Suppose a normal model describes the fuel efficiency of cars currently registered in Washington state, with mean μ=24 mpg, and standard deviation σ = 6 mpg. 

1. Sketch the normal model.

2. Use the 68-95-99.7 rule to estimate the percentage of cars that get better than (or equal to) 30 mpg.
3. Describe the fuel efficiency of the least efficient 2.5% of cars (their efficiency is below what?)

4. What percent of all cars get less than 15 mpg?

5. What percent of all cars get between 20 & 30 mpg?

6. What percent of cars get more than 40 mpg?

7. Describe the fuel efficiency of the least efficient 20% of cars. 

8. Exactly 25% of cars meet or exceed what fuel efficiency?

9. Describe the fuel efficiency of the most efficient 5% of all cars.

10. An ecology group is lobbying for a national goal calling for no more than 10% of cars to have fuel efficiency of less than 20 mpg. If the standard deviation doesn’t change, what new mean fuel efficiency must be attained in order to achieve this?

11. Car manufacturers claim they can’t reach that average (which you found in problem 9 above) – they can only reach an average of 26 mpg. Instead they will attempt to adjust the standard deviation. What standard deviation, coupled with a mean of 26 mpg, will ensure that only 10% of cars get under 20 mpg?

ANSWERS

1. 

2. 30 mpg is one standard deviation above the mean. We know that 68% of cars are within 1 SD of the mean (on both sides). That leaves 32% of cars, which are distributed symmetrically to both sides of the mean – so 16% of cars get more than 1 SD above the mean. So the answer is 16%.
3. Describe the fuel efficiency of the least efficient 2.5% of cars (their efficiency is below what?) We know that 95% of cars are within 2 SD’s of the mean; this leaves 2.5% 2 SD’s above the mean, and 2.5% 2 SD’s below the mean. Hence, we can see that the least 2.5% of cars get 12 mpg or worse!
4. normalcdf(-9999,15,24,6) is about 6.68%.
5. normalcdf(20,30,24,6) is about 58.89%.
6. normalcdf(40,999999,24,6) is about 0.38%.

7. invnorm(.20,24,6) is about 18.95 mpg. So the least efficient 20% of cars get about 18.95 mpg or less.

8. invnorm(.75,24,6) is about 28.05. So about 75% of cars get about 28.05 mpg or less.

9. invnorm(.95,24,6) is about 33.87. So the top 5% of cars get 33.87 mpg or more.

10.   OK, so here’s what we’ve gotta do. We are interested in finding a normal model with unknown mean μ and std. dev. 6 such that the bottom 10% are below 20. I’m going to do this in terms of standardized scores (z-scores). For the standard normal model, N(0,1), the standardized score corresponding to the bottom 10% is about -1.28. I know this by doing Invnorm(.10,0,1). I’m saving the non-rounded value into my calculator, by the way, for super exactness. We therefore need to find the value of μ for which 
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. Solve that for μ and we see that the mean should be about 27.69.
11. Same kind of thing as in #8 – this time we’re trying to find a SD, σ, so that 
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. We see that the new standard deviation should be about 4.69 mpg. 
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