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I.     Write your Roll No.  on the topl|immediately on receipt of this question paper.

2.      Question 1 is compulsory.

3.     Select four questions from the remaining six questions.

4.     Use ofnon-programmable scientific calculator is allowed.

I.       Attemptany6parts:

•(a) A  student of Statistics  has  conducted  a complete iandomized  design  with  different

treatmentstocompleteherexperimcht.Theresultsofthisexperimentaresummarizedinthe
followingANOVAdisplay:

Source df I Sum ofs  uares Mean s  uares FTreatmentEITorTotal

15
361'

12

08

Answerthefol]owingquestionsaboutthisexperiment:

(i)  The sum of squares for the treatment is

(ii)Thenunberofdegreesoffreedomfortreatmentsintheexperimentis

(iii)   The number of degrees of freedom for error is
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(iv)   The mean sun of squares due to error is ~

(v)    The value of the test statistic is~

(b)DerivetheexpressiontomeasuretheefficiencyofREDoverCRD,statingclearlythe
assunptionusedinthederivation.

(c)dragriculturalscientistwantstosfudytheeffectofthreevarietiesofwheatVi,V2,and
V3oncropyield.Afieldisdividedinto12plots.Thevarietiesareassignedtotheplotsat
random,eachvarietybeingTEawnonfourplots.Sincesoilfertilityvariesacrossthefield,
thefieldisdividedintofourblocksofequalsize.

chswerthefollowingquestionsaboutthisexperiment:

(i)   Name of the design and the number of treatments.

(ii)  Number of experimental units.

(iii)Nunberofreplications.

(iv)TheprinciplesofDesignofExperimentsusedinthisexperiment.

(d) Given a BIBD with paraneters  u = A = 7,r = k = 3,A = 1.

Obtain the dual of the given design along with the parameters.

(e)Defineatreatmentcontrast.Whenaretwocontrastssaidtobeorthogonal?Let
LA=[a-(1)+b-clb],LB=[(1)-a-b+ab]andLc=[a+b-cib-(1)I.
Arethesecontrasts?If yes,whichofthemareorthogonaltoeachother?

(f)Thekeyblockina24Factorialexperimentisgivenas

Identifyalltheconfoundedeffects.Writedounthecontentsoftheremainingblocks.

I
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(g)Considerthefollowingfractionalfactorialdesigns:

D£: 26-2 with  E = ABCD,  F = ABD

D2: 26-2 with  E = ABC,  F = BCD

VAatistheresolutionofthesedesigns?whichdesignwouldyoupreferandwhy?

(6x5-30)
2.     (a) Discuss the three principles of the design of experiments. How are these principles used

in a Latin square design?               I)                          -

(b)DescribethecompletestatisticalanalysisofanLSDtotestthehypothesisofequalityof
alltreatmenteffects.Also,writethecompleteANOVAtable.

(6. 9)
_ ,....  L^Lvtut  Ouiii  i7i  Squares  due to  error is  always  an unbiased

estimateoftheerrorvariancewhilethemeansumofsquaresduetotreatmentsisabiased
estimator.Underwhatconditionisitunbiased?

3.    (a) Prove that in an RBD, the mean sun of squares due {o
ar,+:-._+_   _JPJ,

(b)Derivetheleastsquareestimatesoftheparametersinarandomizedblockdesign,clearly
statingthemodel.Also,findthevarianceoftheestimatedparameters.

(6, 9)
4.(a)Definereso]vab]eandaffineresolvableBIBDs.Also,provethatforaresolvableBIBD

with parameters (v, b, r, #, A); b 2 p + r -1.

(b)  Define  a  Balanced  Incomplete  Block  Design.  Show  that  a  BIBD  with  parameters
(v,b,r,k,1)satisfiesthefollowingrelationships:

i)         b2v
ii)        b2v+r-fr

5.     (a)  Explain  Yates  technique  for  calculating  sum  of squares  due  to  main  effects  and(6, 9)
interactioneffectsincaseof32factorialexperimentwith4replications.

(b)Constructa25factorialexperimentwith5factorsA,8,C,DandEin22blocksintwo
replicatesconfoundingBCDandADEinonereplicateandCEandABEinotherreplicate.

Jdentif}'ifanyothereffectisa]soconfouiidedineachreplicate.Alsowritedounonl}Jthe
first two columns of the ANOVA table.

(6, 9)
6.(a)Anexperimentfor5treatmentfactors.eachwithtwolevels.isdesignedsuchthatonly

asinglereplicateofthe32treatmentcombinationsisrun.Suggestasuitablemethodfor
analyzing such a design.
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(b)Whatisconfounding?Constructacompletelyconfounded23factorialexperimentin
blocksofsize4with8blocks,sothatitcompletelyconfoundsthesecondorderinteraction.
1Iowthearrangementcanbemodifiedsoastorecoveratleastpartialinfomiationaboutthe
2and3factorinteractioncomponentsandcompleteinformationaboutallthemaineffects.(6, 9)

7.    (a) Define fractional factorial designs. Who first proposed the idea of fractional replications
in  large  factorial  experiments?  Explain  two  differences  between  fractional  factorial
experimentsandconfoundeddigns.

.@)Supposea25experimentwastoberunasaCRD,buttheresearchercouldonlyrunit
with8experimentalunits.Thefollowingtreatmentcombinationswerechosenasafraction
to run the experiment:

a.ade,b,bde,ce.cd.abce,abed

i)       Identify the design and the defining relation for the design,

ii)        How many alternate fractions can you generate for this design?

iii)        FindResolution of this design,

iv)        Write down the complete-aliasing scheme for this design.
(6, 9)
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