PRACTICE TEST 4 ANSWERS
MATH-111 DUPRE'
19 NOVEMBER 2008

________ANSWERS____

PRINT LAST NAME IN LARGE CAPITALS IN SPACE ABOVE

PRINT FIRST NAME_____________________

CIRCLE LAB DAY:      T       TH
WARNING:  YOUR TEXTBOOK TREATMENT OF ESTIMATION AND HYPOTHESIS TESTING MAY GIVE YOU THE MISTAKEN IMPRESSION THAT THE DISTINCITION BETWEEN WHEN TO USE Z OR T-DISTRIBUTIONS HAS TO DO WITH SAMPLE SIZE.  THE CORRECT DISTINCTION IS WHETHER OR NOT YOU KNOW THE TRUE POPULATION STANDARD DEVIATION.  YOUR TEXTBOOK DOES NOT MAKE A CAREFUL DISTINCTION BETWEEN THESE TWO CASES FOR LARGE SAMPLES, AND GENERALLY USES THE SAMPLE STANDARD DEVIATION, WHICH FOR LARGE SAMPLES SHOULD GIVE A GOOD APPROXIMATION OF THE POPULATION STANDARD DEVIATION, WHICH MEANS USING THE Z-DISTRIBUTION IS APPROXIMATELY CORRECT.  FOR SMALL SAMPLES THE TEXTBOOK GENERALLY ONLY USES THE SAMPLE STANDARD DEVIATION, WHICH WOULD THEN REQUIRE USE OF THE

T-DISTRIBUTION.  THE REALITY IS THAT FOR VERY LARGE SAMPLES, USING Z GIVES NEARLY THE SAME AS USING T, BUT FOR ACCURACY, YOU SHOULD USE T IF THE POPULATION STANDARD DEVIATION IS UNKNOWN.  IF THE POPULATION STANDARD DEVIATION IS KNOWN, THEN YOU SHOULD USE Z NO MATTER HOW SMALL THE SAMPLE IS.  THERE ARE INDUSTRIAL APPLICATIONS IN WHICH THE POPULATION STANDARD DEVIATION IS KNOWN BUT THE POPULATION MEAN IS NOT AND MUST BE DETERMINED BY SAMPLING, AND IN THIS SITUATION, BEING ABLE TO USE Z IS IMPORTANT FOR ENABLING BETTER CONCLUSIONS TO BE DRAWN FROM SMALL SAMPLES.
ANSWERS MUST BE CORRECT TO THREE SIGNIFICANT DIGITS.

1.
If 100 ZILLION confidence intervals are produced using 100 ZILLION samples all independent of one another, and if all are given with 95% confidence, then the number of them that we can EXPECT to be WRONG (meaning that the true mean is not in the stated interval) is








__5 ZILLION_____
2.   
Suppose that rope breaking strength is normally distributed with mean unknown and standard deviation 20 pounds.  Give  the confidence interval for true population mean rope breaking strength with 95% confidence where  we have a sample mean of 500 pounds for a sample of size  4.




USE Z-INTERVAL










_______________(480.4, 519.6)_____________

3.
Suppose that rope breaking strength is normally distributed with mean unknown and with unknown standard deviation.  Give the confidence interval for true population mean rope breaking strength with 95% confidence where we have a sample mean of 500 pounds for a sample of size 4 with standard deviation of 20 pounds. 











___(468.18, 531.82)___

4.
We would like to make a 99% confidence interval for the true percentage of registered voters who now say they will vote to re-elect the incumbent senator in an upcoming election.  We would like the margin of error to be at most one percentage point.  How many registered voters must we ask?       n=round up of (z*.5/.01)^2=rnd up of (16587.2415)=16588.






__16588___

5.
We ask 20 people if they will vote to re-elect the incumbent in an upcoming run-off election and only  6 say they will vote to re-elect the incumbent whereas the other 14 say they will vote for the challenger.  At level of significance .05, does this prove the incumbent will lose the election?

 
Use binomial distribution to compute p-value.


p-value=binomcdf(20,.5,6)=.0576591492 which is bigger than .05, so the data is INCONCLUSIVE-IT DOES NOT PROVE THE INCUMBENT WILL LOSE AT .O5 LEVEL OF SIGNIFICANCE

6.
We are trying to prove that the mean blood pressure in a given population is more than 120.  The population standard deviation is 20.  We have a sample of size 100 with sample mean 125.  At level of significance .05, does this data prove that the true mean is more than 120?  Give the p-value of the data, the score of the data, and state your conclusion.

USE A Z-TEST-FROM READOUT: Z=2.5 IS THE SCORE OF THE DATA, P-VALUE IS p=.0062096799 WHICH IS LESS THAN .05, SO WE CONCLUDE THAT MEAN BLOOD PRESSURE DOES EXCEED 120 AT LEVEL OF SIGNIFICANCE .05.

7.
We are trying to prove that the mean blood pressure in a given population is more than 120.   We have a sample of size 100 with sample mean 125 and standard deviation 20.  At level of significance .05, does this data prove that the true mean is more than 120?  Give the p-value of the data, the score of the data, and state your conclusion.


USE A t-TEST HERE BECAUSE THE POPULATION STANDARD DEVIATION IS UNKNOWN. FROM THE READOUT: t=2.5 IS THE SCORE OF THE DATA, P-VALUE IS p=.0070312982, SO WE CONCLUDE THAT MEAN BLOOD PRESSURE DOES EXCEED 120 AT LEVEL OF SIGNIFICANCE .05.

8.
The Acme Transportation Company claims its trolley’s arrive at each trolley stop at least every 10 minutes on average.  If we watch a trolley stop for 24 hours and see only 130 trolleys arrive during that time, does this constitute evidence at level of significance .05, that Acme’s claim is false?  What if we only saw 120 trolleys arrive during that time?


IF ACME’S CLAIM IS TRUE, WE EXPECT 144 TROLLEYS TO ARRIVE DURING A  24 HOUR PERIOD.  WE THEREFORE EVALUATE THE P-VALUE USING THE POISSON DISTRIBUTION: 

p-value=P(X no more than 130)=poissoncdf(144,130)=.1294121342.

AS THIS P-VALUE EXCEEDS .05 WE CAN DRAW NO CONCLUSION, IN OTHER WORDS, THE DATA IS INCONCLUSIVE.

9.
Joe and Sam are both working a confidence interval based on the same sample data with standard deviation 20.  They both are using the same level of confidence, but Sam happens to know (which Joe does not know) that the population standard deviation is also 20.  Whose margin of error will be the largest?  

JOE’S MARGIN OF ERROR WILL BE BIGGER BECAUSE HE HAS LESS INFORMATION THAN SAM.  MATHEMATICALLY, JOE MUST USE t-DISTRIBUTION WHEREAS SAM MUST USE THE 

Z-DISTRIBUTION WHICH IS TIGHTER THAN THE t-DISTRIBUTION.

10.
Joe and Sam are both working a confidence interval using the same sample mean and sample standard deviation that has been reported to them by the data collectors.  However, neither has the sample size.  If Joe guesses the sample size to be 40 and Sam guesses the sample size to be 50, who will think the margin of error is smallest?


THE LARGER THE SAMPLE SIZE THE SMALLER THE MARGIN OF ERROR BECAUSE OF THE SQUARE ROOT OF SAMPLE SIZE IN THE DENOMINATOR OF THE MARGIN OF ERROR FORMULA.  THEREFORE SAM WILL THINK THE MARGIN OF ERROR IS SMALLEST.

11.
In Duckburg criminal trials are conducted at level of significance .000001.  It is known that 10% of the accused in criminal trials in Duckburg are actually innocent (but no one knows which are which except for what can be “deduced” from the evidence).  If there were 100 Million criminal trials last year in Duckburg, then how many innocent people can we expect were found guilty?


SINCE 10% ARE ACTUALLY INNOCENT, IT FOLLOWS THAT IN 100 MILLION TRIALS THERE WERE EXPECTED TO BE 10 MILLION INNOCENT PEOPLE TRIED, OF WHICH ONE OUT OF A MILLION IS CONVICTED-THAT MEANS WE EXPECT 10 INNOCENT PEOPLE TO  BE CONVICTED

12.
We want to use some rope we found in our attic to go mountain climbing.  We know that rope breaking strength is normally distributed and we know that to be safe the mean rope breaking strength must exceed 2000 pounds.  In a sample of 12 pieces of rope, we find the average breaking strength to be 2030 with a standard deviation of 8 pounds.  At level of siginificance .000001, does this prove that the rope is strong enough for our mountain climbing needs?  Give the p-value of the data as evidence in support of your conclusion.

USE THE t-TEST-FROM READOUT: p-value=2.5638647E-8


WHICH MEANS THE P-VALUE IS .00000002563864 AND THIS IS LESS THAN .000001.  THUS WE CAN CONCLUDE THAT THE ROPE IS STRONG ENOUGH AT LEVEL OF SIGNIFICANCE .000001.

Suppose that  Y is a normal random variable and that  E[Y] =  55

and that SD(Y)= 14.  Suppose that X is the average of 4 independent random observations of Y. Calculate the probability that

13.    
Y  is between 53 and 59             




___normalcdf(53,59,55,14)=.1692499794_____

14.     
Y  is =  54, exactly







______ZERO_______

15.     
|Y - 53|  is less than  3.5


_normalcdf(53-3.5,53+3.5,55,14)=.1954496846__

16.
Y is 53.2 to one decimal place accuracy



__normalcdf(53.15,53.25,55,14)=.0028261203

17.     
|X -53| is less than 3.5


_ normalcdf(53-3.5,53+3.5,55,7)= .3688204613__

18.
We have a box containing 20 blocks of unknown color.  If we assume that  exactly 12 are red, then what would be the probability that when we draw 7 blocks, at random without replacement,  we get exactly 4 red blocks.





_(12 nCr 4)(8 nCr  3)/(20 nCr 7)=.3575851393______





19.
Suppose that it is the case that 80% of prospective passengers who make reservations to fly on FLY BY NIGHT AIRWAYS (FBNA) actually show up for their flight.   Suppose that FBNA has booked 100 people for a flight on a plane which only holds 85 people.  Calculate the probability that everyone who shows up for their reservation will actually be able to have a seat on the plane.








__binomcdf(100,.8,85)=.9195562806_____

20.
What would be the answer if we used the normal distribution to approximate the binomial distribution in the previous problem?






_.5+normalcdf(80, 85.5,80,4)=.9154342207___


Suppose that an FBNA planes arrive at Duckburg Municiple Airport at an average rate of 10 per hour, no matter the time of day.  What is the chance that the control tower will find that

21.
exactly 18 planes arrive between 5pm and 7pm tomorrow?





____poissonpdf(20,18)=.0843935515______

22.
no more than 18 planes arrive between 5pm and 7pm tomorrow?





____poissoncdf(20,18)=.3814249493_______ 

23.
Suppose that trolley cars arrive at my trolley stop at my corner on average every 5 minutes day or night.  What is the chance I must wait at my trolley stop at least 10 minutes for a trolley to arrive at my trolley stop?





____ poissoncdf(2,0)=.1353352832___

24.
Suppose the time I must wait for the next trolley car is uniformly distributed between 10 and 20 minutes.  What is the probability I wait more than 18 minutes?___.2_ 

10.B
How long should I expect to wait in this case?







__________15 minutes___________


Suppose that a population of fish has normally distributed lengths with mean 50 inches and standard deviation 7 inches.  What is the probability a randomly selected

25.
fish has length between 43 and 57 inches?






_________.6826894809___________

26.
has length less than 45 inches?




____.5 + normalcdf(50,45,50,7)=.237525187____

27.
has length more than 55 inches?




___.5 – normalcdf(50,55,50,7)=.237525187___

28.
fish has length more than 45 inches given that it has length less than 53 inches?


__[normalcdf(45,53,50,7]/[.5 + normalcdf(50,53,50,7)]=.6432925874____

29.
Why are the answers to two of the previous questions the same?



__ANSWER:_the normal distribution is symmetric about the mean___

30.
What is the shortest a fish from the preceding population can be and still be in the top one percent as far as length is concerned?


__________invNorm(.99,50,7)=66.28443514_____________

31.
For the preceding normal population of fish, what are the two lengths between which we find the middle 80 percent on the length scale?


__between invNorm(.1,50,7)=41.02913903  and 







invNorm(.9,50,7)=58.97086097___________

32.
For the preceding population of fish, what is the probability that if 16 fish are selected in an independent random sample the average length of these 16 fish will be found to be between 48 and 51?



_____normalcdf(48,51,50,7/4)= .5895964529______________

33.
If a random sample of 16 fish is selected,  what is the length L for which there is a 90% chance that these 16 fish will have average length less than L?


_____________invNorm(.9,50,7/4)=52.24271524_____________

34.
If a random sample of 16 fish is selected, what is the length D for which there is a 90% chance that the average length of these fish will be between 50-D and 50+D?


______invNorm(.95, 0, 7/4)=2.878493845______________

Supose that W,  X  and  Y  are random variables with X and Y independent;  

E(W)= 60, E(X) = 75,   E(Y) = 17,   (X=9,   (Y=16.

35.
E(2W-3Y)=2*60-3*17=120-51=69

36.
Var(Y)=16*16=256

37.
Var(X+Y)=9*9+16*16=81+256=337

38.
Var(X-Y)=Var(X+Y)=337, since X and Y are independent 






and Var(-Y)=Var(Y)


Suppose that the average temperature in Duckburg is 25 degrees Celsius with a standard deviation of 10 degrees Celsius.  If x is the temperature in degrees Celsius, then 32+(1.8)x is the temperature in degrees Fahrenheit. 
NOTE : 1.8=9/5

39.
What is the average temperature of Duckburg in degrees Fahrenheit?  







77

40.
What is the standard deviation in degrees Fahrenheit?  18



(since adding 32 cannot change variance or standard deviation)
Suppose a box contains 5 red blocks and 7 blue blocks.  A lab assistant draws 6 blocks at random one after another WITHOUT REPLACEMENT from the box.   Give the correct answer below for the probability of each stated event or event with conditions.

41.
The THIRD is BLUE_____7/12=.58333…______

42.
The THIRD is BLUE GIVEN that the SECOND is BLUE and FOURTH is NOT BLUE___________6/10=.6_____________

43.
How many 8 LETTER “WORDS”  can formed using only the letters A,B,C if you use three A’s, two B’s,and three C’s?   (8!)/(3!2!3!)=560

44.
If we form a 10 letter string of symbols randomly using letters from the alphabet (26 letters), then what is the probability that all the letters in the string are different?


ANSWER:

(26 nPr 10)/(26^10)=.1365419036


Suppose that 80% of the population of Duckburg are ducks and the rest are mice.  Give the correct answer below for the probability of each stated event or event with conditions.

45.
The probability that of 20 randomly chosen citizens of Duckburg we find that 17 are ducks.



____________binompdf(20,.8,17)=.205364143__________

46.
The probability that of 20 randomly chosen citizens of Duckburg we find that no more than 17 are ducks.



_________binomcdf(20,.8,17)=.7939152811______________

47.
The probability that of 20 randomly chosen citizens of Duckburg we find that at least seventeen are ducks.



_____1-binomcdf(20,.8,16)=.4114488617_________________

48.
The probability that of 20 randomly chosen citizens of Duckburg we find that the number of ducks is more than fifteen but less than nineteen.



__binomcdf(20,.8,18) – binomcdf(20,.8,15)=.5604729752____

49.
What is the result of using the normal distribution to approximate the answer to A?



_____normalcdf(15.5,18.5,16,SQRT(16*.2))=.5289473277

50.
The probability that of 20 randomly chosen citizens of Duckburg we find that the number of ducks is more than fifteen GIVEN that the number of ducks is less than nineteen.

[binomcdf(20,.8,18) – binomcdf(20,.8,15)]/binomcdf(20,.8,18)









=.6021251578____.

Suppose that a dice is loaded so that when it is tossed an even number is FOUR times as likely to come up as an odd number, but otherwise, all even numbers are equally likely among the even numbers and all odd numbers are equally likely among the odd numbers.  Suppose that X is the number that comes up on this dice when it is tossed.  Let A be the event that it comes up even and B the event that it comes up odd.  Give

51.
P(A)=?___=4/5_____P(B)=?______=1/5______________.

52.
P(X=4|A)=?__=1/3__P(X=4)=?__=P(X=4|A)P(A)=(4/5)(1/3)=4/15___  .

53.
E(X|A)=?__4__E(X|B)=?___3__E(X)=?__4(4/5)+3(1/5)=19/5_____.

Suppose that Joe takes a multiple choice test where each question has 5 possible answers to chose from.  If he knows the answer, he has a 90% chance of marking correctly, whereas if he does not know the answer, he simply guesses randomly.  We know he knows the answers to 70% of the questions.  Give

54.
the probability he marks question number 5 correctly=








___(.7)(.9)+(.3)(.2)=.69___.

55.
the probability he knows the answer to number 5 given he marked it correctly=






______(.7)(.9)/(.69)=.9130434783____.

56.
If on average there are 6 trolleys per hour arriving at my stop, what is chance that I watch for an hour and see 5 trolleys arrive?




_________poissonpdf(6,5)=.160623141_____. 


57.
If on average there are 6 trolleys per hour arriving at my stop, how many do I expect to arrive during a minute? During a second? 







_____.1,______1/600________

58.
If on average there are 6 trolleys per hour arriving at my stop, during a given second, what is the chance a trolley arrives?








___________1/600________

59.
If on average there are 6 trolleys per hour arriving at my stop, what would be the result of using the binomial distribution to approximate poissonpdf(6,5) by assuming each second to constitute a trial as to whether or not a trolley arrives.



___ANSWER:   there are 3600 seconds in an hour and the probability of a trolley arriving during any one of those seconds is 1/600, so the chance of seeing 5 trolleys in an hour is the chance of 5 successes in 3600 trials with a success rate of 1/600.




 The resulting approximate value is therefore:  






bimompdf(3600,1/600,5)=.1607124375.

60.
What about if we try using the normal distribution to make the approximation?



__ANSWER:  here we have to use the method of approximating a discrete distribution by a continuous distribution-that is we think of asking what is the chance a normal random variable having the same mean and standard deviation would have an observed value which rounds off to 5 so the resulting approximate value is therefore:  







normalcdf(4.5,5.5,6,SQRT(6))=.148982638.

61.
What do these results tell us about the normal approximation to the binomial and the central limit theorem?

-ANSWER:   The CENTRAL LIMIT THEOREM can actually fail under certain extreme circumstances, since notice that the binomial approximation worked but the normal approximation did not.  Here, when using a normal approximation to the binomial, we need at least expected number of successes more than 9*(failure rate) and expected number of failures at least 9*(success rate).  But, the expected number of successes is only 6 whereas the failure rate is so close to 1 that multiplying by 9 gives more than 8.  The lesson here is that if the success rate is so extreme that the normal approximation to the binomial will not work, then the poisson distribution will work as an approximation to the binomial, by choosing to frame the probability question in terms of a very small success rate.  The poisson distribution is sometimes spoken of as the distribution for rare events such as accidents, because of this.

