampling comes from a normal population with a mean rod diameter   and a 
variance 2 , find  

a. point estimates for the mean and the variance 
b. a 95% confidence interval on the mean 
c. a 95% confidence interval on the variance 

 
14. A random sample of n = 10 structural elements is tested for compressive strength. 

We know that the true mean compressive strength is  = 5000 psi and the standard 
deviation is  =  100 psi. Find the probability that the sample mean compressive 
strength exceeds 4985 psi. 

 
15. Let X1 and X2 be a sample of size two drawn from a population with mean  and 

variance 2. Two estimators for  are proposed: 

2
ˆ 21

1
XX 

  

3
2ˆ 21

2
XX 

  

Which is the better estimator and in what sense? 
See EXAMPLE (5-16): the same 
 
 

16. Suppose that X has the following discrete distribution 



 


otherwise
x

xXP
0

3,2,13/1
)(   

A random sample of n = 200 is selected from this population. Approximate the 
probability that the sample mean is greater than 2.1 but less than 2.5. 
 
 

17. The amount of waiting time that a customer spends waiting at a  bank is a random 
variable with mean 8.2 minutes and standard deviation 1.5 minutes. Suppose that 
a random sample of n = 50 customers is observed. Find the probability that the 
average waiting time for these customers is less than 8 minutes. 
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18. A computer, in adding numbers, round each number to the nearest integer. 

Suppose that all rounding errors are independent and uniformly distributed over (-
0.5, 0.5). If 1500 numbers are added, what is the probability that the magnitude of 
the total error exceeds 15? 

 
The exact answer.  

xnxxnx
n

PPPP
n

P    )1()
x
n

(1)1()
x
15

(
!

1115) X(
15

0 i0 i

 

We need to compute:  

(1−P(X<765))⋅2≈0.1797 

Using the normal approximation: 

௫ߤ̂ =
0.5 + −0.5

2
= 0 

ො௫ߪ
ଶ =

(−0.5 − 0.5)2

12
=

1

12
 

ܲሼݖ > 15ሽ = 1 − ߶

ۉ

ۇ 15

ට1 ∗ 1500
12 ی

ۊ = 0.1797 

 
19. Suppose that X has a normal distribution with mean μ and variance σ2, where μ 

and σ2 are unknown. A sample of size 15 yielded the values 7.8
15

1




i

iX  and 

3.27
15

1

2



i

iX . Obtain a 95% confidence interval on the variance. 

 

௫ߤ̂ =
1
݊

 ݔ



ୀଵ

=
1

15
8.7 = 0.58 

ො௫ߪ
ଶ =

݊ ∑ ݔ
ଶ

ୀଵ − (∑ ݔ

ୀଵ )ଶ

n(݊ − 1)  

ො௫ߪ
ଶ =

15 ∗ 27.3 − 8.7ଶ

15(15 − 1) = 1.59 

.ଶହ,ଵସݐ = 0.6938 

ܲ ቊߤොݔ − ఈݐ
ଶ,ଵସ

ො௫ߪ

√݊
≤ ݔߤ ≤ ݔොߤ + ఈݐ

ଶ,ଵସ

ො௫ߪ

√݊
ቋ = 1 −  ߙ
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ܲ ቊ0.58 − 0.6938
√1.59

√15
≤ ݔߤ ≤ 0.58 + 0.6938

√1.59
√15

ቋ = 0.95 

ܲ൛0.354 ≤ ݔߤ ≤ 0.58 + 0.805ൟ = 0.95 
߯.ଶହ,ଵସ

ଶ = 26.119 
߯.ଽହ,ଵସ

ଶ = 5.629 

ܲ ቐ
(݊ − ො௫ߪ(1

ଶ

߯ఈ
ଶ,ଵସ
ଶ ≤ ௫ߪ

ଶ ≤
(݊ − ො௫ߪ(1

ଶ

߯
ଵିఈ

ଶ,ଵସ
ଶ ቑ = 1 −  ߙ

ܲ ൜
14 ∗ 1.59
26.119

≤ ௫ߪ
ଶ ≤

14 ∗ 1.59
5.629

ൠ = 0.95 

ܲሼ0.852 ≤ ௫ߪ
ଶ ≤ 4.2ሽ = 0.95 
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Examples Ch(4,5)

The weight of an item is normally distributed with a mean of 0.1 Kg and a standard deviation of 0.01 ounce.
Suppose that 16 items are placed in a package and that the weights are independent,
a. Find the mean and the variance of the net weight.
b. Find the probability that the net weight exceeds 1.65 Kg.

௫ߤ̂ = ௫ߤ݊ = 1.6 ො௫ߪ
ଶ = nߪ௫

ଶ = 16 ∗ 0.01 ଶ=0.0016

ܲ ݖ > 1.65 = 1 − ߶
1.65 − 1.6

0.0016   = 1 − ߶ 1.25

்ܺ = ଵܺ+ܺଶ+….+ܺ
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A bank teller serves customers standing in the queue one by one. Suppose that the service time ݔ for
customer i has mean ܧ ݔ = 2 (minutes) and ݎܸܽ ݔ = 1. We assume that service times for different
bank customers are independent. Let Y be the total time the bank teller spends serving 50 customers.
Find ܲ 90 < ܻ < 110 .

௫ߤ̂ = ௫ߤ݊ = 50 ∗ 2 = 100݉݅݊ ො௫ߪ
ଶ = nߪ௫

ଶ = 50 ∗ 1 ଶ=50

ܲ 90 < Y < 110 = ߶
110 − 100

50   − ߶
90 − 100

50   = 1 − 2߶
10
50  

்ܺ = ଵܺ+ܺଶ+….+ܺ

Suppose we want to estimate the average weight of an adult male in a County. We draw a random
sample of 40 men from a population of 1,000,000 men and weigh them. We find that the average man in
our sample weighs 180 pounds, and the standard deviation of the sample is 30 pounds. What is the 96%
confidence interval?
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Let X be a random variable with the following probability density function



 


otherwise

xx
xf X ,0

10,)1(
)(



a. Use the maximum likelihood estimator to estimate the parameter 

See Example 6-4 መߠ = ଵ
ି ∑ ୪୬ ௫


సభ ⁄ -1

A manufacturer of semiconductor devices takes a random sample of size n of chips and tests 
them, classifying each chip as defective or non-defective. Let Xi = 0 if the chip is non-
defective and Xi = 1 if the chip is defective.
a. Find the mean and variance of the sample average defined as 




n

i
iX

n
X

1

1

b. Compare the sample variance for the case when n = 50 and n = 100. Comment on the effect of sample size on 
the variance of the sampling distribution
c. If p is the probability of a defective chip, find an unbiased estimator of p.
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Consider a random sample of size n taken from a discrete distribution, the pmf of which is given by: 
xxxf  1)1()(  , x = 0, 1. Two estimators for θ are proposed





n

i
iX

n
X

1
1

1ˆ

2
1ˆ

2 



n
Xn

a. Which one of these two estimators is an unbiased estimator of the parameter θ?
b. Which one has a smaller variance?

ܧ Θଵ = ܧ
1
݊   ݔ



ୀଵ
=

1
݊   ݔ



ୀଵ
= Θଵ unbiased

ܧ Θଶ = ܧ
ܧ݊ ܺ + 1

݊ + 2
=

ܧ݊ ܺ
݊ + 2

+
݊

݊ + 2
=

ܧ݊ ܺ + 1
݊ + 2

= Θଶ unbiased

ݎܸܽ Θଵ = ݎܸܽ [ܺ]ܧ

ݎܸܽ Θଶ = ݎܸܽ
ܧ݊ ܺ + 1

݊ + 2 =
݊ଶܸܽݎ [ܺ]ܧ

(݊ + 2)ଶ + 0 < ݎܸܽ Θଵ = ݎܸܽ [ܺ]ܧ

The compressive strength of concrete is being tested by a civil engineer. He tests 12 specimens and obtains the following 
data (in psi)
2216 2237 2249 2204 2225 2301 2281 2283      2318 2255 2275 2295

a.    Find point estimates for the mean and variance of the strength
b. Construct a 95% confidence interval on the mean strength
c. Construct a 95% confidence interval on the variance of the strength.

ܲ 2261 − 2.05
426339 

12  ≤ ௫ߤ ≤ 2261 + 2.05
426339 

12  = 0.95

ܲ
(12 − 1)426339

߯.ଶହ,ଵଶ
ଶ ≤ ௫ߪ

ଶ ≤
(12 − 1)426339

߯.ଽହ,ଵଶ
ଶ = 1 − 0.05

ܲ
11 ∗ 426339

23.34
≤ ௫ߪ

ଶ ≤
11 ∗ 426339

4. 4
= 0.95
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A random sample of n = 36 observations has been drawn from a normal distribution with mean 50 and 
standard deviation 12. Find the probability that the sample mean is in the interval 47 to 53.

௫ߤ̂ = ௫ߤ = 50
ො௫ߪ

ଶ =
௫ߪ

ଶ

݊ =
12ଶ

50

ܲ 47 < ௫ߤ̂ < 53 = ߶
53 − 50

12ଶ

50
 

− ߶
47 − 50

12ଶ

50
 

்ܺ = ଵ


( ଵܺ+ܺଶ+….+ܺ)

Given the following pair of measurements, which are suspected to be linearly related. Do a regression analysis to find 
the linear relationship

  xy

iX 0.77 4.39 4.11 2.91 0.56 0.89 4.09 2.38 0.78 2.52
iY 14.62 22.21 20.12 19.42 14.69 15.23 24.48 16.88 8.56 16.24

α =
݊ ∑ yݔ − ∑ ݔ


ୀଵ ∑ y


ୀଵ


ୀଵ

n ݊ − 1 ො௫ߪ
ଶ

=
10 ∗ 458 − 23 ∗ 76

10 9 2.33 
= 13.37

ො௫ߪ
ଶ =

݊ ∑ ݔ
ଶ

ୀଵ − ∑ ݔ

ୀଵ

ଶ

n ݊ − 1 =
10 ∗ 76 − 23 ଶ

10 9 = 2.33

ߚ = ௬ߤ̂ − ௫ߤ̂ߙ = 7.6 − 13.37 ∗ 2.34 = −23.7

ݕ = ݔ13.37 − 23.7

y = 13.375x - 23.7

-30

-20

-10

0

10

20

30

40

50

-1 0 1 2 3 4 5 6

عنوان المخطط

y = 2.5858x + 11.194

0

5

10

15

20

25

30

-1 0 1 2 3 4 5 6

عنوان المخطط
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Suppose that X has a normal distribution with mean μ and variance σ2, where μ and σ2 are unknown. A sample of size 
15 yielded the values 

7.8
15

1




i

iX and 3.27
15

1

2



i

iX Obtain a 95% confidence interval on the variance.

௫ߤ̂ =
1
݊

 ݔ



ୀଵ

=
1

15
8.7 = 0.58

ො௫ߪ
ଶ =

݊ ∑ ݔ
ଶ

ୀଵ − ∑ ݔ

ୀଵ

ଶ

n ݊ − 1

ො௫ߪ
ଶ =

15 ∗ 27.3 − 8.7ଶ

15 15 − 1
= 1.59

.ଶହ,ଵସݐ = 2.15

ܲ ௫ߤ̂ − ఈݐ
ଶ,ଵସ

ො௫ߪ

݊  ≤ ௫ߤ ≤ ௫ߤ̂ + ఈݐ
ଶ,ଵସ

ො௫ߪ

݊  = 1 − ߙ

ܲ 0.58 − 2.15 
1.59 

15  ≤ ௫ߤ ≤ 0.58 + 2.15 
1.59 

15  = 0.95

߯.ଶହ,ଵହ
ଶ = 27.5

߯.ଽହ,ଵହ
ଶ = 6.3

ܲ
݊ − 1 ො௫ߪ

ଶ

߯ఈ
ଶ,ଵହ
ଶ ≤ ௫ߪ

ଶ ≤
݊ − 1 ො௫ߪ

ଶ

߯
ଵିఈ

ଶ,ଵହ
ଶ = 1 − ߙ

ܲ
14 ∗ 1.59

27.5
≤ ௫ߪ

ଶ ≤
14 ∗ 1.59

6.3
= 0.95
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Two random variables X and Y are related by Y = aX + b, where X is a random variable with zero mean and 
unit variance.

a. Find the mean and variance of Y
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