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w rrr** rfiT ER ortfr qr Efr ffi q-s' rnqr t fiFqq, Afr-{
qrft s-f,t tnr qftaq q6' fr Aqr qrBq I

l. (a) (i) If a country has a current account deficit of

$60 billion and a capital account surplus of

$40 billion. what is the net change in its
official reserve assets?

(ii) What is the main problem economists face in

measuring the expected real interest rate?

(4)

(b) What do you mean by open market operations?

How does the central bank use open market

operations to control the money supply in the

economy? (4)
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(c) (i) Within the classical model, explain the effect

of a decrease in the marginal income tax rate

on output, employment and price level with a

suitable diagram. (7)

"" ff;: J': i";J;::":1,T:' "il 
"ffi il,multipliers (3)

. Consumption C:100+.75yd

. lnvestment I:240_ 10i

. Tax rate t : .20
I

Demand for money L : .2y - 5i

(w) (i) cR ffi tsr 6T qqlsrar srcr $60 frftr+ nO

qfr qmr BrDr*q 940 frfrffi e, A strfr
s{rDrqlRo irnerd ffi fr {a cRrdT wr *?

, (ii) BItRa sr€kfi Eniil et qrq* { srffi *
' ** Uq ffitur Hr *?

(e) tr+ <tqR q--nf,{ t wq wr rrst *? €ilhqwr t

t

1.{r Bn$ +1 ffi sfi * ftq dflq **. qe qrnr

F{rtr{ 6T Bqfrrr *t q'{dr t?

P.T.O.
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(q)

i
4

(i) wrR-q.T msfr t iffie, qs'Bqgffi fud A

mrT Yflrr{, furrn fr aa Kt Yt ffid g{rrro,t

rt t q-& * xqrs fr qrtqt qtr

(ii )

rT*rr

frtu

qrfrEt

T{r fr cr.r

2.

(4)

(b) (i) Consider a bond that promises to pay t100 in

one year. What is the price of the bond today

if the interest rate is 8%?

(ii) Explain the relationship between the price of

the bond and the interest rate. (4)

ffika etr{r d ?r<* gv, {Gq" 3it rrtrdfrq

ffi g"d * {r+ d rrumr qt 
r

C:100+.75yd

r: 240 - 10i

t: .20

L: .2y - 5i

(a) Why are goods and services counted in GDP at

market value? Explain any two problems in using

market value to measure production.



t
1297

(c) (i) Use suitable diagrams to explain how an

increase in the public's taste towards less

leisure would affect the real wages. output

and employrnent in the classical model.

(s)

(ii) Using the IS-LM framework, show the eff-ect

of investment subsidy on the level of

investment, equilibrium income level and

(s)

P.T.O.

interest rate.

(r) qq$ Bllr tsr*- q1 srmR Ts yr GDp t H] ft-{r

urf,r *? sflnrr o1 qq+ + ftq qrfl{ Ts sT sq+t

q.i+tffiar{sr*frqnoqr6tr

(s) (i) yn tt qr-s {r frqR qt * vo sS q (100 6T

TrrdH q-d qr qrEI $ftII *r qE qTm (t B%

**enqsrsfrfimwr*r

(ii) Ers fr firrf, *{ Enm €r + fi-q frq Rq
qtr
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(c) (i)

6

ira g.rfl+ + ftq ;qffi srRrd qr s.rfr{r 6t

fq qc ixittfir{r + cR wrmr d {h q Ek,

wrfro-o msil t 
"rryk* 

{q{il, iric1-Eir B*t

fu{rR * *+ yqrka qtfir

IS-LM art mr rffiq cG Eg, ftfu * wr,

H-gm-{ B{rq kR *t qre q{ vt frfu cGtrS HT

mne Mr

(a) (i) If an investor buys a bond with a nominal

interest rate of 8% and sells it after one

year when the inflation rate is 60/o, what

does the investor earn the real interest

rate?

(ii)

3.

(ii) How does inflation affect the real interest

rate and purchasing power of money? (4)

(b) What is the primary/function of money as a

medium of exchangi? In what ways does money

s-erve as a store of value? (4)
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(c) (i) Given the following information :

. Consumption C:80+.75YD

. Investment I:200

. Government Expenditure G : 120

. Tax t:0.20y

(a) Calculate budget surplus.

(b) What will be the effect on the budget

surplus when the tax rate increases from

0.20 to 0.30? (4)

(ii) Under the conditions of the liquidity trap,

fiscal policy will be perfectly effective

because there is no crowding-out effect.

Explain this statement using a suitable

diagram. (6)

(er) (i) qR +{ fifur*' B% fr dRo' Enn qr * lrrE

Vs'qrs r{tEtr e fr gt sq^ s{ + qr€ fuil
i ws g.drdrfr qr 6% +, * ftt{Ei qnilk*'

EflSr E( Hr 3rffiA 6'rf,r *?

P,T.O.
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(n) yffififr qmmk6 6qlq Er $n gn S qq nk
q1 *t yqrRe 6{fr +?

'frftqq * qrurq * <q fr gqr +r xrqfro qr{ mr

B? g{r fr-s yq'n g.a * qsri + w t a"r{ u,rar

*r

(r) (i) ffifr{d vmo,rt fr rr{:

c:80+.75YD

I: 200

G-120

t:.20y

(e') vsn 9m- S rrq-cr frtr

(re) mt fr q{ o.zo t o.3o irfi qa* qt qwc

B{ET*q qr tpn xqrq qt{ni

T€ril wo * rtff + mn, rrsqilftq fiR Et
n-ra t yqre *fi e]fr. Es+ *i arsBq en3.c

rfiT ytilrr {ff *dr *r sqgqfi fr* q'r Bcr*{r

q-G gq qrm fr qt-sqr frt1

(e)

. 3:qfrr1

. fi+{t

. T{q.rt qq

.*ffi

(ii )
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4. (a) Explain the different components of the current

account of the balance of payments. (4)

(b) Explain how demand for money and supply

determine the equilibrium interest rate when

currency is the only money in the economy. Show

the effect of an increase in nominal income on the

equilibrium interest rate. Explain with a suitable

diagram.

(c) (i) How does proportional Income Tax act as an

automatic stabiliser responding to economic

shocks or fluctuation? (4)

(i) (a) Assume the following IS-LM model.

.C:100+.75YD

. I:200 * 10i

. G: 150

.t:.20y

. L: .4y-2i

.P:2

P.T.O.

(4)

. M: 800
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(a) Calculate the equilibrium level of income

and interest rate.

(b) How much investment and income will
be crowded out if the government

increases its purchases by 100 and the

money supply is kept constant? (6)

(a) Trrdm s-Emr * aq €r* * fikd{ T-+} qt qr€qr

otr

(q) {f,rq fr we BT?tqfivr fr sim fi v+qre gdr * d g{r

ft1{r{r Bfu iqffi, Enm cr * s$ffi d dt fulRil

mff *r u-${ Enfl trr vt dfro, BTrc + Ek mr urn+

ftsr{r Bcgffi fud HBf, ecgr{tr

(s) (i) rrqcrfrm Bfl'qrn-r $rtr-*^ a-r* qr BdR*qdrq tnr

Eqrq t+ srfr R-{IRE €sargw * nq t dt
q.d qr*r i?

(ii) w{ d fr ffifr{n rs-LM fr-s,o *r

. C: 100 +.75YD

. I:200 _ loi
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G: lso

.t:.20y

L: .4y-2i

.M:800

P--2

(o.) Brq *{ Enil qr + t-gd-{ wt d rrurqr

qtr

(€) ctr wmn srrfr rete roo ro qar t str

g-*r ffi frrt r{& Hrq A ftfu *t wq

Hr 6rsB{r ilrc firrcr *ft?

5. (a) (i) From the following information, calculate GDP

using the expenditure method

. Personal'consumption expenditure (C) 10130

. Business fixed investment 1694

. Residential investment 477

. Inventory investment -35

. Govemment purchasing of goods

P.T.O.
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(c) (i) Why do changes in government purchases of
goods and services have a larger effect on

equilibrium income level than equal-sized

changes in government transfer payments?

(4)

(ii) For an economy it is given that :

. C:200 + 0.8YD

t2

and services

. Corporate profits

. Exports

. Imports

do not want to hold any currency.

. I: 100

. G: 160

. TR: 50

. t:.25.

480

1831

(ii) Explain why Transfer Payments are not

included in the calculation of GDP. (4)

(b) Explain the process of the money multiplier,

assuming people hold only checkable deposits and

(4)

3

.i-
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(a) Find the equation of IS curve.

(b) Draw IS curve using the above IS
equation.

(c) Examine this IS curve carefully and give

a reason for its shape.

(a) (i) ftqfrft{d vr;r'*rt t qq fr& qr Bc+rr 6t*
u+-o stq, renE fr rrEHr Ht-

. qfury6 ucqlT qc (c) rotso

- qrqrGRq( fraar r6s4

. cnqrfrq frtu 477

. {+dt fra$ * os

. qqS g{ i-{rfr d TCoTft €t-( 2883

. rhi{ke tcrsT 4Bo

. mR I83'l

. 3{f€tfi[ 2539

E-drq fr" ERrflflr tr-dFT d CoP fr {qqr +

EnB-m d qfi ft-qr vnr *r

P.T.O.

(6)

.--.

(ii)

ltt
I

i
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(e) I-dr {urq, d sfrqr rFrcrlg', qa rnril gv fr *{r +{f,
+*. $rn *rq vqr rrRr Rqt * ft *{ ga rfi rr+tr

qrst Sr

(q) (i) q* Bfu t-qr$ fr rnalt ret€ t q{qrrEr 6T

Taq.rt E{ilnriur tn-dt{ t yqrc BIrfi'R * q(f,rq

fr ge-rr t vsit{ Bnir H{ qt er&q'mnq wt*

vsfrr *i

(ii) qs ii*q{rqr * ftq z16 Eqr vcr i fr':

:

c:200+0.8YD
I : 100

G: 160

TR: 50

t : .25.

FCIqI
)

(c.) IS Tfi qr rfr*-tq r*frr

(r<) svtw 19 ffiqu ml il?fr{r qr* rs qx'

(u) g€ N rrifi'rrr tetq$o. cteTur 6t rli
gr* irrqn 6T rfifitor qfrrgl
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6. (a) (i)

15

If a country's investment is $400 billion,
government saving is -$100 billion, and

current account is $50 billion, what is

private saving?

the ratio of currency to checkable

is 0.25 and the reserve ratio is 0.20,

the value of money multiplier.

its

its

its

If a country's exports of goods and services

are $200 billion, its imports of goods and

services are $180 billion, its net income from

abroad is $10 billion, and its net transfers

from abroad are -$5 billion, what is its current

account balance? (4)

(b) (i) Suppose

deposits

calculate

(ii) If the reserve ratio is increased to 0.40, what

will be the new value of the multiplier? Give

reasons for the change in the value of the

multiplier. (4)

(c) Using the IS-LM model, derive the aggregate

demand curve. What will be the effect on the

aggregate demand curve if the nominal money

supply is increased? (10)

P.T.O.

(ii)
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(w) (i) qe fufr tu qr ftfu $aoo frfrffi *, Ytrfr

wc*lfr qirfi - groo frfrqq e, cfu T{-dfiT qr-iT

rsrf,r $so frfrqr +, fr tsTs1 ffi eq-m @r

t?

(ii) qR frr& tsr sr aq* d{ nsrcil qr Frqit

gzoo frfuq i, eq# ak tar# qT srqm

grso Rfrq-{ 3, 6tn t ETfi ga BIrq $o

fr'kqr *, nfu fr?ar t qffiT Ea awrrtur - $s

frfrqr B, * qtrfiir qrct rarirr ts Hr *t

(i) qn frRq fr'Irr cilr ++, gHtrgm HqI t6t

ir{vta o.zs i ifu irRGra ir3crf, o.ao *, *
gn {q6' d qrq fr rs-+ ntr

(ii) qR i{RGm ir{crd d o.+o ffir'qar fr+t qR

* gur6 tnT ;rfi q-{ qfi *qr? gq-o * sFT t
cRnfq * qnq caqtr

(rr) IS-LM fr'sa qr tsqftr mr$, qga qrrr rfi ym qtr

cR r}tr*^ g" ffi e-a urfr B fr ga qrrr s-fi {r
wr vqrE q}rni

(c)
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7. (a) (i) What is the definition

deflator?

(ii)

and formula of GDP

(4)

(4)

(ii) What statistic would you need to check before

celebration if the nominal GDp doubled

overnight? Why?

(b) (i) If the money supply in an economy is t 15

trillion and the nominal GDp is {30 trillion,
what is the velocity of money according to

the quantity theory of money?

What factors determine the velocity of money

in the classical system?

(c) (i) How does an increase in government spending

affect the position of the IS curve? Explain

using a suitable diagram. (4)

(ii) Suppose that in an economy :

. C = 200 + 0.8yd

. t:.25y

P.T.O.
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. I : 160

(lr)

. G:200

. TR: 100

(a) Calculate the equilibrium levels of income

and expenditure multiplier

(b) How much of government purchasing

should be increased if the government

wants to increase the equilibrium income

level to 1650.

(c) How much of transfer payment (TR)

should be increased to achieve equilibrium

income level of 1650. (6)

(i) cop erqdfrnrfi 61 qfrTrqr *, E, w,

*i

(ii) qR dGo' voa &csrE lrftril *grr A uw

* um rqr* + T6'e s{rcfr1 61T t iri+,t fr
qH fi* fr sns{irmf,r *ft? d?

\

i
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(e) (i)

(ii )

(e) (i)

(ii )

t9

qe ffi lnfqercn fr gqr fr BITS rrs Qftcrr

+ i& ftm' GDp <so qRc{ t, * gn *
qRqror Md * qm !n 6r trr Hr ti

mko-a vun-fr i Eer * fu et{ t qrcq'

ftIiFd 6{+ i?

T.*lt qq t Ek Is qo fr fufr * +t
vqrkd q,,-ifr *? gcgffi fu* qr $frrr q.r+

rrqsE+r

qrq fiFuq fr vo Briq.{iP{r q:

. c:200 + O.gYd

r f : )\ trL .-J J

. I:160

. G:200

. TR:100

(q.) ilrq * vgsr wt*t qc Isrfi * rrorqr

qtr

P.T.O.
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(r+) qR rGnR enq * s-Ear wt d I6s0 H?fi'

s-ari{r qr6fi A A rr*lt qt-{ q ffi

3

EE fr utfi qrBq?

toso * ilrc * sgdFr * wt * nr.a

q-t+ A frq Eftrgrq TT-dm (rn) t
ffi Bk fr vrft qBq?

(5000)
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SECTION A

Attempt any five of the following questions.

(5x8:40)

fiqfrfr'{il t t End frq rr+ * ym frtsq r

1. (a) A firm sells 2 brands X and 7 of a soap. The

outputs and prices are denoted by x, y and p, q

respectively. The demand functions of the two
brands are x = 100 - 2p + 5q and y : 80 + 4p -
3q. Suppose brand X sells for 15/unit and Y for
l2lunit. Calculate the total revenue of the firm.
Estimate the approximate change in revenue if
the prices are increased by l/unit for X and 1.51

unit for Y and compare it with the actual change

in revenue.

(b) Find the domain and plot it for the following
function:

,=J*li -..8= (4+4)
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2.

(o.) q-*" q'S t'q uqn * 2 rns x sfu v tqfr tr Bnscg{

gfu ffi d mqer: x, y att p, q anr ffi-f, ftqr
vrn tr E] qie * ci{r srFr x: 100 - 2p + 5q *r
y:80 ..- 4p * 3q tr urr mfrq fr Ers 1.5,{[{ +
ftq Bft' Y 12,ufrc * frq tqn ir w{ + Sa rrme

fr rrunr qtr rrqe t srEqrfta qR{S{ aT g3qm qTrlq

qP 6H fr qw A frq l&fr'c ${ qii * frq r.sl

1frc * Ek *fr * alr trre t sRilEn qffiq"*
qrq gsfr grr+ atr

fie) **rr+fr $h r* ffifrE EqsFr + ftq d-r qt:

,=^[;;i-Ji-

Suppose Firm X wishes to manufacture three SUVs
in its plants at A and B using its labour force of L
persons. Suppose the firm allocates the total labour
force in the proportion a and 1- cr (0 ( cr ( 1) to
the plants at A and that at B respectively and hence

produces the total outputs of the three products (as

measured in 100s of units) given by the vector

P.T.O.

i r0) 
l, 6 

t

"i u j+rr-url ro 
I

i 8i uo/i
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Given the above information, answer the following

questions :

(a) Is it possible for the firm to produce either of the

following output vectors if outputs cannot be

thrown away?

(b) How do your answers to part (a) change if outpuis

can be thrown away?

(c) What will be the revenue maximizing choice of

the fraction a and how will it depend upon the

selling prices (p, pz p:) of the three SUVs?

What condition must be put on the prices so that

both the plants are used by the firm? (3+1+4)

r')
r"[;J

,,D [;l
IrJ
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qtqfiRqfurr$ x sq+ LqMd'rqukwwftr
c-cd a 3{ti s { qc} de.*'q ft S[rvs q1 ffi1 q-61

qrg& *r qrq fifuq fr q,{ HrEr: A sfu s + ffi d
c, *t 1 - u (0 ( 61 < f ) * wdqro t E-o,j[.t rltl o{HET

6i-fr * tli Ecftq fi-{ B-flTfr * Ea ffi-{Sr tnT BFn+r

6{e * (*{r fu 1ss Em"r{*- t qrqr Rrf,r t) +{fi anr frqr

?EIT

f 
,o) 

f u )
"l 4 l+(t-cr)l to 

I

I s,l [ro]

lrc+sil mqm,ft +1 ?Ge Eg, ffifr*o m-+ * yrt t:
(e") wr u.S + frq frE frt{n ins{e +€i * t ffi r'o

mT irflnfi'm.,.fir mq + qR Birs{e * Se.r q-S ur

vqqr *?

/s\
trr lzI

Ir]

(q)

[;]

(ii)

P,T.O.



1327

(e)

6

zrR urrqr d trsr uT qrfidr * fr qm (q) * frR

B{rrt trfrr dt wqt *?

ilttr cr ?nr 1lsrFr B{Es,-trc q-d qr fts.fr wr *rn *t
qa ftt qq{fr fr ffi ffi 1p, pz p,) rt +t
frrtt qtln? ffi .r{ qqT qr$ rr& wfr qGq Hrfr

q{ unr -ffi Hq-fr qtl sq*{r frqr w v*?

(a) Compute the expression for * where
dyqa*P

z: e**y (x + y).

(b) A production function is given by

e(L,K) = o[o rP + (t - *1r']i
Determine its degree of homogeneity and give the

conditions under which it will have increasing,

decreasing and constant returns to scale.

(4+4)

(.r)

J.

(q) * + frq qffi fr rqqr fr ard z : sx+v(x + 1,).
dyqaxP
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(re)

i

v+ Bflr€r rEFFr Q(r,r;=o[o rP +(r-*1r'];

anr Rqr urmr Br gr$ vrsrn fr Gfi futfu 6t *r
cqrrff 619 6ffi ir6iT cE Tat, qdt Bfu frft ffi
vt fuf, ?rnr

4. (a) Find out the values of p for which the following

set of vectors is linearly independent.

u : (3,-1,3); Y : (2,1,0) and w : (2,0,p).

(b) For each value of p find out a vector z that is

orthogonal to each of the above three vectors u,

v and w. (4+4)

p + qr am frfsq ftrcr+ ftq {Gfr qr ffikc
irgqc tfuqr: wr* *r

u : (3, -1,3); Y : (2,1 ,0) 3fu w : (2,0, p).

p * r*+. w + ftq 1.6 rflA$ z art d&q *
cqtffi ft{ {ffi u, v *r w t t r++. + frq
shffi+a ir

P.T.O.

(q)

(q)

7
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5. Suppose that an economy has two sectors: Light

Industry (Sector 1) and Heavy Industry (Sector 2)

with the following input requirements.

Light Industry requires 0.20 units of its own output

and 0.70 units of Heavy Industry's output while Heavy

Industry requires noire of its own output and 0.50

units of Light Industry's output in order to produce I

unit of output. The final demands for two industries

are 1500 and 4500 units respectively.

(0 Write down the Leontief system for the economy.

(ii) Find the level of output that must be

in each industry in order to meet

demands.

(iii) Suppose the prices of both goods are Re. 1 per

unit each. What are the unit cost requirements

for the two goods? Are the productions

economically viable? (2+4+2)

produced

the final

c1-a frfrq fr vo wrkxqr * A e" f; ft+qftft66 sga
ir'ffiffif,rcil * <rq rsr c*{r (tftr r) *r qrt vq}r

(i-rt z )r
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nfinr v+rr * src+ gq + Ydlr+r fr o.eo Ec.r{+ ft t{It

s*{r + selltrrr fr o.zo fr flrswrqtr Affi * scfr
qtt *rr * ilc* H{ * irf,lrr'r fr $rqc{6,ar {fi ffi
* *t vtqra fr r g+r€ tnt YflrFr q,,A + fdq Ed *rr
* yercq d o.so E6rgd fr irqs{fi-f,r *fr *r + s*d
fr $fr{ qm aq{r: tsoo *t 45oo {frc el

(i) wfffien + frrq ftrffit. culrfr ftfrqr

(ii) sffi crfr * W c,r* + fu frn s*{r { snlrn

* wt qiT qil nrrflgt

(iii) qrt frfrq fr ffi aq# fr ffi t *r t nfr ffrc
r+fi A aq* + frq r*r€ arrra irrqtrla-dlq wt *t
wr ffi"r fiffiq^ 6q t q{6r{ *?

6. (a) For the following function defined on R2, find the

critical points and classify them as maxima, minima

or saddle:

f(x' Y) : xa + x2 - 6xY + 3Y2

(b) Determine the concavity or convexity of the

following function. Also check for the quasi-

concayity and quasi-convexitY.

f(x, y, z) : x2 + y2 + 322 -xy + zxz+ yz (4+4)

P.T.O.

i
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(m)

10

R2 Tr cfr{rfrd frE{frfr{d q.-+{r+ + frq, q6qd frg

r*tr fr ir€ +fuqr, ftfrff qr **r * w d qrfril-d

d'
f(x,y): xa + xz - 6xy + 3t'

ffifr{d q-om fr Bmirrt-dr si ts?Fril ara dkqr
B{ti-frTird-mr *t ati*smmr d S "fu 

qtr

(x, y, z) : x2 + t' + 322 * xy + 2xz + yz

(c)

7.

SECTION B

Attempt anv three of the following questrons.

(3 x 1 0:30)

ftE{frftt t t m* ift{ eu* * ttr fiftq r

(a) Find the level curve for the function

. 2x-2
f (^,y) = i"-iy _ at k: -1,0, t, and plot them

x' +y' +l

in the same graph.
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(b) A firm uses x hours of unskilled labour and y

hours of skilled labour each day to produce

21
Q(*,v)=66*1ri units of output. It currently

employs 64 units of unskilled and 27 units of skilled

labour.

(i) In what direction (expressed as a unit
vector) should it change (x,y) if it wants to

change output most rapidly from the current

level.

(ii) If the firm hires 1.5 units of extra skilled

labour, using calculus estimate the change

in unskilled labour that will keep the output

unchanged. (s+s)

(o) q+$q r(r,y) = ?*-?t , * ftq *: -1,0, 1 .rr
x' +y' +l

Itrr rfi {frfr Bi{ r€ sfr urs { qfie qt r

21
(te) q-r q-{ rtqrc,r * Q(*,v)=66r,irr Emrg* or

3f,rrfir srr+ + frq Y-+.5. fr{ x Q ir{arfr ryc *r
y vt gwa lrrT tnT sr*rr m.rfr *r ra q-d{FTt i6{ra

P.T.O.
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fr oa E*.rt* fr Eqfr ryc * zz rorEfr + *sr{rm

tm *r

(i) fr'q fr{n fr (q-*. Enr{ +ff * sq t qm)
q+ €ffir qGg (x, v) ffi qa e'{rrr wt t
w+ +fr t arsqe irftFtr qrmr *r

(ii) qR.F{ orRftff E{rn {c fr r.s r6wd *
frilq q{ +fr *, i q'mr 6T Brr+rr q,r+

ir{vta ryq i qfrqf,Tqr r{qtqmnq *i{f,nff
+ JrqfrqHd rttw r

(a) Find the eigenvalues and the associated

eigenvectors of the following matrix :

(t -1 o\
o=l-, , -rl

Io -l t)

(b) Is the above matrix diagonalizable? If so, find a

suitable matrix P. (s+5)

8.
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1c,1 f+aRftm +fffi
eigenvectors 1**:

13

d eigenvalues Bft rHEr(

-1 0),rl
-1 1)

wr 3ctffi rrffi fr6fiq *? qR kr *, * w'
3rrgffi qrrut P nm frFvrgr

9. (a) The function f of two variables is defined by

f(x,, xr) : x,x2z. For what values of x, and x, is

this function quasiconcave?

(b) A discriminating monopolistic firm produces two

goods whose demand functions are :

p,:12-x, pr:36-5*,

where, x, and x2 are the quantities of the two

goods produced and p, and p, the prices of a unit

of each good. Knowing that the cost function is

C(x,, xr) : Zxrx, + 15, solve the corresponding

profit maximizing problem and find Xl, X2, P1 and

Pz' (5+s)

P.T.O.

(r
o=l-,

Io

(c)
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(m) * qil + wm f d f1x,, xr): xrxlar qfr{rkf, frqr
rrqr ir x, *t x, * frt {.dAi * frq 16 s,+rtr

wrffiqt?

(rs) qr*. tsqqS \'*lk*.R u,{ A eq$ irT treTr*r c,tfr
* ftrr+ qnr ciilr *:

p,:12*x, pr:36-5x,

va{ x, *t *, yener i .q* * crdr( g gt pr

slt pz y-+r re fr r'o E+,r{ * ffi tr q-a wc+

EV fr Fr{rt xnct-{' C(x,, xr) :2xrxr+ 15 *, tfit vnr
ilfu+.-tr{ ot} * vs*ur 61 ra of *r x,, *, tr
P1' P, dlit *tt

10. Consider the function f(x, y) : xe-*(y, - qy)

(a) Find all critical points of f and classify them by
using the second-derivative test.

(b) Show that f has neither a global maximum nor a
global minimum.

(c) Let S: {(*,y) : 0 <x (5,0 <y S4}. prove that
f has global maximum and minimum points.in S

and find them. (4+2+4)

l4
i
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11.

rETFf f(x, y) : xe*(y2 - 4y) Yt k{R 6t

(m') f + q$ cEETd ftgm * {*tr fr E{t-tsil-q

ctwur qiT lrq*{r sir+ st affyo ntr

(e) @fr'f qr;rfriF*+. B{fuoil{* e*tqAifrilo
q;1-6q1 '

(.r) cnr s : {(x,y) : 0 <x (5, 0 <y<+1 r fta dfrq
ft r * s t' Afr{+^ B{fu*ilc afu qam frE ?' sfu

s€ an dFuqr

SECTION C

Attempt any two of the following questions.

(2x10:20)

ffifr6 t * ffi A yr.t- * 3-rt -flftrq 
r

(a) The principal of a college correctly estimates that

if the students are instructed to attend x hours of

class and do y hours of extracurricular activities,

they get a test score of T and achieve student

happiness level of H as given by the following

relations :

P.T.O.
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T:x3**y,,.

H:y2 -4xU2

Currently x= 4,y:1, T:68 and H:-7. Fearing

student protests, the principal wants to moderately

increase H to -2 and decrease T to 63. Determine

the values of x and y that will help the principat

achieve this objective.

(b) Are the folloWing functions homogeneous? If yes,

what is the degree of homogeneity? Also check if
they are homothetic

(i) f (*,y) -*' *Y'
xy

(ii) g(x, y) : 2lnx - lny (5+5)

(tn-/ \tF th-iTiE rfi' ITIRIIIFT thT {6t gr{Ct1 E ttF' qI-{ REII

d x * * qen t qFr Afr iilr y EA fr cr6fu
qRREr+ fr1 q,{+ qir fiftr ftcT urHT t, * v€ qr

\'fi k dr fiildr i irk H 6T 6r* qfi mr nw
+dr B, +{r fr ftqfrfrT v{rt ERr fur rTqT *:

T:x3 **y'''

H:y'-4xt'2

i
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Tdlmt x: 4, y: 1, T : 68 silt H: -7 6[+ + Rttr

+ gt e, jrililq{ H * -2 m qrtfr 6q fr qanr

qr6t * *t r d qcrq( 63 tfi-€r qmt *r * sfu v

* cm futRil qt * nqmqr4 d Es stcc d lrm

q,l+ t rre qtir

wr ffifuc q'FI vqrfrq t? cE Ei, fr rffitqf,r qil

ffi q1 *i qa rt firt fr'wr t **tPq'tr

r/ ,, *2+Y2(i) f (x.Y)=+
xy

(ii) g(x, y) : 2lnx - 1nY

(a) An upper triangular matrix is a square matrix if
all the elements below the main diagonal are zeros'

Consider a 3 x 3 upper triangular matrix A whose

non-zero elements are equal to a constant a.

(i) Find out A2 and A3 and show that they are

also upPer triangular matrices'

(i, Show by induction that An is an upper

triangular matrix and that trace (A") : 3a"

(where, trace is the sum of all the diagonal

elements).

P.T.O.

(q)

t2.
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(b) Consider a non-singular matrix T of order n such

that

T3-2T2+T-I

(i) Use the above

T-1 :(T-I)r.

(ii) Show that, if A2

for some matrix

vn ffi ffitu +qffi q-s art nfffi * ffi gq
fr6d + ft+ + e$ (€ Eq *r gq' 3x3 3ffi
ffift *q-se q q{ frqR st ffi'ft-qq irFir w-
Rfirfi * mnt *r

(i) A2 and A3 r+t 3i( fu fr t Eilt ffifu
iffi rft *r

(ii) *rq aRi M fr Ao vq'sqft ffiftq +ffi
* 3ii t[r trace (A,):3an (v6r, k atft nq"t

n-d oT frrr *)r

: On,n(null matrix)

equation, prove that

A:(r-7)'
(5+s)

: T then

A.

(m)

i
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(q)

3
t9

sfr'€t n -t rrt-r'+-++q iEsffi r qt fun q.t \it fu

T3 - 2T2 + T - I : Or*r(null matrix)

(i) Bctffi {futur m rfrrr 6t, {rRm st fu
1-r:g-gz.

(ii) ffi fr, BrrR 42 = T * A: (T - D-' EE,

qEffiA+frqA.

13. (a) By drawing diagrams (or by making precise

algebraic arguments), determine whether the

following set is .convex.

{(r,y): y ) e*}

(b) Solve the competitive firm's profit maximizing use

of labour and capital for the case where,

\.2 - r O.2L O.6 -- tnn1 : t-i2110'6, P:100, w: 10, and t:20-

Find the optimum values of K, L and ru. Also,

show that the solution is true maximum.

(3+7)

P.'T.O.
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wil_6_Es_8fu

r. {iT $Fr-.r;r * ffi fr scr frq.rq ftifrfr rsmr rR il${r iEm{rs frRsq r

2. y-++.{qs *trt vrfr 6"* q:rEfi qr sF{trf, un6 t fiffi r r&-o w-+* vq' qqYs {tcn$I

dffi, efrt qfi cs{ * {!fr BqrTr{il el Vq. * srq tr*, ir{rtur frffi i

s. elft suffiff uunro* d s e{r.r€ rplri n-m WfiBr frrqr qnr qrG'q r vrffiq ilfrq.rfr il c-floT

frq.rq cri d rt-d rfi ft-qr vnr qGq r nrft ofrr qqa31 d d esffcm RnA- il+. qufifr_d frqr

urcr qGq 
r

4. \rd6' rremq i{-ffi{m *el-{tct * Bcfrrr s1 sEqfr tl

s. trffi?qa ilT+Tfif*ftqrrimd r

6. etft rrunr* t, BTimd *1 t eumf,q rrn* w rira ftcr um qtBq 
r

7. Etr yrr-c=r 6r urn sr}fr qr Efr frilft v.F qiw t -frfrrq, tRra q{t r.rt or cTurc \16' fr *{T

sGq r

SECTION I

Do any two questions.

Effi'6 yrql w wzi flftd I

1. Let Y be the number of contracts received by a randomly selected infrastructure

company. Suppose the probability mass function of Y is as follows :

Y 1 2 3 4
P(v 0.2 0.4 0.3 0.1
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(a) Consider a random sample of two

distribution of 52 (sample variance).

(b) Calculate P (S' > 2.7) and P (1.5 <

size two is selected.

companies, obtain the probability

52 < 7.9), when a random sample of

(5*5)

qrt frftt fr v ffiq6q t Eft rr€ Emr€(eafi qffi EnT err( ir{qtt +? T{qr ir cr{

itrfrq y 6T xrE-fi-frr qaprFr rnnFr E( rq'n B:

(a) q) trqffi * q-fi EEFdffi $ w fr-ltr et, 5: (4q41 cutur) qr qrB*rT fr-{i,rT

srR frkqr

(e) p(s, > 2.D *r p(l.s < s, < 7.9) fr rrqqr dffrg, utr frtrfi'R * w qo, argFsa,

;ry{r 3{r qrar B r

2. (a) How is systematic sampling different from judgement sampling. If \-artX t

is variance of X. and Var(Xr) is variance of X- tiien Var (aX, - b\ t :

a2Yar(X,) + b2Var(Xr), where a and b are constants. Is this statement truel

Explain.

(b) The teacher of an econornics class of size 35 knous that the time needeci to

evaluate a randomly chosen first year paper is a random r,ariable witir mean

value of 4 minutes and a standard deviation of 3 mrnutes. If evaluation trmes

are independent and the teacher starts er-aluatron at 5:30 pm and evaluaies

continuously, what is the probabitrity that she completes evaluation betbre

(s+5)

P.T.O.

Y 1 2 1J ,4-
P(v) 0.2 0.4 0.-1 0.1

8pm dinner starts?
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(er) qeRm r$rffiur *t ndq qffi(nrt srmr *r uR vu4x,) x, qr frqtur * str

Var(Xr)46f kqFf ** Vu,(d,-bxr):a2Var(X,)+b2Var(Xr),v6f a *t U

ftnrqr * r wr ?16 mefir v6{ *? qRffi frftrq r

(e) i{FrR ss * q6' irtftTr€ q{t * frrsrq,' qFfi g fr qqEo-fi'6q t Ii:rq eqq eS

*trto,r1rrmaffi*+frrq $rq{ffi'qqq 4 ftr* atmair *r s fr{e*
qFrtr'kdirr * €rq qm urgRrm qr Br qE Xeqm-+ tnT rrrr.r r{trd + ft efu*l

!rr{ s:30 q+ 
WndEET Er o,rfr B *r mrnrn {dltc,,{ ln{fr *, * ffi qqr srfrmilr

i ro qa I q$ rrfi tnr rerHT gt #+ .r6m Tiqr*,r gn w mrri

3. If Fr 30, pz :40, pr: 50, 6'r: 15, o2r: 25, and o2, : 5 are mean values

and variance of three independently and normatly distributed random variables

X1, X2, and X, respectively.

(a) Calculate P(24 < X < 39), where X:0.3X, - X, * 1.7X3.

(b) Calculate P(X, - 2Xr. 3X,). Can you find this probability if population is

not normal and sample size is 3? Whyi Why not? (5+5)

qR Fr : 30, lrz : 40, $z: 50, o2, :15, o2r:25, iltt or, : 5 Srl'{t: frqqO-* 5q t Bth rggf;q

sq * ffiil qrgfrsm qr xl, X,, * X, * qnrr qrjr BIh lfir€r S I

(er) pe4 < x < 39), fr rnrrqr dfrq, waf x:0.3x, - x2 + 1.7 x3 I

(s) P(X, - 2X,.34) S rrur-{r frfrq, qfr 6ftpq6qr rspn;sr rrfr B irlr yfr"dqt srrEfiR 3

t, fr qqr $Fr q6 yrPffi-ff Gnt tnr irq.+ i? qd/d ;r&?
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SECTION II

Attempt any three questions.

4. (a) 'Suppose 
a sample of size n is to be drawn from a normal distribution where

true standard deviation is 12.7 . How large does n have to be to guarantee

that the width of 97%;o confidence interval for true average value is 1.2. How

does precision of estimation change if we chaage the confidence level from

97%o to ggl'/o.

(b) Suppose a population is normally distributed with mean p and unknown

variance o2. From this population, a sample of size 49 is drawn with

an average value of 3.2 and standard deviation 2.6. Find the 92Yo

confidence interval for p. Write the interpretation of 92Yo confidence interval

for p, also write the upper confidence bound for p for the 92Yo confidence

level.

(w) qrry frfrq fr" snmn n tfir yfi qT{r \rfi {rqrq frHirT + ffi-Er qmr B wa sr-q"E-f;

qrjrm kddffT r2.7 Br ?16 rrr& tt A frq rl frrfiT {sr ii-{r lTEq fr rrfr iilqq qrr

+ frq e7% Brfis iffiffd fr qH r.z tr wqt rq Ea'Fqt€ +qa d e7o, t ee' ,

t qeo t fr il$Fr fr Eaer dt qeur& i r

(s) qrrr Sfrq fr m<wqr rlrqr;q 6q A Brtrd ,, silt :rara Fi-;;rtr o, * €tq ffi{
ql vr& tr g{ iTrsrfr t, sr*-R 4e t6I g6. qn 3.2 + Jilffi qlq *t qrro fr-{m{

2.6 * qrq tqrc frzn rrqr Br p * frq qzq. frsqr(q-* 3]-iiTa ara dfrqr p + frg

e29zo 6iFmt{ {ciqd fr qrcqr ftn}, sz% qiFm,}€ +q-f, + frq p * frq 3Tq{

mrFfit{ srss tt ftrd r

P.T.O,
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5. (a) Let X,, Xr, ---, X, be a random sample of size 5 from the pdf

f(x; 0) : gxo 1 where 0 ( x < 1

Find the moment estimator of 0. If X, : 0.34, X, : 0.27, X3: 4.79,

Xo : 0.82, X, : 0.19, what will be the moment estimate for 0.

(b) (i) If an estimator is unbiased its mean square error (MSE) is equal to its

variance, is this statement correct? Answer with the help of relevant

derivation.

(ir) If Y and I(t, _r)' ,n are maximum likelihood estimators (M.L.E.s)

of the mean and variance of a normal distribution, then what will be

the M.L.E. of E(Y'z)?

(sr) qrr Aft* xl, x2, ---, X, fte\r6 t sn+r< 5 6T yqt qfu ;r^{Hr A

(s+5)

f(x; 0):exo-l Wd O<x(1

0 6'1 3ilE t ii.{qf;r$ Vm frFdqt qR X, : 0.34, Xr: 0.27, Xr: 0.79, X0 : 0.82,

X,:0.1e, e * ftq sttqlt erya Hr *rn?

(e) (r) qRw ir{qfffifrrqeT*dgt-fr *qilq{38 6r,rsr;w*n6**ffir-qr
B, wr qE 6'wr {& *? yrflFro €-iqfu 6 vsrrnn t stn -fiBqr

(t) qR Y 3i{ I(", _1)t ,n \F- qFr;q {a1;r + r{rt{ Bik }rfinr + 3lpr6-dq

qqr-fiT ruqFrfi @.L.E.) t, fr ng,) ifir M.L.E. wr *{n?
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6. (a) A random sample of 100 items taken from a large batch of articles contains

5 defective items. Estimate the true average proportion of defective items in

the batch in a way that conveys information about precision and reliability.

(Assume 95oA level of confidence).

(b) Consider a sample of random variables X* X2, X, where n > 10,

E(x)= p, Var(X,) = 02 ) 0 and the estimator ?:;+IL,,r, . Calculate

(i) Bias of i

(ii) Variance of i

(iii) Mean Square Error of y (s+s)

(lr) ffi*lroGfutfrqrKl00 Bttr'{**q-rqgfurq{+t s iqT,i B{r{&I

*r dq q iqT,i refr + qr€fu *tra Bl3qTn F;I EH Ht6 t s{qrr iaTnq d
(&{il dk fu{ffft?Tfrr * qR + GFr+ilft }.n tr {es''o stTiqBwr€ q;t ETr qrq

frftw)r

(s) ,TrBwq. { X,,X,,........., x" * v*.;T$ rn fr-irn etkq v-a n> 10. Er\,,: !.,,

var(X,) : o,2 > O sk et1qrrm ? i =j- Ii ,,r, rrunr !ffiq

(i) i m ar+r

(r) t ffi vetur

(*) t fr qruq q{ 3E

!

P.T.O.



i

1349 8

1. (a) A psychologist estimates the mean reaction time for a sample of n : 9

respondents.

(i) Calculate the width of the 90% confidence interval for true population

variance o2.

(ii) Calculate the upper bound on sample size "n" so that the expected

r,vidth of the confidence interval calculated in (i) does not exceed the

true population variance o2.

(b) A random sample of 20 workers in a village was found to have a mean

daily income of Rs. 45 and a sample standard deviation of Rs. 8. Based

on the sample data, the government wants to obtain an estimate of
the minimum income earned by workers "w", which covers 99 percent of
workers in the population. Calculate w. (Assume population distribution to

be normal). (5+5)

(ir) l-cn q-+ffifi w : q ffic{rflr$ * q$ * frq $iffd yfrfrqT T{rq q'r ir{qrr

arror *r

(i) ilraRm ffitr{qr yrtrur or * ftq eo9lo qYFR*t Ectqm * ff fr rrrrar

dfrq r

(ir) aqm $rcnm 'rqi1r'; q1 a.qt frqr fr rrqqr e1frrq mfu (t) { rrunr * rr$

frrfiH ffiRrf, fr irmrd ff q|rilEs. vHtt6qr Frqff o, t skq' a frr

(s) \-s' rilE fr zo ryffi * qffi'qr{F6-*. q$ t w} * s*rd *Rn B{rq 4s tqt
qr€ .r{ itk q{tr q;Tfr' kdffT 8 dqA tr ;rrqr ta * s{Trnr qr, irGfiR -rM
ugq" aRr B{ffiil;{irffT i{rq Eil el1qFr qrcil H-t{r qrr& *, S 3n-{r& t qq rk{rfr

,Jffi d cqt qffi *l sq * arqqr dfrq I (s{fur frfrur d w{Flr -qH' ' 4

freq)r
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SECTION III

Attempt any four questions.

fta?'un vwl wyrre fiffi r

8. (a) The chip of a processor requires a special kind of setting. A lot of re-setting

is required if the setting is not optimal. Prior to a demo too many re-setting

operations were required. In a sample of 200 units, 26 chips required re-

setting. A training workshop explained the process of chips manufacturing in

a dynamic and efficient manner that reduced the task of re-setting. A neu,

sample of size 200 had only 1 2 that needed re-setting. ls this sufficient

evidence to conchrde at the 0.0i ierel of signiticance that the training

workshop har,'e irecr, et-f'ectir.-e in reducin_e the task of re-setting?

(b) Studying the entry of runners at t."vo busy palks betu'een 6 p.m. and 8 p.m.,

it lvas found that on 40 weekdays there were on the average247.3 runners

entering the first park while on 30 u'eekdavs there were on the

average 254.1 rllnners entering the second park. The correspondin_e

sample standard deviations are s, : 15.2 and s. : 18.7. Test the null

h-,,pothesis F, - Fr:0 against the alternative hypothesis F, - lrz + 0 at the

level of significance c{,:0.01. What would be your conclusion using the p-

value of the test. (s+s)

(a) *tm q}frq e1qm^ frfrq yenn 41 Aftrr d snqc€r*-frr ffi ir qR ttr{T EwiT

'rff B d e-gmfrt-tfrlr fr enErqo-rn *& *r H + q-rfr eEnt fr-tE{r GfQrrr

qt qelzrmar *& frr 200 gfl-st * i$ fr, zo frqfi Eil ftii't fu 6,i+ H}

P.T.O.
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B{rrr{zrtr-tn *& tr gfi vFre{rr qr*qneTr t trc ffiur s1 vhqr d qRfim slk E{riT

(ffi t rr*rc{rqr rrqr, ftrst ft-tfrir qr qr{ qq * rptn slltfiR zoo * y*.'{q q{i.

t *qfi re * ftrt &-r t te q-t+ fr snqsrs-dr frr wr qE 0.01 * qre * wt

rn M ftfrrd* A frq .rqf.il qreq i fr qfrre{ur q.rfqrdr 5,r: tErr + q,ld q+

q-q ffi+ + eqr& rfr *?

(c) {nrl 6 *rrn aqS*frqaqrrrn*Tt Errqd*qa{rw ilurcr;rfrqrrtqt r216

wry wr ft ao (qrIE + ffi t B*q-d{ 247.3 urcrefi' TdA q-d { lTan m* t iilqfr

30 qqn6 + ffi- A $t qrd } B*{-ff 2s4.r qFrs'G{r m-rt t r tlfrt qT{r lmr6'

frqfi-{ s, : 15.2 dt ., : 18.7 t , 15;* qRacrrqr V, - tlr:6 tfiT ffi6 qftei-iqqr

p, -[, *o*frt'arrs ci:0.01,*wtrnqtaurqftfrq rp- *qalrq*{rqif*

Blrq6'r M wI *{n?

9. (a) A student is timed 20 times in the performance of a task, getting mean

f :1.9 minutes and standard deviation s : 1.2 minutes. If the probability

of a Type I error is to be at most 0.05, does this constitute evidence against

the null hypothesis that the average iime is less than or equal to 7.5 minutes?

Find the p-value of the test.

(b) Playing 10 rounds of golf every week, a golf professional average d 71.3

with a standard deviation of 2.64. Test the nul1 hypothesis that the consistency

of his game is actually measured by standard deviation o : 2.40, against the

alternative hypothesis that he is less consistent. Use the level of significance

0.05. Assume that the distribution of his score every week, is approximately

normal. (s+s)



i

1349

(sr)

tl
qdfi'Effir * \ro q.rf + lrqqtrt eo qR €{q frqr Grflr *, -qltiT i:7 .s fr;rc $fu qFrfi

frffi{ s: 1.2 fr.as vp6 *m *r qR frifr nqr * 3E d t'qrd{r s{Erqi-d{ o.os

*, fr wr :16 Eq qfrmer* * tddTrm' rsrwt qT rro=t qktt * fr S$d uqq z.s fr;rc

t mq qT BT* c<mt *? qte{ur trt p-qrr art dfrq r

(e) rt sqt +ffi * to rrse.rH Eg, Yfi 466 t*'< qr s*rt e.oa d qFrdr frTtr{

* qrrr 7.3 en r qu vftm-emr qr qfruur frBq fr- c:fl+ iAf, fr ftrni'ilr eRirq fi
qFrs fuf,T o : 2.40 Er{r qrfi iilrfr *, Wfi qftm-crtr * fr€ fr rt q"q

g({rf, *r .rfiq * wt 0.0s sT sq+{r dfrrqr rrrt dfrq ft' rt Eq+ 3q-+ of qt

frdrq T* rnqrq * r

10. (a) Suppose an automobile company is looking for additives that might increase

gas mileage. As a pilot study, they send thirty cars fueled with a neu' additive

on a road trip from Bengaluru to Ahmedabad. Without the additive. those

same cars are known to average 25.0 mpg u,ith a standard deriation (o)

of 2.4mpg. Suppose it turns out that the thirt-v cars average t : 26.3 mpg

with the additive. What should the companv conclude at 5ozir level of

significance?

(b) Using the same information as in part a) suppose the company can commit

two different types of errors. If the additive is effective but the position is

taken that the increase from 25.0 to 26.3 is due solely to chance, the company

will mistakenly pass up a potentially lucrative product. On the other hand,

if the additive is not etTective but the firm interprets the mileage increase as

"proof' that the additive works, time and money u,ill ultirnately be wasted

developing a product that has no intrinsic value. What are these errors known

as'] Calculate the probability of both the errors if the rejection region is

given as x > 25.718. Also assume that the true population mean (with the

(5'5)

P.T.O.

additive) is 25 .7 50.

,1
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(er) qrr mftTq fr'\rs ef"&Sqlqi{ 6'q* qBfrq fr aurqr m rft t fr i{ qrq+m q-.dr

qsq *r qo .t *. ffirlqrd| qq t, t tTr-g6 t sr.rerqr{ fr rso qr,il y( \'fi' ;Tg

frtrm' * qrq fi( olt 6i ffi tr dns + frn, ir€ c.rir +} z.+*pg g q65

fr-{iTT (o) a"qr 25.0 mpg * Bflsil * rrr{ Hr;tr :ilrff t r qrt fiRq fr'qa Rtr qflr

* fr ft{ qrt w eirc v :26.3 *pe qBPq * rrrq * t sz $rrmfrr Kt .rt qffi

o1 wr ft,ffiS fiq,rir-{r qrBq?

(e) .{r.r (q) * q,firr HFrfirft qr sq*{r wr* qrq *Bq fr q-ffi * irarr- sq-{r wFR

S Zfrqr' m lrcnfr t r crR AEiq yqrfr B, efur RrR rra * fr zs.o t zo.s aq

fr gk 1t <nr t {tfrrT * qrur *, * mr$ rrd-& A vfi ffif, s{rq.$6^ yrqre q}

& ffi r Erft *r, -qfr *ws qqr& ifr *, eB,-rr qil ulgfi-s gk fr1 "rwfr, *
w i qrccqr q-'re * fr +m-6 q.H 6ttrr *, v.rq itk n€r rer \R:srrm d
ffi q.{+t q-ct€ fr inn'rn frn*'r frt{ Bfi-dtro ga +& * r r+ 1frd qt wr qsr

qrarl? qE irffi **: i>2s.7ra *wtfrqrrrqrl,**il$A6qrrrfir
fr rrunr frkqr qa rt qra frfrq fr qrREfi s{q{qr qruT (*$s * mr*) 2s.7so

tiRf:

*r

11. (a) A random sample of 1000 workers from South India shows that their mean

wages are Rs. 47 per hour with a standard deviation of Rs. 28. A random

sample of 1500 workers frcm North India gives a mean wage of Rs. 49 per

hour with a standard deviation of Rs. 40. Test if there is any significant

difference betr.veen mean wages across North and South India for the

population of workers at I o/olevel of significance.
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(b) Two different computer processors are compared by measuring the processing

speed for different operations performed by computers using the two

processors. If 12 measurements with the first processor had a standard

deviation of 0.1 GHz and 16 measurements with the second processor had

a standard deviation of 0.15 GHz, can it be concluded that the processing

speed of the second processor is less uniform? Use o : 0.05 level of

significance. What assumptions must be made as to how the two samples are

obtained? (5 r5)

(w) tftw qnil + lsss ryfrnt $r ys'rTr1€a-fl;r+rqr rsrif,lt fr BTff .:rtra qo(t az

wlnqrcr+s fuimyfrqsr 28 nqt*rc.*-r rrrte* rsoo ryffiHy*qqfufi
i5r e;r 3ird +d-{ 49 EqA yfr trcr ir+r qrrfi Brrdr 40 {q} yh qa *r r.,,.

qt{ffi'kmrn rftq1qfr iilqrfrAfrqstrr *( EBrsi rilril+ i*ffiqq-^dft+frq6t{

qreygt s{frr i sr rfi, ge+r qte{ur dfrq r

(e) * lrcr{r- flm?T qirdR r}em ct gmr A fr+'fi qT ur+rr 6"r Hx(cr ERr frq rrq

frFq qlqT * frq qff€{i-ruT rrR q} qq+ A Enr Eft urfr tr qR r6a y}tfr * rrrq

12 Tifr S o.r frin-r& 6r qFrir fr-{m{ qT Hi{ $ +Aqt * lrrq t6 qrql* fr o.is

ffiB ql q;rm-friltr{ arr, * wr qE: M ft-*rdr Er qfi?rr B fr Rnt frAa{

61qflffirry rrh qm vfiffirrr*? rre * o.os Hr o.1 3qfrr dfrq r * qi dt
nEil frq fft *, W+ qfr fr wr mun{ q-ql{ HTfr qGq?

12. (a) In a pilot process, almond milk was manufactured in n : 8 plants to yield

(in litres) in a week.

26.8 32.5 29.7 24.6 31.5 39.8 26.5 19.9

P.T.O.
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Conduct a test of hypotheses with the intent of showing that the mean

production is less than 36.2. Take level of significance o 
= 

0.01 and assume

a normal population. Based on your conclusion, what error could you have

made? Explain in the context of the problem.

(b) Using the 95%o confidence interval, for the mean reading time, following

information is obtained:

N SampleMean
Sample Standard

Deviation

957o Confidence

Interval

l5 6.009 1.078 (s.+t2,6.606)

(i) Decide whether or not to reject Ho: p:5.5 hours in favour of

H,: p + 5.5 hours at level of significance o:0.05.

(ii) Decide whether or not to reject H^: pr:5.3 hours in favour of

H,: p * 5.3 hours at level of significance cx. : 0.05.

(iii) Based on the example what is the relationship between tests for two-

sided alternatives and confidence intervals? (5+5)

(ir) qm^ qrqfi-e nBqr {, qrErq m,T Ra n: s d:} t qfi irqrrr fr srq (fi-c. fr) A frq

frffiil frqr rrqr qr r

26.8 32.5 29.7 24.6 31.5 39.8 26.5 19.9

*qH viqrffi 36.2 A 6rt * 116 fr€r+ * q{t t qFm?rqT q'r qte{ur EfiftTq I {6iir

tFT Kt cr:0.01, fifdq srlr qq. qrqrq wrs{qr qrr fifuqr ilTq* M * enm

rn, irFT wr gE 6T rrefr *? qrsr * tst t qrtqr dfirq r
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Brleil q-.d+ * rrrrq * ftrq qsx fr'{qFr srfirf, ffi :rq*{r H-*

HFrorfr qr.fr * Hr& +:

Es,(e) ffift{il

N SampleMean
Sample Standard

Deviation

957o Confidence

Interval

l5 6.009 1.078 (s.+tz, o.ooo)

(i) {q dftrq ft' Ho, p : 5.5 qt q} srSfiR qfir B qr rS H,: p * s.5 qt * qe{

t, qtrtg * wt cr: o.o5 Yt r

(il) Hq .nF q fr Ho' p : s.3 {t qil sItftfiR q'aqr } qr rfr

t, qtrtq * w a: o.o5 !-t r

(iii) s+mur * snEm rn * affiT 1M sk frr<rfi 3rfiril + ftrg qftNil + ft
wr vsu €?

P.T.O.

H,:p+5.3tP*qa
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A-2 Apcendlr'iarrbs

Table A.1 Cumulative Binomial probabilities
a. n=5

t6

,r

B(x;*,p'y:2 bLv:n,p)
_!- 0

0.01 0.0s 0.10 0.20 0.25 030 0.40 0.50 0.60 0.?0 0,75 0.80 0.90 0.95 0.99

0 .951 .774 .590
t .999 .977 .919

x 2 1.000 .999 .991
3 1.000 1.000 r.000
4 L000 1.000 1.000

.328 .237 .168 .078

.737 .633 .szE .337

.942 .896 .837 .683

.993 .984 .969 .913
L000 .999 .9e8 .e90

.o02 .001 .000 .000

.031 .016 .007 .000

.163 .104 .058 .009

.472 .367 .263 .081

.832 .763 .672 .410

.000

.000

.000

.001

.049

.000

.000

.001

.021

.226

.03 r

.i88

.s00

.8 l2

.969

.010

.087

.3 l7

.663
o )')

b.n=10

0.01 0.05 0.10 0.2i) 0.25 0.30 0.40 0.s0 0.60 0.?0 0.75 0.E0 0.90 0.95 0.e9

0 .904
| .996
2 1.000

3 1.000

4 1.000

5 r.000
6 1.000

7 1.000

8 1.000

9 1.000

.599 .349

.914 .736

.988 .930

.999 ,987
1,000 .998

1.000 1.000
r .000 r.000
1.000 I.000
1.000 1.000
L000 1.000

.000 .000

.002 .000

.012 .00?

.055 .01i

.166 .04',1

36,a .150
.618 .350
.833 .6t7
.954 .851

.991 .972

.000 .000 .000

.000 .000 .000

.000 .000 .000

.004 .001 .000

.020 .006 .000

.078 .033 .002

.?24 .l2l .0r3

.4i4 322 .070

.756 .624 .264

.944 .893 .651

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

.001 .000

.012 .000
,086 .004
.401 .096

.147 .056 .028 .006 .001

.376 .2M .149 .046 .0t 1

.678 .526 .383 .167 .055

.879 .'t'16 "650 .382 .t"t2

.967 .922 .850 .633 .377

.994 .980 .9s3 .834 .623

.999 .996 .989 .945 .828
1.000 1 .000 .998 .988 .945
L000 1.000 L000 .998 .9S9
l-000 1.000 1.000 1.000 .999

c. n=15

0.01 0.0s 0.10 0.20 0.25 0.30 0.40 0,50 0.60 0.70 0.75 0.80 0.90 0.9s 0.99

0 .860
I .990
2 t.000
3 1.000

4 t.000

5 L000
6 1.000

x 7 1.000

I 1.000
9 1.000

l0 1.000
11 1.000

t2 1.000

13 1.000

t4 1.000

.463 .206

.829 .s49

.964 ,816

.995 .944

.999 .981

1.000 .998
1,000 1.000
1.000 L000
1.000 1.000
1.000 t.000

L000 I.000
1.000 1.000
1.000 1.000
1.000 L000
1.000 1.000

.000 .000

.000 .000

.000 .000

.000 .000

.001 .000

.004 .00t

.015 .004

.050 .017

.l3l .os1

.278 .148

.485 .314

.703 .539

.873 .764

.965 .920

.995 .98?

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

.001 .000

.004 .000

.018 .000

.06t .002

.t& .013

.352 .056

.602 .1 84

.833 .451

.965 .794

.000 .000

.000 .000

.000 .000

.000 .000

.000 000

.000 .000

.000 .000

.000 .000

.000 .000

.000 .00{)

.00r .000

.005 .000

.036 .000

.t7t .0t0

.537 ,14{)

.035 .013 .005 .000 .000 .000

.167 .080 .035 .005 .000 .000

.398 .236 .127 .027 .004 .000

.648 .461 .297 .091 .018 .002

.836 -686 .5 t 5 .21'7 .059 .009

.939 .852 .722 .403 . t 5l .034

.982 .943 .859 .6 r0 .304 .09s

.996 .983 .950 .'187 .500 .213

.999 .996 .98s .90s .696 .390
1.000 .999 .996 .966 .849 .se7

1.000 1.000 .999 ,99 r' .941 .783
I.000 I .000 L000 .998 .982 .909
1.000 1.000 1.000 1.000 .996 .9't3
1.000 1.000 t.000 I.000 1.000 .99s
L000 1.000 1.000 r.000 r.000 L000

(c'ontinued)
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Table A.l Cumulatiye Binomial Probabilities {cont.)

d,. n=24

t7

Ai,1i-a.iti,ji\ Lij,ir',] A-3

,t

BG: n - ol - )'. &( r': n^ n)
t"" 0

0.01 0.05 0.10 0.20 0.25 030 0.40 0.50 0.60 0.70 0"15 0"80 0.90 0.9s 0.99

0 .8t8 .3s8 .r27 .Otz .003 .001 .000 .000 .000 .000 .000 .000 .000 .000
l .983 136 .392 .069 .A24 .008 .001 .000 .000 .000 .000 ,000 .000 .000
2 .999 .925 .677 .206 .091 .035 .004 .000 .000 .000 .000 .000 .000 .000
3 1.000 .984 .867 .411 .225 .107 .016 .001 .000 .000 .000 .000 .000 .000
4 1.000 .997 .957 .630 .415 .238 .051 .006 .000 .000 .000 .000 .000 .000

5 1.000 I.000 .989 .804 .617 .416 .126 .021 .002 .000 .000 .000 .000 .000
6 1.000 1.000 .998 .913 186 .608 .250 .058 .006 .000 .000 .000 .000 .000
7 i.000 r .000 1.000 .968 .E98 :172 .416 .132 .Ozt .00 t .000 .000 .000 .000
8 1.000 1.000 1.000 .990 _959 .887 .596 .252 _057 .005 .001 .000 .000 .000
9 1.000 1.000 1.000 .997 .986 .952 .755 .412 .128 .01"7 .004 .001 .000 .000

10 1.000 1.000 1.000 .999 .996 .983 .872 .588 .245 .048 .014 .003 .000 .000
ll 1.000 1.000 1.000 1.000 .999 .99s .943 .748 .404 .1t3 .041 .010 .000 .000
12 1.000 1.000 1.000 1.000 1.000 .999 .9'79 .868 .584 .228 .102 .032 .000 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 .994 .942 .750 .392 .214 .087 .002 .000
14 1.000 1.000 i.000 r.000 1.000 1.000 .998 .9"t9 .874 .584 .383 .196 .01l 000

15 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .994 .949 .',762 ,585 .370 .043 .003
16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 .984 .893 .77s .589 .t33 "016I7 1.000 1.000 1.000 t.000 1.000 1.000 1"000 1.000 .996 .965 .909 .794 .323 "075l8 1.000 1.000 1.000 1.000 I.000 1.000 t.000 1.000 .999 .992 .976 .931 .608 .264
19 1"000 L000 1.000 1.000 1.000 1.000 1.000 1.000 t.000 .999 .991 .988 .87S .642

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.001

.01 7

.182

{continued t

P.T.O.
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A-4 Alleirciir l.rnles

Table A.t Cumulative Binomial Probabilities (cont.)

e. t=25

18

B1t n. p) : I b(r: n, p)
!.'" l)

0.0r 0.0s 0.10 0.25 0.30 0.40 0.50 0.60 0.70 0.75 0.80 0.90 0.9s 0.e9

0 .7'tE .271

| .974 .642
2 .998 _873

3 1.000 .966
4 1.000 .993

5 1.000 .999
6 1.000 1.000

7 I .000 1.000

8 1.000 1.000

9 I .000 1.000

10 1.000 1.000

1l 1.000 L000
x 12 1.000 1.000

13 1.000 1.000

14 1.000 r.000

.004 .001

.027 .007

.098 .032

.234 .096

.421 .214

.6t7 .378

.780 .s6l

.891 .727

.953 .851

.983 .929

L000 .994 .970
1.000 .998 .980
L000 L000 .997
I .000 1.000 .999
I .000 1 .000 i.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.001

.000

.000

.000

.000

.000

.000

.000

.000

.002

.006

.000

.00r

.003

.020

.030

.000 .000 .000 .000 .000

.002 .000 .000 .000 .000

.009 .000 .000 .000 .000

.033 .402 .000 .000 .000

.090 .009 ,000 .000 .000

.a'72

.271

.53'7

.764

.902

.967

.991

,998
1.000
r.000

.000 .000

.000 .000

.000 .000

.000 .000

.000 .000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.00{)

.000

.000

.000

.000

.000

.000

.000

.00t)

.000

.000

.000

.00r]

.000

.000

.000

.000

.002

.026

.222

.r93 .a29 .002

.34t .074 .007

.512 . 154 .O22

.677 .274 .054

.81 1 "425 .1 t5

.902 .586 .2r2

.956 ;t32 .345

.983 .E46 .500

.994 .922 .655

.998 .966 .788

.000 .000 .000

.000 .000 .000

.001 .000 .000

.004 .000 .000

.013 .000 .000

.034 .002

.078 .006

.154 .017

.268 .044

.414 .098

15 1.000 1.000 1.000 1.000 1.000 1.000 .987 .885 .57s .t89 ,0?1 .017 .000
16 I.000 1.000 1.000 1.000 1.000 1.000 .996 .946 ..t26 .323 .14s .047 .000
l7 1.000 t.000 1.000 t.000 1.000 1.000 .999 .978 .846 .488 .273 .109 .002
18 1.000 I .000 1.000 1.000 I .000 I .000 I .000 .993 .926 .659 .439 .220 .009
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 .971 .807 .622 .383 .0-13

20

2t
))
23

i4

1.000 l.000 1.000
I .000 L000 1.000
1.000 1.000 1.000
1.000 1.000 1.000
I ^000 L000 I .000

1.000 1.000 1.000 1.000 1.000 .991 .910 .786 .579 .098 .007
1.000 1.000 1.000 1.000 1.000 .998 .967 .901 .166 .236 .034
1.000 r.000 I.000 1.000 1.000 1.000 .ggL .968 .902 .463 .r27
1.000 1.000 i.000 1.000 1.000 1.000 .998 .993 .973 :t29 .358
1.000 1.000 1.000 1.000 1.000 t.000 1.000 .999 .996 .928 .723

Table A.2 Cumulative Poisson Probabilities F(x;tt)= P_+

1.0.9.81.l.4
,,

.1

0

I
)

-r3
4

5

6

.905

.995

L000

.8i9

.982

.999
1.000

.741

.963

.996
1.000

.6',70

.938

.992

.999
1.000

.607

.9 l0

.986

.998

1.000

.549
,878

.977

.997
1.000

.491

.844

.966

"994
.999

l.000

.449

.809

.953

.991

.999
1.000

.401 .368

.772 .7.i6

.937 .L)20

.987 .q8l

.998 996
1,000 .999

1.000

(<vtrtittued.\

lL

.6
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Table A.2 Cumulative Poisson Probabilities {cont.)

1'

Ar:t*r;,iir i rl.irr A-5

t"(x,rt).= i +$
lt1 'l'l

10.0 15.0 20.09.08.01.06.05.04.03.02.0

0
I
2

3

4

5

6
7

8

9

l0
1l
l,

13

t4

15

16

lt
t8*19
20
2l
22
23
24

25

26

27
28

29

30

3l
32

JJ
34

35

36

.135
,406

.677

-857

.947

.983

.99s

.999

1.000

.050

.199

.423

.641

.815

.916

.966

.988

.996

.999

t.000

.018

.092

.238

.433

.629

.?85

.889

.949

.979

.992

.997

.999
1.000

.001

.007

.030

.082

.l?3

.3Gl

.450

.599

.129

.E30

.901

.947

.973

.987

.994

.998

.999
1.000

.000

.003

.0t4

.M2

.100

.191

.313

.453

.593

.1t7

.816

.888

.936

.966

.983

.992

.996

.998

.999
1.000

.000

.00i

.006
,02r
.055

.l l6

.207

.324

.456

.587

-706
.803
.E't6

.926

.959

,978
.989

.995

.998

.999

1.000

.000

.000

.003

.010

.029

.06?

. 130

.224

.333

.458

.583

.697
701

.864

.917

.951

.9'13

.986

.993

.991

.998

.999

1.000

.000

.000

.000

.000

.001

.003

.008

.0r8

.037

.070

.1 18

.185

.268

.363

.466

.558

.664

.749

.8 r9

.875

.91 7

.947

.967

.981

.989

.994

.991

.998

.999
i.000

.000

.000

.q00

.000

.000

.000

.000
,00 f

.002

.005

.01 1

.021

.039

.066

. tos

..157

.221

.297

.381

.007 .w2

.040 .017

.r25 .062

.265 .151

.440 .285

.616 .M6

.762 .606

.867 :r44

.912 .M7

.968 .916

.986 .9s7

.995 .980

_998 .99t
.999 .996
1"000 .999

.999
_ t.000

P.T.O.



I

1349

A-6 AppenCixTables

Tahle A.3 Standard Normal Curve Areas

20

(z\=PV-=z)

Staudard normal density curve

r'
Shaded area = (:)

.09.08.07.06.05.04.03.02.01.00

:::' -0,2't -o.l

-3.4
-3.3
:-3.2
-3.1
-3.0

-2.9
-2.8
-2.7
-2.6

-2.4
-2.3
-))
-2,1
-2.0
- 1.9

- 1.8

- 1.7

- 1.6

- 1.5

-1.4
- 1.3

-1.2
- l.l
-t.0
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
*0.3

.0003

.0005

.0007

.0010

.0013

.0019

.4026

.0035

.0047

.0062

.0082

.0107

.0139

.0179

.0228

.0287

.0359

.0446

.0548

.0668

.0808

.0968

.l151

.t357

.1587

.r841

.2119

.2420

.2143

.3085

.3446

.3821

.4207

.4602

.5000

.0003

.0005

.0007

.0009

.0013

.0018

.0025

.0034

.0045

.0060

.0080

.0104

.0136

.0t74

.0222

.0281

.0352

.M36

.0537

.0655

.0793

.0951

.l l3l

.1335

.1562

.18i4

.2090

.2389

.2709

.3050

3449
.3783
.4168
.4562
.4960

.0003

.0005

.0006

.0009

.0013

.0017

.0024

.0033

.4044

.0059

.0078

.0102

.0132

.0170

.0217

.0274

.0344

.M27

.0526

.0643

.0778

.0934

.nt2

.1314

.r539

.I7E8
,2061
.2358
.2676
.3015

.3312

.374s

.4t29

.4522

.4920

.0003

.0004

.0006

.0009

.0012

.0017

.0023

.0032

.0043

.0057

.0075

.0099

.0129

.0t65

.0212

.0268

.0336

.041E

.0516

.0630

.07&

.09t 8

.1093

.1292

.15t 5

.1762

.2033

.2327

.2&3

.298t

.3336

.3707

.4090

.4483

.4880

.0003

.0004

.0006

.0008

.0012

.0016

.0023

.003r

.0041

.0055

.0073

.0096

.0125

.0162

.0201

.0262

.0329

.0409

.0505

.0618

.0749

.090r

.1075

.127t

.1492

.1736

.2005

.2296

.26fi

.2946

.3300

.3669

.4052

.4443
.4840

.0003

.0004

.0006

.0008

.001r

.0016

.4022

.0030

.0040

.0054

.00?l

.0094

.0122

.01s8

.0202

.0256

.03?2

.0401

.049s

.0606

.0735

.0885

.r056

.1251

.1469

.17lL

.1917

.2266

.25iE

.2912

.3264

.3632

.4013

.,l.4M

.4E01

.0003

.0004

.0006

.0008

.00t l

.0015

.0021

.0029

.0039

.0052

.0069

.0091

.0119

.0154

.0191

.0250

.0314

"0392

"0485
.0594

.0722

.0869

.1 038

.t230

.1446

.1685

.1949

.2236

.2s46

.2817

.3228

.3594

.3974

.436l.

.476t

.0003

.0004

.0005

.0008

.00tI

.obr 5

.002r

.0028

.0038

.0051

.0068

.0089

.01l6

.0150

.0192

.0244

.0307

.0384

.4415

.0582

.0708

.0853

.1020

.1210

.1423

.1 660

.t922

.22M

.25t4

.2843

.3192

.3557

.3936
' .4325

.4721

.0003 .0002

.0004 .c003

.0005 .000s

.0007 ,0007

.0010 .0010

.0014 .0014

.0020 .0019

.0027 .0026

.0037 .0036

.0049 .0038

.0065 .0064

.0087 .0084

.0113 .01l0

.0146 .0143

.01 88 .01 83

.0239 . .0233

.0301 .0294

.0375 .0367

.046s .04s5

.0571 .05s9

.0694 .0681

.0838 ,0823

.i003 .0985

.1190 .1t70

. 1401 .1379

.1635 .16lr

.1894 .1867

.2177 .2149

.24E3 .24st

.2810 .2776

.3156 .3121

3s2A 3482
.3897 .3859
.4286 .424',1

.4681 .4641

(continued\

-0.1
-0.0
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Table A.3 Standard Normal Curve Areas (cont.)

2t

AJ:;x;r'.:ixi:iii,, A"7

<0121 = P(Zsz)

.09.08.07.06.05.04.03.02.01.00

0.0

0.1

0.2

0.3
0.4

0.5

0.6

0.7

0.8
0.9

1.0

l.l
1.2

1.3

1.4

1.5

1.6

1.7

1.8

L9

2.0
2.1

2.2

2.3

2.4

2,5

2.6
,, 1

2.8

2.9

3.0

3.1

1.2

3.3
3.4

.s000

.5398

.5793

.6179

.6554

.6915

.7257

.7580

.7881

.8159

.8413

.8643

.8849

.9032

.9t92

,9332
.9452
.9554

.9il|

.9713

.9772

.9821

.9861

.9893

.99r 8

.9938

.9953

.9965

.9974
,9981

.9987

.9990

.9993

.9995

.9997

.5040

"s438
.s832
.at7
.6591

.69s0

.7291

.76fi

.7910
,8186

.8438

.8665

.8869

.9049
9207

.934s

.9463

.9564

^9649
.9719

.9778

.9826

.9864

.9896

.9920

.99$

.9955

.9966

.9975

.9982

.99E7

.999t

.9993

.9995

.9997

.5080

.5478

.5871

.6255

.6628

.6985

.7324

.7@2

.7919

.8212

.8461

.8686

.8888

.9066

.9222

.9357

.9474

.9573

.9656

.9726

.9783

.9830

.9868

.9898

.9922

.9941

.9956

.9967

.9976

.9982

.9987

.9991

.9994

.9995

.9997

.5t20

.55t7

.5910

.6293

.6ffi

.7019

.7357

.7673

.'t967

.8238

.8485

.8708

.8907

.9082

.9236

.9370

.9484

.9582

.96(l

.9132

.9788

.9834

.9871

.9901

.9925

.9943

.9957

.9968

.9977
,9983

.9988

.9991

.9994

.9996

.9997

.5199

.5596

.5987

.6368

.6736

.?088

.7422

.7734

.8023

.8289

.8531

.8749

.8944

.91r5

.9265

.9394

.9505

.9599

.9618

.9744

.9798

.9842

.9878

.9906

.9929

.9946

.9960

.997Q

.9978

.998/.

.9989

.9992

.9994

.9996

.9997

s219
.5636
.6026
,6406
.6772

.7123

.7454

.7764

"8051
.83t5

.8554

.8710

.8962

.91 31

.9278

.940(t

.95t5

.9608

.9686

.9754

.9803

,9846

.9881

.9909

.993 r

.9948

.9961

.9971

.9979

.9985

.9989

.9992

.9994
,9996

"9997

.s359

.5753

.6141

.6517

.6879

.7224

.7549

.7852

.81 33

.8389

.8621

.8830

.90i 5

,917'7

.93 19

.944t

.9545

.9633

.9706

.9767

.981 7

.9857

.9890

.9916

.9936

.9952

.9964

.997/,

.e981

.9986

.9990

.9993

.9995

.999',!

.9998

.5160

.5557

.s948

.6331

.6700

.7054

.7389

.7704

.799s

.8264

.E508

.8729

.8925

.9099

.9251

.9382

.9495

.9591

.967r

.9738

.9193

.9838

.9875

.990r'

.9927

.9945

.9959

.9969

.9977

.9984

.9988

.9992

.9994

.9996

.9997

.5279 .5319

.5675 .57 t4

.6064 .6103

.6M3 .6480

.6808 .6844

.7157 .7190

.7486 .1511

.7794 .1823

.8078 .8106

.8340 .8365

.8577 .8599

.8790 .8810

.8980 .8997

.9t47 .9162

.9292 .9306

.94t8 .9429

.9525 .9535

.96t6 .9625

.9693 .9699

.9156 .976t

.9808 .9812

.9850 .9854

.9884 .9887

.9911 .9913

.9932 .9934

.9949 .9951

.9962 .9963

.99?2 .9973

.9979 .9980

.9985 .9986

.9989 .9990

.9992 .9993

.9995 .9995

.9996 .9996

.9991 .9997

P.T,O.
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Table A.5 Critical Values for f Distributions

))

ApJrerrlixLrl',ir: A-9

Shadcd arca .- u

I
2

3

4

3.078
1.885

1.63E

1.533

t.476
I.,t40
1.415

1.397

1.383

1.372

1.363

1.356

1.350

1.345

L34 1

1.337
1.333

1.330

1.328

1.325
1.323

1".321

1.3 l9
t.318

1.3t6
1.315

1.3 t4
1.3t3
1"31 1

I.310
1.309

t3a7
L306,
L304

l.303
t.299
1.296
L289
1.282

6.3r4
2.920
2.353
2.t32
2.015

1.943

r.895
1.860

1.833

1.8 l2
1.796
1.782
1.771

t.76t
L753
1.746

t.740
t.734
t.729

1.725

1.721
1.717

1.714
1.711

t.70E
1.706
1.703
1.701

1.699

t.697
t.694
1.691

r.688
1.686

t.684
L6',76

t.61t
1.658

I S45

12.706
4.303
3.1 82

2.776

2.571
2.447
2.365
2306
2.262

2.228
2.zot
2.179
2.160
2.145

2.131
2.120
2.1 l0
2.101

2.093

2.086
2.080
2.A74
2.069
2.064

2.060
2.056
2.052
2.048
2.045

2.042
2.037
2.A32
2.028
2.024

2.021
2.0a9
2.000
1.980
L960

3 I .821

6.96s
4.541

3.',t47

3.365

3.143

2.998
2.896
2.821

2.764
2.118
2.681
2,650
2.624

2.602
2.583
2.567

2.552
2.s39

2.528
2.5t8
2.50E
2.500

2.492

2.485

2.479
?.473
2.467
2.462

2.457
2.445
2.441

2.434
2.429

2.423

2.403
2.390
2.358

2.326

63.657

9.925
5.841
4.6M

4.032
3.707

3.499
3.3s5
3.250

3.169
3.106
3.055

3.012
2.971

2.947

2.921
2.898

2.818
2.861

2.845

2.831
2.819
2.807
2.797

2.787

2.719
2.771

2.'163
2.756

2.750
2.738
2.728
2.719
2.7 t2

2.704
2.678
2.660
2.617

2.576

3l 8.3 r

22.326
r0.213
7.173

5.1193

5.208
4,785
4.501

4.297

4.lM
4.025
3.930
3.852
3.1117

3.733
3.686
3.646,

3.610

3.579

3.552
3.527

3.505
3.485

3.461

3.450
3.435

3.421
3.408
3.39(r

3.385

3.365

3.348

3.333

3.1t 9

3.307

3.262

3.232
3,160

3.090

636.62

31 .598

12.924
8.610

6.869
5.9-59

5.408

5.041
4.781

4.5n7
4,437
4.3 t8
4.221
4.140

4.073
4.015

3.r65
3.922
3.8 83

3.850
3.8r9
3.792
3.767
1.745

3.725
3.707

3.690
3.674
3.6s9

3.646
3.622
3.601

3.582
l._s66

3.551

3.496
3.46A
J.-1/J

1.291

5

6
7

8

9

l0
II
t2
l3
t4

t5
l6
t7
18

l9
20

21

22

23

24
1<

26
21

28
29

30

32

34

36
38

40
50

60
120

.025 .00s .001 .0005
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Tahle A.7 CriticalVaiues for Chi-Squared Distributions

23

A;:1:eirdi:<iaii,r:: A-11

x] density curve

.995 .99 .975 .10.90.95 .02s .01 .0{t5

5.025 6.637 ?.882
7.378 9.2t0 10.597

9.348 ll.3M 12.837

I1.t43 13.2't7 14.860

12.832 15.085 i 6.748

I
2

3

4
5

6

7

8

I
l0

ll
t2
13

t4
l5

i6
l7
l8
I9
2A

0.000
0.010
0.072
0.207
0.41?

0.676
0.989
1.344
1.735

2.1 56

2.603
3.0'14
3_565

4.015
4.600

5.142
5.597
6.265
6.U3
'?.414

8.033
8.643
9.260
9"886

10.519

1 1.160
I 1 _807

12.46t
13"i20
13.i87

14.457

15.134

15.814
16.50t
l7.l9l
17.887
l8.sE4
19.289
19.994
20.706

0.000
0.020
0.1t 5

0.297
0.554

0.872
t.239
1.646
2.088
2.558

3"053

3.571
4.t07
4.660
5.229

5.8 r2
6.407
7.015
7.632
8.260

8.E97

9.542
I 0.195
10.856

11.523

12.198

12.878
13.565

14.256

14.954

15.655

16.362
17.073
t7;189
r 8.508

19.233
i9.960
20.691

?1.42s
22.t&

1.237

1.690

2.1 80
2.700
3.241

3.816
4.4U
5.009
5.629
6.262

6.908
7.564
8.231

8.905
9.591

10.283

10.982

1 1.6E8

12.40r
13.120

l3.E 14

14.573
t5.308
16.147

16.791

17.538

18.291

19.046

19.806

20.569

21.336
22.10s
2?.878
23.654
24.433

0.004
0. r03
0.352

0.711
1.145

1.635

2.167
2.733
3_325

3.940

4.575
5.226
5.892
6.571
7.261

7.962
8.682
9.390

10. l l7
10.851

11 .591

12.338

13.090
13.848

14.611

15.379
16.151

16.928
t7.708
18.493

19.280

20.0"1?

20.866
21.6U
22.465

23.269
24.015
24.884
25.695
26.509

0.016
0.211
0.584
1.064

L610

2.2M
2.833
3.490
4.168

4.865

5.578
6.304
'1.041

7.790
8.547

9.312
10.085

10.865
IL651
t2.443

t3.240
14.042
14.M8
15.559

t6.473

17.292
l8.l l4
I8.939
19.768
20.599

21.433
22.271
23.1 l0
21.952
24.796

25.643
26.492
27.343
28.196
29.0s0

2.746
4.605
6.251

7.179
9.236

10.645

12.An
13.362
14.684

1s.987

17.275
r8.549
19.81?

2t.au
223A7

23.342
24.769
25.989
27.203
28.4t2

29.6t5
30.813

32.W7
33. t96
34.381

35.563
36.74t
37.916
39.087
40.256

41422
42.585
43.74s
44.903
46.059

41.2t2
48.363
49.5 r 3

50.660
51.805

3"843

ss92
7.8 l5
9.488

11.070

t2.592
v.467
15.507

16.9 l9
18.307

t9.675
21.026
22.362
23.685
24.9e6

26.296
27.587
28.869

30.143
31.410

12.6'70
33.924
35.t12
36.415
37.652

38.885
40. I t3
41.337
42.557

43.773

44.9E5
46.194
47 "404
48.602
49.802

50.998
s2.t92
53.384
54.572
s5.758

t4.440
16.012

t7.534
t9.422
20.483

0.001
0.051
0.2r6
0.484
0_831

28.845
30. l 90
f t.526
32.852
34.1't0

2r.920 24.724 26.155

23.131 26.217 28 300
24"735 2"1 .687 29.8t1
26.n9 29.141 31.319

27.488 30.577 32.799

32.000 34.2{r'7

33.408 35.716
34.805 37.156
36.190 3S.580
37j66 39.99'l

35.478 38.930 4i.399
36.781 40.289 42.796
38.075 4r.63't 44.1'19

39.364 42.980 45.558

4A.646 M.313 46.925

4t923 45.642 48.290
43.194 46.962 49.642
44.461 48.278 50.993
45.712 49.586 52.333
46.979 50.8S2 53.672

48.231
49.480
50.724
s l .966
53.203

54.437 58.619 61.581

55.667 59.891 62.880

56.896 61.162, 64.1 8l
58.1i9 62.426 65.413

59.342 63.691 66,766

16.812 ilt.548
t8.474 ?,0.2,16

20.090 2t.954
21.66s 23.587
23-20s 25.188

52.190 55.000
53.486 s6328
54.774 5',7.646

56.061 58.964

5',1.340 6A.272

,l
11

23

/.1

23

26
27

28

29
30

31

32
33

34

35

36
37

38

39
40

For v > 40,x3,,= {, - ** ,,

P.T"O.

a
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/4.12 AppendixTables

Table A"8 t Curye Tail Areas

24

3

18lit615l413t2ill0

0.0

0.1

0.2
03
0.4

0.5

0.6

0,7
0.8
0.9

1.0

.500 .500 .500 .500 .500

.468 .465 .463 .463 .462.

.437 .430 -:427 .426 .425

.447 396 .392 .390 .388

.379 .364 .358 .355 .353

.352 .333 .326 .322 .319

.328 .305 .29s .290 .287

.306 .278 .267 .261 .258

.285 .254 .241 .234 .230

.267 .232 .2t7 .2t0 .205

.250 .211 .196 .187 .182

,235 .193 .176'.16',1 .162
"221 .t17 .1_s8 .148 .t42
.209 .162 .142 .132 .125
.197 .148 .128 .n7 .ll0
.i87 .136 .115 .104 .097

.1?8 .125 .104 .092 .085

.169 .li6 .0e4 .082 .075

.16t .107 .08s .ar .056

.t54 .099 .077 .065 .058

.148 .A92.070.058,051

.l4r .085 .063 .052 .045

. r36 .079 .058 .046 .040

.t31 .014 .052 .041 .035

.126 .069 .048 .037 .03t

.l2l. .065 .044 .033 .027

.li? .061 .040 .030 .a24

.1 13 .057 .037 .027 ,021

.109 .054 .034 .A24 .019

.106 .051 .031 .022 .017

.102.048 .029.020.015

.099 .045 .027 .018 .013

.096.043 .025.016.012

.094.040 .an.0l5.0li

.091 .03E .021 .014 .010

.089 .036 .020 .012 .009

.0E6 .035 .018 .01I .008

.084 .033 .0r7 .010 .007

.082 .03i .016 .010 .006

.080 .030 .015 .009 ,006
,078 .029 .0t4 .008 .005

.157 .154 .152 .150 .149 .147 .146 .t46 .lM .144

.138 .l3s .t32 .130 .r29 .128 ,127 .126 ,124 .124

.l2i .tt7 .l15 .113 .1il .ll0 .109 .108 .to7 .107

.106 .102 .100 .098 .86 .095 .093 .0e2 .091 .09 t

.092 .089 .086 .084,082 .081 .080 .a7g _oi.t .a]-t

.500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
,462.462.461 .49r.461 .461 .461 .461 .461 .461 .461 .461 .46t
.424 .424 .423 .423 .423 .423 .422 .422 .42? ,422 .422 .422 .422
.387 .386 .386 .386 .385 .385 .385 .384 .3S4 .384 .384 .384 .384
.352 .351 .350 .349 .349 .348 .348 .348 .347 .347 .347 .347 .347
.317 .316 .315 .315 .314 .313 .3t3 .313 .iL2 .112 "3t2 .312 .312
.285 .284 .283 .282 .28i .280 "280 .279 .279 .2?g .278 .278 .278
.255 .253 .2s2 .251 .250 .249 .?49 .248 .247 .247 .247 .24.1 .246
.227 .225 .223 .222 .221 .220 .220 .219 .218 .218 .218 .217 _217
,201 .199 .197 .196 .195 .t94 .193 .192 .t9t .191 .t9l .190 .i90
.1 78 .17s .173 .t72 .170 .169 .169 .1 68 .167 .t67 .1 66 . 166 .1 65

t,t
t.2
1.3

1.4

1.5

1.6

t.7
l.E
t.9

.080 .a77 .074 .012 .070 .069 .068 .A67 .06s .065 .065

.070 .065 .{}64 .062 .060 .059 .05? .055 .055 .055 .054

.061 .057 .055 .053 .051 .050 _M9 .048 .046 .046 .045

.053 .050 .M7 .045 .043 .042 .04t .040 .038 .038 .03S

.046 .M3 .040 .038 .037 .035 .034 .033 .032 .032 .031

.144.143.143

.t24 .123 .t23

.106 .105 .105

.090 .c90 .089

.0'77 .07 6 .075

.054 .064

.as4 .053

.045 .044

.017 .037

.031 .030

.040 .037

.035 .A32

.031 .027
,027 .024
.023 .020

.01I .009 .007 .006 .006 .005

.009 .008 .006 .005 .005 .004

.008 .007 .005 ,005 .004 .004

.007 .006 -00s .0M .003 .003
,006 .005 .004 .003 .003 .002

.034.033.03t .030 .029.028 .0?7 .027 .026.02s .O2s

.029 .028 .A26 .025 .A24 .023 .022 .A22 .021 .azt .02t

.02s .023 .022 .02t .020 .019 .018 .018 .018 .017 _017

.022 .020 .019 .0t8 .017 .016 .015 .015 .014 .014 .014

.018 .017 .016 ,0r5 .014 .013 ,012 .012 .012 .0ll .01t

.003

.003

.002

.002

.001

2,6
2.7

2.E

2.9
3.0

3,1
3.2
3.3
3.4
3.5

3.6
3.7

3.$
3.9
4.0

.020 .018 .016 .014 .013 .012 .An .01I .010 .010 .010 .009 .00e

.018 .015 .014 .012 .011 .010 .010 .009 .008 .008 .00ii .008 .007

.016 .013 .a12 .010 .009 .009 .008 .008 .007 .00? .006 .006 .006

.014 .0r 1 .010 .009 .008 .007 .007 .006 .005 .005 .00s .005 .005

.012 .010 .009 .007 .007 ,006 ,006 .0(15 .004 .004 .004 .004 .004

.005 .004 .004 .004 .003

.004 .003 .003 .003 .003

.003 .003 .0a2 .002 .002

.003 .002 .002 .002 .002

.002 .oaz .002 .002 .001

.00"1

.002

.aa2

.002

.001

.006 .004 .004 .003 .002 ,002 .002 .002 ,00r .001 .001 .00I .00t

.005.004.003.002.002 "002.002.001 .00t 001 .001 .001 .00t

.004 .003,003 "0a2 .002 .001 .001 "00r .00i .00t .00r .001 .001

.004 .003 .002 .0a2 .001 .001 .00t .001 .001 .001 .001 .001 .001

.004.003.002.002.001 .001 .001 .001 .001 .001 .001 .000 000

( continued\

' ': 2.0

r i: :i 2.1

'a.::,:;:l".it 2.2
-',',' 2,3
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Table A.8 t Curve TailAreas (cont.)

25

Aprenrii;x Tabior A.l3

Area to the
right ofr

t

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1
),
2.3

2.4

2.5

2.6

2.1

2.8

2.9

3.0

3.1
3.2

33
3.4

3.5

302827232l2019 22 24 Z3 26 29 35 40 60 120 6( =.a)

.500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .s00 .s00

.46t .461 .461 .46t .46t .461 .46t .461 .461 .461 .46t .461 .460 .460 ,460 ,460 .460

.422 .422 .422 .422 .422 .422 .422 .4U .421 .421 .421 .421 .42t .42t .421 .42t .421

.384 .384 .384 .383 .383 .383 .383 .383 .383 .383 .383 .383 .383 .383 .383 .382 .-'182

.347 .347 .347 .347 .346 .346 .346 .346 .346 .346 .346 .346 .346 .346 .345 .345 .345

.3ll .3ll .3lt .3il .311 .3tl .311 .3il .3il .310 .310 .310 .3i0 .310 .309 .309 ,30e

.2',18 .278 .278 .277 .277 .277 .277 .277 .277 .277 .277 .277 .276 .276 .275 "27s .274

.246 .246 .246 .246 .245 .245 .245 .245 .245 .245 .24s .245 .244 .244 .243 .243 .242

.217 .217 .216 .216 .2t6 .2t6 .2t6 .215 .2t5 .zts .215 .215 .2rs .2t4 .213 213 .2t2

.190 .189 .189 .189 .189 .r89 .188 .188 .188 .188 .188 .188 .t87 .187 .i86 .18s .184

.165 . i 65 .1 64 .164 .t64 .164 .1 63 .1 63 .163 .1 63 . 163 .163 .t62 .162 .1 6 1 . 160 .1 59

.143 .142 .142 .142 . i4 I .141 . 141 . l4l . 14 I . I 40 .140 .140 1 39 . r39 . r 38 . I 37 .136

.122 .122 .122 .12t _121 .121 .t?t .120 .120 .120 .120 .120 .119 .t 19 .117 .li6 .ris

.105 .r04 .104 .104 .103 .103 .103 .103 .t02 .102 .1a2 .102 .101 .101 .099 .098 .097

.089 .089 .088 .088 .087 .08? .087 . .087 .086 .086 .086 .086 .0E5 .085 .083 .082 ,081

.0i5 .075 .074 .074 .A?4 .073 .0',t3 .0'73 .0'73 .A72 .072 .072 .071 .071 .069 .068 .067

.063.063 .062.062.062.061 .061 .061 .061 .060.060.060.05e.0s9 .0s7.056 .055

.053 .052 .452 .052 .051 .05 l 05 I .051 ,050 .050 .050 .050 .049 .048 .A41 .A46 .04s

.M4 .043 .A$ .043 .042 .042 .M2 .042 .042 .Ml .041 .04r .040 .040 .038 .a3'/ .036

.036 .036 .036 .035 .035 .035 .035 .034 .034 .034 .034 .034 .033 .032 .031 .030 .029

.030 .030 .029 .029 .A29 .028 .028 .028 .028 .028 .027 ,A27 .027 .026 .025 .A24 .023

.025 .024 .024 .024 .AX .023 .023 .023 .023 .022 .022 .022 .022 .021 .020 .0t 9 .018

.020 .020 .020 .019 .019 .019 .019 .018 .018 .018 .0i8 .018 .0t7 .afi .016 .ols .014

.016 .016 .016 .016 .0i5 .015 .015 .015 .015 .015 .014 .014 .014 .013 .012 .an .011

.013.013.013.013 .atz.0l2 .012.012.012.atz.0t2.0ll .0ll .0li .010.00s .008

.011 .0ll .010 .010 .010 .010 .010 .oto .009 .009 .009 .009 .009 .008 .00s .007 .006

.009 .009 .008 .008 .008 .00E .008 .008 .007 .007 .007 .007 .007 .007 .005 .00-s .00s

.007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .00_s .005 .004 .004 .003

.006 ,006 .00s .005 .005 .005 .00s .005 _005 .005 .005 .004 .004 .004 .003 .003 .003

.005 .004 .004 .004 .004 .004 .004 .004 .004 .0M .004 .003 .003 .003 .003 .002 .002

.004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .001

.003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .a02 .00t .001

.002 .002 .002 .aoz .002 .002 .002 .002 .002 .0a2 .002 .002 .001 .001 .00 t .001

.002 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001

.002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .00r .001 .001 .001 .001 .000

.001 .001 .001 ,001 .00t ,001 .00r .001 .001 .001 .001 .001 .001 .001 .000 .000

.00r .001 .00r .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000

.001 .001 .00t .001 .001 .001 .001 .001 .000 .000 .000 .000 ,000 .000 .000 .000

.001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 ,000 .000 .000

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

3.6
3.1

3.8

3.9
4.0

.001

.001

.000

.000

.000

.000

.000

.000

.000

.000

P.T.O.

,
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A.'14 Appendix 'falles

.100

.050

.010

.001

.100

.050

.0r0

.001

.100

.050

.010

.00r

rrl = trumerator df

.100

.050

.010

.001

.100

.050

.010

.001

.100

.050

.010

.001

.100

.0s0

.010

.001

39.86 49.50
.161.45 199.50

40s2.20 4999.50
405,284 500,000

8.53 9.00
18.51 19.00

98.50 99.00
998.50 999.00

5.54 5.46
10.13 9.55

34.12 30.82
167.03 148.50

4.54 4.32
7.7r 6.94

2r.24 18.00

74.t4 61.2s

4.06 3.78
6.6 r s39

16.26 13.27
47.t8 37.12

1.78 3.46
5.99 5.14

13.75 r 0.92
35.51 2'.7.00

3.59 3.26
5.59 4.74

12.25 9.55
29.25 21.69

3.46 3.1t
5.32 4.46

I 1.26 8.65

25.41 t8.49

3.rI
4.75
9.33

18.64

3.0r
4.26

8.02
16.39

2.92
4. l0
7.56

t4.91

2.86
3.98
1.21

13.81

2.81

3.89
6.93

12.97

53.59 s5.83
215.7t 224.58

5403.40 5624.6A

s40,379 562.500

9.16 9.24
19.16 19.2s

99.17 99.25
999.1'7 999.2s

5.39 5.34
9.28 9.12

29.46 28.7 |
141.11 137.10

4.19 4. t 1

6.59 6.39
16.69 15.98

56.18 53.44

3.62 3.52

54t 5.t9
t2.06 r 1.39

33.20 31.09

3.29 3.r8
4;76 4.53
9.'t8 9. r 5

23.70 2rj2
3.07 2.96
4.35 4.12
8.45 7.85
t8.77 17.20

2.92 2.81

4.07 3.84
7.59 7.01

15.83 t4.39

2.81 2.69
3.86 3.63

6.99 6.42
13.90 12.56

2.73 2.61

3.71 3.48

6.55 5.99
12.55 11.28

2.66 2.54
3.59 3.36

6.22 5.67

1 l .56 10.35

57.24 58,20
n4.16 233.99

5763.60 s859.00
576,405 58s,937

9.29 9.33

19.30 19,33

99.30 99.33
999.30 999.33

.5.31 s.28
9.01 8.94

28.24 27.91

134.58 132.85

4.05 4.01
6.26 6.16
1s.52 15.21

51 ."t 1 50.53

58.91

236.7'7

5928.40
592.873

9.35

19.3s

9e.36
999.36

5.27
889

lt.bt
i 3 1.s8

3.98

6.09
14,98

49 66

s.3 I

4.88

10 46

28.16

3.0 t

4.21

8.26
19.46

59.44

238.88
598t.10
598. I 44

9.37
19.3'.7

99.37
999.37

5.2-s

8.85

27 49
130,62

3.95

6.44
14.80

49.00

59.ii6

240.s4
6022.50
60?.284

9.38

19.38

99.19
999.39

5.24

8.81

27.35
129 86

3.94
6.00

t4,66
48.4'7

5.51

4.17
10.16

27.24

2.96
4.10
7.q8

18.69

2.72
3.68

6.',t2

14.31

2.56
3.39

-s.91

1t.77

2.41
3.18
5.35

10.1 1

2.i5
3.02

4.94
8.96

2.?1

2.90
4.63

11.12

2.21

2.80
4.39
7.48

;o

€
o!
tt7

1.45

5.0s
10.97

29,'t5

3.l l
4.39
8.75

20.80

2.88 2.83

3.9'7 3.87

7.46 '.t.t9

16.2 t 15.52

2.73 2.67
3.69 3.58
6.63 6.37

13.48 12.86

2.61 2.55
3.48 3.31

6.06 5.80
11.7i ll.t3
2.52 2,46
3.33 3_22

5.64 5.39
i0.48 9.93

2.45

3.20
5.32
9.58

2.39
3.11

5.06
8.89

2.39
3.09

5.07
9.05

2.78 2.75
3.79 3.73

6.99 6.84
I 5.02 14.63

2.62 2.59
3.50 3.14
6. 18 6.03

12.40 12.05

2.51 2.47
3.29 3.23
5.61 5.47

10.70 10.37

2.41

3.t4
5.20
9.52

2.34
3.01

4.89
8.66

2.28
2.91

4.64
8.00

2.30
2.95
4.74
8.35

1aA

2.85
4.50
7.71

3.34

4-61
10.29

2',t.65

3.40
4.95

10.67

28.83

3.05

4.28
8.47

20.03

2.98
4.l-s
8. 10

19.03

2.38

3.07
5.06
9.20

2.33

1.00
4.82
8.38

3.36
5.12

10.56

22.86

3.29
4.96

i0.04
21.44

3.23

4.84
9.65

19.69

.100

.050

.010

.001

.100

.050

.010

.00r

.100

.050

.010

.00r

.100

.0s0

.010

.001

.100

.050

.010

.001

1l

t2

2.61

3.49
5.95

10.80

2.48
3.26
5.41

9.63

Table A.9 Critical Values for F Distributions
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Table A.9 CriticalValues for F Distributions {cont.)

27

Airlrr,.rrlkj:ll-riit:r A-15

p, - numergtor df

10

60.19 60.71

241.88 243.91

6055.80 6106.30
fi5,621 610,668

9.39 9.4t
19.40 19.41

99.* 99.12
999.,10 999.12

5.23 5.r7
8.19 8.74

21.23 27.03
129.25 128.32

3.92 3.90
5.96 5.91

14.55 14.37

48.05 47.41

3.30 3.27

4.74 4.68
10.05 9.89
26.92 26.42

294 290
4.06 4.00
1.87 1;72
18.41 17.99

9.12 9.,{4 9.45 9.46
19.43 19.4s 19.46 19.46

9r.43 99.45 99.{ W.47
99r.11 999.4J 999.45 999.41

6r.22 61:t4 62.05 62.26 62,53

245.95 248.01 249.26 250.10 25r.14
6157.30 6208.70 6239.80 6260.60 6286.80
615,7& 620,908 . 624,017 626,099 628,7 t2

62.69 62.79 63.06
251.77 252.20 253.25

6302.s0 63r3.00 6339.40
630,?85 631,337 633,972

9.17 9.47 9.48
19.48 19.48 19.49

99.1t 99.48 99,49
999.48 999.,t8 999.49

5.15 5.15 5.14
8.J8 8.-s7 8.J5

26.35 26.32 26.22
124.66 t24.47 t23.9'/

r.20 5.1t
E.?0 8.66

26.81 26.69
t2'1.t't 126.42

9.47
19.,17

99.11

w9.17

2.08 2.05

2.s7 2.53

3.94 3.86
6.68 6.52

2.01 1.99

2.47 2.43
3.70 3.62
6.09 5.93

3.80
5.70

13.69
,t4.E8

2.52
3.32
5.86

12.20

2.3s
3.02
5.07
9.80

63.30
254.19

6362.70
636,30 I

9.49
19.49

99.50
999.50

,.l3
8.53

26,14
123.53

3.76
5.63

t3.47
44.09

3.11

4.1 l
9,03

23.82

2.72
3.6'7

6.89
15.7',1

2.4'.7

3.23

5.(16

11.72

2.74
2.93

4.87
9.36

2.16
2.71

a.):
7.84

2.06
2.54
3.92
6.78

1.98

2.41

3.61

6.02

l.9l
2.30
3.31

5.44

(.con ti n uetl \

5.17 s.r't 5.16
8.63 8.52 8.r9
26.5E 26.54 26.1t

125.84 125.4s 124.96

3.87 3.84 3.83 3.&2 3.80
5.86 s.80 5;77 5.15 5.72
14.20 14.02 13.91 13.84 13.7s

46.76 46.10 45.70 45.43 45.09

3.24 1.21 3.19 3.t7 3.16
4.62 4.56 4.52 4.50 4.46
9.72 9.55 9.45 9.38 9.29
25.91 2s39 25.08 24.87 24.60

2.8't 2.84 2.81 2.80 2.78
3.94 3.87 3.83 3.81 3.7"1

1.56 7.40 7.30 7.23 7.14
17.s6 11 .t2 r6.E5 16.67 16.44

2.63 2.59 2.57 2.56 2.54
3.51 3.44 3..t0 3.38 1.34
6.3 r 6.t6 6.06 5_99 5.9i
13.32 t2.93 12.69 12.53 12.33

2.46 2.42 2.40 2.3E 2.36
3.22 3.i5 3.ll 3.08 3.04
5.52 5.36 5.26 5.20 s.12
10.84 10.48 t0.26 10. l l 9.92

2.34 2.30 2.27
3.0r 2.94 2.89
4.96 4.81 4.11

9.24 8.90 8.69

na< 141

2.86 2.83
4.65 4.57
8.55 8.37

2.24 2.20 2.17 2.16 2.r1
2.85 2.77 2.73 2.70 2.66
4.56 4.41 4.31 4"25 4.t7
8.13 7.80 7 .60 1 .47 '.t .30

3.15 3.14 3.12
4.44 4.43 4.40
9.24 9.2A 9. t I

24.44 24.33 24.06

2.77 2."16 2.74
3.7s 3.74 3.70
7.09 7 .06 6.9?

16.31 t6.21 i5.98

3.79 3;78
5.69 5.66

l3-6s 13.56

44.75 44.40

2.51 2.49
3,30 3.27

5.E2 5.74
t2.12 1 I .91

2.34 2.32
3.0 i 2.97
5.03 4.95
9.73 9.53

2.70 2.67
1.64 3.57
6.62 6.47
14.08 13.?1

2.54 2.5A

3.35 3.28
5.81 5.67
11.54 1r.19

2.42
3.14
5.26
9.89

2.32
2.98
4,8s
8.75

2.25
2.8s
4.54

7.92

2.t9
2.75
$a
7.29

2.38
3.47
5.11

9.57

2.28
2.9r
4.71

8.45

2.t7 2.12 2. r0
2.72 2.65 2.60
4.25 4.10 4.01

7.32 7.01 6.81

2.10 2.06 2.01
2.62 2.54 2.50
4.01 3.86 3.76
6.71 6.40 6.22

))) 1',r1

2.80 2.79

4.52 4.48
8.26 8.19

2.12 2.11

2.64 2.62
4.12 4.08
7.19 7.12

2.U ?.03
2.51 2.49

3.81 3.78
6.42 6.35

1.97 l 96
2.40 2.38
3.57 3.54
5.83 s.76

2. l8
2.75.
4.10

8.00

2.08
2.58
4.00
6.94

2.21

2.79
4.40
7.53

2.15
2.69
4.16
7.00

2.A0

2.15

3.69
6.18

t.93
2.34
3,4s
55q

P.T, O.
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A.16 Appendi.\ 'lables

/r = numerator df

2,23

2.83
4.44
7.49

2.19
2.'t6
4.28
7.08

2.t6
2.',7 |
4.14
6.74

2.13

2.66
4.03
6.46

2.10
2,6t
3.93

6.22

2.08
2.58
3.84
An1

2.06
2:54
3.77
5.8s

2.04
2.51

3.70
5.69

2.02
2.49

3.64
5.56

2.01

2.46
3.59
s.44

1.99

2.44
3.54
5.33

1.98

2.42

3.50
5,23

28

t4

.100

.050

.010

.001

.100

.050

.010

.001

.100

.0s0

.0r0

.001

.100

.050

.010

.00r

.100

.050

.010

.001

.100

.050

.010

.001

.100

.t)50

.010

.00r

.100

.050

.010

.001

.100

.050

.0r0

.001

.r00

.0s0

.010

.00r

.100

.050

.010

.001

.100

.050

.010

.001

2.56
3.4r
5;t4

10.21

2.52
3.34
5.56
9.73

2.49
3.29

5.42
9.34

2.46
1.24
5.29
9.01

2.44
3.20
5.r9
8.73

2.42
3.16
5.09
8.49

2.40
3.13

5.0 t
8.28

2.38
3. l0
4.94
8. l0

2.36
3.07
4.B',t

7.94

2.35
3.05

4.82

7.80

2.34
3.03

4.76
1.6't

2.33
3.0t
4.72
7.s5

2.43
3.18
5.2t
9.07

2.39
3.1 I
5.04
8.62

2,36
1.A6

4.89
8.25

2.31
3.01

4.77
7.94

2.31

2.96
4.67
7.68

2.29
2.93
4.58
7.46

2.27
2.94
4.50
111

2.25
2.87
4.43

7. r0
7)7
2.84
4-37

6.95

', ))
2.82
4.31

6.81

2.2t
2.80
4-26
6.70 .

2.19
2.78
4.22
6.39

2.3s
3.03

4.86
8.35

2.11

2.96
4.69
7.92

111

2.90
4.56
7.57

2.24
2.8s
4.44
7.27

2.22
2.8t
4.34

7.02

2.20
2.77
4.25
6.81

2.18
2.74
4.17
6.62

2.16
2.71

4.10
6.46

2.14
2.68
4.04
6.32

2.13
2.66
3.99
6.t9

2.11

2.64
3.94
6.08

2.10
2.62
3.90
5.98

2.28
2.92
4.62
'7.86

2.24
2.8s
4.46
7.44
,!,1

2.79
4.32
'7.09

2.18
2.14
4.24
6.80

2.15
2.70
4.10
6.56

2.13
2.66
4.01

6.3 5

2.n
2.63
1.94
6. l8
2.09
2.60
3.87
6.42

2.08
2.57
3.81

5.88

2.06
2.55
3.76
5.76

2.05
2.53
3.71

5.65

2.04
2.5t
3.67
5.55

3.14 2.76
4.67 3.81
9.47 6.70

17.82 12.31

3.10 2.73
4.60 3.74
8.86 6.51

17.14 11.78

3.07 2.70
4.54 3.68

8.68 6.36
16.59 I I .34

3.05 2.67
4.49 3.63
8.53 6.21

t6.12 10.97

3.03 2.64
4.45 3.59
8.40 6.1 I

15.72 10.66

3.01 2.62
4.41 3.55
8.29 6.01

15.38 10.39

299 2.61
4.38 3.52
8.1p s.e3

15.08 10.t6

2.97 2.59
4.35 3.49
8.r0 5.8s
t4.82 9.95

2.96 2.57
4.32 3.47
8.42 5.78

14.59 9.t7

2.95 2.56
4.30 3.M
'1.95 5.72

14.38 9.61

2.94 2.55
4.28 3.42
7.88 5.66
14.20 9.47

2.93 2.s4
4.26 3.40
7.82 5.61

14.03 9.14

2.20 2.t6
2.71 2.71
4.30 4.19
7.2t 6.98

2.15 2.12
2.70 2.65
4.14 4.03
6.80 6.58

2.t2 2.09
2.64 2,59
4.00 3.89
6.47 6.26

2.09 2,06
2.59 2.54
3.89 3.78
6.t9 5.98

2.06 2.03

2.s5 2.49
3.79 3,6{t
5.e6 57s

2.04 2.00
2.51 2.46
3.71 3.60
5.^16 s.56

2.02 1.98

2.48 2.42
3.63 3.52

5.59 .i.39

2.00 1.96

2.4s 2.39
3,56 3,46
5.44 5.24

1.98 l.95
2.42 2.37
3.51 3.40
5.31 5,I 1

1.9'7 1.93

2.40 2.14
3.45 3.3 s

5.19 4.99

l.95 1 .92

2.3? 2.32
l.4i 3.30
5.09 4.89

1 .94 i .91

2.36 2.30
3.i6 3.2b
4.99 .1,80

t9

!
o
6a

6
o

il

2t

1'

23

24

Iable A.9 Critical Values for F Distributions (cont )
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Table A.9 Critical Values for F Distributions {cont.}

29

1r)r,t,itiirilijilii A.17

/l = numcratordf

12060504030252015t2t0

2.t4 2.10
2.67 2.60
4. r0 3.96
6.80 6.52

2.10 2.05
2.60 2.53
394 3.80
6.40 6.13

2.06 2.02
2.54 2.48
3.80 3.67
6.08 5.81

2.03 1.99

2.49 2.42
3.69 3.55

5.81 5.55

2.00 1.96

2.45 2.38

3.59 3.46
5.58 5.32

L98 1.93

2"41 2.34
3.51 3.3',1

5.39 5.13

I .96 1 .91

2.38 2"31

3.43 3.30
5.22 4_97

1.94 1.89

2.7s 2.28
3.37 3.23

5.08 4.82

ll92 1.87

2.32 2.25
3.31 3.17
4.95 4.',70

L90 1.86

2.30 2.23

1.26 3.12
4.83 4.58

r.89 1.84

2.27 2.20
3.21 3.0?
4.73 4.48

1.88 i.83
2.25 2.18
3.17 3.03

4.64 4.39

2.05
2.53
3.82
6.23

2.01

2.46
3.66
5.85

1.97

t.+v
3.52

5.54

1.94

2.3s
3.41

5.27

l.9t
2.31

3.31

5.05

1.89

2.2'/
3.23

4.8"1

1.86
))7
3. t5
4.70

1.84

2.20
3.09
4.56

1.83

2. l8
3.03

4.44

1.81

2.15
2.98
4.33

l.80
2.13
2.93

4.23

t.78
2.11

2.89
4.14

2.01

2.46
3.66
5.93

1.96

2.79
3.51

5.56

t.92
2.33

3.37
5.25

1.89

2.28
3.26
4.99

1.86

2.23

3.16
4.78

1.84

2.19
3.08
4.59

1.81

2.16
3.00
4.43

r.79
) t,)

2.94
4.29

1.78

2.10
2.88
4.t7

t.76
2.07
2.83
4.06

r;]4
2.05
2.'t8
3.96

1.73

2.03
2.74
3.87

1.98

2.41

3.57
5.75

1.93

2.34
3.41

5.38

1.89

2.28
3.28
5.07

1.86

2.23
3.16
4.82

1.83

2.18
3.0'l
4.60

1,80

2.t4
2.98
4.42

i.78
2.n
2.91

4.26

I "76
2.07
2.84
4.12

t.'14

2.05
2.79
4.00

t./3
2.42
2,73

3.89

t.7l
2.00
2.69
3.79

1.70

1.9'1

2.64
3.7 |

1.96

2,38
3.5 r

5.63

1.9 I

2.3t
3.35

s.25

1.87

2.25
3.21

4.95

1.84

2.19
3.10
4.70

r.8t
2.15

3.00
4.48

1.78

2.11

2.92
4.30

1.76

2.07
2.84
4.14

1.74

2.O4

2.78
4.00

t.72
2.01

2.72
3.88

i.70
1.9E

2.67
3.78

1.69

r.96
2.62
3.68

t.67
1.94

2.s8
3.59

1.93

2.34
3.43

5.47

1.89

2.27

s.10

l.8s
2.20
3.13

4.80

1.81

2.15

3.02
4.54

1.78

2.10
2.92
4.33

t;75
2.06
2.84
4. t5

1.'13

2.43

2.76
3.99

1.71

1.99

2.69

3.86

1.69

1.96

2.61
3.14

1.67

t.94
2-58
3.63

l 66

t.9l
2.54
3.s3

1.64

t.89
2.49
3.45

1.92

2.3t
3.38
5.37

1.87

2.24

1.90

2.30
3.34
5.30

1.86

2.22

3.18
4.94

1.82

2.16
3.05

4.64

1. /6
) t1

2.93

t.7 5

2,06

2.83

4.18

t.tl
2.02
2.',75

4.00

L70
i.98
2.67

3.84

r.68
l.95
)At
3.70

L(r6
1.92

2.55

3.5 8

1.64

r.89
2.50
3.48

1.62

1.86

2_45

3.38

l.6l
L84
2.10
3.29

1.88

2.25
3.25

-5.l4

r.83
2.r8
3.09
4.77

t.79
2.11

2.96
4.47

1.75

2.A6

2.84
4.23

1.72

2.0 r

2.75
4.42

1.69

1.97

2.66
3.84

1.6'7

1.93

2.58
3.68

1.64

1.90

2.52

3.54

1.62

r.87
2.46
3.42

1.60

1.84

2.40
3.32

l.5s
l.8 r

2.3 5

3.22

1.57

t;t9
2.31

3.14

3,2',t 3.22

1.85

2.21

3.18

4.99

1.80

2.14
3.02

4.62

t.76
2.A7

28I
4.3i

t.i2
2.02
2.76
4.08

1.69

1.9'7

2.66
3.87

1.66

L92

2.43

1.40

t.59
1.82

2.37

3.28

1.57

1,79

2,12
3.17

r.55
1.76
))1

3.0tt

1.54

t.'74
2.22
2.99

\conlinue.l )

5.00

1.83

2. l8
3.08
4.70

t.^/9
1 11

2.97
4.45

1.76

2.08
2.81

1.74

2.04
2.78

4.46

1.71

2.00
2.71

3.90

L69
t.97
2.64
3.77

1.67

1.94

2.58
3.64

1.65

l.9l
2.53

3.54

1.64

1.88

2.48
3.44

1.62

1.86

2.44
3.36

2.5; ,i
3.69 .

P.T.O.
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A-18 Appendix Tables

z, : numerator df

.25

100

.100

.050

.010

.001

,r00
.050

-010
.001

.100

.05{)

.010

.001

.100

.050

.010

.001

.r00
J)50
.010
.001

.100

.050

.010

.00r

.100

.0s0

.010

.001

.100

.050

.018

.001

.100

.0s0

.010

.00I

.100

.050

.010
.001

.100

.050

. .010
.001

.100

.050

.0r0

.001

2.92
4.24
7.7't

13.88

2.91

4.23
7.72

13.74

2.90
4.21

?.68
13.61

2.89
4.20
7"U

13.50

2.89
4. l8
7.64

! 3.39

2.88
4.r7
?.56

13.29

2.84
4"08
7 2t

12.61

t-61
4.43
1 ll

11 ).)

2.'t9
4.00

7.08
I t.97

2.76
3.94
6.90

I 1.50

2.73
3.89
6.76

lr.l5
2.71

3.85
6.66

10.89

2.53

3.39
( <7

.9.22
2.52
3.37
5.53

9.12

2.5t
3.35

5.49
9.02

2.50
3.34
5.45

8.93

2.54
J.JJ

5.42

8.8s

2.49
1a1

5.39

8.77

2.44
1"23

5.18

B.2s

2.41

3. iB
5.06

7.96

2.39
3. l5
4.98
'1.'17

2.36
3.09
4.82
t.+ L

2.33

3.M
4.71

7. t5
11r

3.00
4.63
6.96

2,32
2.99
4.68
'1.4s

2.31

2.98
4.64
7.36

2.30
2.96
4.60
7.27

2.29
2"95

4.57
7.t9

2.28
2.93

4.54
7.12

2.28
147

4.51

1"05

7)7
2"84

4.31

5.59

2.20
2.79
4.20
6.34

2.18
2.76
4.13
6.t7

2.14
2.70
3.98
s.86

2.n
2.6s
3.88

5.63

2.09
2.61

3.80
5.46

2. l8
2;!6
4.18
6.49

2.11
2.74
4.14
6.41

2.L',l

2.73
4.l l
6.33

2.r6
2.71

4.07
6.25

2.t5
2.74
4.04
6.19

2.1+
2.69
4.02
6.t2

2.49
2.6t
3.83

5.70

2.06
2.56
3.'72

s.46

2.A4

2.53
3.65
5.3 i
2.00
2.46
3.5 !

5.02

1.97

2.42
3"4r
4.q I

I.95
2.38
3.34
4.65

2.09
2.60
3.8s
s.89

2.08
2.59
3.82

5.80

2.07
)<1
3.78
5.71

2.06
2.56
3.7s
5.56

?.06
2.5s
5.tJ
5.59

2.05

2.53
3.70
5.53

2.00
2.4s
3.s t
5. l3

1.97

2.40
J,+ t

4.90

1.95

2.37
3.34
4.'t6

I "91
2.31

J-Z i

4.48

1.88

2.26
3.1 I

4.29

1.85

2.22
3.04
4.14

2.02
2.49
3.63

5.46

2.01

2.47
3.59
5.38

2.00
2.46
3.56
5.31

2.00
2.45

3.53

5.24

t.99
2.43

3.50
< re

r.98
2.42
3.47
5.12

1.93

2.34
3.29
4: l3

1.90

2"29

3.19
4.51

l 87
77\
3.12
4.37

i.6J

2. l9
2.99
4.11

1.80

2.14
2.89
3.92

I 70

2.11

2.82
3,78

1.97

2.40
3.46

-5.t5

1.96

2.39
J.+L
5.07

1.95

/-J I

3.39
5.00

i.94
2.36
3.36
4.93

1.93

2.35

3.33

4.8'7

1.93

2.33
3.30
4.82

1.87

2.2s
3.12
4.44

r.84
2.20
3.02

4.22

1.82

2.17
2.95
4.09

1.78

2.10
2.82
3.83

].75
2.06
2.73
3.65

t.72
2.A2

2.66
3.51

28

29

I .93 1.89

2.14 2.28
3.32 3.22
4.91 4.11

1.92 1.88
)1) ))1

3.29 3.ltt
4.83 4.64

I .91 I .87

2.31 2.25

3.26 3. l5
4.76 4.57

r.90 1,87

2.29 2.24
3.23 3.12

4.69 4.s0

I .89 1.86

2.28 ?.22

3.20 3.09
4.64 4.15

1.88 l .8s
7 )1 1)l

3.17 3,A7

4.58 4,39

1.83 1119

2" l8 2.12
299 2.8e
4.2t 4.0?

1.80 I .76

2.13 2.0'7

2.89 2..78

4.00 3.82

1.77 t.71
2.10 2.04
2.&2 2.72
3.86 3.69

1.73 I .69

2.03 t.97
2.69 2.s9
3,61 3.41

1.70 1.66

i.98 l .93

2.60 2.50
3.43 3.26

1.68 I .64

1.95 1.89

2.53 2.43
3.30 3. t 3

(r'ontinuedi

30

40

o
6

Eo
o!t
il

60

Table A.9 Critical Values for F Distributions (cont.)
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Table A.9 Critical Values for F Distributions (cont.)

31

Appenrlix fablor A-19

rr, : numerator df

12060 1000504030252015t210

i.87
2.24
3. l3
4.56

1.86

2.22.
3,09
4.48

1.85

2.20
3.06
4.41

1.84

2.19

3.03.

4.35

1.83

2.18
3.00
4.29

r.E2
2.16
2.98
4.24

1.76

2.08

2.80
3.87

1.73

2.43
2.70
3.61

t .71

t.99
2.63
3.54

1.66

1.93

2.50
3.30

r.63
1.88

2.41

3.12

1.51

1.84

2.34
2,99

r.82
2.16
2.99
4.31

l.8t
2.t5
2.96
4.24

1.80

2.r3
2.93
4.17

1.79

2.t2
2.90
4.fi
1.78

2.10
2.87
4.05

l:t7
2.09
2.U
4.00

l.7t
2.00
2.66
3-64

1.68

1.95

2.56
3.44

1.66

1.92

2.54
3.32

l.6l
1.85

2.37
3.47

l.5E
1.80

2.21

2.90

1.55

t.76
2.20
2.77

1.68

1.96
2.fi
3.63

r.67
1.94

2.57
3.s5

1.66

1.92

2.s4
3.49

1.65

L9l
2.51

3.43

j.64

1.89

2.48
3.38

.1.63

I.EE

2.45

3.33

r.57
1.78

2.27
2.98

1.53

|.73
2.t7
2.79

1.50

1.69

2.10
2.67

1.45

1.62

1.97

2.43

1.41

1.56

1.81

2.26

L38
1.52

t;19
.2.14

1.66

1.92
2.54

3.s2

I.65
1.90

2.50
3,44

1,64
1.88

2.47
3.38

1.63

1.81

2.44
3.32

\.62
1.85

2.41

3.27

I.6I
1.E4

2.39
3.22

1.54

1.74

2.20
2.87

i.50
r.69
2,10
2.68

1.48

1.65

2.03
2.55

LA
t.57
1.89

2.32

1.38

r.52
1,79

2.t5

1.35

r.47
1.72

2.02

1.63

t.E7
2.45
3.3',1

L61
l.E5
2.42
3.30

1.60

1.84

2.38
1.23

1.59

1.82

2.35

3. l8

r.58
L8l
2.33
3.t2

1.57

t.79
2.30
3.07

1.5 i
1.69

2.n
2.73

t.46
1.63

2.01

2.53

1.44

1.59

1.94

2.41

t.38
t.52
1.80

2.17

1.34

1.46

r.69
2.00

I.30
I.4l
l.6l
l.E7

l.6t
1.84

2,44
3.28

1.59

r.82
2.36
3.21

L58
r.8l
2.33
3,14

1.57

I -79

2.30
3.09

1.56

t.71
2.27
3.03

l.5s
1.76

2.25
2.98

1.48

1.66

2.06
2.ffi
1.44

1.60

1.95

2.44

t.4l
1.56

1.88

2.32

l.3s
1.48

1.74

2.0E

t.3l
l.4l
I _63

I.90

t.2?
1.36

1.54

1.77

r.59
1.82

2.36
3.22

L58
1.80

2.33
3.15

1.57

1.79

2.29
3.08

1.56

1.77

2.26
3.A2

L55
t.75
2.23
2.97

L54
1.74

2.2t
2.92

1.47

1.64

2.02
2.57

1.42

r.58
I .91

2.38

1.40

t.53
t.84
2.25

t.34
1.45

1.69

2.01

1.29

L39
l 58

1.83

1.25

1.33

1.50
1.69

L56
t.77
2.27
3.06

L54
t.7s
2.23
2,59

1.53

1.',t3

2.20
2.92

1.52

t.7t
2.1'1

2.86

1.51

1.70

2.14
2.81

1.50

l.6E
2.fi
2.i6

1.42

1.58

t.92
2.41

1.38

l_51

1.80

2.21

r.35
1.47

1.73

2.08

1.28

L38
1.57

1.83

t.23
1.30

1.45

1.64

1.18

1.24

1.35

I.49

t.77 1.72

2.09 2.01

2"85 2.70
4.46 3.79

1.76 L'tl
2.07 1..99

2.81 2.66
3.99 3.72

1.15 1.70
2.06 1.97

2.78 2.63
392 3.66

114 1.69

2.M r.95
2.75 2.60
3.E6 3.60

t,73 1.68

2.03 1.94

2;t3 2.57
3.E0 3.54

1;12 1.67

2.01 1.93

2.70 2.55
3.15 3.49

1.66 1.61

t.92 l.E4
2.32 2.37
3.40 3.14

1.63 1.5?

1.87 1.78
,a) )r1
3.20 2.95

I .60 1.54

l.84 1.75

2.15 2.20
3.08 2.83

1.56 1.49

1.77 I .68
2.22 2.07
2.U 2.59

1.52 t.46
1.72 t.62
2.13 t.g't
2.67 2.42

r.49 1.43

1.68 1.s8

2.M 1.90

2.54 2.30

1.52

1.72

2.18

2.91

l .51

1.70

2,14
2.84

1.50

1.68

2.ll
2.78

1.48

I.66
2.08
2.72

1.47

r.65
2.05
2.66

1.46

I.63
2.02
2.61

1.52

1.82

2.25

r.33
1.45

r.70
2.05

1.30

1.40

1.62

1.92

1.22

1.30

1.45

1.64

l.l6
t.2t
t.30
1.43

1.08

l.lt
r. l6
1.22

P.T.O.
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Table A.10 Critical Values for Studentized Range Distributions

32

v tr .)
3 4 5 6 7 8 9 10 1I t2

5

6

1

8

9

l0

ll

12

l3

14

l5

l6

l7

l8

l9

20

30

40

60

120

.05

.01

.05

.01

.05
;0I

.05
,OI

.05

.01

.05

.01

.05

$l
.05
.0t

.05

.01

.05

.0r

.05

.0t

.o5

.01

.05

,.0r
.05

.0t

.05

.0t

.05

.01

.0J

"0t
.05
.01

.05

.0t

.05

.01

.05

.01

.05

.01

3.64
5.70

3.46
5.24

3.34
4.95

3.26
4.75

3.20

4.50

3.1 5

4.48

3.rl
4.3e

3.08
4.3?

3.06
4.26

3.03
4.21

3.01

4.17

3.00
4.13

2.98
4. l0
2.91
4.0't

2.96
4.05

2.95
4.0?

2.92
3.96

2.89
3.89

2"86

3.82

2.83
3.76

2.80

3.70

2.77
3.64

4.60
6.98

4.34
6,13

4.16
5.92

4.04

5.64

3.95
5.43

3.88

5.27

3.82
5.15

3.17
5.05

3.73
4.96

3.70
4.89

3.67
4.84

3.65
4.79

3.63
4.74

3.61

4.70

3.59
4.67

3.58
4.64

3.53
4.55

3.49
4.45

3.44

4.37

3.40
4.28

3.36
4.24

3.31
4.t2

5.22
7.80

4.90

7.0J

4.68
6.54

4.53
6.20

4.41

5.96

4.33

5.77

4_26

5.62

4.20
5.50

4.15
5.40

4.ll
5.32

4.08
5.25

4.05
5.19

4.42
5.14

4.00
5.09

3.98
5.05

3.96

5.02

3.90

4.9t

3.85
4.80

3.79
4.70

3.74
4.59

3.68
4.50

3.63
4-40

5.6't
8.42

5.30
't.56

5.06
1.At

4.89
6.62

4.76
6.35

4.65

6.t4

4.57

5.91

4.51
5.84

4.45
5.73

4.41

5.63

4.37
5.56

4.33
5.49

4.30
5.43

4.28

5.38

4.25
s.33

4.23

5.29

4.17
s. l7
4. l0
5.05

4,M
4.93

3.98
4.82

j.92
4.7 L

3.86
4.60

6.03
8.91

5.63

7.91

5.16
7.37

5.t7
6.96

5.02
6.66

4.91

6.43

4.82
6.25

4,75

6.10

4.69
5.98

4.&
5.88

4.59
5.80

4.56
5.72

4.52

5.66

4,49
5.60

4.47
5.55

4.45

5.51

4.37
s.37

4.30
5.24

4.23

5.l l
4.16
4.99

4.10
4.87

4.03
4.76

6.33
9.32

5.90

8,32

5.61

7.68

5,40
7.24.

5.24
6.91

5.t2
6.67

5.03

6.4{t

4.9s
6.32

4.88

6. 19

4.83
6.08

4.78
5.99

4.74
5.92

4.70
5.85

4.61

5.79

4.65

5."13

4.62

5.69

4.54
5.54

4.46
5.40

4.39

5.26

4.31

5.t3

4.24
5.01

4.t1
4.88

6.58
9.67

6.12
8.61

s.82

7.94

5.60
't.41

5.43
7.13

5.30

6.E7

5.20

6"6',1

5.12
6.51

,.05
6.37

499
6.26

4.94

6.l6

4.90
6.08

4.86
6.01

4.82

5.94

4.79

5.89

4.77

5.84

4.68

5.69

4"60

5.51

4.52

s.39

4.M
5.2s

4.36
5.12

4.29
4,99

6.80

9.91

6.32
8.87

6.00
8.17

5.77
7.68

5.59
7.33

5.46

7.05

5.3s
6.84

5.27
6.61

5.19
6.53

5. l3
6.41

5.08
6.31

5.03
6.22

4.99
6. l5

4.96

6.08

4.92

6.02

4.90
5.97

4.8r
s.8l

4.12

5.65

4.63

5.50

4.5s
5.36

4.47
5.2t

4.39

5,08

6,99
t0.24

6.49

9.10

6.16
E.37

5.92
7.86

).74
7.49

5.60
7.21

5.49
6.99

5.39
6.81

5,32
6.67

5.25
6.54

5.20

6.44

5.15
6.35

5.t l
6.27

5.07
6.20

5.04
6.14

5.01

6.09

4.92
5.92

4.82

5.76

4.73

5.60

4,65
5.45

4.56
5.30

4.47

5.16

7.17

10.48

6.65

9.30

6.30
8.55

6.05

8.03

5.87
7.65

5.72
7.36

5.61

7.13

5.51

6.94

5.43

6.',79

5.36
6.66

5.3l
6.55

5.26
6.46

5.21

6.38

5.17
6.3 r

5.14
6.?5

5.1I
6. l9

5.0r
6.02

4.92

5.8s

4.82
5.69

4.73

5.53

4.64
5.37

4.5s
5.23

1 7,)

10.70

6.79
9.48

6.43
8,71

6.r8
8.lll
5.98
7.78

5.81
7.49

5.',l1

7.25

5.61

i.oa

5.53

6.90

5.46
o.tI
5.40
6.66

5.3 5

6.56

< ?r

6.48

5.21

6.4 t

5.23

6.34

5,20

6.28

5" l0
6.1 1

5.00
5.93

4.90

5.7 6

4.81

5.60

4.11

5.44

4.62

5.29

(4000)

i.

m


