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Figure5.15. PROBABILITY MODELLING: Linear Combinations Examples

The following problens ilustrae the wse @ linear mmbinatons (in paricular sums, diferenes and eraye$ of proba-
bilistically indgpendent normal random vaaldesas pobabilty models. A seledion of he poblerms will be dsaussd in dass
youshaild try to lve the othes, remenbeaing tha the darity of the pesntion of your solution may be &, a more, mpor-
tant than the fid ansver Alsoremember b gve ary final numeiicd answver(g to an gpropriatenumber d significantfigures
in light of the gprakimatenaure d all mahemdicd modelsof red phenomena.

Example 5.15.1

Example 5.15.2:

Example 5.15.3;

Example 5.15.4;

Example 5.15.5.

Example 5.15.6:

Example 5.15.7.

95-04-20

A pasege devator has a bad limit of 10 peple a 1,750 pourds If the weights d the peale who ue
the devaor can ke nodelled by a rormal dstribution with a mean $165 paind and a sandad deviation
of 10 pourds,find the probability the bad limit will be exceeded ty a randomy-chosen group d 10 pele.

Copper ppes poduced ly a certan macine tave external diameers tha can ke nodelled by a rormal

distibution with mean, = 0.498 inchesand shndad deviation g; = 0.005 inches.Another machine po-

duces the orregponding ppe deevesor jundions for which the internal diamders @an ke nodelled by a

normal dstribution with meany, (for which the véue @n ke =t by the nadcines operator) and sandad

deviation g,= 0.004inches.

@ If u,=0.30 inches, findhe probability a randomy-seleted fpe will fit indde a randomy-seleded
sleeveor jundion with a totd cleaanceof not more than 002 nches

(b) To wha value $fould iz, be £t b maximizethe probability a pgpe ad a &e/e a jundion will fit to-
geheras speified in @)?

(©) Commant briefly on your value ofy, in (b) in relation © a siitable wnbinaion of two oherquantities
givenin the poblem gatement.

In a fadory which mandactures beam @lancedrom @mponents, eah kalanceis assenbled by dtaching
a randomy-chosen pan and pn-hdderto each endfdhe alancearm. The dstibution of pan weights n
grams can ke nodelled by a N(50,v0.0009) distibution, and the nodel for the weights d the man-hdders is
N(10,v0.0003. A bdane is unacepable if the @mbined weights d the pan and gn-hdder on each sde
of the kalancediffer by more than 0075 gm. Wha proportion of he kalancesnandactured n the fidory
will be inacceptable?

Three @rs — wo As and e B placed end-to-end— are reeckd b make up a nachine $aft assenbly;

the lergths of the @rs @an ke nodelled by normal dstributionswith regective mears of 6.00 axd 3$.20

cm and sandad deviations of v0.0003and v0.0004cm. The a&senbly must hen be gaced n a as for

which the hdde lengh can ke nodelled by a rormal dstribution with a mean ¢ 47.35 cm and a sandad

devition of v0.0006cm.

(@ If specificationscadl for the satt assenbly to fit indde the s with a dearanceof between 01 and 02
cm, find the poportion of he find productsthat havethe proper fi.

(b) From yair ensverto (@), what cb you mndude eaut component tderancesfor asembling nulti-com-
ponent s/sterrs successully? Explain briefly.

(©) Identify whee an asumption of independen@ is involved n your calcubtionsin (@) and dsaussbriefly
in each caze how wel the asumption wouldbe Ikely to be net in practice

(d) Realcubtethe probability of a corred fit [as n @] if the aerage br the indde lengh o the case & ()
4730 am; (i) 4740 cm Assuming his average brgth can ke ajustedin the mandacturing process
for the ase, dsassbriefly the matterof gererd inteest hesetwo probabilities llustrae when om-
paed with trat in @).

The random vaiadesY [IN(10,v2.5) andZ [IN(12, o) are probabilistically indgpendent; if Pr(Y>Z) = 0.85,
find the value of.

If the persand incomes 6 peqple living in a partcular dty can ke nodelled by a rormal dstribution with
mean 87200 and sandad deviation 800, fnd the pobability that, in a @nple of 64 Eole xleded
equiprobaldy from the iy, the aeraye ircomeexeeds$37,400.

The ekamnaion sores htainedby a hrge goup d students can k nodelled by a rormal dstribution
with a nean ¢ 65% and a stndad deviation of10%. Usingthis model:
@ find the pobability the aeraye €oreof a mndomy-chasen group d 25 sudents s greder than 70%;
(b) find the pobability the aerage £ores of wo distind randomy-seleted goups d 25 sudents dffer by
morethan 5 narks
(cortinued wvaled)
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Example 5.15.8:

Example 5.15.9:

Supposethe pH of rmin in Muskda @n ke nmocdelled by a rormal dstribution with mean 58 and sandad

deviation Q3 wnits.

(@ Find the probability the H of the average of four rainfalls sdeded ejuiprobably lieswithin 0.1 wnits d
the (true) mean

(b) How mary rainfalls mustbe €leded euiprobably to be $% sure thar average H lieswithin 0.1 wnits
of the mean

The random vaale Y, represening the aeraye of he eponsevariateof a anple of dementsobtained by
equiprobalde leding, is to be sedas & estimae d the meary of a rormal dstribution whose sandard
devition is knowvn o be 8 en. Hnd the sze, n, d the samle so ha, with a probability of 90% the est
mate (y) differs from the tue value () by at nostl cm.

Example 5.15.10;

The messuement aror o a process br measuring lengh can ke nodelled by a rormal dstribution with

mean O and ahdad deviation 0. The pocess & to be sedto meaue the ergths of wo (ifferen)

objeds, a toal of oy two measurements keingalloved

(@ If eacth dbject is meassuredonee, wha is theimprecsion of the pocess br measuring ech lergth?

(b) Altemaively, if the two meaurements ae the sun and he difference of the two ergths, $iow tha the
impredsion of the ocess br measuring the ndividual lergths is decreagd

(c) Disaussbriefly whether the procedure descibed in (b) repreentsa practical method or deaeasingthe
impredsion of the meauring process or a qantity like lergth.

Theanswersto the poblens overkaf and bove ae & follows:

Example 5.15.1:

Example 5.15.2:

Example 5.15.3:

Example 5.15.4:

Example 5.15.5.
Example 5.15.6:

Example 5.15.7.

Example 5.15.8

Example 5.15.9:

0.000 782710.08%.

@ 0.8637L186.4%.
(b) u,=0.508inches (the mrreponding probability is 0.8816).

©
0.06079:161%.

@ 078370L179%.

(b)

©

(d) 0.494 @4 L149v:%,.

o=1106 28 H1105.
0.0228H12.3%

(@ 0.00621510.6%.
(b) 0.0770 LI7.%.

@ 0.49500550%.
(b) 34.574L135 minfalls.

173165 E1174 dsenvations.

Example 5.15.10:

95-04-20

(@ The mpredsionis o
(b) The mpredsion is now a\g

©

#5.38



