MCS 142
IPS 5/e
1.3  Density Curves and the Normal Distributions

Density curves

Idea:
“Sometimes the overall pattern of a large number of observations is so regular


that we can describe it by a smooth curve.”  (IPS 4/e, p. 63)


A density curve is an idealized mathematical model for the distribution.


Transparency:  Grade equivalent vocabulary scores are approx. normal.


Sum of two random numbers between 0.00 and 1.00 has a “tent” density.


A density curve is the graph of a function that is always >= 0 and has area


exactly equal to 1 under it.


The area under the curve over [a, b] gives the relative frequency of values

between a and b.  Thus, the relative frequency of values in [a, b] is the definite integral of the density function over [a, b].

Examples



pp. 66-67:  grade-equivalent vocabulary scores


Distribution of the sum of two random numbers from [0, 1].
Mean and median of a distribution given by a density curve


Draw skewed and symmetric pictures


Median is the “equal-areas point.”


Mean is the balance point, or center of mass.


Show my wooden model.


p. 85 # 1.81
[(a) Mean = C, M = B.  (b) Mean = M = A.  (c) Mean = A, M = B.]

Normal distributions


Draw bell-shaped curve.


Give formula.

Refer back to transparency.

Notation:  N((,()


Extra credit:  Use calculus to show that the maximum is at ( and the


inflection points occur at (  +/- (.

The 68-95-99.7 rule


“In the Normal distribution with mean ( and standard deviation (:

· 68% of the observations fall within ( of the mean (.

· 95% of the observations fall within 2( of (.

· 99.7% of the observations fall within 3( of (.”  (70)


p. 85 # 1.83


[(a) 327 to 345.  (b) (100-68)/2 = 16%.]

The standard normal distribution and Table A


Standard normal has ( =0 and ( = 1.


p. 87 # 1.93
(forwards)
[(a) 0.0228   (b) 0.9772   (c) 0.0475   (d) 0.9297.]


TI-83 Plus:  (a) 2nd [DISTR] 2:normalcdf(-large#, -2) = .022750062.


(b) normalcdf(-2, large#) = .977249938.  


(c) normalcdf(1.67, large#) = .047459659.


(d) normalcdf(-2, 1.67) = .929790279.


p. 87 #1.95
(backwards)
[(a) 0.8416
(b) 0.1257.]


TI-83 Plus:  (a) 2nd [DISTR] 3:invNorm(.8) = .8416212335.


(b) invNorm(1-.45) = .1256613375.

 Standardizing and z-scores

Notation:  X:  variable; x:  a value of variable X.


If variable X  is N((, (), then variable  Z = (X – ()/(  is N(0, 1).


Value x has z-score  z  = (x – ()/(.


Z has mean 0 and standard deviation 1 even if X is not normal.

IPS 4/E p. 88 # 1.99

[(a) z = -1.625.  p = 0.0521.  (b) z = 0.25.  p = .5466




 
(c) Longest 20% are .84 s.d.’s > mean: 279.4 days.]

TI-83 Plus:  (a) 2nd [DISTR] 2:normalcdf(0, 240, 266, 16) = .0520812696.

(b) normalcdf(240,270,266,16) = .546625004

(c) invNorm(.80,266,16) = 279.4659397.

Checking normality


Histogram should be roughly symmetric and unimodal.


Normal quantile plot (normal probability plot) plots values vs. z-scores.


For normal distributions, the points will lie on a straight line.


TI-83 Plus



STAT 1:Edit—enter data into a list.



WINDOW:  Set Xmin = -3, Xmax = 3, Ymin < data < Ymax.



2nd STAT PLOT



Turn 1 On.  Type:  6th type.  List:   where data are.  Data axis:  Y.



GRAPH

Approximate z(k) is given by  invNorm((k – 3/8)/(n + ¼)) [TI-83 Plus] 
or NORMSINV((k – 3/8)/(n + ¼)) [Excel].

NOTE:  The description of the normal quantile plot on p. 80 is not quite right, but still it gives the idea behind quantile plots.

