HW 13.5

Part a) #7-10, 11-14


Part b) #15-25 odd, 37-40, 45, 47, 56-60


Part c) #41-43, 44, 46, 49, 52-55

Part a)
For 7-10 we are given that: 
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= 86g, s = 1g.

7. P(x>86) = p(z > 0) = 50%

8. P(x>85) = p(z > 
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) = p(z > -1) = 34% + 50% = 84%.

9. Between 85 and 87 is between z = -1 and z = 1. The empirical rule says 68% of the scores will be in there.

10. Between 84 and 87 g is between z = -2 and z = +1. The empirical rule says 95% / 2 = 47.5% is between z = -2 and z = 0, and 34% is between z = 0 and z = 1.  So 47.5% + 34% = 81.5% of the data are between 84 and 87 g.

For 11 through 14, we are given that 
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=100 and s = 15.

11. 50% chance the IQ score is less than 100.

12. Greater than 115? That’s a z-score greater than 1. So 34% of the data are in the z = 0 to z = 1 range, and by subtracting that from 50% we obtain 16% above z = 1.

13. Between 70 and 130 is within 2 standard deviations of the mean. The empirical rule tells us that 95% of the data are in this range.

14. Greater than 145? That’s more than 3 standard deviations above the mean. We know that 99.7% of the data are (symmetrically) within 3 standard deviations above or below the mean. So half of the remaining 0.3% must be above z = 3. That’s 0.15%. 

Part b).

15. The area between the mean and z = 1.5 is A = 0.433 (use Table 10.)
17. The area between the mean and z = -1.08 is found by looking up z = 1.08. We find A = 0.360.

19. The area between z = 1.41 and 1.83 is found by subtracting the areas corresponding to each z value. 


The area between the mean and z = 1.41 is A = 0.421.


The area between the mean and z = 1.83 is A = 0.466. 

The answer is found by subtracting these values since they contain overlapping values – that’s because the z-scores were on the same side of the mean. So the area in between these two z values is .466 - .421 = .045, or 4.5%.

21. The area between the mean and z = -1.74 is A = 0.459 (we look up z = +1.74 instead). This area is below the mean because z is negative.

The area between the mean and z = 2.06 is A = 0.480. This area is above the mean.

The answer is found by adding these values, since the z-scores are on opposite sides of the mean. Thus, the total area between the z-scores is .459 + .480 = .939, or 93.9%.

23. To have 10% of the area to the right of z, we should look up A = 0.400 in the table. We find are z = 1.28. 
25. To have 9% of the total area to the left of z, we are looking at a negative z-value (because z = 0 has 50% of the total area to its left.) To use Table 10, we look for an area of 41% = 0.41. We find that z = 1.34. So we’ll use the negative counterpart to that: z = -1.34 is the desired cutoff score.
For 37-40, we are given that the machine fills the box to a mean of 24.5 oz. The cut-off for an underweight box is 24 oz. The standard deviation depends on the problem.

37. If s = 0.5oz, then the z-score for an underweight box is 
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 = -1. So by the empirical rule, 34% of the boxes would be between that weight and the mean. Thus, 50% - 34% = 16% of the boxes will be underweight.

38. If s = 0.4 oz, the z-score changes to 
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 = -1.25. Using Table 10, we find an area between z= 0 and z=1.25 of A = 0.394. The percent that would be below -1.25 is therefore .500 - .394 = .106, or 10.6%. (Notice that with this smaller standard deviation there is less variability in the weights, and fewer boxes will be underweight).
39. If s = 0.3oz, the z-score changes to -1.67, and the probability of an underweight box is down to 4.7%. (see #38 for the kind of calculations that are needed).
40. If s = 0.2oz, the z-score for the underweight boxes is down to z = -2.5. The area to the left of this is just 0.6%. Very few boxes will be underweight if the machine has a standard deviation of only 0.2oz. 

45. The mean clotting time is 7.47 sec and s = 3.6 sec. We want to know the probability of having a clotting time less than 7 sec or greater than 8 sec. We can first find the probability of being between these two amounts, and then subtract this from 100%. 

The z-scores for 7 and 8 are z = -0.131 and z = 0.147, respectively. The areas for these z-values are approximately A = 0.052 and A = 0.060, respectively. So the total probability of being between 7 and 8 is 0.112, or 11.2%. The probability of not being between 7 and 8 is thus 100 – 11.2% = 88.8%. 
47. The extra large eggs are those over 2.2 oz. If the average is 1.5 oz and s = 0.4oz, then the z-score for 2.2 oz is z = (2.2 – 1.5)/0.4 = 1.75. So extra large eggs are 1.75 standard deviations above the mean. The probability of being above z = 1.75 is found using table 10 as 0.50 – 0.46 = 0.04. So 4% of eggs will be above 2.2 oz. 

There were 5 dozen eggs, or 60 eggs. 4% of 60 is 2.4, so we estimate that about 2 or 3 eggs will be extra large out of every five dozen.

For 56-59, the mean is 76.8 and the standard deviation is 9.42. 

56. If z = .72, then 
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. Solving, we find that 9.42*0.72 = x-76.8, or 

x = 76.8 + 9.42*0.72 = 83.5824. 

57. If z = 1.44, then 
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. Solving, we find that x = 90.3648. 

58. Solving, we get the equation x = 76.8 – 2.39(9.42) = 54.2862.

59. Solving, we get x = 76.8 – 3.87(9.42) = 40.3446. 

60. What percentage of items are within 1.25 st. dev of the mean

a. In any distribution? The best we can do us use Chebyshev’s theorem, which states that no matter the shape of the distribution, we can be sure that at least 
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 = 36% of the data will be within 1.25 st.dev of the mean.

b. The normal distribution: We look up z = 1.25 in Table 10 and find an area of A=0.394. This is the area between the mean and z = +1.25. We should also include the area from the mean to z = -1.25: that’s another 0.394. So altogether, 2*.394 = 78.8% of the data will be within 1.25 st.dev of the mean. Note: this is more accurate than Chebyshev’s if we know the data are normally distributed. However, it is completely incorrect if we are working with a non-normal data set.
Part c) #41-43, 44, 46, 49, 52-55

41. The RDA is set at mean + 2.5 st. dev. (or z = 2.5), figuring that if everyone gets this amount, then most of us will get more than enough. But there is an unlucky subset of us who will not get enough according to this rule. Table 10 gives us an area of A = 0.494 for z = 2.5. Thus, 0.006 = 0.6% of the population will have nutritional needs that are outside of this buffer zone. That may not seem like much, but in a population of 300 million people, we are talking about 1.8 million people!

42. 1800 + 2.5*140 = 2150 units.

43. 159 + 2.5*12 = 162 units.

44. The average is 32.2 oz per carton and the st. dev. is 1.2 oz. The probability of a carton getting less than 32 oz is found by looking up the z-score in Table 10. The z-score is z = 
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 The area from table 10 for that z value is 0.067. That’s the area between the mean (32.2) and 32, and we want the area below 32. So we need 0.500 – 0.067 = .433, or 43.3%. So the probability of a box being filled below 32oz is fairly high: about 43%.

46. The mean length is 12.3in, the st.dev. is 4.1in. The z-score for an 18in fish is 
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. Looking that up in Table 10, we find an area of 0.418. So 0.500 – 0.418 = 0.082 = 8.2% of fish will be longer than 18 inches. 
49. (See class notes.) Find the area between z = 0.5 and z = 1.5. This is 24.2% of the students.
For 52-55, the mean is 75 and standard deviation is 5. 

Teacher wishes to give A’s to top 8% and F’s to bottom 8%, 




B’s to next 15% and D’s similarly.




C’s in the middle.

52. To get an A, a student must be in the top 8%. We can look up an area of .420 in Table 10. The corresponding z-score is about 1.405 (halfway between 1.40 and 1.41). So we need the score that is 1.405 standard deviations above the mean of 75. That’s 75 + 1.405*(5) =82.025, or about 82.
53. To get a B, the student must be in the top 23% but not in the top 8%. So we’ll look up A = 0.27 (because .50 - .23 = .27) in Table 10. We find the z-score is z = 0.74. So the score cut-off is 75 + 0.74*5 = 78.7. Thus, a score of 79 should be the cut-off for a B. 

54. If 16% get A’s or F’s, and 30% get B’s or D’s, then the remaining 54% will get C’s. This 54% is split evenly above and below the mean. So we need to find the negative z-score that traps 27% of the area between it and the mean. Looking up A = .27 in Table 10 gives z = .74. (Observe: this matches #53’s result). We’ll use the negative: z = -0.74. The corresponding score is 75 – 0.74*5 = 71.25. We’ll use a cut-off of 71 for a C.
55. Re-using our work from part A, we find a z-score of -1.405. The cut-off score for a D should be 75 – 1.405*5 = 67.975, or about 68. 
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