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1.      Write your Roll No.  on the top  immediately on receipt  of this  question paper.

i

2.      Answers may be written either in English or Hindi;  but the  same medium should
be  used throughout the  paper.

\

3.      All  questions  within  eac.h  section  are. to  be  answered  in  a  contiguous  manner on
the answer sheet.  Start each question on a new page, and all subparts of a question
should  follow  one  after the  other.

4.      All intermediate calculations should be rounded off to 3 decimal place.s. The values

p`rovided.in statistical tables should not be rounded off. All final calculations should
be  ro.unded  off to  two decimal places.

5.      Use `of a  simple non:programmable  calculator is  allowed.

6.      Statistical  tables  are  attached  for  your ,reference.

7.      This  paper  contains  two  sections.  Attempt  both  see.tions.
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Section I

iL\l questions  in Section. I are .compulsory.

1.     Let X be the .number of words  typed by a student in a min-ute.  .Suppose the.

probability distribution of x is as follows :

X 40 50 60 70

P(X-x) 0.1 0.4 0.3 0.2

Obtain the sampling distribution of the average number of words. typed in a

minute  (X)  by 2 studen.ts. Verify that the expected value of X  is equal to the

population mean.                                                                                                                (10)
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2`.,     (a)    Suppose the number of hours per week that a college student-spends on

social media platforms (X) has a inean of 20 hours and a standard deviation

of 4-hours. If sixty students are selected randomly, what is the probability

that the average hours spent by` this group on social media in a week is

between  19.8  and 21.1  hours?

(b)   Let the random variables X, Y and Z have the mean as 2, -3 and 4 and the

variances as  1, 5 and 2, respectiv`ely. Moreover, the .covariance between X

and Y is -2, between X and Z is -1  and between Y and Z is  1. Find the

mean and variance ofw = 3X -Y + 2Z.                                               (5+5)

(a)   Show that G2 = i'n (Xz. -X)2 is a biased estimator for o2. Suppose H

is   known  and  does   not  ha.ve  to   be   estimated  by   X.   Show  -that

G2=+i(Xz.-#)2isunbiasedforo2.

a)   Suppose a random variable has the following pdf :

f(x.,©)- ; j* 2 A and G >  1

otherwise

P.T.O.
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(i)  Asstime k is kno-Wn, obtain Metho.d {of Mom.ents (MOM) estiniator for

0.

(fi)  Assume k is known, obtain a Maxinium Likelihood Estimator (MLE)

for  ©. (5+10)

4.     (a)    Assume that the yield (i`n.tonne per hectare) for paddy (i.e. rice) is normally

distributed with mean H and variance o2. For a random sample of.5 districts

in Punjab, the yields (in tonne per hectare) in the year 2022-23 were 3.56,

5.25,  4.75,  4.48  and  4.03,  resulting  in  a  sample  mean  of 4.414  and  a

sample standard deviation of 0.6506. Find a 900/o confidence interval for H.

a)   In a study of habits of programmes watching on OTT platforms, it is desired
'

to estimate the average number of hours that an undergraduate student spends

watching programmes on OTT platforms. If the investigator believes that

almost all times in the distribution are between 0 hours and 70 hours and

population  distribution  is  not too  skewed.  What  sample  size  would be

appropriat.e for estimating the true average time.to within 5 hours with .a

confidence level of 95%?

(c)    For developing-countries inAsia and Africa, let pL and p2 be the respective

proportions Of preschool children with chronic ,m'alnutrition (stunting). If

respective random samples of n] = 1300 and n2 = 1100 -yielded x] = 510 and

x2 =  385  children with  chronic malnutrition,  find  ap  approximate  95%

confidence interval for p] -p2.                                                                   `(5+5+5)
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Section 11

Attelxpt  arty two  questions from  questions  5, 6  and 1..

5.     (a)    The incidence ofa certain type of disease in some tropical country `'ABC'

is believed to be 1 in 75. A random `samp'1e of 800 individuals of a Particular

state of that country reveals 16 who`have such a disease. Can it be concluded

that the incidence rate of this  disease  among the residents  of that state

differs from the presumed rate for the entire population. of the country?

(i)  State and test' the relevant hypothesis using the significance level of

5%. What type of error might you have committed in reaching this

conclusion?

(ii)  What  P-value  is`  associated  witb  this  test?  Based  on  the  p-value

approach, can the null hypothesis be rejected at a significance level of

200/o?

a)   Supp.ose t.he weights of two different glass products are'normally distributed

with average weights H] and H2, respectively. A sample from each of the

populations is drawn with the following sample statistics

Sample Size Sample Mean Sample Variance
Sample,1     - 6 22.73 0.027

Sample 2 5 21.95 0.058

P.T.O.
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Test whether the mean weights  of the two  distributi`ons  are  different or

not, using the level of significance of 5%. Which test do you use here and

why?                                                                                                                             (10+10)

6.     (a)   Let X deno.te the -thickness (in mm) of 'spearmint gum manufactured. for

vending machines. Assume that the distribution of x is nomal with a = 1.20.

A random sample of 25 observations was drawn resulting in a sample mean

of 7.8.

(i)  Test Ho  :  LL = 7.5  ?gainst Ha :  LL ±  7.5  at a significance level  1%.

(ii)  Using the information in part (i), find the probability of making a type

11  error when  H =  7.3.

(iii)  Using the information in part (i) and (ii), find the appropriate sample

size to ensure that the probability of making a type 11 err.or is  loo/o

when  or  =  0.01?

(b)   Students looked at the effect of.a certain. fertilize.r on plant growth. The

students tested this fertilizer on one group of plants (group A) and did not

give fertilizer to a second group (group 8). The growth of plants, in mm,

over six weeks were as follows:

Group A 55 61 33 57. 17 46

Grqup.B 31 27 12 44 9 25

Test at 5% level of. significance whether the fertilizer enhanced the growth of

plants or not (assume equal variances).                                                      (15+5)
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7.     (a)   The security department ofa factory wants to know whether the true average

time required by the night guard to walk his round is 30 minutes. If, in a

random sample of 25 rounds from a normally distributed population, the time

taken by the night guard averaged 30.8 minutes with a standard`deviati.on of

1.5 minutes, determine whether this sample p.rovides evidence to reject the

null hypothesis of H = 30 minutes in favour of the alt'ernative hypothesis

H > 30. Use the p-value to test the hypothesis at a 1% level of 'significance

and interpret the result.

a)   Detemine, based on the sample data shown in the following table, whether

the true proportion of shoppers favouring shampoo A over shampoo 8 is the

same in the two cities

Number favouring Number favouring
Total

shampoo A shampoo P
Delhi •132 68 200

Pure 160 90 250

Use the 0.05 level of significance.

(c)   Let X] and X2 constitute a,random sample from a normal Population ivith

o2 = 1.  If the  null  hypothesis  H  =  Ho  is  to  be  rejected  in  favo.ur  of the

alternative hypothesis  H >  pro when  =  >  Ho +  1,  what is  the  size  of the

frejection region (i.e. a)?

P.T.O.
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(d)   A random s.ample  of nx = 7 brand X light bulbs `yielded  =  =`891  hours
`and s: I 9201. A random sample of ny = '10`brand Y light bulbs yielded

y  = 592.hours and s; = 4856. Use this data to test Ho:  o2/a; =  1  against

H]: o2/a; > 1. Use the level of significance as 0.05 and state your assumptions

in conducting the test.                                                                              .(5+5+5+5)

dsl
en€ I *ch TTFT as g I

qFT rm x vaT ifu a. vat 5ia EI{T ETFT fir FT wh ift wh ai qFT rm x ffl
'-

HraE5ffl iaRT EH RE a :

x_ 40 •50 60 70

P(X-x) Oil 0.4 0.3 0'.2

2 iaffi. iHIT F5 iha S Ef!q' ifr TTT wh. ch Giro th(x) ffl aqT iaan "ta

tafen{i RE ire i*  x  i*T fflafdr qlF GFin qlca i* iiqlT €i                    (io)

2.     (iFT) "rm iaT vat rfu 5Ta..i=i{r.rfu iTE5ia haitin taEffi (x) TR iaap wh

ri ira ifr wh 5T qTEF 20 rfe 3ir qPliH`iaan 4 ifE ft rfe en5 iaqrfen iFT

qngRas aqF .fin iFTq, ch se ia5afl tirfu a. i5 ia anI HIT qtR ETaTa ti

fro th R iaap wh nd afro ifr 19.8 3ir 2T.1 if± i} fa an7
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(RT)  FTT rm qEPe a{ x, ¥ 3ft{ z i5T ira ffF¥T: 2 ,  --3 `3it 4 a an HH{uT ffq¥i:

1, 5  Gft{ 2 ai EHa fflfflaT, x  Bit y a.rfu iTanH{OT  -2 i,  x  3ft{ z a rfu  -1

€ aan ¥ 3k Z i} rfu 1 €i  W = 3X -¥ + 2z en qTer aft{ Ha{uT aTa qiftrl

(5,+5)

3.    .(d ) -tTa edge iaT  .G2 = i
J?,

(x,. -x)2,  02  5r {aT  arffro  ena5aiiT €i  qFT

rm   ifa  p im a air EHa5T ergrFTx  Ei{T a]TTq ri th 6iii5iiiRTT FgF €i ira

rfuifaG2=i£(xz.i")2,02fflFTtlifeGmaffifi

(iF) qTa. rm iaT ¥qT qEERE a{ ch RrirtlRqd flfro a :

f (x., 0) -
(Gko(i,O+10

;.x 2 fr .and G >  1

otherwise
/

(i) qFT rm  k an a, ch  o ifr itr  enrf ha  en5aaF  (qugiv)  rna

affickl

P.T.O.
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4.

10

(ii) TTFT rm  k aTa €, a  0  i± itr  fflffu irfu  6IT5aEFT  (wh)

rm  taiael `(5+1o)

`+}

(tF) TIT RE ida €IFT (rfu aTaa) ifl in (EF rfu ife E) Tica pr Sir iarm

02 ifr HTq HFTTF RI a iarfu an al ira ii 5 iin. ifr qngERE FF iE evgHR,

at 2022-23 ¥ ha  (ETrfu 3dr a)  3.56, 5.25, 4.75, 4.48  3ife 4.03  th,

its vRuiiHtqou aq]TqTca 4.414 3k |HTqTaiF iaRE 0.6.506 mi pr a Pe 90:

¥ffirfufflrmi  .

(a)  as TaEffi TIT rfu Eel th fflTEdi ifr v5 3T3FT¥, qa giv a]"T rfu

a. i¥ g5: Ela5 rfu ae taEwh .TR ± RE a. 6ha iaTch R iarm €1 .

rfe tifa5ffi 5T qa Jnffl a iaT a]rmT R Hqq. a. iaRT 0 rig a 70 R i± rfu

a. 3ft{ iHwh iin For HRTiT iin ra. €1 a 95% a ifro tar i± HFT 5 ifr

iiifeqREk3frormiFTqgr[Twhi±ifrrfu-enFgr3mam3qgaa

in?

(Tr)  FIT rm pL .3ife p2 th 3fi{ chin ifr ia5rfu Ech. ifr fltiEF i± ffi i± wh

giv  (rfu) a ife rfu lit G]grTa €i rfe ffq!T:  n]=i3OO  3k n2=iioo i}

qngRasxp.ax]=5203irx2=385ed-=^Iq.-qiifro-givai]aiT¥iTTai,a

pL -p2 a itr iFrmT 95% qfflarfu fu iTTa jiftri                   (5+5+5)
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dell

iTFT 5 , 6  3fiT i # a fasa wi 75r T3ETT thl

\

5.    (iF) tormiHraT€ iaTfa5tiG©in `ffi' ti fanfrREH5Rtfrat5T

in75¥aiaanfflgitRIedtfrfanianTiffla8OOETffiaqERErqT

FF a wh aaaT a iaT 16 qfan. a qa in. €i quT qa iffi iin lit HqTaT a

•f*3HilfflafiqTRIa.gHREaifediifi€{,inifixpGFrfuafty

en5qTfin R a iin a?

(i) 5% ifr iT5a tat t5T giv ed qTife qRi5an aaTET~ 3ife 3Hch wh

iREi  €H fas tR qrfu-a.  rd ifa Hq5I{ tft S th an3

(ii) EH qth fr p-air qin-en qFT i5§T =an r£?  p-givL ap a irTR

q{,  iHT  RT i]Ra}--giv-i-I  ch  20%  ifr ET5Ea H{  q{  a5iriq{  iin  iHT Hq5aT

a?

(.a)iTFTdtfroi5agiv-6RTTiaTHed.^ifr.an{mTERIafarfug,,ihaife

enl i5Fm lil 6ife LL2 €i Hha tiich qg a vat ]qFT ia5Tife ]qT Hffiae

ia RE iin TTqT a

lei tit 3TTq5R whJ ri rna rd tit lamt> th Ch

qF1 6 •22.73- 0.027

rm2 5` 21.95 •         0.058a -

P.T.O.
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6.

12

5% i± F5a i} ial tFT wh ed rfum irm ifa a fiwh $ afro uR itr

€ IT ifii qri TR am rfu-a qth tfiT.wh qRE 6ir ed.9              (io+io)

(E) TIT rm x aiin Tan i} itr iffi iaFRRE iFT ch iTET€ (ian ¥) ch ch €1

qFTa.iaTxiFTfian0.=i.2OifrHFTenFlq€125fflqan.5TqaTqTERas

|Fr fro fin TTqT its vRuiiHtqou igr win 7.8 ima =eni

(i) q5tq ia{  i6/O tR  IIa  :  H ± 7.5  a ianI  HO :  H I 7.5  ffl qthin ififdei

(ii) emT  (i)  ¥ it q€ GTPlffla iFT rfu ed or,  pr = 7.3  a, a ETF  11

d±t aft aPr atTq". RT  aENtri
/

(iii) ant  (i.)  air  (ii) a. it q§ GqRE ffl wh ed gr,  or = o.oi  a,

ch qa gil .ed i} Pe 3qgiH ]qT  3maiR Eta ire i* ETET

11 S an dfr in i0% €7

(-za)`cha-TftatiftEfaRFiainisi±RTcheenich.aHfaiFrqin
REaHH¥.(TEA)TRiinrmsnI(nIB)ch3fa"iini±
HtalastifeffafrIFa,fidiR±S,fiFin S:          `.

nIA 55 61 33 57 17 46

nIB 31 27 12` 44 9 25

5%TT5tFaiartRqthirmifafa}Tth.chtfachqgiqra"ffi(.HFFT

H5{uT qFT rm)I                                                                                               .(15+5)
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7.      (iF)  vqr`iREiFTquifuqaiHTfflTaT5FT € iaT `irqchm^II TTis ch rfu aEF5Iwh

¥ 8ha 30 ifu 5T qT5TfaaF Hqa a]m a Th "i rfe rmq RI a iarfu GTfa

a 25 aaffil ii fflEGas FS S, iffirfu wi Et{T iin TTqT t]qT She 1.5 ifr

i} "5 farm ii enq 30.8 ifr a, a aTa- rm iir fflT qa try aqTfha

qRa5an pr > 3 o ifr trm ¥ p = 3 o ifr ift qu qR55an a ffltfro ed i} fu

enca HEFT i5{aT fi  i% q5a a rat TR tiRqiqulL 5T rfum ed 6ife th ch

qlen ed ii far p -qPl iHT wh iflftri

`       (RT)  @qrdRqd rfu¥ fro lip iHT in i± entli{ qR iTTET ifty fS ifflT dr. B

th ga]T ti fro A a rfe ed ri ire. 5T qRafaiF a=qTa ffi wh. a HqFT

a''
-

dr A ch qfa ed fi a ch q* ed •ffl
® C\ 1®

qTch ift tin rd fl wh
fan 132 68_ 200

E@ ]60
\.90,I_--250-

0.05 q5tq' H{ 5T wh armi

(q)  "rm x] 6it x2, 02 = 1 wh vaFT iraq GTwh a FIE qngEFT aHT ed
-

gi rfe  ¥ > Ho + 1 a, ch qF qRa5an H = Ho ch aqrfha qf± H >.Ho i±

tRI S fry iin ffl]T £, a REap ha (ffltia Or) iFT 3ffll fflT a f

P.T.O.
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-a       (q)   n.`'± 7i±FinEERErda.xife-afflgaEEdia ,¥ =`89i.ifa`3ir s'i,= 9201

in§eniny=i0i±vaTqngfroqaaxdsi±aT=awh.ay=592tfE6it

s;=4856rm€en€iE5fafflH,:oi/a;>iiaiacaHo:_o2/a;=ifflqun

ed a'itr wh irmi' 0.05 i± T5a cat ffl `ch ifty at wh ffu wh
~-a in an TTat qrmi

(5+5,+5+5)
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Ta.ble A.1     Cumulatiue Biriomfa! Probabilities
aj „ = 5
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:,,,,'.t'',','.I,',.,;,.t:;,'.'t,'..,',..jjH,::.I..`;i;',#r#

•'

b.  „ = 10

0.01          0.05         0.10         0.20        0.25       0JO       0i40       0.50       0.60       0.70       0.75       0.80       0.90       0.95       0.99

.000        .000

.000        .000
-000        .000

.000        .`000

..000-       .000

.028        .006        .0-01        .000        .000.       .000        .000

.'149       .o46       .oll        .oof       .ooo       .ooo        .ooo

.383        .16`7        .055        .012        .002        .000        .000

.650        .3§2        .172        .055        .01-I         .004        .001

.850        .633        .377        .166        .047        .020        .006

.599          .349

.914          .736
•988.          .930
.99 9         .987

I.000          .998

I.000
I.000.

I.000
1.000
I.000

-0.40'       0.50       0.60       0.70

.000       .000        .0 00

.obo       .ooo        .ooo

.004       .000       .000

.018.        .002        .000

.059        .009        -001

I.000       .999
I.odo -I.ooo
I.o-oo      I.ooo
1.000      1.000

I.000     ,I.000

.939

.982

.596

.9,99
1.000,

0.01          0.05

`Co»righr2010CcngageLeamipg.AIIRightsRcscrd.Maynatbecopied,scmned,ordaplicaeed,.m`.holeorinpctDuetoclectroqicri.chis,some.ihirdptryconmt`maybcslrppresscdfromlhecBookand/orcchoptctts).

Editorialrcviewha5dccmedtha!anysupprcssedcormtdoesmtmateriallyaffcclthcovcTalll¢arrfugexpcficocc.CengageL¢apingttservcsftyrigb(tolc[riowcndditiomlconten.tatatylimcifsiibseq`Icotrigivsrcsin.ctionsrcquheil

P.T.O.
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•`1p:  u!rr." es          A.3

B(a..'1,P)-£',(r„.P)
.ao

.000       .000        .000        .000        .000       .000        .000
ooo       .ooo        .ood        .ooo        .ooo       .oob        .ooo
000        .000        .00-0        .000        .000       .000        .000
000       ,000       ,000       ,000       .000       .000       .000
000        .000        .000        .000        .000        .000       .000

.000
000
.000
.00'
.004.

(|.o'''in''c,t'

1

d.  ,I = 20

0.0 I          0.05

.818             .358

9$3            736
.9,)(,           ,92 5

'.00()       \.984

I.00('           .(Jq7

I.00()

I.00')

I.000
I .000

I .000
~ I .()00

I ,0()0

I .000

I .0()0

I ,000

('op)Ti:I`i:01tll.onpe:i.L,i`aming.^11RighlsRcsgiv.ed..\la}'mi!h`ciirird5i.3iinul,.iTdurlli..Iud.tli\\.holcorinpon,Ppi`Ioi`l,TiTonii`righis.somethiulTiarty.conlrmtma).bc,apmw5sedrmnthcc8twhandtiictrfupltT(sL

Ediliimlrt``ig`\.he§dctlnedLhalqnysuwresse`lcontEN[dr.e:inol"tcri@1l}.i]lT`viih``{i\'mlllcammgcxptrri€iic¢.C'cngag¢Lcquingn:sin.t5Ihcrigh|mTcmo`.caddi`ioRalcoriientotao}'timcTr§ub5cq`ienlTi!htsmswicliorisTqtdeil.
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A.4               =prrl?:,`.?=}`lr--,

•Trfeie A.1     Cumul:±ive Binomial  Probabilities rconfJ

c.  ,I  = 2S

17

B(x„.p)-i,,®v.,',,p\
\.=0

0.20        0.2S       030       0.40       0.S0       0.60       0.70       0.75       0.80       0.90       0.95       0.99

0        ,778          .277          .072          .004        .001        .000        .000        .000        .000        .000        .000        .000        .o0o        .ooo        .ooo
I         .974          .642          .271           .027        .007        .002        .000        .000        .000        .000        .000        .000        .000        .000        .000
2        .998          .873          .537          ,098       ,.032        .009        .000.       .000        .000        .000        .000        .000        .000        .000        .000
31.000          .966          .764          .234       .096        .033        .002        .000       .000+.000        .000        .000        .000        .600        .000

I.000          ..993           .902          .421        .214        .090        .009        .000        .000        .000        .000        .000        .000        .000        .000

1.000
I .000
I.000

I .000

I .000

I..000

I .000
1.000

I .000,

I .000

I ;000
I-.000

I .000
1000
1.000

I.000
I .000
.I.000

I.000
I.000

Table A.2     Cumulative pojsson probabilities F(x..p,--i.eE#

.I                   .2                   .3                   .4                   .S                   :6 `               .7                   .8                   .9                  I.0

0                .905                .819          .     .741                 .670                .607                .549                .497                .449                 .407                .368
I                 .995                .982                .963                 .93 8                .910                . 878                .844                . 809                 .772                .73 6
2.             I.000                .999                .996                .992                :986                .977                .966                .953                 . 937                .920

.i              3                                        I.000              I.000                .999                .998              ..997                 .994                .991                 .987                 .981
4                                                                                           1.000              I.000              1.000                 .999                .999                 .998                 .996
5                                                                                                                                                                              I..000               1.000               I.000                 .999
6                                                                                                                                                                                                                                                   I.000

`-,--.----.`---------.------.-~-.--------------------.----.-.-.------------.--------------.----------..--.-------i+--.-`-----.----------------.--.-------.-

(continued)

\

Comri.chi!010Ccng3gclrfung.AIIRi§htsRcscrvctLMayrothecopied,scapnd,ordupljcaii!d,iou.TholcorinpariDuctoclcctwicrighp,sofiiethirdpartyctintcningybes`rppresscdfromth€cBockand/drcchaptcm

EdiforialTeyicu'hasdeefr`edfulrmysupprcssedcoatcnldmsnol"lrfullymccithcovmlllrmiagexpen.ence.Ccngrgelcamingrt§er`'csthorighttofcmovcnddiliondcontcnlalapytineirslibscquentn.ghtsrcsm.ctionsToquifcft,
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A.pperidix Tdbies           A-5

F(I,P,-,±o¥

7.0                8.0               9.0               10.0             15.0             20.0

.000              .000

.000             .000

.000              .000

.000              .000

.001                .000

6522

Table A,2    Cumufa{jve po[sson probabilities rcoprJ

2.0               3.0               4.0               5.0               6.0

0               ..135               .050               .018               .007               .002
I                L.406               .199               .092               .040               .017

2              .677              .423              .2.38,              .125              .062
3                 .857               .647               .433                .265                .1511

947              .815              .629              .440             .285

Coprigbl2010Catgr8eLcaming.Al]RIchtsRcscnd.May8olbccopic4scanoed,ordaplicated.inwholeoTinpari.DBctoclccthEn`ghts,somethirdpartyconLenirty.besopprcssedfromthecBockand/o[cchaptortls).

Editohalrcvieq.hideendthoanysuppftssedcoatenlao¢sroitmich[lyafrectthLo`mllleaningexpchence.Cenga.cehamingresct`.estherighuoTrmveaddihondcondmtatan}.limcirsubequcBIrichtsTcs8iqu-onsrapdreil.
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A-6           .A I,pe;:Pix Tabl€S

'Tabie A,3    Standard Normal curve Areas

Z

--3.4
-3.3
-3.2
-3.1

i.o

.01                  .02

19

-        &\-P(Zs ='

Standard nomal detisity curve

0

.07                   .08                   .09

0.4
0.3
0.2
0.I

0.0

.0003               .Oq03

.0005               .0005

.0007              . 0006

.0009              .0009
•ool 3               .ooi3

..0018                .001,7

.002 5               .0024
J0034               :0033
-och5              .0044
•0060              .0059

.0080              .0078

.0104               .0102

..0136                .0132
.D174               .01,70

.0222              .0217

..0287                .02 81

.03 59              :03 52

.0446              .043 6

.0548              .053 7

.0668          `   .0655

.0808              .9793              .0778

.0968               .9951               I.0934

.1151                     .J131                     .11.12

.i357              .i335              .i3Ia

.1587                .1562                .1539

.1841.                  .18.14                 .1788

.2119               .2090               .2061

.2420              .23 89              .235 8

.2743              .2709              .2676

.3085              .3050              .3 015,

.3446              .3409              .3372

.382 I               .3783               .3 745

.4207              .416 8              .4129

.4602              .4562             .4522

.5000              .4960              .4920

.0071

.obg4

.0122

.0158

.0202

.1711

.-1977

.2266

.2578
•29-12

:0003               .0003               .0002
.ooo4              -boo4              .ooo3
.ooo5               .ooo5               .o6o5
0008              .0007              .0007

..00u               .00.10               .0010

.0015

.0021

.0028

.0038

.0051

.006 8              .0066              .0064

.0089              .0087              .0084

.0116                .OJJ3                .0110

.0150               .0146               .0`143

.0192               .01`88               .0183

.0708
-0853
.1020
.1210
•1423

.0239             .0233

.0301               .0294

.0375              .0367

.d465              .0455.

.0571                .0559

.1660                .1635

.1922               .1894

.2206              .2177
_.25 I 4               .2483

.2843               .2810

.3`192                .3156                .31'2]

.3557              . 3 520              .3482

.393 6              .3 897              .3859

.4325'             .4286              .4247

.472 I               .4681              ,.4641

®continued)

Gop}richL2010CcngagcLcawhg.AnRighlsRcscful,`tryrotbecopied.sc"c4orduph.cared.i8wholeorinpriDtietoclerfunicrigho,someihidfrtycofncnimaybesappTcssedfromthccBocknd'orcchaptcrts).
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I
Table A.3     Standard  Normal cuwe Areas fcor}{.,j

20

I'`Lr]€-`rirT  €`es           A+]

®(2) - P(Z = z)

.0 0                    .0]                    -.02

.5000              . 5040              .5080

.5398               .5438               .5478

.5793                .5832               .5871

.6179                .62]7                .6255

.6554               .6591              ..6628

.6915               .6950               .6985
7257               .7291                .7324

.7580                .7611                .7642

.7881                 .7910                .7939

8159.                 .8186                 .8212

3.0
3.I

3.2

3.3

3.4

.993 8               .9940

.9953               .995 5

.9965               .9966

.9974               ..9975

.§981                 .9982

.9987

.9990

.9993
•9995
.9997

.8461

.8686

.8888

.9066

.9222

.03                   .04                   .OS                   .06                   .07                   .08                   .09

.5120                .5160               .5199               .5239                .5279                .5319                .5359

.5517                .5557                .5596               .5636                .5675                .5714                .5753

.5910                .5948                .5987               .6026                .6064                .6103                .6141

.6293               .6331                .6368               .6406               .6443                .6480               .6517

.6664\             . 6700              .673 6              . 6772              . 6808               . 6 844

.7019                .7054               .7088               .7123

. 7357               .73 89               . 7422              .. 7454

.] G]3            .]io4            .m34           .] i 64

.7967               .7995               .8023               .8051

.8238               .8264               .8289               .83 I 5

8485               .8508               .8531             us554               .85.77
8708               . 8 729               .J8749               . 8 770               . 8 790
8907               .8925               .8944               .8962               .8980
9082                 .9099                 .91,1\5                 .9131                  .9147

923 6               .9251               .9265               .9278               .9292

.9793

.9838

.9875

.9904

.9927

.9945

.9959

.9969

.9977

.9984

.9949

.9962

.9972

.9979

.9985

.9990

.9993

.9995

.0996 .

.9997

•9817     ,\

.9857    ,

.9890

.9916`.,

.9936

Cop}riebt2010CeneBgcLcaming.^lIBigfroRescnd.Ma.`.rmtbecopiedscannd.orduplicated.iou.holcorinpan.Duncl[`tronicn.ghls,somciliirdptryconlcntnybcsoppressedfromLhecBockndlorcthplcrt§j.

flitorialrc`iewhasdermedthatanysuppressedconlentdusnotmtcn+all}.8rrctlthcm'culllciningcxpchence.('cn?geLen`ungrescr`.csthen'chnoftmoveaddiiionalcontentatan.vtimeirsubscquentrigivtsresrrichonsTqulircit.
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A-8              ..A...D!]€T\ din Tdb}es.

Table A.4     The incomplete Gamma Fur!ctiori

21

fl(*:a,-f±ys-,e-.,,a.v

1                       2                       3                       4                      5                     6                     7                     8                    9`                   10_---T__T=.`-._-_--___=--__--_--.-__-----_____--.------_---------_----------
.632                   .264                   .080                   .019                 .004                 .001                  .000                 .000                 .000\                .000

.865                   .5 94

.950                    .801
•.:;;; .143                  .053                  .017                 .005                 .001                  .000                 .000

.353                  .185                  .084                 .034                 .012                  .004                  .001
.982                    .9o8                    .762                    .567                 .37r                 .2 1 5                 . I 1 1                  .o5 I                  .o2 I                  .oo8

Copyn.ght2010Cc8gageLcaning.AURi8htsRcscnd.Mayooibecopied+scaned`ordxpHcaicdyinwholEotinpr.Duetoclcctmicrights,soneurrdprtycentcatngrbcs8pprEssedhaLbecBnd:and;trccftyq(a).
•Edhorilrcviowrhasdcemedlha!anysapprcsscdcmtco!doesrotrmten.anyaifecttheo`.tmllleaningexperiencc.Cen8ngeLeamingrescrvesthcrigh[tomowe8dditio.Dalconermatanytimeifsobsqutn.8btsresticlins[cquheil

P.T.O.
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TableA.5    Criticarva!ues for fDistributions

__I_.___--__-_-_-
~LL__

22

Ai!pe[`dir.ra}]J¢i           A-9

_/„ densily curve

0                   `a.„

.10                            .05                            .025

I                         3.078                        6.314                         12.706
2                        1,.886                        2.920                          4.303
3.                          I.638                          2.353                            3.182

4                        I.533 2.132                          2.776

2.015                            2.571

1.943                        2.447
i.895                           2.`365
I.86`0                          2.306
i.833                          2.262

I.753                             2.131

I.746                         2.120
1.740                           2.110

I.734                       i.I ol
I.729                         2.093

I..725                          2.086
I.721                           2.080
I.717                         2.074
I.714                           2.i)69
I.711                           2.064

2.060
2.056
2.052
2.048
2.045

I.697                         2.042
I.694                        2.03 7
i.691                          2.032
I.688      _                  2.028
1.686                         2.024

1.684                          2.021
1.676                         2.009
1.671                           2.000
I.658                          1.980
1.645'                          I.960

.00S                              .001

31.821

6.965
4.541
3.747

3.365
3.143

2.998
2.896
2.821

2.602
2.583
2.567
2.552
2.539

63.657                          318.31

9.925                          22.326
5.841                              ]0.213

4.604                             7.173

4.032                            5.893
3.707                            5.208
3:499                            4.785
3.355                             4.Sol
3.250                           4.297

3.169                            _4.144
3.106                            4.025
3.055                             3.9.3 0
3.012                             `3`.852

2.grll`           `       -3]8n
2.947                           3.733
2.921                               3.6.86

.2.898       `                3.646
2.878                              '3.610

2.861                               3.579

3.552
3.527
.3.505
3.483
3.467

2.787                           3.450
2.779                          3.435 '
2.771                              3-.421
2.763                           3.408
.2.756                           3.396

2.750                           3.385
2.738                            3.365
2.728                            3.348
2.719                             3.333
2.712                             3.319

3.725
3.707
3.690`
3.674
3.659

2.704                           ,3.307                           3.551
2.678.                             3.262                             3-.496
2.66.0.                           3.232                           3.460
2.617                            3.160                            3.373
2.576                            3.090                            3.291

Cop}n.ght2010Ccaga8eLeaning.AURigbeRcscrdMaymtbecopiedscancd.o[dxplicaied,inwhleorinprlDbetodEcwhcTights,somcdirdpayconleninybesopprcsrdfrothccBckmarorcctrylafs}

BditorialndevhasdecndthalanysoppmssedenicoidcesDotmledatryaITecttheovemnlearigapinee.CcngageLrfug[cqucsthcn.ehltoTcmoveadditioaalcontotut8nylinejfsobscquchri8bercswi¢ionsrcq`iirciL
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One-sided Intervals

=90%
ijiiiEi,_
103.029

J3.995    I     17.370

9.083   i     ]2.387

Table A,6    Tolet'arice Critical values for'Normal Population Distributions

Two-sided lnlel.vals

Coriridence Le.vel 95% -99% 95%

% of Population Captured =90% =9SO/a ± 99% ' =gd% =95o/i =99%I =90% =95%

2 32.019 37.674 48.430 I 60. I 93 188.491
-I-242,300

20.581 26.260
3 8.380 9.916 12.861 18.930 22.401 29.055 6.156 7.656
4 5.369 6.370 8.299 9.398` I I . I 50 14.527           4.162 5.144
5 4.275 •5'.079 6.634 6.6]2 7.855 10.26b          3.407 4.203
6 3.712 4.414 5.775 5.337 6.345 8.Sol 3.006 3.708
7 3.369 4.007 5.248 4.613 5.488 7.187   I

'      2.756
3.400

8 3,i36 3.732 4.891 4.'147 4.936 6.468  i       2.582 I       3.187

9 2.9€7 3.532 4.631 .      3.822 4.550 5.966 2.454 3 .03 I
10 2.839 3.379 4.433 3.582 4.265 5.594 2.355 2.911

11 2.737 3.259 4.277 3.397 4.045 5.308 2.275 2.815'

12 2.655' 3.162
L4.150

3,250 3.870 5.079 2.210 2.736
13 2.587 3.081 4.044 3.'30 3.727 4.893 2,155 2.671

14 2.529 3.012 3.955 3.029 3.608. 4.737 2.109 2.6'5
1S 2.480 2.954 3.878 2.945 3.507 4.605 2.068 2.566
16 2.437 2.903r 3.812 2.872 3.42] 4.49'2 2.033 2.524

.  Samplesize"     17 2.400 2.858 3.754 '2.808 3.345 4.393 2.002 2.486
18 2.366 2.8 I 9 3.702 2.753 3.279 4,307 I .974 2.453
19 2.337 2.784 3.656 2.,703 3.221 4.230 I .949 2.423
20 2.3 I 0 2.752 3.6.15 2.659 3.168 4.I,61 I.926 2.396 '
25, 2.208 2.631 3.457 2.494 2.972 3.904 I.838 2.292
30 2.I 40 2.549 3.3`50 2.385 2.84 I 3.733 I..777 2,22.0
35 2.090 2.490 3.272 2.306 2.748 3.611 1.732 2.167

40 2.052 2.445 3.213 2.247 .      2.677 3.518 I.697 2.126

45 2.021 2.408 3 . I 65 2.200 2.621 3.444 I.669 2.092
50 I .996 2.379 3.126 2. 162 2.576 3.385 I.646 2.065
60 I.958 2.333 3.066 2.103 2.5060 3.293  I       I.609 2.022
70 I .929 2.299 3.021 2.060 2.454 3.225 I,581 .I .990
80 1907 2.272 2.986 2.026 2,`414 3.173 I.559 1 .965
90 I.889- 2.25 I 2.958 I,999

'2.382
3.13.0 I .'542 I .944

loo I.874 2.233 2.934 1 .977 2.355 3.096 I .527 I .927
150 I.825 2.175 2.859 I ,905 2.270` 2.983 I.478 I.870
200 I.798 2.143 2.816 I.865 2.222 •2.92] I.450 I.837
250 I .780 2.12] 2.788 I.839 2..191 2.880 I .43 I I.815

300 I .767 2,106 2.767 I.820 2.169 2.850 1.4 1 7 I.890
cO I .645 I .960 2.576 I.645 I.960 2,576 i.2.82 I .645
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Table A.7     Critical ValLles for chi-5q8ared  DistribLztions

"\      .995 .99

1     i         o.000               o.ooo
2               0.010               0.020
3                  0.072                  0-115

24

^.L£:*ci,x  ,?i:i,`             A-11      i  `:Jtl;

0                      L x`2"

.T-_-,`.::I------I___----_-----_----_-------------

:-i
0.207               0.297
0.412               0.554

6     i         0.676               0.872
7      i          Q.989                 I.239

13.120              14.256

13.787             14.954

14.457              15.655
15.134               16.362

15.8i4             17.073
16.SOL              17.789

17.191               18.508

17.887              19.233

18.584             19.960
19.289             20.691
19.994            21.425
20.706            22.164

.975                   .95                    .90                    .10.                    .OS                   .02§                   .01                    .005
------------------ ~ ------- ~    ~ -----   _ ~-*~-~ ------- * -,-------, ~=---~,-~-

0.001   `           0.004               0.016               2.706
0.051                  0.103                 0.211                  4.605

().`216                 0.352                 0.584                 6.251

0.484                0.711                  I.064                7.779

0,831                   I.145                  1.6LO                  9.236

I.237                 I.635                2.204              -10.645
I.690            -2.167               2.833              12.017
2.'180                2.733                3.490              13.362

2.700               3.325                4.168              14.684
3.247               3.940               4.865             15.987

3.816               4.575                5.578              17.275
4.404               5`.226               6.304             18.549
5.009                5.892               7.041              19.812
5.629                6.571                '7.790             21.064
6.262               7.261                8.547             22.307

6.908               7.962               9.312            23.542
7.564              . 8. 682             10.085            24.769
8.231                9.390            .10.865             25.989
8.906               10.11`7                11.651'              27.203

9.591               10.851               12.443              28.412

10.283               11.591               13.240             29.615

10.982              12.338             14.042             30.813

I.I.688              13.090              14.848             32.007

i::f2!        i3::1i        ;::f;:    ,   :::i::
13.844              15,379              17.292             35.563
i4.573            i6.i5i             i8.I ia            36.74i
15.308             16.928              18.939             37.916
16.147             17.708              19..768             39.087
16.791              18.493             20.599             40.256

17.'538              19.280             21.433             41.4'22

18.291             20.072            22.271             42.585
19.046            20.866            23.Ilo            43.745
19.806            21.664            23.952            44.903
20.569            22.465            24.796           46.059

21.336            2.3.269            25.643            47.212
22.105            24.075            26.492            48.3 63
22.878            24.884            27.343            49.513.
23.654            25.695            28.196            50.660
24.433             26.509             29\.050             51. 805

3.843               5.025               6.637               7.882
5.992                7.378                9.210              10.597

7.815                  9.348               11.344               12,837

9.488                11.143                13.277               14.860

11.070              .12.832               15.085               16.748

12.592              .14.440               16.812               18.548

14.067              16.012              18.474             20.276
i5.507             i'7.534            20.090            2 I.954
16:919         f   19.022             21.665             23.587
18.307             20.483

19.675             21.920
21.026             23.337
22.362             24.735
23.685              26.119

24.996            27.488

26.296             2 8.. 845
27.587            .30.190
28.869             31.526
30.143             32.852

31.410              34.170

32..670            35.478
33.924             36.781
35.172           i.38.075
36.415             39.364
37.652            40.646

38.885             41.923
40.113              43.194

41.337             44.461
42.557            45.772
43. 773            46.979

44.985            48.231
46.194            49.480
47.400           50.724
48.602             51.966
49.802            53.203

50.998            54.437
52.192            55.667
53.384-            56.896
54.572             58.119

5 5.75 8            59.342

23.209             25.188

24.724            26.755
26.217            28.300
27.687            29.817
29.141               31.319

30.577            32.799

32.000
33.408
34.805             37.156
36.190             38.580
31.566           39 :997

38.930           41.399
40.2 89            42.796
41.637             44.179
42.980            45.558
44.313            46.925

45.642            48.290
46.9.62           49.642
48.278            50.993.
49.586            52.333
50. 892            53.672

52.190            55.000
53.486            56.328
54. 774           57.646
56.061             58.964
57.340           60J272

58.619             61.581

59.891             62.880.
61.162             64.181

62.426            65 i473
63.691             66.766

Forv>40.X2a`y=V(-%v+ZaJ?}

Capyn'giv20IOcenga8ehaming`AllRightsReserved.Mayrotbecopied,scaricd.otdLiplicated,inwholcorinparLD`ieioelectrohicri8be.somcthndpartycontenLmaybesvppreedfroDtheeBockand/orcchaptcf(§).

Editorfurevicwhsdecndthatanysoppussedconlmtdorsmtrm(on.all}alTckqreowaqleaminggivcncc.CcngageLcaming7escmstberighHo[cnove8ddiEoulcoulcatdt-anytincifsobsc`q`ucntrichtsTcsthedoesxpheiL
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Tab!gA.8    i curveTaif Areas

25

Area to the

.   rightofl

¢conlinued)

..031      .030

.026     .025

.022     .021

.019     .018
•016   `.015/

6522

Cbpyright20locengagcLndng.AllRighisRcscTulMryrotbecopied.scmrdordaplicaEed.inwhlcorinpmDuefoclectronicri§hts,soncthirdprtycorfurtybcsuppTcsscdfromthecBock8nd/orcchaptcrts).
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/\ppend'u{Tabie5           A.-13

6522

Table A.8    rcurveTail Areas fconf.J

500      .500      .5
461`      .461       .4

421      .421      .421
383      .383
346     .346      .3
310..310      .3

Coprjght2010CcngagcLeming.^llRI8hisRcscrvcd.Maynotbccopied`scoued,orduplicated.inwhteorinpat.Dq;roelectndcn`ghts,soq]ethirdtrtyrcoiifutmybesuppresedfromthecBockand/oTechapterts).

Edjwhlrc`riewhasdemedthatanysopprcs5edccatcctdocsbot"tcriallyaffecuhcormllJcaningapedence.Cengagelim~mgrcscrvestherighltoremovcadditionalcorfutatanytim¢ifsdsapientn.ghtsrcsBichansrrfufcit.
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I.I = numerator df

6522

A-14           AppendixTables

Table A.9     Critical values for F Distributions

I                     2                     3                     4`                    5                     6                     7                     8                     9

39.86              49.50              53.59              55. 83\              57.24              58.20              58.91               59.44              59.86
233.99           23 6.77            238.88            240.54

5859.00,         5928.40         5981.10         6022.50
585,937         592,873         598,144         602,284

9.33                  9.3 5                  9.'37                  9.3 8
19.33                19.35                19.37                19.38

99.33               99.36               99.37               99.39
999.33            999.36            999.3 7            999.39

5.28                 5.27                 5.25                 5.24
8.94                  8.89                  8.85                  8.81

2J.91             2;].6rl             `2].H9             '2].35
132.85              131.58              130.62              129.86

161.45             199.50            215.71            224.58            230.16
4052.20         4999.50         5403.40         5624.60         5763.60
405,284         500,000         540,379.        562,500         576,405

8.53                 9.00                9.16                9.24                9.29
I 8.51                  19.00                 19.16                 19.25                 19.30

98.50              ;9.`00              99.17              99.25               99.30
998.50            999.00            999.17            999.25            999.30

5.54                 5.46                 5.39                 5.34                 5.31
10.13                  9.55                  9.28                  9..12                  9.01

.34.12             30.82             29.46             28.71              28.24
167.03               148.50              141.11-               137.10              134.58

2.33                 2.28                 2`.24                 2.21
3.00                 2.91                 2.85                 2.80
4.82               4.64       .       4.50                4.39
8.38                  8.00                 7.71                  7.48   `

(conlihued)

2.39
3.11

5.06
8.39

4.11

6.39
15.98

53.44

62                 3.52
.41                    5..19

.06               I i.39

.20               31.09

GgivTi8bt20loccflgagcLming.AI(RjshlsRcsmedMayholbecopied.scared,ordaplicalcd,iBwhlcorinpaf`Dceto¢lcrfuicrigha,sofncthirdpartycon"ma}.bcsoppTcedfromthecBockand/oTecbgiver(s).

EditorialTc`iin/basdecndthlmyappressedcoqmdocsrmmchllyafhatbcowmlllcarri8apedcace.CemgeLchgTcscrvestberigivtormovcadditiondca"alanydneifsiibeequcutri8hlsTtsrfufrofgivil

P.T.O.
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Table A,9    Critical valu`es for F Distributions fconf.J

7/I = numerator df

10                   12                   15                   20                   25                   30                   40                  50                   60                  120               1000

62.79              63.Q6              63.30
252.20           253.25           254.19

6313.00         6339.40         6362.70
631,337         633,972        636,301

9.47               9.48               9.49
19.48              19.49              19.49
99.48             99.49             99.50

999.48           999.49           999.50

5.15                   '5.14                   5.13

8.57                 8.55                 8.53
26..32               L26.22               26.14

124.47      J-1.23.97           123.53

60.19              60.71              61.22              61.74             62.05              62.26             62.53              62.69
241.88           243'.91            245.95           248.01            249.26           250.10           251.14           251.77

6055.80         6106.30         6157.30        6208.70         6239.80        6260.60         6286.80.       6302.50
605,621        610,668         615,764        620,908        624,017         62.6,099        628,712        6302§5

9.3 9                9.41                9.42               9.44               '9.45                9.46                9.47'               9.47
19.40              19.41               19.43              19.45              19.46              19.46              19.47             .I 9.48
99.40             99.42             99.43             99.45             99.46             99.47             99.47            9 9.48

999.40          999.42          999.43           999.45           999.46          999.47          999.47          999.48

5.23                  5.22                 5.20                 5.18                 5.17                 5.17                 5.16                 5.15
8.79                 8.74                 8.70                 8.66                \8.63                 8.62                 .8.59                8.58

27.23             27.05             26.87             26.69             26.58             26. 50             26.41             26.35
123.25            128.32            127.3.7            126.42            125.84           125.45            124.96           124..66

(continued`

2.46
3.22
5.52

10.84

Copyrigbt2010CengageLearning.AIIRighisReserved.Mayno(bccopthscaned,ordxpticaed.inwhleorinpat.Due(oelecfronierighe,someth.nlprtycontcatrtybcsappmsedrfudecBockand/oreaxptcrt§}

Editorialrwiewhasdeerdthtnysappres5edcoDtcnldoescotmatcTiallyaffecttheoverallleaningexpedcace.Ccngagc`Lrm`mgnscfvc§1heTighitorenovcaddiliondconlcatalapydmeifsub§quicntn.ghtsresm.ctiousrrfureit..
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A-16          AppendixTables

Table A.9    Critical YaJues for. F Distributions rcon£.)

zJ] = numerator df

34

1.95                  '1.92

2.37          `   2.32
3.41               3.30
5.09               4.89

1..94                 1.91

2.36           '  2.30
3.36              3.26
4.99              4.80

€conlinued)

24
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¢conlind)
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Table A.9    Critical Values for F Distributions (con€J

zJt = ntlmerator df

2S                   30                   40

I.93                 i.92
2.34                 2.31
3.43                 3.38
5.47                 5.37

Comip12010CcogageLcaraing.AURigptsRcscrdMrynotbecopiedLscamed.,a.dxplicated,inwholcorinprfum=toefccrmicT`ghts,smcmprrycutcuttnaybesimrcedfrotlccBockalloTcchapter(sL
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A-18            App@rTdixTables

Table A.9    Critical values for F Distributions fconf.J

(continued)
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Table A.9    Critical values for I Bistrtibu{ions rcor]fJ

.   ZJL = numerator df

15                   20                   25                   30

1.J7               LJ2.
2.09                  .2.01

2.85                2.70
4.06               3.79

Cop}m'chl2010Ccag8geLcaping.AURIghiRcscrdMtry.rolbecopied,scared.ordapliq8ied,`IDwholeorinpatDueloelecwhicn.8hts,soqacthirdptrycorfu[maybesumTcssedfromifeeBockndrorcctrylg(sL
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