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Assignment 5

A5 – 1. The Rockwel l hardness index for steel is det e rmine dby pre ssi nga dia mon dpoin t in t o the steel wit h a speci fi ed force
and measuring the dept h of pen etration. For a certain type of steel, a manufacture r cl aims that the true ave r age
hardness of this type of steel made by his process is at lea st 64 units. For 50 specim e ns of the steel, obtaine dby
ju dgement selecting by an exper ienc e dsupervis or at the manufactur ing site, the hardness was fou nd to ave r age 62
un its. Use a test of hypoth esi swith α = 0.05 to decid ewhet her to accep tthe manufacture r’s cla im, assuming that the
Rockwel l hardness is knownfr om exper ienc eto have a standard dev iation of 8(in suitable units).

A5 – 2. An impor tant quali ty charact e ris ti c of automobile batt e rie sis their weight, becaus eit is sensit ive to the amou nt of lea d
in the batt e ry pla tes. A particular brand of heavy-duty batt e ry has a weight speci fi cation of 30 kg; it is known from
ex per ienc ethat the standard dev iation of the weight is 0.55 kg. For ty of thes ebatt e rie ssele cted equ iprobably from a
large produ ction run hav e an ave r age weight of 29.6 kg. Use a test of hypoth esi s with α = 0.01 to decid e if the
ma n ufactur ing process for the batt e rie s is sig n ific a n tly belo w target wit h re spect to batt e ry weight dur ing the large
production run.

A5 – 3. A new pre scr iptio n dr ug to be marke ted in table t fo rm is sup pos ed to con tain 5 mg of codei ne per tablet. Health and
We l f are Cana da(HWC) mu s tde cid e whet her to allow the sale of this medication. Den oting the true ave r age weight
(in mg) of codei ne per tablet as Y−−, repre sent e d by the model meanµ, HWC decid e s to carry out a test of the
hy pot hesis Ho: µ = 5  versus the hypot hesis Ha: µ ≠ 5 as par tof their inv estig a t ion.
(a) Exp lain brief ly why the above alt e rnative hypot hesis was chosen rat her thanHa: µ > 5 or Ha: µ < 5.
(b) For the nul l and alter native hypot heses chosen by HWC, des cribe the type I and type II errors, and the con se-

qu enc esof mak ing them, in the con tex tof this inve s tig a t ion.

A5 – 4. Warning flares of the type con taine din mos tau tomobile eme rge n cy kit s are sometimes defe ctive in that they fail to
ig n ite. A cons ume radvocacy group is to inv estig a te a cla im that the pro por tio n of flares that fail to ignite is much
higher than the value of 0.1 giv en by the manufacture r. A large sample of the flares, selected equ iprobably, wil l be
test e dand the res ult s us ed to decid e between the hypot hesis Ho: π = 0.1 and the hypot hesis Ha: π > 0.1, whe re the
model parameter π repre sents −P, the true pro por tio n of defective s fo r the popula t ion of all flares made by this
ma n ufacture r; if Ho is rej ect e d, a charge of false adver tising wil l be file dag ain st the manufacture r.
(a) Exp lain brief ly why the above alt e rnative hypot hesis was chosen rat her thanHa: π ≠ 0.1 or Ha: π < 0.1.
(b) For the nul l and alter native hypot heses chosen by the advocacy group, des cribe the type I and type II errors, and

the con seque n ces of mak ing them, in the con tex tof this inve s tig a t ion.

A5 – 5. To xicol ogis t shave fou nd that the wet weight (in mg, and repre sent e dby random variable W, say) of indivi d ual white
su cke r larvae one day pos thatch can be model led by a nor mal dist rib u tio n with a mean of 6.9 mg and a standard
devi a t io nof 2.6 mg.
(a) Fin d the probability that an equ iprobably-selected larva has a wet weight that is gre ater than 8.5 mg.
(b) Fin d the probability that theaver agewe tweight of a random sample of 25 larvae is gre ater than 8.5 mg.
(c ) Explain brief ly whether an ave r age wet weight that just exc e e ds 8.5 mg for a random sample of 25 larvae pro -

vi des good evi denc ethat the larvae areol der than one day ; sh ow you r re asoning cle arly.
(d) Repeat (c) but now set out the rea son ing fo rmall y as a test of sign ifican ce.

A5 – 6. A quali ty eng ine e rin an automobile eng ine pla n tmea s ure sa criti c a l dimensi on (in mm) of a sample of cranksh a fts at
regular int e rvals; the lat est 16 mea s urements are as fol low s :

224.1 20 224.001 224.017 223.982 223.989 223.961 223.960 224.089
223.987 223.976 223.902 223.980 224.098 224.057 223.913 223.999;

nume rical sum marie sof thes en =16 obs ervation sare:
sum of obs ervation s: 3, 584.031; sum of squ are dobs ervation s: 802,829.945 349.

The targe tfo r the dim e nsi on is 224 mm, and it is known from exper ienc ethat its standard dev iation is 0.060 mm.
(a) Use an appro priat etest of sig n ific a n ce to assess the evi denc eprov ide dby thes edata about whet her the process

fo r ma n ufactur ing the cranksh a fts is cent red on its targe t.
(b) Fin d an approxi mat e90% confid e n ce int e rval for the true ave r age dim e nsi on of the cranksh a fts produ c e dat the

engi ne pla n t.
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*A5 – 7. An ele ctr icity gen erating station dis charges its cooli ng wat e rin t o a riv er; an env ironm e n tal imp act assessment has
deter min ed that, as long as the ave r age tem perature of the cooli ng wat e rdoes not exc e e d65oC, the re wil l be no
adve rse effects on the riv er’s ecosys tem . To che ck whether the station is meeting this requi rement, the tem perature is
mea s ure dfo r each of 50 samples of cooli ng wat e rtake nat the poi nt of dis charge at 1-hou r in ter vals ove r2 days . The
discrep anc ymea s urez (give nat the rig ht) will be use dto deci de bet ween the hypot hesesHo: µ = 65
andHa: µ > 65, whe re µ is the model parameter repre senting the true ave r age tem perature
(in oC) of the cooli ng wat e rdischarged by the gen erating station. (As s ume that σ = 5oC.)

z = y− 65
σ /√n

(a) Fin d the value ofα (the probability of mak ing
a type I error) cor responding to the rej ectio n
of Ho whenz>1.8.

(b) If µ = 66. 5oC, find the value ofβ (the prob-
ability of mak ing a type II error) cor respond -
ing to the rej ectio n regio n z>1.8 and the
hy pot hesesHo: µ = 65 andHa: µ > 65.

(c ) If µ =70oC, repeat the calcula t ion in (b) .
(d) Use you r answe rs to (a) , (b) and (c) to con -

st ruct a diagr amli ke the one at the rig ht, in-
volv ing the sampling dis tributio n of Y−. [This
diag ram is base don the one on p. 491 of the
Te xt, illust r ating the discus sio n of bearing
diameters in Exa mple 6.20 – the diag ram in
(c ) sh ows the addit ion a lca s eµ = 2.02 cm.]

(e ) Give an appro priat eAnswe rfr om the sig n ifi-
canc etest base don the rej ectio n regio nz>1. 8
if y−= 66. 2oC; exp lain brief ly the type of error
that mig ht hav ebeen made in giv ing this Answe r.

1.99 2.00 2.01 2.02 2.03

µ

1.99123 2.00877

Sh ade darea s=α =
Pr (type I error) = 0.05

(cm)

(a) Ho tr ue

Y−

1.99 2.00 2.01 2.02 2.03
2.00877

µ

Sh ade darea =β =
Pr (type II error) ––∼ 0.082

(cm)

(b) Ho fa lse

Y−

1.99 2.00 2.01 2.02 2.03
2.00877

µ

Sh ade darea =β =
Pr (type II error) ––∼ 0.006

(cm)

(c ) Ho fa lse

Y−

A5 – 8. Elev ated blood chole s terol leve ls and bei ngma le are majo r risk facto rs for heart dis ease; thu s ,ma les wit h chole s terol
leve ls above 265 mg/dl, who for m a not insig n ific a n tco mponent of the popula t ion, are at appre ciably inc rea s ed risk
of hav ing a heart att ack. {The ave r age blood chole s terol leve l fo r all adul ts in a cou ntr y li ke Cana dais abou t 210
mg/dl [Science 84, pag e16 (April, 1984)] .}
A sample selected equ iprobably of 100 men wit h chole s terol leve ls ove r 265 mg/dl was tre ated with the chole s terol-
lowe ring drug chole s tyramine. After a suitable per iod of tre atment, the ave r age chole s terol leve l fo r thes emen was
fo und to be 228 wit h a standard dev iation of theaver age (o r‘s tandard erro r’) of 12 mg/dl.
(a) Use an appro priat etest of sig n ific a n ce to assess the evi denc eprov ide dby thes edata about whet her the tre atment

with chole s tyramine reduces the ave r age blood chole rst e rol leve l of all men above 265 mg/dl to a poi nt whe re it
no longe rdiffers sig n ific a n tly from the nation a lav erage(210 mg/dl).

(b) Fin d an approxi mat e 95% confid e n ce int e rval for the true ave r age blood chole s terol leve l of men wit h leve ls
abov e265 mg/dl who are tre ated with chole s tyramine.

A5 – 9. As par t of an inv estig a t ion entit led Effe cts of Bre wer y Ef fluent on Agr icu ltura l So i l and Pla nt Cro p s [Envi ronmenta l
Po llu tion (Series A) 33: 341 -351 (1984)], five samples, sprea dou t ov er the whole are aof highly alk alin e soil, were
treated with a liquid con sis ting of 25% wat e rand 75% aci dic brewe ry efflue n t ; the ave r age and standard dev iation for
the pH of the 5 samples were 8.00 and 0.60 respectiv ely.
(a) If the natural pH of the soi l fr om whi c h the 5 samples were taken was 8.7 5, use an appro priat etest of sig n ifi-

canc eto assess the stre ngt h of evi denc eprov ide dby thes edata about whet her the tre atment wit h the efflue n t
mixture really reduced the pH of the hig hly alk alin esoil.

(b) Fin d an approxi mat e99 %confid e n ce int e rval for the actual pH of the tre ated soi l.

A5 –10. Te xt Exe rci se 7.33 (page 532): The des ign of con trols and instrumen t shas a lar ge effec t.....
Num erical sum marie s
of the data giv en in this
qu estio n are:

Right thread Left thread Left -- Right

Su mof obs ervation s 2,603 2,936 333
Su mof squ are dobs ervation s 277,013 362,642 17,061

A5 –11 . Te xt Exe rci se 7.38 (page 534): The fol l owing situa tions all req uire infer ence about a mean or mea n s. .....
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