Math 251 Science Supplement for Exam 3

1.  Suppose that 30% of grade school students nationwide will develop influenza and suppose that you take a random sample of 20 students.  Let  X  be the random variable representing the number of students out of the 20 who will get influenza.

(a) What is the expected value of  X?

(b) What is the standard deviation of  X?

(c) Use the most precise formula or the table computed using the most precise formula to find the probability that 
exactly  7  of the  20  students will get influenza?

(d) Use the most precise formula or the table computed using the most precise formula to find the probability that 
at least  7  of the  20  students will get influenza?

(e) Would it be appropriate to approximate  X  with a Poisson random variable?  Why or why not?  If 
appropriate then redo part (c) above using a Poisson approximation?

(f) Would it be appropriate to approximate  X  with a normal random variable?  Why or why not?  If appropriate 
then redo part (c) above using a normal approximation.

2.  Suppose that  0. 7% of the newborn infants in the city have  HIV  antibodies.  Suppose that a random sample of  400  newborn infants in the city are screened for  HIV  antibodies.  Let  X  be a random variable representing the number of newborn infants out of the 400 who have  HIV antibodies.  

(a) What is the expected value of  X?

(b) What is the standard deviation of  X?

(c) Use the most precise formula or the table computed using the most precise formula to find the probability that 
exactly  3  of the  400  infants have  HIV  antibodies?

(d) Would it be appropriate to approximate  X  with a Poisson random variable?  Why or why not?  If appropriate 
then redo part (c) above using a Poisson approximation.

(e) Would it be appropriate to approximate  X  with a normal random variable?  Why or why not?  If appropriate 
then redo part (c) above using a normal approximation.

3.  (a) Let  X  be a Poisson random variable representing the number of deaths at a tire plant over a period of twenty 
years due to bladder cancer.  Suppose that the expected number of deaths due to bladder cancer at the tire 
plant over a 20-year time period is 1.7.  What is the probability that 7 deaths due to bladder cancer would 
occur at the plant over a 20-year time period?

(b) Let  X  be a Poisson random variable representing the number of deaths at a tire plant over a period of twenty 
years due to stomach cancer.  Suppose that the expected number of deaths due to stomach cancer at the 
tire plant over a 20-year time period is 3.  What is the probability that 5 deaths due to stomach cancer 
would occur at the plant over a 20-year time period?
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4.  Suppose that the number of episodes of otitis media (an ear disease) that a young child has is a Poisson random variable with parameter   =  1. 6  episodes per year.  Suppose that you take a random sample of  2  newborn infants.  Let  X  be a random variable representing the number of  episodes of otitis media the first child has during the first 3. 5 years of life.  Use the most precise formula or the table computed using the most precise formula to find the probability that: 

(a) the first child will have exactly  4  episodes of otitis media during the first 3. 5   years of life?

(b) the second child will have exactly  4  episodes of otitis media during the first  3. 5 years of life?

(c) the first child will have at least 4 episodes of otitis media during the first 3. 5 years of life?

(d) the second child will have at least  4  episodes of otitis media during the first  3. 5 years of life?

(e) both children will have at least  4  episodes of otitis media during the first 3. 5 years of life?

(f) exactly one of the two children will have at least  4  episodes of otitis media during the first 3. 5 years of life?

(g) neither of the two children will have at least  4  episodes of otitis media during the first 3. 5  years of life?

(h) What is the expected value of X?

(i) What is the standard deviation of X?

(j) Would it be appropriate to approximate  X  with a normal random variable?  Why or why not?  If appropriate 
then redo parts (a) above using a normal approximation.

5.  Let  z  be a normal random variable representing a person's cholesterol level after adjusting for age and gender and rescaling so that  z  has mean  0  and standard deviation  1.  Suppose that a person's cholesterol is regarded as borderline if  2. 0  2. 5.  
 z < 2. 5  and high if   z 
(a) What proportion of people have borderline cholesterol?

(b) What proportion of people have high cholesterol?

(c) What is  Pr (  z < 0. 6 ) ?
 1. 2 
(d) What is  Pr (  0. 6 ) ?
 z <   2. 2 
6.  The target population is all people aged 30-34 years who have ever smoked.  Let  X  be a random variable representing the number of years that some one from this population has smoked.  Suppose that  X  is a normal random variable with mean 11. 1 years and standard deviation 4. 2 years.  What proportion of this population has smoked:

(a) less than  15  years.

(b) more than  17  years.

(c) less than  6  years.

(d) more than  9  years. 

(e) more than  14  years but less than  19  years.

(f) more than  12 years but less than  30  years.

(g) more than  2  years but less than  7  years.

(h) more than  5  years but less than  13 years.

7.  Let  X  be a normal random variable representing serum cholesterol level in  mg% /mL.  Suppose that  X  is normally distributed with mean  210 mg% /mL  and standard deviation  40 mg% /mL.  Suppose that cholesterol levels below 180 mg% /mL are considered normal, cholesterol levels between 180 mg% mL and 230 mg% /mL are considered borderline and that cholesterol levels above 230 mg% mL are considered high.

(a) What proportion of people have normal cholesterol?

(b) What proportion of people have borderline cholesterol?

(c) What proportion of people have high cholesterol?
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8.  (a) Suppose that among children systolic blood pressure is normally distributed with mean 100 mm Hg and 
standard deviation 6 mm Hg.  Suppose that a child is considered hypertensive if his/her systolic blood 
pressure is above 115 mm Hg.  What proportion of children are hypertensive?

(b) Suppose that among adults systolic blood pressure is normally distributed with mean 130 mm Hg and standard 
deviation 12 mm Hg.  Suppose that an adult is considered hypertensive if his/her systolic blood pressure is 
above 140 mm Hg.  What proportion of adults are hypertensive?

(c) Assume that the hypertensive status of different members of the same family are independent random variables.  
What proportion of families consisting of 2 adults and 2 children have at least one hypertensive family 
member?

(d) Suppose you take a random sample of 300 families consisting of 2 adults and 2 children.  What is the 
probability that between 80 and 120 of these families will have at least one hypertensive family member?

9.  The probability density function for the standard normal random variable is given by the formula  
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(a)  Use the formula to complete the following table.

	interval
	midpoint z
	f(z)

	0.0 - 0.1
	0.05
	

	0.1 - 0.2
	0.15
	

	0.2 - 0.3
	0.25
	

	0.3 - 0.4
	0.35
	

	0.4 - 0.5
	0.45
	

	0.5 - 0.6
	0.55
	

	0.6 - 0.7
	0.65
	

	0.7 - 0.8
	0.75
	

	0.8 - 0.9
	0.85
	

	0.9 - 1.0
	0.95
	


(b)  Use your answer from part (a) to sketch the graph of f(z) from 0 to 1.

(c)  On your graph draw rectangles over each of the above intervals with base on the interval on the z-axis and 

height f(z).

(d)  Compute the combined area of the rectangles.  Compare to the appropriate number in the standard normal table 

      from the text.  Note that the combined area of the rectangles is approximately equal to the area under the 

      standard normal curve from zero to one.  This area corresponds to the probability that  z  is between zero and 

      one.

Note to those who have had calculus.  The probability that  z  is between zero and one is given by the integral of f(z) from zero to one.  This integral cannot be evaluated in closed form.  Thus approximation methods such as the one used here must be used to compute the probability tables for the standard normal random variable. 

Answers to Science Supplement for Exam 3

1.

(a) 6 students
(b) 2. 05 students

(c) 0. 1643
(d) 0. 3921

(e) No, for two reasons:  n = 20 < 100 and p = 0. 30 > 0. 01
(f) No because npq = 4. 2 < 5

2.

(a) 2. 8 infants
(b) 1. 67 infants

(c) 0. 223

(d) Yes because  n = 400  0. 222
 0. 01,  Pr ( X = 3 )  100  and  p = 0. 007 
(e) No because  npq = 2. 7804 < 5

3.

(a) 0. 0014873
(b) 0. 1008

4.

(a) 0. 152
(b) 0. 152
(c) 0. 809
(d) 0. 809
(e) 0. 655
(f) 0. 309

(g) 0. 036
(h) 5. 6 episodes

(i) 2. 37 episodes

(j) No because   = 5. 6 < 10

5.

(a) 0. 0166
(b) 0. 0062
(c) 0. 6106
(d) 0. 2604

6.

(a) 0. 8238
(b) 0. 0808
(c) 0. 1131
(d) 0. 6915
(e) 0. 215
(f) 0. 4168

(g) 0. 1485
(h) 0. 6001

7.

(a) 0. 2266
(b) 0. 4649
(c) 0. 3085

8.

(a) 0. 0062
(b) 0. 2033
(c) 0. 3731154  0. 3731
(d) 0. 846
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