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Consider an experiment in which yvou select a molded plastic part, such as a connector, and
measure its thickness. The possible values for thickness depend on the resolution of the meas-
uring instrument, and they also depend on upper and lower bounds for thickness. However. it
might be convenient to define the sample space as simply the positive real line

o= R)(= {7&705

| 3 xus J

because a negative value for thickness cannot occur

If 1t 1s known that all connectors will be between 10 and 11 millimeters thick. the sample

space could be
5 1 o<

If the objective of the analysis is to consider only whether a particular part i1s low, medium,
or high for thickness, the sample space might be taken to be the set of three outcomes

8‘— { low, mediom ) h'\a\n 7] ¥ “z,Uﬂl('l’qHV(/ odkome §



If the objective of the analysis i1s to consider only whether or not a particular part con-
forms to the manufacturing specifications, the sample space might be simplified to the set of

Wo outcomes
hE { yes . no ]

Exam ple 2-2  Iftwo connectors are selected and measured, the extension of the positive real line R is to take
the sample space to be the positive quadrant of the plane:

S=R'XR' < twecomechrs
If the objective of the analysis is to consider only whether or not the parts conform to the
manufacturing specifications, either part may or may not conform. We abbreviate yes and no

as y and n. If the ordered pair yn indicates that the first connector conforms and the second
does not, the sample space can be represented by the four outcomes:

5= Lay g )

If we are only interested in the number of conforming parts in the sample, we might sum-
manze the sample space as

6‘- ﬁlo‘ | | 2 ’S Y Oonﬁdm-wﬂ , "(Loh‘o(m‘\hﬂs , Luv\’*erwivj

As another example, consider an experiment in which the thickness 1s measured until a
connector fails to meet the specifications. The sample space can be represented as

S Lo gnggn. gy, pgn, = 5 v oty e
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Each message in a digital communication system is classified as to whether it is received
within the time specified by the system design. If three messages are classified. use a tree
diagram to represent the sample space of possible outcomes.

Each message can either be received on time or late. The possible results for three mes-
sages can be displayed by eight branches in the tree diagram shown i Fig. 2-5
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Events:

/hng substl ok Fhe amle Spuel of a tandom e periment

Example 2-6
Consider the sample space S = | yy. yn. ny, nnd in Example 2-2. Suppose that the set of all out-
comes for which at least one part conforms 1s denoted as £,. Then,

RIS h

The event in which both parts do not conform, denoted as £, contains only the single out-
come, £, = {nn}. Other examples of events are Ey = @, the null set, and £ = S. the sample
space. If Es = {yn, ny, nn{.
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Measurements of the thickness of a part are modeled with the
sample space: S= A"

Let £, ={x110< x< 12},

Let £ ={x1 11 <x< 15}

Evey = { s X<\ S
gy - { < x<\L ]y
E, - %V 0 x<lo x7/17,qx

£, € - { s x <193
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pobibiliy o & gitn fhalt B
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P(DIF)=

PLEID)=

PLBLAY = PCANB)
PAY
PCM = V\bhanfcrff oukomes B /n
PANB) = number of owomes in ANE A
PAIBY £ PLBIAY
Parts Classified
Defective Surface Flaws Total
Yes (F)[No (F')
Yes (D) 10 18 28
No (D) 30 342 372
Total 40 360 400
PLpF)-  PCPnD) . 30/
(F) Yo /Yoo
PLOIF' Y= PCE'ND> = 14/Uoo
P (F") 3bo /400
P(BIfY) = P(pNED = H2/doo
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Random Samples
Pandora = Eaalty  liKely
ordeied — Permutafion

Urordered = Combinatkion
Mulljplication  Rule -

Planl) = pR) PCALBY = plpy Prgiad

for  Srabiskioaly independont P(ANAL Ay ) = Il PGy

A company produces machine components which pass through an
automatic testing machine. 5% of the components entering the testing
machine are defective. However, the machine is not entirely reliable. If
a component is defective there is 4% probability that it will not be
rejected. If a component is not defective there is 7% probability that it
will be rejected.

a) What fraction of all the components are rejected?

b) What fraction of the components rejected are actually not defective?

c) What fraction of those not rejected are defective?

0'0%\’73'

D G
o H 0. 9% o.qg/\om
h /\a AR

hejecked buF g8 > p(BIR ) = P (aR)
P(R)

Mok Rejecked are Deteche = PCUPIA Y - Plbap)
PCA)

Rejek8l = 0.05(0-946) + 045 Lo:07)
= 0\Iys
fcepred = 005 (004) + 6 45 (043D
= 0-k1hG

0-05 (0-07) = ©.5f%
0 IUS

- 0.05 (604 - 0.w062b
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Example 2-14: Semiconductor Contamination

Information about product failure based on Ch'iP manufacturing process
contamination is given below. Find the probability of failure.

Probability of Level of Probability of Level
Failure Contamination

0.100 High 0.2
0.005 Not High 0.8
P (Fa) | W)=0 P(h) = o2

PU«\\ Ah) x5\ (0)) = 00L

0 (Lt | nh) = oo 0lnh) :o -8
P(falanh) = 53 (0005) = 0-004

)= PCRN NN TP (kA A nh)

BnA \
' BnA'

002 tupooYy = o~OLW
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Example 2-15: Semiconductor Failures-1

Continuing the discussion of
contamination during chip manufacture, o.
find the probability of failure.

\ ow PnFIL) <097
Rign Mey N

— _ P(FILY =00
| PIAM o0y TCFIN) o
PEVA) =0 P (nf |8y =09

PFY- 02004 0:8(oo) + 050000 = 060235

Event  indepen dence

Two eMavs are Maependenl- e

PAIBY = P
PIR\AY = P(RD

PCAOBY = PCAY PCBY

— The ocawrrence ok one ewent b no impack on Yhe pro\omb’u\i‘rj ol eccuntente & tne obwer wwent-

PCEy N EL OBy~ Ay ) = PLEVD P PERD) - P>



Example 2-16: Flaws and Functions

Table 1 provides an example of 400 parts classified by surface flaws and as (functionally) defective.
Suppose that the situation is different and follows Table 2. Let F denote the event that the part has
surface flaws. Let D denote the event that the part is defective.

The data shows whether the events are independent.

TABLE 1 Parts Classified TABLE 2 Parts Classified (data chg'd)
Surface Flaws Surface Flaws
Defective| Yes (F) | No (F') | Total [Defective| Yes (F) | No(F') | Total
Yes (D) 10 18 28 [Yes (D) 2 18 20
No (D") 30 342 372 | No(D") 38 342 380
Total 40 360 400 Total 40 360 400
P(D\f) = os/qo0 = 511 P(D\F)= _L’L = %l_o_ - 0.0G
Yo /1100 00 oo
peod)= 1 - oot Plo) : 1o = eob
Yoo Yoo
kYD > Dopindent ¥ F YD D ndependent

Example 2-17: Semiconductor Wafers

Assume the probability that a wafer contains a large particle of contamination is
0.01 and that the wafers are independent; that is, the probability that a wafer
contains a large particle does not depend on the characteristics of any of the
other wafers. If 15 wafers are analyzed, what is the probability that no large
particles are found?

PLE) = oty > "™ weler withono large parkicies

P(E\f\l;1~-~ E.) = QD-C(DJ)|S . 0.%0b



&atdts Theorem

Example 2-18

The conditional probability that a high level of contamination was present when a failure occurred is to
be determined. The information from Example 2-14 is summarized here.

- - Flf'\d Pl )
Probability of Level of Probability of Level
Failure Contamination
0.2

PCEIR) = o PLH) =02
PLCF] nH) = goos Plnlly = 5 %
LR« T o)
P(F)
PONFY = ol (01 = O
0-0lY

BE)= 02(b)) t0-8Llo-005) = 002y

Example 2-19: Bayesian Network
A printer manufacturer obtained the following three types of printer failure probabilities. Hardware

= 0.3, software AS) = 0.6, and other AO) = 0.1. Also, AF | H) =0.9, AF1 S = 0.2, and
AF1 O =0.5. If a failure occurs, determine if it's most likely due to hardware, software, or other.

PR) =03 P(r) = 039 + 0602) toloD) = oYYy
P =k
P(5) o pCHAFY = PUFIWY -PAY - gatol) - 0.2
PIELHY 09 P(F) oYYy
PSS = o2 PCSIEY = PCFIS) P(S) = orlek) = 027
1150 © U4

P(Flo) < o,
0Colf) = PLEIO) PO = o0.5(wl) = ol

_— 7

P(F) o-u




Example on Bayes’ Theorem

Known: Vendors |, II, l1l, and IV provide all the Vendor % Supply % Good '/ Rrd
bushings to a certain factory. The following table I 25 80| Lo
shows the amounts supplied and percentage of

good parts supplied by the vendors. I 35 95_ S
Wanted: What is the probability that a randomly 11} 10 70 3o
selected bushing is bad? What is the probability it v 30 90 Lo
came from vendor 3?

P(R): 516L62) + 035 (6-05) t o l(03)+ 63(0\) = 01275

P (\13 \R ) = _w‘ = o (o3) = 0.23%53
PLB) o \UHFS
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L
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Let the random variable X denote the number of the 48 voice lines that are
in use at a particular time. Assume that Xis a discrete uniform random
variable with a range of 0 to 48. Find AX) & o

E(d = bta = 4%t0 - 1Yy
v T

el: (boa s ot o (UE-04)" -1 = oo
\2 V2
= o = |4-14

Beroulli Trials % Disyittion
> A frial with enly 4wo pessible wukualy txcusive odrwmes  Csuces$ , failore )
n Bernoulli fridls Soch fhat:
- Trals a Srtigrioaly  independent
- fodhn bl e bwo possible sukomes [ swcess |, Gail)

- The probahility ot Sucess in ench frigl  Temains  constant

QUSSP Y =) Pty = \
falvie 9. X=0

¥ The randem vgrable ¥ 4kl ec;,uqlé the number of brals  Kvek resull n o Sucess hes a  loinomial tandom
wrigle,  with  0<p <)

n= |z, --
Mea M=E(x): np
\arian e §%= V(X)) = Y\PU—P)

3D NP

n e
— Probahility mass fundkion H‘X) = b( \ px (1=p) g



O Roling o die Y4 pimes, Probability ot rollig & 1 twice

Y / -t
n=4 bao = (2) L) o B = L]% - 0|57
7
¥=1
P: /4 ECo=np = 4()) = 0bbh

Vo) = npl-py = 4(%) (V- %) = 0555

6= 0745

Each sample of water has a 10% chance of containing a particular organic pollutant.
Assume that the samples are independent with regard to the presence of the
pollutant. Find the probability that, in the next 18 samples, exactly 2 contain the

pollutant.
n= 1% . )
el = L) o (-
= 010
P % 7 3 -1
2 )(0-\) (1-o01) = 023356
Determine the probability that at least 4 samples contain the pollutant.
P(X7Y) = (- Pl¥<y)
y (% X 1%-X
- 2 (x ) Lo (1= o)
X=0o
|- [o-\‘a +03 ¥ 0284 o'\b%‘j - 0.99%
qu determine the probability that 3 < X< 7.
18-X
P(2sXx<7) = 2 k ) Loy (1= o)

03+ ©0ofF t 0.0217 4 000524 = 0.265



For the number of transmitted bit received in error in Example 3-16, n=4
and p = 0.1. Find the mean and variance of the binomial random
variable.

n=4
P:O'l mean > M = ECY): hp
YCo)) = o4

\ofionee. = & = N(X) = apll- P
bieh (1= el) = 036

S - \‘ 0-% = ok
Geometric Diskys bukion
Binomial  Disyribution (neomekiic  Disknbution
L v
Probai iy o geltimy X success Provebiliy A getting Firsy dwgess on trisl 4 X

> Mggn M- LK) =

> \qrianee, 6 2= V(X) = (1-P)
PZ

5 Pobdalty  Fx) = pO~p)*7
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Example 3.21: Wafer Contamination

The probability that a wafer contains a large particle of contamination is 0.01. Assume that
the wafers are independent. What is the probability that exactly 125 wafers need to be
analyzed before a particle is detected?

p=0-0] f()(): PU’PV’
x= 15 ool (\ - o-o\\\%’] 1"577053

Example (Redundancy)

Suppose that a primary device has failed as a result of a high temperature environment.
The probability that an electronic switch will successfully activate a backup device is 0.6. If
switch failures are statistically independent and the switches are tried one at a time, how
many parallel switches are required to achieve at least 95% probability of successful
switching?

p- 0.6
= Gwnkably inFiniye sample

! r z 3 1 -
X 0 b 0. 84 0-93b o 4FuY

;;[_x): P(l—P)IX-\

W\

o-%(l-o-é)z" 024 +0b6 = p34
0-6 (,|"(7-(o)3_, = 0.090 + 0-34 = 093k

06 Lll- 0\6)4_\ - 0,03‘5‘4+O.C[36 = 5.9 2UY
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A chemical process plant has a pump that will operate with a probability of 0.9. How many
pumps, in parallel, do you need to have a probability of the pump(s) operating greater
than 0.99?

Pzo.9
X | L 2
F(X) 0-9 o9 °- 199
0al -0y = 09
0-9(1 —o ) = g%t 0§ = o
o (1= 03!

- 0004 +o0.94 = o949

Pmmb‘\\xh} groaber than 991 = 3 pumpd
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EXAMPLE 3.22 Camera Flashes
Consider the time to recharge the flash in Example 3.1. The probability that a

camera passes the test is 0.8, and the cameras perform independently. What
is the probability that the third failure is obtained in five or fewer tests?

p: (1-08)= 02 Fo= (¢3) pr G-p)"
X <5 c
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r-2 Pxsg5) = 25 (r—\ (0.2 3r (\- 02 )k -
¥z
~3
X=3 [%, )(0'133 é(—oll\é = 0-00%
B} L 2 Y-3
x4 L}) (02)°Cy-o02) = 00\
- u| 3 é_g _
=5 (IVCo0) ([=02) " = ao020FL

Z:009ML



Htjp@r Oeomgitic — Digr(ibution

> fiake  poolabion , wilhoyl  replacement

2 Typionlly fhe  Sampie 310 IS feary than 57 A he 5w o Populehion
\« N-K
Kf(k\ : KY BKN)« X = n\mxio,r\ﬂ/\—/\)qx , Min {K,nb
N
)

Mo A= E(x) =np

\ariane 67 = V) = ppli-p) M0
(Vi

Example 3-27: Parts from Suppliers-1

A batch of parts contains 100 parts from supplier A and 200 parts from
Supplier B. If 4 parts are selected randomly, without replacement, what is
the probability that they are all from Supplier A?

Q?‘O) [OZODJ T 0.0\
)

What is the probability that two or more parts are from supplier A?

P(xz1)

LIGT) + GO« ([EIE) < o

) (%) 2




What is the probability that at least one part in the sample is from Supplier A?

FOxzny = 1- P(x=0)

10p LDD}
| - 0 > ( l’l — 054

L)

Example 3-29: Customer Sample-1

A list of customer accounts at a large company contains 1,000 customers. Of these, 700
have purchased at least one of the company’s products in the last 3 months. To evaluate
a new product, 50 customers are sampled at random from the list. What is the
probability that more than 45 of the sampled customers have purchased from the
company in the last 3 months?

plx7us)
50 oo b0 >
z X || 6o-x

X=yb

> )

Example

Fifty (V= 50) computers were manufactured during a certain week. Forty (K= 40) operated
perfectly, and 10 had at least one defect. A sample of 5 is selected at random (n=15). What
is the probability that 4 out of the 5 will operate perfectly?

Plx=4) U:)( ) - oY}
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Example 3-31: Calculations for Wire Flaws-1

For the case of the thin copper wire, suppose that the number of flaws follows a X 2 nom ber c,.fL Ylawy P\U- y\,ln,l
Poisson distribution with a mean of 2.3 flaws per mm. Find the probability of exactly 2
flaws in 1 mm of wire.

A 7 ’Z%
=23 )= Ae . it © 0.265
Determine the probability of 10 'fvla'wsinSr;m of wire. x> flaws por Spm
x=\0 Az P = 2.3 (5D = s Flaws
* 'l 1b WS
fy- Moe = ) - o3

X! 10)



Determine the probability of at least 1 flaw in 2 mm of wire. X - Flaw Per 1 mm
X2\ A= 1342 = 4b Flaws

Plxz\) = \- P(x<1)

x -l o 446
|- ?‘/_8’_ - - 4L e > 09399
X0 o\

Example

Baggage is rarely lost by Poisson Airlines. A random sample of 1000 flights showed that a total
of 300 bags were lost. Find the probability of not losing any bag, exactly one bag is lost.

Poisson distribution is assumed

-ZLb- = 0.3
|000
Y= 0 Prx=v) = et = ey e = .74y
X! 0!
v =\ Ply-l) = N = erte™ - ol
X\, \\

The white blood-cell count of a healthy individual can average as low as 6000/mL. To detect
white-cell deficiency, a 0.001 mL drop of blood is taken and the number of white cells is
found. How many white cells are expected in a healthy individual? If at most two are found,
is there an evidence of white-cell deficiency?

A~ 000 \Yhevo = &

L g whike blood cells in avg For a Y\Ct«thj N Wise

1 x <A
Px<L) - 2 A ¢
(8] X\‘
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R A e Y




lefure b+ (jontinoys  Probabilify  Disvyiby tion

Continous ~ Randoem  \aTigly(e4

- Valyes In unceuntable sefs

~> Propgbility  Densiry  Fnckion

F(x) 20

bj Fixd dy =\ [ hvesr under Yhe Cone -\ )

- b

Prasksb) - ) Fu) dx [ pobabr vy = auG )
a

ﬁ(x Y=o ( o area exal-ly ax X\

Example 4-1: Electric Current

Let the continuous random variable X denote the current measured in a thin copper wire in
milliamperes(mA). Assume that the range of Xis 4.9 < x< 5.1 and Ax) = 5. What is the
probability that a current is less than 5 mA?

. 5
P(x<5 )\ - J Fx) ox = j 5 dx = 05
%“\ L9
54 g
Pl sx <o) = | Hadx - ] s = 05
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Example 4-3: Electric Current

For the copper wire current measurement in Exercise 4-1, the cumulative distribution function
consists of three expressions.

0 X < Y9
F(x) = | &0 U<y
| X7 %\

5 The P(Obolbi\l-w dehS\'\'y f'Ur\Ur(on o q Conkinols Roundem Varioble (an b2 delemind frona the
(mulative  diskiookion  fundion by d'lF(’(f/f\\‘iq)’"IY\&

oy

Mo dFQ) = 2 ) Ful dv
d X 08~
Exercise 4-5: Reaction Time

The time until a chemical reaction is complete (in milliseconds, ms) is approximated by this
cumulative distribution function:

0 forx<0
F(x) - {1—6*0'0'" for 0 <x

What is the Probability density function?

0 0 X<b
Fix) = 9F)- & ool —_
ax M [ =E, ool Q;°'°”( Dg X

What proportion of reactions is complete within 200 ms?
200ms 70

6.0 (166)

P(X<loo) = F(20) = (-
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Example 4-6: Electric Current

For the copper wire current measurement, the PDF is fx) = 0.05 for 0 < x< 20. Find the mean
and variance.

L0

C00= ) (ab) bx = 1o
L0
V() = 5 Xz(o-ofa) dx - (DL = 22.2%

0

Normalization: find the constant in f(x) to make it a PDF.
fix)=Afor0<x<20

An

20
Y1 4 =)
j A dx =1\

A " A (20-0)="

=005
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Example 4-7:

Let Xbe the current measured in mA. The PDF is fx) = 0.05 for 0 < x< 20. What is the expected
value of power when the resistance is 100 ohms? Use the result that power in watts
P=107°RP, where /is the current in milliamperes and Ris the resistance in ohms.

Now, A(X) = 10761002

hix) - lo‘(’(\oo) Cyxt

)
? = £ (W) - X hix) Fix) dx
£ .
th(o(lD()) (0-05) j Y= dx T 0.0132 wakls
Continous  Uniform  Distribugion
F(x) » ;I_—o\ A XS b FOo
M bia \
12 \o/-o‘ i
sl . (boa) ' |
|2 0 b pY%

Example 4-9: Uniform Current

The random variable Xhas a continuous uniform distribution on [4.9, 5.1]. The probability
density function of X/s {x) =5, 4.9 < x< 5.1. What is the probability that a measurement of
current is between 4.95 and 5.0 mA?

5 Q
P(UI5<x S5) = J Fwydy = J6o\x = 025
4% Yac

Elx)= 5l44g - < .p
L

2 A

Vix) = (50 =Yyt | 22350
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Example: Battery life

A life test on a large number of type D alkaline batteries revealed that the mean life for a
particular use before failure is 19.0 hours. The distribution of lives approximated a
normal distribution. The standard deviation was 1.2 hours.

1. About 68% of the batteries failed between what two values?
2. About 95% of the batteries failed between what two values?
3. Virtually all of the batteries failed between what two values?
n=19, c=1.2
Log-l S S ez 13 <X< lo2 (3%, Lo
2 \1=-72000) S XS\ Y 260D \b-b < x<2Z|4 [ lb- 6y N\ U
L. d-202) <<\ (10D 64 <Y < 2L b By, 12:6)
¥ A nomal Romdom Varigb)e  with MAzo F s f=1 5 Dlandard nomal varigble (7))

The Gorulakive  dishibukion funthion of- o Skandar d pormal randomy  variable
D) = PlIsz)

- Dtandary Ling 4 norma! Random variadle,
Joopse X 15 ¢ Noral random VAriab\@

Px<x) - P(yl N X/‘/—A-j - PlZg2) = 02




Example 4-14: Normally Distributed Current-1

Suppose that the current measurements in a strip of wire are assumed to follow a normal
distribution with w =10 and 6 = 2 mA, what is the probability that the current measurement is
between 9 and 11 mA?

- lo
X— (O \| —\D )

=l Plasksi) = P[5 S R S A

P08 < 2 <06)
PCz2<09) — P(1 <~0.8)

0.69)4b — ©.20852% = 0.23002 /\
N

-6-S 0.3

Determine the value for which the probability that a current measurement is below 0.98.

P(\{<x3 = P(X_lo S S )

13 T
P2 < »29) = pas
“@
(2065

X= W)



Example

A tire manufacturer wants to set a minimum mileage guarantee on its new tire. Tests revealed
that the mean mileage is 47900 with a standard deviation of 2050 miles and a normal
distribution. The manufacturer wants to set the minimum guaranteed mileage so that no
more than 4% of the tires will have to be replaced. What minimum guaranteed mileage
should the manufacturer announce?

M7 47100
c- JoLo Z = _X_’ﬁ

f=0-0Y

~-\31H-.  xZ 100 X = YUBL milth
10%0
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Example 5-2: Server Access Time

x = number of bars of signal strength

y = number of times
city name is stated | 1 2 3
4(0.15 0.1 0.05
3(0.02 0.1 0.05
210.02 0.03 0.2
1]/0.01 0.02 0.25

Let the random variable Xdenote the time until a computer server connects to your machine (in
milliseconds), and let ¥ denote the time until the server authorizes you as a valid user (in
milliseconds). Xand ¥ measure the wait from a common starting point (x< y). The joint

probability density function for Xand Yis

S (6,3)=ke P for 0< x<y<wandk= 6-107°

The property that this joint probability density functionintegrates to

1 can be verified by the integral of fXY (x, y) over this region as

follows
0 o o 0
-0 boly—-0-00) ~0-60), - p-od| Y
R R [ B
s % o X
h 2
—0-002X —o-oolX
:']/\J ¢ f/ &X
° 0-00L
= oobgs 01005 J
<5503 (2D
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The probability that X< 1000 and Y< 2000 is determined as the integral over the darkly shaded
region in Fig. 5-5.
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Example 5-4: Server Access Time

For the random variables that denotes times in Example 5-2, find the probability that Yexceeds
2000 milliseconds.

Integrate the joint PDF directly using the picture to determine the Iimitsj .
g000 % <) N i
PLY 72000 - H Fogyldydx 4 ﬁ ij dy dx
0 9000 260 X 2000~
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Cashews & Nuts Example (Continuous)

A nut company markets cans of deluxe mixed nuts containing almonds, cashews, and peanuts.
The net weight of the can is 1 Ib, but the weight contribution of each type of nut is random.
Because the three weights sum to 1, a joint probability model for any two gives all necessary
information about the weight of the third type. Let X= the weight of almonds in a selected can
and Y= weight of cashews. The joint PDF for (X,Y) was suggested to be

24xy 0<x<1,0<y<lLx+y <1
fx,y)=

0 otherwise
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Aircrew escape systems are powered by a solid
propellant. The burning rate of this propellant is an
important product characteristic. Specifications
require that the mean burning rate must be 50

centimeters per second. We know that the standard ¢ = Zem(s

deviation of burning rate 1s 2 cm/s. The
experimenter decides to specify a type I error
probability or significance level of 0.05 and selects
a random sample of #=25 and obtains a sample
average burning rate of 51.3 cm/s. What
conclusions should be drawn?
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The increased availability of light materials with high strength has revolutionized the

design and manufacture of golf clubs, particularly drivers. Clubs with hollow heads and n:= I% <20 > b
very thin faces can result in much longer tee shots, especially for players of modest skills. N
This is due partly to the “spring-like effect” that the thin face imparts to the ball. Firing a

golf ball at the head of the club and measuring the ratio of the outgoing velocity of the ball 0{ 009

to the incoming velocity can quantify this spring-like effect. The ratio of velocities is

called the coefficient of restitution of the club. An experiment was performed in which 15

drivers produced by a particular club maker were selected at random and their coefficients X0 37 25
of restitution measured. In the experiment the golf balls were fired from an air cannon so

that the incoming velocity and spin rate of the ball could be precisely controlled. It is of

interest to determine if there is evidence (with a = 0.05) to support a claim that the mean N=0- 024 S (7
coefficient of restitution exceeds 0.82. The observations follow:

0.8411 0.8191 0.8182 0.8125 0.8750 0.8580 0.8532 0.8483
0.8276 0.7983 0.8042 0.8730 0.8282 0.8359 0.8660

The sample mean is 0.83725 and s = 0.02456. The normal probability plot of the data in
Fig. 9-9 supports the assumption that the coefficient of restitution is normally distributed.
Since the objective of the experimenter is to demonstrate that the mean coefticient of
restitution exceeds 0.82, a one-sided alternative hypothesis is appropriate.
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FIGURE 6-21 Normal probability plots indicating a nonnormal distribution.

a. Light-tailed distribution.
b. Heavy-tailed distribution.
S— c. A distribution with positive (or right) skew.
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