
Chapter The Normal Distibution (Cure

7.11The "standand" Normal distributio

? Recall Data ? Buckets ? Mislogram ? Shape.

Herewetocus on symmetic unimodal shapes

not symmetic
Review Distrbutton Shapes..

not unimadad " Sym, andunimedal"

histogram Shape aly
shape

? Recall & probabilizy, "histogram" has a
net area =1

? This allows usto relate the probability of an
outcome to the dred of the region
That the outcome definer-

probability
event outcome region

density
curre Earea under the cunte
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à"and"b"
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v i a b l e



Convider the prob. density curve ford papulation

Nared =0.16 an 16% of total
dred under the

X
4  6 8 10 1 2

a) What proportion of the populations parameter

l ies  betwea X=4406?
P(4<x<6) = dred = 0.16

b) If a subject from the papulation is choosen
at random, what is the prob. that
the value of the parameter being studied
is  between 4$6

ans: 10.16.

c) What proportion if the population it not
between 496

t a n
4  6

I (not betwean 416)

= 1 - P ( 4 < X < 6 )

=1 - 0.16
= 0 . 8 4



@ Narmal Distributzi (Bell Curve)
?

Remarkably many apartent statistical surveys
can bedescribed usiy a harmal distributicem

? these are unimadal, symmetric and
monotonicallydecreasing tim the peak.

a peak
enon-monotonie manotonic

? unimodal

?nonsymanetric
? non-monotonic

? unimodal

? non-sm.
? monotonic (unitem fall)

no bumps
before or atter

the peakSo our normal  d ist r ibutor

f o l l o w s  t h i s  s h a p e

I  N o r m a l
Dist.

? ? ? .

sample: 5=

o r
0  = :2

= 2
0 = 1 4



(3
Rule-of-thumbapplies (Chebychers)

68%% of data falls
betwee (8-5, 7+5)

- 2S 2$ 35

95% of the date falls
betton (8-25, 8+28)

(usuall data)

?Ls

+ 2 5

basically all date
fals between

(8-35, 5+35)

25A 38

unnsual to find
data past I2s



@ z - s c o r e

z  =

I sample data/censusresult

=@-11.
S

Each Data pointpoint oh aset has az-score

the z-scope tells us how many sted dens
We are from the mean value.

@ 'Standard" Normal Distribution

Here x=0 (M=0) and the
std. dev s=1 (0=1).

-  2
+

X=0 1 2

std. dev.

ex x=0.5 in a std. horm dist.

z  =
0 . 5 - 0

= 0 . 5

So the X in a std, hormal dist is the t-score?



EX Thermom o mete Factory

AcME thermometrs produce products that
have a meanot O'C and a std.deviation of 1'C
when the thermometer is placed in O°C ice wate

z o o m i n

0 ° Celcius

5°

Frig

-2° - ° x=0°C

model = N($=0,5=1) = N C0,1)



Ex using the Rule of thumb to approximate the
areas under a normal distribution, find
the probability that a randomly extracted tomise

water thermomete measures below -2°C

Steps to and prob. distribution questions

11) picture

-2°- jo

(ii) shade it the area reguested
(ic) calculats that area wing the rule of thumb:

0.05/2 0.05/2

=

-  25 2 5

0.0250 + 0.9500 +0.0250 =1.0000

(ir)answe the quest

1 ( 8 < - 2 0 )  = 0 . 0 2 5 0

o r 2 .5% wh ich  i s  unusua l .

Comment: due to symmetry

P ( 7 > 2 )  = 0 . 0 2 5 0
Rules-of-thumb are not exact answers-just approximatis



EXWhat is the probability that the selected O
thermomete has a temp between 2943°C?

25|
(ic)

>  0 . 0 2 5 0

>  0 . 0 0 1 5

3°

3 s
99.7%

(1-0000-0.9970112

= 0.0015 4 0.9970

7 / 7 2 0 0

3

(1 .0000-0.99707/2

= 0 . 0 0 3 0 / 2

= 0 . 0 0 1 5

r ight  wing
- 3

So to answer the questi

P ( 2 C <  X < 3 ° C )

> 3°C

= 0 . 0 2 5 0

= 0 . 0 2 3 5

-

o r

0 . 0 0 1 5

2 .35%

Alternately

0.9970 0.9500

chance the
therm.is
between 2'13°

A R E

=  2

0.047 / 2 = 10.02357



* We now foens on more detailed Questions
(8)

Assume you are a researcher in ice studies (pollutants

effect on ice freezing). You need a much more
accurate thermometer, and much more flexability
in your probability calculations-more accy than Rule-Of

EX what is the probability that a polluted ice
sample will freeze not at 00c but rather
at - 2,07°C or les (Assume the ice follows N(0,1))

Area? The rule of thumb
will not be accurate

- 00 enough.
-2.07 he need the

z-tables.

Pause the excuple and introdue the Z tables

These tables describe in detail the area

t h e  l e f t  o f  a  g i v e  z - s c o r e .
arca

z Z - s c o r e

§ For our NCO, is the direct tenporatadouts)
R e s u m e v a l u e s  o f  n e g a t i v e  z - s c o r e number

? . 00 ?01 ? 06 11/071 ? 0 8 1 : 0 9

answer
-  2 . 2
- 1 .
=2.011 0.0228

9

3571

1 8<2,02=0.0192
0.0222 10.0197 0.0192 0.0188' 0.0183



N E G A T I V E  z  S c o r e s

TABLE A-2 Standard Normal (2) Distribution: Cumulative Area from the LEFT

.00 .01 .02 .03 .04 .05 0 6 .07 .08 .09

.0003 .0002
.0004 . 0 0 0 3
.0005
.0007

.0005
0007

.0010 .0010
.0014 .0014
.0020 .0019
.0027 .0026

.0037 .0036

.0049 .0048
.0066 .0064
.0087 .0084
.0113 .0110
.0146 .0143
.0188 .0183

.0239 .0233
.0301 .0294
.0375 .0367
.0465 .0455
.0571 .0559
.0694 .0681
.0838 .0823
.1003 .0985
.1190 .1170
.1401 .1379
?1635 ?1611

.1894 .1867

21772 1 4 8 ]
.2483 .2451
2810 2776

3 3 5 6 3121.3483
3897 .3859
.4286 4247 1
4681 4641

NOTE: For values of z below ? 3.49, use 0.0001 for the area.
*Use these common values that result from interpolation:

2 score Area
-1.645 0.0500

-2.575 0.0050

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



P O S I T I V E  z  S c o r e s

0

TABLE A-2 (continued) Cumulative Area from the LEFT

. 0 1 . 0 2. 0 0

0 . 0
0 . 1
0 . 2
0 . 3
0 . 4
0 .5
0 .6
0.7

0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1 .7
1 .8

1.9
2.0
2.1
2.2
2.3
2.4
2 5
2.6
2 .7
2 .8
2 .9
3 . 0
3 . 1

3 . 2
3 . 3
3 . 4

5 0 8 0
.5478
.5871
.6255
.6628
.6985
?7324
.7642

.7939
.8212
.8461
.8686
.8888

.9066
.9222
.9357
.9474
.9573
.9656

.9726
.9783
.9830
.9868
.9898

.9922
9941
.9956
.9967
.9976
.9982
-9987
.9991

.9994

.9995
.9997

. 0 3

$120
$517
$910
.6293
6664
7019
.7357
.7673
.7967
.8238
.8485
.8708
.8907

.9082
.9236

.9370
.9484
.9582
.9664
.9732
.9788
.9834
.9871
.9901
.9925
.9943
.9957
.9968
.9977
.9983

.9988
9 9 9 1 "
9 9 9 4
.9996
.9997

3.50
and
u p

NOTE: For values of 2 above 3.49, use 0.9999 for the area.
*Use these common values that result from interpolation:

I score A rea
1.645 0.9500

2.575 0.9950

.01

.5160

5 5 5 7
.5948
.6331
6 7 0 0
.7054
.7389
.7704

7995
.8264
.8508
.8729
.8925

.9099
.9251
.9382
.9495
.9591
.9671

.9738
.9793
.9838
.9875
.9904

.9927
?9945

.9959
.9969
.9977

.9984

.9988
.9992

9 9 9 4
.9996

9 9 9 7

.05

*

.08 .09

5319 5359
.5714 5753
.6103 .6141
6480 .6517
.6844 .6879
.7190
.7517

.7224

.7549
.7823 7 8 5 2
.8106 .8133
.8365 .8389
.8599 .8621
.8810 .8830
.8997 .9015
.9162 .9177
.9306 .9319
.9429 .9441
.9535 .9545
.9625 .9633
.9699 .9706
.9761 .9767
.9812 .9817
.9854 .9857
.9887 .9890
.9913 .9916
.9934 .9936
.9951 .9952
.9963 .9964
.9973 .9974
.9980 .9981
.9986 99862
.99909993-99909993]
.9995 .9995
9996 9997
.9997 .9998

Common Critical Values

Confidence Critical
Level Value
0.90 1.645
0.95 1.96
0.99 2.575

Copyright 2007 Pearson Education, publishing as Pearson Addison-Wesley.



EX Find the probability that the thermometer
reads - 0.28 Gor lower, when in ice water.

Girl go to zetable and
read row-

value 0 . 3 8 9 7
x=0°C

x=-0.28°
P ( x < - 0 . 2 8  c ) = 0 - 3 8 9 7  o r

38.97%

a u s w e r

Find the probabil i ty the readout reads
greater than -  0 . 2 8 °

0 . 3 8 9 7 A n s w e r
= a r e a

1 0 6 6

1 0 0 0 0 - 0 . 3 8 9 7

0 . 6 1 0 3
? =  - 0 . 2 8

O Find the probabi l i ty the read ant say s 1.39 or less

area = answer positive z-score table:
r o w  1 . 3 ?

value
10 .9177

1.39 co l  0 .09

d) Find the probabil ty that the readout is
betwear  -  0 .28 and 1.39

=



Reading the table in revise.
What Z-score separates the lower 25%

from the year 75% of the thermometrs

0 . 2 5 0 0
0 . 7 5 0 0

0°C
z=???? We go to thebody of the

7- table and look for the

value 0.2500 and note row and column and
t h e n  w e  f o r  t h e  7 - s c o r e

? We know block at  the reg z-semes since
A r e d  t o  t h e  l e f t  o f 2=0.00 is  less  than

I Neg.
5 0 %

p o s

v s ? > 0

So, z-sures don Nég. Values page we see 0.2500 isin betien

two columns: now - 0 . 6 col 0.07 and col 0.08
0.2514 0,2483

Ans: 7 = 0 . 6 7 5 Resise Look Up
estimate

25% of themometes
r e a d - 0 . 6 7 5 ° c o r

l e s s

between Dand 9 depending on how close

our desired number is to the given num


