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Instructions for Candidates

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

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

3. Use of simple calculator is permitted.
4. Required statistical tables are attached with this question paper.
5. This paper contains four sections. Attempt all sections.

6. Answers may be written either in English or Hindi; but the same medium should

be used throughout the paper.
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SECTION 1
ATTEMPT ANY TWO QUESTIONS OUT OF Q1, Q2 AND Q3
w@s |
T, W2 AT ﬁﬁaﬁésﬁa\maﬁﬁﬂ
(a) * The following measures Were computed from dataon 2 variable

Mode = 83 Mean = 74

shape of the distributi

Median = 77
on and roughly sketch it.

- Comment on the
r of observations from 12 is 166
from 16 18 (-54)- Find the

(2+3)

umbe

(b) The sum of deviations of @ certain :
bservatlons

while the sum of deviations of these O
number of observations and their mean.

wm%aﬁ@'%ﬁmﬁ%ﬁwﬁaﬁmaﬁﬂﬁ?ﬁ

()
afeaat = 77

A =74
mmmw-«m‘n

Wléé%mﬁlbﬁﬁaﬁzﬁ
2\ Yool = dE 3R I A

TgoE = 83
ﬁmw%quﬁm’ﬁ
ﬁﬁaﬂﬁm%ﬁaﬁm
faaﬁmﬁnm(—sz;)

_(n*i;n+Xn+1)

Show that for given (nt+1) numbers KXo = (n+1)

omen in a kitty group was Rs. 5240,
se average

©)

y2lw

If the average monthly spending b
f another member is added who

what is the new average spending i
monthly spending is 55407 Use the formula above.

ot s @ R W (1) B R Koo i E ATy
(n+1)

e A o1 el R R T W T s AR 5240 T 8,

af2 v ol
Sitaa At @ 5540

aﬂmaﬁﬁsﬂs\mu&wﬂmwmaﬁzr@m%mﬂ
£ 37 SR T B TAT R
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) 'S wer
(actory the monthly wages of 200 IR o
i Rliaeat

l ncg{ﬂlvd\r skewed. Draw a represendative frcqucncy Curve (o show this
to bC ‘

The le of the workers argued with the mang L
ckewness. The leader Eement ¢ ¢ average’

es are low The owner of the firm did not agree with the Workers’ leader and
Wages ¢ & an

suggested that average’ wages quoted are wrong and are actuai]

: ' ) Y much higher.
Fan vl sty both the views, using your diagram? Which View g you agree
with and why? (5)

@mﬁizdom@ﬁmmaﬁ?ﬁmwmwm%w
aWmﬂm&]“ﬁx‘mg-{{acmﬁﬂ?h:tamﬁ%ﬁ:{qqar{ﬁ-@:rﬂ?3“3'%aaf“(“#’fesentative
fmquencycurve)éﬂﬁﬁ!ﬁﬂﬁﬁ%ﬁm%@#%mywﬁwmm%
mmm%lﬁwmﬁaﬁﬁ%ﬁﬁﬂﬁ%mqﬁmwm
mmﬁwsﬁmﬁmmmwmaﬂtwﬁm@mélmmm
m-ﬁamﬁaﬁmﬁwmm%?mmmgm%ﬁﬂ?

SECTION II
DO ANY TWO OUT OF Q4, QS AND (g,
TS 2
q4,§{53ﬁ‘\'ﬁ6ﬁﬁﬁ§‘ﬁﬂﬁﬁﬁq

(a) Six persons toss a coin by turn. The game is won by the player who first
throws head. Find the probability of success of the fourth player.

(b) A coin is tossed three times. If the first toss produces a head, find the

probability of getting at least two heads in three successive attempts.

(c) LetA, B and C be independent events with probabilities 1/2, 1/3 and %,
compute P(AUBUC). (4+4+2)

(F) ©: =@ T a0 -9 A v e B 3o o 3@ Reerd X e R 33
TR B A1l DY Raerd D Gwet o 9 Tl w

PTO.
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(@) v frad @) e aw gome w2 af e 2 A 38 o, AT AR wraey
g ®
w9 AR B A @) i A wifeigl

() Wi fs A, B3t C,1/2,1/3 3R 1/4 aifiarar are Qi e HEE €, P(AUBUC)
= Toen AR | '

n electronic manufacturer has two lines A and B assembling identicy)
of the units assembled on line A and 10% of the unitg

electronic units. 5%
assembled on line B are defective. All defective units must be reworked a¢

a significant increase in cost. During the last 8 hour shift, line A produceq

200 units while line B produced 300 units. One unit is selected at randop
and is found to be defective. What is the

(a)

from the 500 units produced
probability that it was assembled on line A? Answer the above question if

the selected unit was found to be non-defective.

(b) A real estate agent has a set of 10 keys, one of which will open the front

door of an apartment he wants to show to a potential buyer. If the 10 keys

are tried in a completely random order, find the probability that

(i) the first key opens the door

(ii) all 10 keys are tried.

o events A and B P(A/B) > P(A) then it is also true

(c) Show that if for any tw
(4+4+2)

that P(B/A) > P(B).

ﬁ@ﬁmm%mAmBﬁwﬁwaﬁﬁ@ﬁmmaﬁ
m%nmAﬁm&‘m’ft 50/, TaTEal 9K HaR B A WIS T 10% IR

M%lmﬁqﬁﬁaﬁwmﬁ&aﬁﬁmm%mﬁwaﬂ%

o st A, waR A A 200 FHISAT 3R FHAR Bﬁsoogﬁﬁmaﬂrﬁaaﬁnﬁl
mﬁaﬁnﬁsoomﬁﬁwﬁéaﬁn@%’:ﬁ g:nwaﬂzﬁl%
ammm.mmmﬁmaﬁﬁmmwe?u&ﬁnmﬁ

Waﬁq@ﬂﬁ%a’rmmmw%?
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6.

(w)wﬁmv@?@?%mwmﬁﬁaﬂwﬂzﬂ,ﬁﬂ%ww%wm
mmﬁmmqﬁmﬁﬂmw@nﬁamﬁmmmm
wiffal w agfees v A sworma s 8, @ e e i 5

(i) weeht arlt ¥ wwaren o
(ii) = 10 =feat = srormEr T @
(1) Rl o 2 meal A sl B & fom R 6 PA/B) > P(A) i am ot wer 2

P(B/A) > P(B)

(a) Ina group of 1000 persons, there are 650 who can speak Hindi, 400 ¢
: : ‘ an
speak English and 150 can speak both Hindi and English. If a person is
selected at random, what is the probability that he speaks

(i) only one of the two languages
(i1) at least one of the two languages.

(b) <Computers A and B are to be marketed. A salesman has 60% and 40%
chances respectively of succeeding in case of A and B. The two computers
can be sold independently. Given that the salesman is able 4o sell at least one
computer, what is the probability that computer A has been sold?

(c) A box of 9 gloves contains 2 left handed and 7 right handed gloves.

(i) If 2 gloves are selected at random from the box without replacement,
what is the probability that both are right handed?

{ii) If 3 gloves are selected at random from the box without replacement,
what is the probability that all are left handed? (4+3+3)

(=) 1000 =feal & v w6 J, 650 AR ¥ & W BA A €, 400 S At
m%aﬂziw%ﬁaﬂtaﬁaﬁﬁam%mﬁwaﬁaaﬁw“
A T WY, A IqE T

PO,
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(i) % X ¥ v sy
WA B e o 2

(W) Fqex A sh B s fan e 21 v R @ A o B W A
B & 60%&ﬁ?40%mﬁlamﬁaﬁmﬁm-amwm%l
ﬁww%%ﬁﬁmm%mwmﬁ%ﬂw?.mA%ﬁaﬁﬁ
Wiehen war 27 : i

(1) T ¥ R g w ¥ o A o B o 7 A g B T

(i)uﬁzmaﬁwmﬁﬁmaﬁmm%ﬂmmiﬁﬁ%
TG B D B A Wi @ 87

(ﬁ)uﬁsmﬁaﬁwaﬁ%ﬁmaﬂﬁu@ﬁmﬁmﬂzﬂm%jﬁaﬁ%
A B1Y B B &) Wil w27

.

SECTION III
QUESTION NO 7 IS COMPULSORY AND
ATTEMPT ANY TWO OUT OF 08, 09 AND Q10.
Ts 3
wm7m%mua,u9,mu1oﬁﬁ
fpdi 1 < B BA BN

7. (a) Anurn contains four balls numbered 1, 2, 3, and 4. If two balls are drawn

at random from the urn and X is the sum of the numbers on the two balls

drawn. Find

(i) The probability distribution of X.

(ii) Find the expected value of X.

) = 8 and E[X(X-5)] = 30. What is the value of E(X) and

(b) Suppose EX
%(34:2)

V(X)?

'
ey
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(w) v A, 2,3 aﬁummaﬂwﬁ%ﬁtuﬁqﬁa%

e e 3 3
mgsﬁzﬁm@nﬂﬁﬁ%mﬁmlﬂmx&a R frent

(i) X @ wisar e
(i) X = FglAE =
| g

() W= A & E(X) =8 2 3k E[X(X-5)]=30 %1 @ E(X) ik v
& (X) &1 w57

/

8. (a) A private corporation plans to fill up vacancies in a
They offer jobs to 5 candidates and it is believed that
probability that the offer will be accepted is 0.6, Ass
decisions are made independently,
candidates accept the offer? What
candidates accept the offer?

particular department.
for each candidate the

; uming that candidate’s
what is the probability that ¢ least 2

is the probability between 1 and 2

(b) Suppose that 10% of all bolts manufactured by a company are found to be
defective but they can be repaired in the factory again. Suppose a random
sample of 200 bolts is taken. Let X denote the aumber of bolts that can be

repaired. What is the approximate probability that X is fess than 309 Give
a justification for the method used in calculating the probability.

{c) Suppose purity of water in a particular region as-determined by TDS (Total
Dissolved Solids), expressed in mg/L is normally distributed with mean 70mg/
L and standard deviation 3 mg/L. (Assume that purity of water is measured
on a continuous Scale).

(i) The water is considered as fit for drinking only if the TDS is between
67 and 75 mg/L. What is the probability that a randomly chosen sample
is fit for drinking?

(i) If the acceptable range is between (70-c, 70+c), for what value of ¢
would 95% of all samples be fit for drinking? (3+3+4)

P.10.
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(%) var st o ), e fadiw fanmn & R vl @) s &t o 13 5 IRt

- (@) W AR R v w g Rt @ deca ¥ ¥ 10% decd g e T E

&l ARl o Yurgw @@ § 3R T8 AT T # fF weler Ieiean g 3 wian
T W wlwr 06 81 W g B IRtear & g8 fvia @ v @ foran B, @
A F 2 IR g T WER FE 9 W @ a7 1 3k 2 IEieE

¥ R Wew wor @ Wl w2 ?

AT BFA F Naw A IR T %) W AR B1 AT Ao B 200 Aed@ F
mmﬁmwuwﬁ?xwmmaﬁaﬁmaﬁmﬁ
Frefi e 31 X & 30 & oo e @ Wil w7 Wi a6t T § g

fafer =t wnforrar fg Ffmg?

() T e v Rdw A ¥ o o e @ AdvE (i T 57 3 )

(@)

(b)

TR iR frar v 2, AR fan /ot & e frar wman 2, @ Wz 70 FRn/e
@ Weg F qor 3 Fan /& we faae % faRa v w2 (J il & e

o YEd A Fad T A 9@ A 2)

(i) af ot = Gidtea 67 3R 75 fan /o & S @ 9 TF R S A /@ A
W 21 AgRew w9 A fg T @ G A W @ w87

(i) afe erdar & @ (70-c, 70+c), & 9 8, A ¢ & frg 79 & forw g
D F[A 95% T 9O & forg @@ AL

A certain kind of plastic sheet has, on an average, five defects per 10 square
feet. If we assume a Poisson distribution, what is the probability that a 15

square foot sheet of plastic will have at least six defects?

A company receives shipment of 20 items. Because inspection of each item
is difficult, it has a policy of checking a random sample of six items from
such a shipment, accepting delivery if not more than one sampled item is
defective. What is the probability that a shipment with 5 defective items will

be accepted?
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(¢c) A large group of students obtained test marks that are normally digtriy, l
. u
with mean 60 and standard deviation 15. ed

(i) What proportion of students obtained scores between 85 and 959

(ii) Find the cutoff point for top 10% of all students,

(iii) Between what two numbers do the middle 50% of 4| marks |je?
; ie?
(3+3+4)

/ (m)wﬁﬂqmaﬁmﬁzﬁmsmmmmﬁzﬁm%ﬁ
B9 il @2 (poisson distribution) & whew T Y, A wfiew

@l 15 wFER
# wH A W D A B & Wifddmar = 27 g e

(@) var w9 20 aﬁﬁaﬁﬁﬁﬁmm%liﬁ?maﬁwﬁﬂwmw
Hfiewa 2, o WA A 39 9@ A Al § o TN F A v aghos ae o s
w AR T A siferen At gy 7 Frerer ™ R @ e ww @ 9R 2
5 Araqui aEgal arctl e fafd o <R e @ witear @ 87

(1) v a3 faqardi-a 3 wden ¥ st wew fhv ¥ R W 60 @ mer sk s @
W famem & g faaRa fear w21

(i) faenfofal = for s =t 85 3k 95 & @ ¥ 3w varw R Two?
(i) =¥ A 10% faenfia @ wesvw s @k

(iii) ferer @ wEmal & @ W el & wer aen 50 v wE g ?

10. (a) Recently smog alert was called in areas of Delhi/NCR. It was found that this
region has about 50 industrial firms. An inspector randomly visits 10 firms
to check for violations of regulations,

(i) If 15 of the firms are actually violating at least one regulation, what is
the probability mass function of the number offirms visited by the

; TR o ion?
inspector that are in violation of at least one regulation?

PT.0.
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b .
(b) 1Itis observed at a food outlet that customers enter tl

(¢) The time (in minutes) required to get yo

(=) o @ 3 Rt /oo @ 8 A g

10
n violation then

; .
(1) If there are 800 firms in the area of which, 200 are!
by a simpler

approximate the probability mass function in part 1)

probability mass function.

1e outlet at the rate of

8 per hour. What is the probability that more than 15 minutes pass between

the arrival of 2 customers?

ur turn at a bowling alley (X) is

d B = 35 minutes. Determine the

uniformly distributed with A= 25 minutes an .
probability density function of X. What is the probability that the time required
to get your turn exceeds 33 minutes? (4+3+3)

awa#émiz?n?mmwﬁsﬁaa?f
3} 50 aﬁzﬁﬁmwﬁﬁlwﬁﬁeﬁ%ﬁ@am%ﬁﬂ%ma&maﬂ%%
farw 10w fafire @ 2,

T (probability mass function) ¥ 77

(ii) af¢ 9@ &3 % | 800 Wi & 3k forel ¥ 200 T Ieelo & B, W AW
(i)ﬁwmwmﬁmwmﬂgmﬁmwaﬁaﬁam
wiforg ?

(@) wm%ﬁwné&rw%m,uﬁruﬁemaﬁa%%ﬁﬁaﬁ%n

2 WEE @ o A w15 fie ¥ i TR SR a TR w8

() e it R 3 e A ST @ o S W A=125 fime 3Rk B =35

ﬁw%m@mm%ﬁaﬁaﬁmm%l X 1 Tidar ¥ed G (uiiRa
B s Al g @ R s T 33 fee & o B &t ifdeRar =

27




1
3

(002 SECTION 1V

\FTEMPT ANY TWO QUESTIONS OUT OF Q 11, g1 snp 013

wWs 4

v, 2 3R ﬁﬁaﬁéaﬁa‘tmw

iven the continuous joint probability function f _k(x+y)
11. Giv . . v Lon ((X;)') —T ’0 < x Sl,
0 <y < 1, compute the following:

4
¢ @) For what value of k is f(x,y)a valid probability function?

(i) Expected value of Y when X= 0.5
(i) Marginal distribution of X
(iv) P(X< 0.4)

(v) Covariance of X and Y Q2 x 5)-

. k
e el G f(x,y) = (x;y) Osx<l, 0<y < | R 2, Pt o o
Fifore:

(i) A foaaw & forg wer f(x,y) v wwa wiitemear wort 27
(i) Y @1 wenfi et s X=0.5 #

(iii) X o1 I wewT (Marginal distribution)

(iv) P(X<0.4)

(v) X &R Y @ qewe

PI.0.
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You a ) : :
¢ Blven the following bivariate probability distribution able:

iy
R AT
Y 0 1 2
¥ 3
ilsiEs St
A
L L 5 gt B
1 0.1 0.02 B
2 0.1 0.08 0.17

(.i) For what value of A, B and C is the above table valid as a probability
distribution if P(X= 0) = 0.3, P(Y=1) = 0.5?

ii) Find E(X/Y= 1 XZ %
(ii) Find E(X/Y=1) RQ\( \m\ ‘ 62(3/2}—._)3/[-)/2

(ii)) Find covariance between x and y. \ 0% }> f_(' )16 S RY

=

(iv) LetZ=|(X —Y)|. Derive the probability distribution for Z.

(v) Find V(Z) \ .5 (2*5=10)
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13

R frae witeran faawn wfae @ e &

——lan
0 | '
2
o 3 ) N / P— e T
£ ¥
v ¢ i 13
1 e
0.1 0.02 B ¢}
S E
; |
o 0.08 0.17

(i) v e oo & w1 ¥ SRw afte A,Bsﬁtc%mvwm%%qm

2 AR P(X=0)=03, P(Y=1)=0.5 7 o PLZ}/ )7
(i) BX/Y=1) 7 S ﬂl - b
- v %g/"
(iii) x 3R y & 9 HEwEwRr AW A 3 v 9%

—

(iv) T Z=[(X—Y) |BZ & fory siftreren e et oy |-
(v) V(2) 7@ Fifw

A student travels by metro and rickshaw to reach college The daily travel expenses
(E) are given in Rupees by E=2.5M + 1.5R, where M is the distance in kilometers
travelled by Metro and R is the distance travelled by rickshaw. Variables M and

R have means 20 and 10 respectively with standard deviations of 5 each.
(i) Compute the mean daily expense.
(i) What is the variance of daily travel expenses?

PTO.
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(iii) If E-(RM) = 180, what will be covariance (R, M) and correlation(R, M)?
“(iv) What can you say about the relation between travel in these two modes?

"(v) . If a friend gives a lift in his bike then daily expenses are reduced by 40 paisa

**+ per kilometer, for every kilometer that he travels by metro. What is the
effect on expected expenses now? {255=10)

U fganed wicrst oy & fre A s Reran o1 wer S 21 Sa 2F = (B) W wdi
¥ B=2.5M + 1.5R & gRI wuiar v 2, w@i M F, ¥ v 3 A A 7@ A W@ @
(

2 3k R Rerm grr T 0 TR gQ 21 5 A e @ we W) M SR R A A
20 3K 10 B

(i) <2 wea =@ 9 A AT

(i) 2Fes g = w1 qEwRw @ 27

(iii) af® E (RM) = 180 2, & wewaww (R, M) 3k wedsien (R, M) a1 swn?
(iv) = A= qonferdl & o @ 99 @ WU D R A T FA HE THA B ¢

(v) afe v i st ares w forde 2ar @ @ S e = W el 6t T )
40 Tar 9f fERmiie oo o Bt VIR 81 3 Tl oI W) SEERT SRl TN IR 7
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Q1 s S SECTION %Qmw 3
Sory. Do i I
on

L. (a) The height ¢ out of Q.2 ang Q (b) If A and B are independent events prove that A’
mean of .\mm.om iive Players i 3. AooBEaBnB of A) and B’ (complement of B) would

of 11 ; Inches, a med; n a footbal] te likewis€ be independent.

Inches. edian of 78 jnch am have |
: €s and g rang, (c) An {nfrastructure company has launched two projects,
(i) If the tallest of one in Mumbai and the other in Delhi. Suppos¢ that the
substitute who ; these players is rep] Eocmczf of success of the Mumbai project is 0.8 and
three measyr 1S two inches ta]le £2R80d by the Eogc:E of success of the Delhi project is 0.3
: es change? If I, would theg, and that the success of anyone project is independent
ii) If the tallest p] R of the other. If the Delhi project is unsuccessful, what
el Tyt mM mMoH is replaced b7 is the EocmcEQ that the Mumbai one i also unsuccessful?
values (meap ¢ nm.. shorter, which Substitute Explain your answer. Given that at least on¢ of the two
determine? S,r median, and range) e ey projects is mconam?*. what is the probability that only
®) Show thy at would their pey <mn_”o=E you the Mumbai project 18 successful? (4+3+3)
P(C)>9 for any three eve o L > .

. . nts A7 B and o 3. (A factory employs w.o workers _.s the production
P( AUB/C) = With anwwnaour.m workers .E the packaging department and
P(A/C) + PB/C 7 workers 11 the delivery department. Out of these
2 di mo»Dw\ov workers 5 aré to be randomly selected for @ training
(3+2) programme- What is the Eo_ou.cza that at least 0n€ of
the departments will be cunav_,nmnnaa among the

given below -

1859
42 43 44 45 Amm

7

38
el
47 50 41 N

Calcula
te a 10% tri
% trimmed mean for th
I the data
above,

(b) The marks dist

selected workers?

ribution (in %) of students of 2 class
was found to be m<BBoﬁawo. Results revealed that 25%
of the students scored 78% of more while one-fourth of

these students scored 30% or less. Determiné the mean
score of these students: Also, find the 10% trimmed

mean, if vomm?_m.
p.T.O.
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(c) Let A be the e 152 5
aa mﬁa that a randomly selected i1
: a flavour, B be the event th Indiyjqg,
selected individual likes —— at a z:aos (ii) Daily repair costs, R, found in rupees are
event that a randomly selected i .Qm<o=~ and © b calculated as R=300+ 200X?2, where X is the
Vi :
flavour. Suppose that ual likeg chocoly number of breakdowns. Calculate the expected
P(A) =0.65 P(B) = 0.55 daily repair cost.
. P(C) =
P(AUB) = )=0.
(AUB)=0.8 P(BNC)=0.3 0 (b) A salesman makes initial contact with the potential
ss whether the customers

3t 2>ch9 =09
at is th ili |
€ probability that the individua]
ual likeg

i) If it is kn
vanill own that the individua] g
1a, what now is the al did not Jjke

individual liked at Jeast oE.ocmE:Q that the

customers in order t0 asse
would like to purchase the product if offered some
discounts. His survey suggests that 40% of
¢ the product if offered a
then what is
and 50

lucrative
the customers would purchas

f he contacts 100 customers,

discount. I
the approximate probability that between 43

customers would actually purchase the product?

) flavours? ne of the other tw,
SECTIO I+w+wv (c) The amount of time, in B.:.Eﬁwm. that a person must wait
Do any two oy N~II for a bus is uniformly distributed cwﬁ.iann 0 and 15
of Q4, Q.5 and Q.6 minutes, inclusive. What is the probability that a person
ey e probability distr; W waits fewer than 12.5 minutes? What is his expected
th . stribution fo waiting time? (4+3+3)

nu
mber of daily breakdo
wns,

&

a machine ay h
shop. Th as been determi
breakdowns are res © Probabilitjes for oaBan o 5. (a) The time taken (in hours) by @ transport company to
( g 0.3, 0.6 and () ~L. 8ad 2 deliver a consignment of apples from an orchard in
i) Fi : A
fis g . B : i . dom variable with pdf given
an and standarq Himachal is 2 continuous ran
rd devias:
ev o

p.T.O-



2652 6 T
§2 ccessive landings of
he time petween two SU ity. If X has an
€ in city.
(1 L X be b rport in o certsid ute the expected
5cX  for 0sx<s es at ab .on with A=1, comp
25 plan ] distribution ¥ dings. Also calculate
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—— en at 1
37357 for 5<x<19 time wo:woa seviation of X. Wh ;
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: ; Let
(i) What is the probability that the time takep | (c) for 0$ X $1
\ 2 1 : C # or
deliver the consignment is at the most 3 hourg m?vn 0 otherwise 0. 1]
Q. : iform distribution on [0
(i) Compute Expected time taken and the standapg which is a unl £ 0<X <12
V deviation of the delivery time. = it ~ sX<l1
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(1) Fi
nd the conditiona] mea
. a !
(b) A production it B
e Process is composeq .

. The ti iy
- Ime taken at each sta no. Yt
e n.unms €qual to 15, 3¢ mww "y
§ g eviation of time taken = i

-2 seconds respecti =i e

each stage is i vely. Assu ;
1s 1 me t
ndependent of time e ime takep p,
% Oﬂ?ﬂﬁ mﬂm :
ges

A v

1 minut
eto
complete a randomly chosen
process?

(ii) For
a
randomly chosen process wh
what is the

seconds? ge 1 exceeds 17

(c) Let X
U@ a no
mean 16 and <W5.m:< distributed random varj
i .
chosen from thi _m.unno 9. A random sam _ mﬂmv._o with
Th is distribution. Let X 1 e
¢ standard deviation of X © the sample mean.

Is the sampie size n? s found to be 0.3. What

(4+3+3)

AN If Y) = +< = \
v H.AX. v AX V\—n A.Oﬂ X 1,2 and
’ Yy

v = =
alue of k for f(x 1,2,3. Find e

,¥) to b 5 ey

function. What i ca «Hm:ﬁ:o:: probabilj

is the value of E(X) and E Uity mass
(Y)?

(a) I tWO cards are ran

(b) The outer diame€ .
) verage 20 ™ and standard deviation 3 St
M. eter of the p1p¢ is normally &m:wcﬁom wit
jam = g
1§ mm and standard deviation of 4 mm If X 18 wm:.ﬂv
age of outer diameter of 16 randomly chosen p1pes
aver
4 Yis sample average from the same mE.dEo of 16
an X
pipess
(i) Describ€ the distribution of (X=Y)
(5+5)

domly drawn (without Rn_mnmanas

ry deck of 52 playing cards, Z is the

from an ordina
he first draw, and W is the

number of aces obtained in t

total number of aces obtained in both draws, find

(i) The joint probability distribution of Z and W

(i) The marginal distribution of Z

(b) Let Y denote the engine power of a new car that is

launched ia three models that differ in power (denoted
by bhp). Market survey shows that 20% customers want
to buy the car with 2 bhp, while 30% buy the car with
5 bhp power. The rest prefer the model with 4 bhp.
Derive the sampling distribution of average engine power
using a sample size of 2, if the samples are obtained

through random sampling. (5+5)
P.T.O.
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L ach of the following confidence intervals drawn

Do any t 1. (a) For €
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t
10. (a) Varun Publications obtai e
tain i ° o
books to determi ; ¢d & random sample of - the statistic s L
ermine their average. The cost of b k : q 148
assumed S Stes . ,4
; WMEWu"uoovo normally distributed. If the sample : 2 O X+205 = "
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(1) 98% confidence j
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(i) How
can Varun Publication’s make th
more reliable? Is there an g
it?
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y loss associated wit, (b) Consider a random sample (X, X,, xu...xgv from a

probability mass function

(b) What is M
ean Squared error (M : p(x;8) = 2x/0 (8 +1). Where x= o5 B
(MSE) of an estimator §9

Show that 5
;. MSE (8) = Variance (8) + (Bias (6))2

\ (c) Consider a random sample X

population from g probability dis

(i) Find an estimator for 6 using method of

moments.

1bution function (i) If sample size is 3 and sample is (1,3,5) give

IMAx“ mv = wﬁ_ + x
point estimate for theta.

ol by= 24
——
, (b
e (i) Show that § =
" . 1at 6 = (sample mean, / 16} Basani (c) Let (X}, XyenX) bE2 random sam
n
ascd with mean p and standard deviation o. Show that

% )GN\.@. . estimator for 0.

*8). Where -2 <4 < 2

ple from a population

c,v

(ii) If a . 2
g v sample size j " (x,-X) ;
el Z¢ 15 3 and the sam s HE s unbiased estimator of population

.,\ . . .
-8 /J.W, give point estimate for ¢ Pleis (-1, 1,2) =L
fX \v\ 3+w+uv Jariance, denoted by 0%

- ¥ N \@\
6B )

(4+3+3)
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12. (a) A sample of 50 houses shows smoke levels of]
654.16 ppm and standard deviation of 164.43 ppm.

(i) Find the 92% confidence interval for true smoke |
levels.

(ii) Suppose that the population standard deviation ’
is 175 ppm, what must be sample size if we want
size of error to be 25 ppm only at 95% confidence i

level?

(b) Suppose that true average marks of Section A and
Section B of Economics (Hons) are equal in college,
equal to p. The variance in marks for Section A is 02,

whereas it is 40? for Section B. Let A denote average
marks from a sample of size M from Section A, while

B denote average marks from a sample of size N from

Section B. Let the estimator for u be i = aA + (1 - a)ﬁ

(i) Under what conditions is i unbiased.

(i) What value of o will minimize variance of this L

estimator?

(c) Consider a random sample (X}, X,, X,..X ) from a
probability distribution function

f(x; 6) =08x*D, where 0<x<1. Find a maximum
likelihood estimator for 6. (4+3+3)

(3300)



Name of course: Core CBCS

Scheme/Mode of Examination: CBCS Semester —Il1

Name of the Paper: Statistical Methods for Economics

UPC/Subject Code: 12271303

Duration: 3 Hrs.

Maximum Marks: 75

Instructions: Answer any four questions. All questions carry equal marks. Answers may be
written either in English or in Hindi but the same medium should be used throughout the
paper. The use of a simple non-programmable calculator is allowed. Statistical tables are
attached for your reference. In all calculations, figures should be rounded to two decimal

places.

fAger: fhegl IR geal & 3R & Toft ueal & FAE 3k §1 3% et ar B &
fore S #ehct & Afehed X U & Teh & ATLA &1 3uNeT {har SeTr =@nfgul T
AIUROT IR-NAAT Felghered & 3uANT Hi Al g1 FifeghT Tt 3
Teal & T Foread g1 T I0TATHT #H, 37hsh &l &l GAHT TUAT W el fhar
STl TR |

Q1

1) A consignment of 7 refrigerator sets contains 5 sets with no scratch on them. A
hotel makes a random purchase of 3 of the sets. If X is the number of refrigerator sets
purchased with a scratch on it,

a) Find the probability distribution of X.

b) Find the Cumulative Distribution Function (CDF) of X.

c) Construct a graph of the CDF.

d) Using CDF, find P(0<X<2)

i) a) Suppose Let X denote the proportion of time in a day that a randomly selected
student spends on a smart phone. Suppose the probability density function of X is

o [@+Dx? 0<x<1  -1<6
fGx;6) { 0, elsewhere
A random sample of 5 students is taken with the following observation,

0.34,0.40, 0.12, 0.55 and 0.01.

Use the method of moments to obtain an estimator of 8 and then compute the estimate
of this data



b) If Uand V are two independent standard normal random variables and
Z=0.6U+0.8V. Determine Corr (U, 2)

iii) On the basis of a survey of 25 random typists, a confidence interval for the mean time
needed to complete typing a page was (5.588; 6.412). Knowing that the distribution of
the time needed to type a page is normal, and the sample standard deviation was equal
to 1, determine the confidence level used for the calculations.

Q1 i) 7 IWhoReT T & IV AT # 5 A g7 &, ofT W F @i 77 g &
TS gied 3 el & Teh Aefoosd @ig & ¢l I e @i & a1 @i
a1 I | Hr & X §,

T) X & UTfA%dl §ceI &l 9dl 9My|

ah) X & FIAY d¢od Beled (CDF) &7 IdT ey

) FRAT §eoT Belel (CDF) & Ush I &1 AT Hifad|

¥) Fal et ol (CDF) &7 39T 3 §U, P(0<X<2) Wy |
ii) T) AT AT fb X U &t & AT & IHequrd &l ST g, S uh
Iefoed T F IIfId OF TAC Bld TR T Rl & AT ol foh X &r
ATl elcd Held g

Fe0) = |

@+Dx? 0<x<1, -1<96
0, elsewhere

5 BTEl &l Aefeoed AHAT HFTai@d 3idciehel & qry feram am:m g,
0.34, 0.40, 0.12, 0.55, 0.01

&7olt Y fafer o1 3TN A §T 6 FT Th IHefAlAS e HL AR B g7
STT & 37efHNeT T IOTAT Y |

) afg U 3k V & Tady #Aes aEeT Iefes W §, 3R 2=0.6U+0.8V §,
as Corr (U, 2) uRa Hife |

iii) 25 AETTEH TBUEET & THh FA&IUT & IR T, Th Y56 Y Hlel &
faw 3maeaes A FHT FT favard AR (5.588; 6.412) &l TE STId §V
fo forell g5 1 T8T e & AT 3aeds §AT &1 AT aAET g, 3R




AHAT HeTeh fauelel 1 & SR g, 0T & fIT 3uer fhe arv faas &R
#r fauRa ffad|

Q2 i) Suppose that four persons working in a factory are given the job of stamping expiry
date on the packet of buns. Person A, who stamps 20% of packets, fails to stamp the
expiry date once in every 200 packets. Person B who stamps 60% of packets, fails to
stamp the expiry date once in every 100 packets. Person C who stamps 15% of packets,
fails to stamp the expiry date once in every 90 packets and Person D who stamps 5% of
packets, fails to stamp the expiry date once in every 200 packets. If a buyer complains
that her packet of buns does not show the expiry date, what is the probability that,

a)  Itwas Person A who failed to stamp?

b) It was stamped by Person B or C?

c)  What is the probability that a packet bought shows an expiry date and it was
not stamped by B?

il) a) A quiz assignment of 150 questions, each question with 5 possible answers, was
given to a student of which only 1 answer is correct. The student knows answers of 80
questions. What is the approximate probability that a student with no knowledge of the
remaining questions, yields between 20 to 23 correct answers from his sheer guess
work?
b)Assume 50 more questions are added in the assignment. How would the answer to

part (i) be affected, if the student knew the answers to all the additional questions.

iii) It is suggested that the number of persons arriving per hour in a bank follows Poisson
process and on average 5 persons arrive per hour. As a precautionary measure to

avoid spread of Corona virus, suppose the bank can’t allow more than 10 persons to
enter in a given hour.

a) What is the probability that in a given hour, the bank staff can no longer allow
more persons to enter?

b) What is the probability that more than 20 persons enter the bank during a 3-hour
period?

Q2 i) AT NAT T Th FRATA H FHIH Flel dlel AR AfFddl I o o Johe
W TFEURRAT 3€ &1 HgT o T 1A f&IT SIrar g1 20% Hehel W 7
T aTelT <IfEd A, 9% 200 SFel # U a1 vergurdy fafdr 3ifhd
# fa%her W §1 60% UYehel 9 HET ol arell ikl B, Yedsh 100 Ushet
H U IR TFEURRAT 3T T HEY ol A fahel Bl &1 15% HYahel W X
ol aTell egfFd C, Jcdeh 90 Yahel H Teh IR TFHURRT 3¢ T HET oMl




# fawher & § 3R eafFd D St 5% Yahel W HgT ST g, a8 Fedsh 200
Yehel & U IR AU 3¢ W HEY ol H fawel gar g1 IS HIg
TR RAAd FaT & & 396 9w & Yohe W TFAIRAT 3¢ 8T 6@ g,
ar &1 gHEGeT g o,

V) I hfFd A AT S HET oHId A 3TEHel 61?2
1) 38 W afed & I & & HgT S A2

) Far AT § R @dier T v Yo veHurady 3T femrar § 3R
3" W B ¢aRT HeX gl o@mg a[S A?

i) ¥) Th BTF A 150 THAT FI Th TART JASAAC 6T STar § o,
I AT & 5 FAIfad 30X g, 98 & shadl 1 3R Ter g1 1T 80 URaAm
& IR ST 8 IFANAT FHIGT F47 ¢ &, T o 5@ arg Av geat
T AT LT &, T8 N9 WY AT § 20 § 23 & 1T Tl IR ST &7

) AT NS T 3 @Eade & 50 3R 92 g T §, HET (V) &7 3K
S gefaa grem, afg o I 3faRked 92T & 3R AT & |

iii) JE o fer AT § o U den H ufd € I arel sgfFast B qean
ISHe fshdT & TE0T A & 3R 3aaer 5 =afda 9ia & d & 3md
g PRI aRRA & JOR & g & fov Tgfaandr 39T & &9 &, Al
ST fh d e Afga gag 7 10 & 31f%s afeaar & gaer e $r
AT el & Fhell &

V) a1 wHrEeT § 6 fQu a6 A, dF FAud 3w iU cafFadt
9AM HA AT AT FET & Hehell 872

o) T Geraen & & 3 ge &7 3af & R 20 @ 3w wafea v A
T HId 82



Q3 i) The joint probability distribution of two discrete random variables X and Y is given

as,
p(X.,y)
1 2 3
1 0.1 0.2 0.1
2 0.15 0 0.15
3 0.25 0.05 0

a) Construct the marginal distribution of X and Y.
b) Are X and Y variables independent?

c) Find E(-2XY)

d) Find E(Y/X=2).

e) Find correlation coefficient between X and Y.

i) The density function of a random variable X is given as,

fx) = 2(1-x), O<x<1
0, elsewhere
a) Calculate P (X<1/3).
b) What is probability that X will exceed 0.5?

¢) Given that X>0.5, what is probability that X will be less than 0.75?

i) What is the probability that the owner of the Hotel Bar does not allow the two
minors to enter, if he randomly checks the identity cards of 5 students from among 9
students of which only 5 are of eligible age.

Q3i) & 3T Fefeod W X AR Y & FFFd FHIIAT fTeR0T [F=ar &,

p(x.y) X
1 2 3
1 0.1 0.2 0.1
2 0.15 0 0.15
3 0.25 0.05 0

T) X 3R Y & AT faaRor &1 &aAor Sifed|
&) Far X 3R Y W T@dq g2




@) E (-2XY) F1 A1 AR |
M E (Y/ X= 2) & AT A |
$) X 3R Y & o Fgaa quieh &l A IS |

ii) Th Frefeo® W X & Gedcd &Y Feegar f&an amr g,

_ 21—-x), O0<x<1
6o = { 0, elsewhere

T) 07T hifSd P (X<1/3)1
&) a7 GHrEear § I X 0.5 § 3™ gem?

%ﬁ)mag%mgm%%xw.s,wﬁm%%xmsﬁrw
gram?

iii) AT HHTGT & foh glee IR T Alflsh & Al I 9T F¥el dr gt
TET AT &, 3PN ag 9 ©ET # ¥ 5 oE & Ugde 9T H Teod §9 I
Sralt 8, oot & shael 5 39S 3G & &

i) To check the effectiveness of two brands of refrigerators, time taken for ice cubes to
be formed from water in the freezer was compared. Two independent experiments
based on 15 refrigerators of each brand were performed and time taken in formation of
ice cubes was recorded. Suppose the population variance for both brands is 1.0 hour.
Assuming normal distribution and mean time for both brands is equal to 20 hours, find
the,

a) Probability that the average time taken by brand A (X,) is higher than average
time taken by B brand (X) is at least 1.0 hour.

b) Probability that X, will deviate from X5 by at least 45 minutes.

C) How would your answer change if the underlying distribution was not
normal?

i) Find a maximum likelihood estimator of p for a random sample of Xy, Xo, ....., Xn

taken from a Poisson distribution. Clearly write all the steps.

i) a) If X is distributed as normal with u=40 and =4, compute three values of the
random variable X that divide the distribution in four equal parts.



b) Find k such that P (k< T <-1.729) =0.049 for a random sample of size 20 taken

from a normal distribution with T = u.
s/Nn

Q4 i) ar siEt & IheReX Fr gsraefierar Fr g o & fov, HroR & g 4
% & Ths Tl & TIU SH aTel HHT & Jolell T TS ¢ GAh o5 &
15 IpoeXr WX 3muRa & Fada gAei &1 gl fhar o= 3R 9% &
gsl & AT F T Al A B AR fhar ) A e Qe
Ssr o foIv FATE JEROT 1.0 §¢ §| AT Nifav gl 8t & fov a#Aeg
faror 3 g gAY 20 g8 & SN g, AT HifS,

V) T GHIGAT ¢ foh o5 A earT foram o= 3ftad @87 (X)), §is B &@rT
forw a1e 3iwa @\ (X;) ¥, 7 9 &F 1.0 9¢ 3IdH ¢

o) 7T rEeT & R (X,) T & & 45 Bde (X;), ¥ g |

o) fe iafafRa AaRer g a8 § aY 39T 397 H SeaI?

ii) X1, Xz,eee. X, & Teh GigHeT [AROT F AT 37T AreToh st & T p
T HTURAH HHIGAT IeHTh AT Fiford, Tl TROM A TS T &
faf@uw |

i) ¥) i X & p=40 3R o*=4 & T AT & T FIRT fhar I g,
ar aefes W X & A AT FT 06T SIS S [TaReT #F IR A =T
aett & fanfaa ava g
dl) Teh HATT facROT & 20 & 3R & Aefeoen sl @l ferar a=m g,
P (k <T <-1.729)=0.o49a:1%|trKa5rm®ﬁmaaT=§—;§%|

Q5 1) Consider a random sample X1, Xo, ....., Xazo of size 30, drawn from a normal
distribution with u= 30, find maximum likelihood estimator of the population variance
2
o .

a) Is the maximum likelihood estimator obtained in part (i) biased? Justify your answer.

b) If the observed sample is 3, 6, 2, 0, 4, 3; compute the MLE of 2.

¢) How would your answer in part (i) be affected if the number of observations remains
30 and p is reduced to zero?



i) Suppose a test procedure about the population mean p is performed, when the
population is normal and the sample size is 10. If the alternative hypothesis is:

a) Ha: p < po, what is the rejection region for the test at 5% level of significance, if
the population standard deviation is known? Show diagrammatically.

b) Ha: pu # po, what is the rejection region for the test at 2% level of significance, if
the population standard deviation is unknown? Show diagrammatically.

¢) If the sample of 10 observations gave a mean of 20 and a standard deviation of 2,
conduct the test in part (ii), given that po= 21.

iii) a) A paediatrician wants to estimate the mean weight of firstborn babies which is
normally distributed. The standard deviation of weight for all firstborn babies is 1.15
kg. If she wants to be 94% sure that the mean weight of firstborns differs from their
sample mean by no more than 0.25 kgs, what should be the size of the sample?

b) For a given sample size, why is a 90% confidence interval smaller than 99%.
Wouldn’t it always be desirable to reduce the interval width in this manner?

Q5 i) Th 30 & 3R & Ao AHel X1, Xz, Xz0, W [GOIR FTG, ST
H = 30 & O Th AHT Aaor & drar 3-r g, IA™E J8R0T 62 &l
ITAhcH HHGAT IHeJHTeTh AT I |

ﬁ)wm(i)ﬁwgmmﬁqum%?m
Sare & 3R afsa S|

o) afg S@r amar F7:7 3, 6, 2, 0, 4, 3 &, d o> & MLE & aroren
|

1) i feoqiorar $r w&dr 30 3N p YT T HA o SAar §, ar e
3 AT (i) H »Y gATIT grom?

i) AT oNfov fh Faaear 3iaa p & S &7 gdietor gfshar &1 g fomar
STl &, S SEEal AAT § AR F#F1 AR 10 g1 I dehfoden
IReeTaT §:

¥) Halp < Mo, dl 5% & TR W G0 & faw 3rediepfd &89 #41 § 3R
SAGEAT HAleleh faele AT §? 3Mehid @RI fewmy|




Q6

o) Hall # Mo, @ 2% & TR W GU&T0T & AT rEdiehfa & a1 §
IIRSAAGEAT Hleleh faeelel AT gl §? Hhid earr fe@ry|

) afg 10 sraeleral & Fa # 20 & 3ftad fGar srar § 3R 2 &1 A
faarer=T g1aT &, a & (ii) T e Y, TE @A g fF po=21 ¥

iii) ¥) T ool Q1 FARAWT Fef Tgell STl Hellel & AT aolel i 3efHTT
AT ITEdT &1 T Tgell S=HT TdeT & doled I HAlTS aded 1.15
fareltarmd §1 3R 98 94% FHARE gl TEcl § 7 Tgell Stedll ellel l
3T aotet 3R FHET 3T 1 AR 0.25 Thellema & 31f¥w g §, ar e
FT 3THR FIAT AT A1gU?

o) QU a0 ST & AR & AT, 90% 3IeRTeT 99% T & HA F4T
FAT 39 R J A T IS HT HF AT §HLAT TSI gl BIIM?

i) A chief financial officer (CFO) of a large company claims that the employees of his
company have an average earning () of more than ¥ 2100 per month. To test the claim,
Mr. Jack took a sample of 64 employees and found the sample average income of
%2135 with standard deviation equal to I 1360.

a) State the appropriate null and alternative hypotheses.

b) Based on the sample information, with a =2.5%, test the hypothesis stated in part (a).
What conclusion do you draw? Use p-value approach.

c) Would your conclusion in part (b) remain unchanged if a =1%, is used instead.

d) Calculate type II error (B) in part (b), for true u=32150. Show diagrammatically.

e) If the claim of CFO is that the employees of his company have an average earning of
% 2100 per month, how would you test this claim using p value approach, with a.
=2.5%.

(if) a) 36 out of 100 persons interviewed are familiar with the tax incentives given by the

government for installing solar panels, construct a 96 % traditional confidence

interval for the corresponding true proportion.

b) The average wages of 25 employees of a company are X 2500 with a standard
deviation of ¥ 250. Assuming wages to be normally distributed, calculate 98%
confidence upper bound for the average wages and interpret it.



Q6 i) Th T HUeA & Teh HET facig HASRY (HUH3) HT arar § o 38
HUAT & FAARGT @ 3ad FAS (n) 9fa A 22100 & 371¥F g1 a9 Fr
e e & faw, A S A 64 FATIRAT S FqHAr forar 3R urr &
AHAT 3T 3T X 2135 § 3raT AT fauee 11360 & SN gl

V) UG HAFd HR dhfeush TREHUST S qulel HIfs|

o) ST SR & MYUN W, FYaATa = 2.5% & A, HAET (V) H a5 TS
IR&eTaT T TE0T HfSA| 3T F41 Tshy fAdrera 82 @-A (p-value)

AT 39T SIS

@) I o = 1%, S 3T HAT AT 8, aF FAT H19* fIshy smer () &

3aRafda @7

9l) 3R Iy p=% 2150 § o &1 () & fow ey |l qfe (B) & orEr
RS 3pfa garT fe@|

) gfe TUE3N (CFO) &7 I araT & b 3R Fuar & SHaarar v dad
HATS T 2100 9T A &, d a = 2.5% & &Y & AT (p-value) Tieaor
T 3TIRT FIeh 3T ST GId T IET0T Hd HLd?

(i) ¥) OTeTTchR & fow a1 100 § ¥ 36 FfFd TR Ul & Tafid &= &
foIT TR garr QU v T Pcared & g g, s8 aredfas 3eard &
foIT 96% 9RURSE e 3icaRTer &1 AT ffad|

1) T FYAT F 25 FFARAT T 2250 F AAS Aot & @y iaa
FoTgdl 2500 Bl AT NS FAoledl A WAEY &9 @ faaRd far S g,
dl 3 Aelqy & fAT 98% favard Fodr aregdr Y oA RS 3rar
sHHT T FIfad|



A-2 Appendix Tables

Table A.1 Cumulative Binomial Probabilities

B(x; n,p) = X b(y; n, p)
a.n=>5 y=0

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 951 174 .590 328 237 168 .078 .031 .010 .002 .001 .000 .000 .000 .000
1 999 977 919 737 633 528 337 188  .087 .031 .016 .007 .000 .000 .000
X 2 1.000 999 991 942 896 .837 .683 .500 317 .163 104 .058 .009 .001  .000
3 1.000 1.000 1.000 993 984 969 913 812 .663 472 367 263 .081 .023 .00l
4 1.000 1.000 1.000 1.000 .999 998 990 969 922 832 763 .672 410 226 .049
b. n=10
p
0.01 0.05 0.10 0.20 025 030 040 050 0.60 070 0.75 080 090 095 0.99
0 904 .599 .349 107 056 .028 .006 .001 .000 .000 .000 .000 .000 .000 .000
1 996 914 736 376 244 149 046 .011 .002 .000 .000 .000 .000 .000 .000
2 1.000 988 930 678 526 383 167 .055 .012 .002 .000 .000 .000 .000 .000
3 1.000 999 987 879 776 650 382 .172 .055 .011 .004 .001 .000 .000 .000
y 4 1.000 1.000 998 967 922 850 .633 377 .166 .047 .020 .006 .000 .000 .000
5 1.000 1.000 1.000 994 980 953 834 .623 367 .150 .078 .033 .002 .000 .000
6 1.000 1.000 1.000 999 996 989 945 828 .618 350 224 121 .013 .001  .000
7 1.000 1.000 1.000 1.000 1.000 .998 988 945 833 .617 474 322 070 .012 .000
8§ 1.000 1.000 1.000 1.000 1.000 1.000 .998 989 954 851 .756 .624 264 .086 .004
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 994 972 944 893 .651 401 .096
c. n=15
p
0.01 0.05 0.10 0.20 0.25 030 040 050 060 070 0.75 080 090 0.95 0.99
0 .860 463 206 .035  .013 .005 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 .990 .829 .549 167 .080 .035 .005 .000 .000 .000 .000 .000 .000 .000 .000
2 1.000 964 816 398 236 127 .027 .004 .000 .000 .000 .000 .000 .000 .000
3 1.000 995 944 648 461 297  .091 .018 .002 .000 .000 .000 .000 .000 .000
4 1.000 .999 987 836 .686 515 217  .059 .009 .001 .000 .000 .000 .000 .000
5  1.000 1.000 998 939 852 722 403 .151 .034 .004 .001 .000 .000 .000 .000
6 1.000 1.000 1.000 982 943 869 .610 .304 .095 .015 .004 .001 .000 .000 .000
X 7 1.000 1.000 1.000 996 983 950 787 500 213 .050 .017 .004 .000 .000 .000
8 1.000 1.000 1.000 999 996 985 905 .696 390 .131 .057 .018 .000 .000 .000
9 1.000 1.000 1.000 1.000 999 996 966 .849 597 278 148 .061 .002 .000 .000
10  1.000 1.000 1.000 1.000 1.000 999 991 941 783 485 314 .164 .013 .001  .000
11 1.000 1.000 1.000 1.000 1.000 1.000 .998 982 909 .703 .539 352 .056 .005 .000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 973 873 764 .602 .184 .036 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .995 965 920 .833 451 .171 .010
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 995 987 965 .794 537 .140
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = zx: by; n, p)
y=0

d. n=20

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 0.99

0 818 358 122 .012 .003 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 983 736 392 069 .024 .008 .001 .000 .000 .000 .000 .000 .000 .000 .000
2 999 925 677 206 .091 .035 .004 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 984 .867 411225 107 .016 .001 .000 .000 .000 .000 .000 .000 .000
4 1.000 997 957 .630 415 238 .051 .006 .000 .000 .000 .000 .000 .000 .000
5 1.000 1.000 989 804 617 416 126 .021 .002 .000 .000 .000 .000 .000 .000
6 1.000 1.000 998 913 78 .608 250 .058 .006 .000 .000 .000 .000 .000 .000
7 1.000 1.000 1.000 968 898 772 416 132 .021 .001 .000  .000 .000 .000  .000
& 1.000 1.000 1.000 990 959 887 596 252 .057 .005 .001 .000 .000 .000 .000
9 1.000 1.000 1.000 997 986 952 755 412 128 .017 .004 .001 .000 .000 .000
X 10 1.000 1.000  1.000 999 996 983 872 588 245 .048 .014 .003 .000 .000 .000
11 1.000 1.000 1.000 1.000 .999 995 943 748 404 .113 .041 .010 .000 .000  .000
12 1.000 1.000 1.000 1.000 1.000 999 979 868 .584 228 .102 .032 .000 .000 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 994 942 750 392 214 .087 .002 .000 .000
14 1.000 1.000 1.000 1.000 1.000 1.000 998 979 874 584 383 .196 .011 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .994 949 762 585 370 .043 .003 .000
16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 984 893 .775 589 .133 .016 .000
17 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 965 909 .794 323 .075 .001
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 992 976 931 .608 264 .017
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 997 988 878 .642 .182
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = ZX: by; n, p)
y=0

e. Nn=25

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 778 277 072 .004 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 974 .642 271 .027 .007 .002 .000 .000 .000 .000 .000 .000 .000 .000 .000
2 998 .873 537 .098 .032  .009 .000 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 966 764 234 .096 .033 .002 .000 .000 .000 .000 .000 .000 .000 .000
4 1.000 993 902 421214 .090 .009 .000 .000 .000 .000 .000 .000 .000 .000
5 1.000 .999 967 617 378 193 .029 .002 .000 .000 .000 .000 .000 .000 .000
6 1.000 1.000 991 780 561 341 .074  .007 .000 .000 .000 .000 .000 .000 .000
7 1.000 1.000 998 891 727 512 154 .022  .001  .000 .000 .000 .000 .000  .000
8 1.000 1.000 1.000 953 851 677 274 .054 .004 .000 .000 .000 .000 .000 .000
9 1.000 1.000 1.000 983 929 811 425 115 .013 .000 .000 .000 .000 .000  .000
10 1.000 1.000  1.000 994 970 902 586 212 .034 .002 .000 .000 .000 .000 .000
11 1.000 1.000 1.000 998 980 956 732 345 078 .006 .00l .000 .000 .000 .000
X 12 1.000 1.000 1.000 1.000 997 983 846 .500 .154 .017 .003 .000 .000 .000 .000
13 1.000 1.000 1.000 1.000 .999 994 922 .655 268 .044 .020 .002 .000 .000  .000
14 1.000 1.000 1.000 1.000 1.000 998 966 .788 414 .098 .030 .006 .000 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 .987 885 .575 .189 .071 .017 .000 .000  .000
16 1.000 1.000 1.000 1.000 1.000 1.000 .996 946 .726 .323 .149 .047 .000 .000  .000
17 1.000 1.000 1.000 1.000 1.000 1.000 .999 978 846 488 273 .109 .002 .000 .000
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .993 926 .659 439 220 .009 .000 .000
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 971 807 .622 383 .033 .001  .000
20 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 991 910 .786 .579 .098 .007  .000
21 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 998 967 904 766 .236 .034  .000
22 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .991 968 .902 463 .127 .002
23 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 993 973 .729 358 .026
24 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 996 .928 .723 222
. . - X — Y
Table A.2 Cumulative Poisson Probabilities Foo ) = S e y!M
y=0
13
1 2 3 4 S .6 v 8 9 1.0
0 905 819 741 .670 .607 .549 497 449 407 368
1 995 982 963 938 910 878 .844 .809 772 736
2 1.000 999 .996 992 986 977 .966 953 937 920
X 3 1.000 1.000 999 998 997 994 991 987 981
4 1.000 1.000 1.000 .999 .999 998 .996
5 1.000 1.000 1.000 .999
6 1.000
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Table A.2 Cumulative Poisson Probabilities (cont. X oerw
(cont) Focw = 3 A

y=0 y

|73

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 20.0
0 135 .050 018 .007 .002 .001 .000 .000 .000 .000 .000
1 406 .199 .092 .040 017 .007 .003 .001 .000 .000 .000
2 677 423 238 125 .062 .030 .014 .006 .003 .000 .000
3 857 .647 433 265 151 .082 .042 021 .010 .000 .000
4 947 815 .629 440 285 173 .100 .055 .029 .001 .000
5 983 916 785 616 446 301 191 116 067 .003 .000
6 995 966 889 762 .606 450 313 207 130 .008 .000
7 1999 988 949 867 744 599 453 324 220 018 001
8 1.000 996 979 932 847 729 593 456 333 037 002
9 999 992 968 916 .830 17 587 458 .070 .005
10 1.000 997 986 957 901 816 706 583 118 011
11 999 995 980 947 888 .803 .697 185 021
12 1.000 998 991 973 936 876 792 268 .039
13 999 996 987 966 926 864 363 .066
14 1.000 .999 994 983 .959 917 466 105
15 999 998 992 978 951 568 157
16 1.000 999 .996 989 973 .664 221
17 1.000 998 995 .986 749 297
X 18 .999 998 993 819 381
19 1.000 999 997 875 470
20 1.000 998 917 .559
21 999 947 644
22 1.000 967 721
23 981 787
24 989 .843
25 994 888
26 997 922
27 998 948
28 999 966
29 1.000 978
30 987
31 992
32 995
33 997
34 999
35 999
36 1.000
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Table A.3 Standard Normal Curve Areas @ =PZ=2)

Standard normal density curve

v

Shaded area= (2)

i
I
I
I
I
:
0

z
z .00 .01 .02 .03 04 .05 .06 07 .08 09
34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 0013 0013 0013 0012 0012 0011 0011 0011 .0010 0010
29 .0019 0018 .0017 .0017 0016 0016 0015 0015 0014 0014
-238 .0026 .0025 0024 0023 0023 .0022 0021 0021 .0020 .0019
27 .0035 0034 .0033 .0032 .0031 .0030 .0029 0028 .0027 .0026
2.6 .0047 0045 0044 0043 0041 .0040 .0039 .0038 .0037 .0036
-25 .0062 .0060 .0059 .0057 .0055 0054 .0052 0051 .0049 .0038
24 .0082 .0080 0078 0075 .0073 0071 .0069 0068 .0066 0064
-23 0107 0104 0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
22 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110
-2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 0228 0222 0217 0212 .0207 0202 0197 0192 0188 0183
-1.9 0287 0281 0274 0268 0262 0256 0250 0244 0239 0233
-138 0359 0352 0344 0336 0329 0322 0314 0307 0301 0294
-1 0446 0436 0427 0418 .0409 .0401 0392 0384 0375 0367
-1.6 0548 0537 0526 0516 0505 .0495 0485 0475 0465 0455
-15 0668 0655 0643 .0630 0618 .0606 0594 0582 0571 0559
~14 .0808 0793 0778 0764 0749 0735 0722 0708 0694 0681
-13 .0968 0951 0934 0918 .0901 .0885 .0869 0853 0838 0823
-12 1151 1131 1112 1093 1075 .1056 1038 .1020 .1003 .0985
~1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
-0.9 1841 1814 1788 1762 1736 1711 1685 1660 1635 1611
-0.8 2119 2090 2061 2033 2005 1977 1949 1922 1894 1867
-0.7 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0.4 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3482
—0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Table A.3 Standard Normal Curve Areas (cont.) d(z2) = P(Z =2)
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 .5279 5319 .5359
0.1 5398 5438 5478 5517 5557 .5596 .5636 5675 5714 5753
0.2 5793 5832 5871 5910 .5948 .5987 .6026 .6064 .6103 .6141
0.3 .6179 6217 6255 6293 .6331 .6368 .6406 .6443 .6480 .6517
0.4 .6554 6591 .6628 6664 .6700 .6736 .6772 .6808 .6844 .6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 .7939 7967 7995 .8023 .8051 8078 .8106 8133
0.9 .8159 .8186 8212 .8238 .8264 .8289 8315 .8340 8365 .8389
1.0 8413 .8438 8461 .8485 .8508 .8531 .8554 8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
1.5 9332 9345 9357 9370 9382 9394 .9406 9418 .9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817
2.1 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857
2.2 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
2.3 9893 9896 9898 9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 9943 .9945 .9946 .9948 .9949 9951 19952
2.6 9953 9955 9956 9957 .9959 .9960 9961 9962 9963 9964
2.7 9965 .9966 9967 9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 9975 9976 9977 9977 9978 .9979 .9979 .9980 9981
2.9 9981 .9982 9982 9983 .9984 .9984 9985 9985 .9986 9986
3.0 9987 9987 9987 9988 .9988 .9989 .9989 9989 9990 19990
3.1 .9990 9991 9991 9991 .9992 .9992 9992 .9992 .9993 9993
3.2 19993 .9993 .9994 .9994 .9994 .9994 .9994 9995 9995 .9995
33 .9995 9995 9995 .9996 .9996 .9996 .9996 .9996 .9996 .9997
34 .9997 9997 9997 9997 .9997 .9997 9997 9997 9997 9998
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Table A.4 The Incomplete Gamma Function |

F(x; o) = [ y*leVdy
o1'(@)

& 1 2 3 4 5 6 7 8 9 10
1 .632 264 .080 .019 .004 .001 .000 .000 .000 .000
2 .865 .594 323 143 .053 .017 .005 .001 .000 .000
3 950 .801 577 353 185 .084 .034 012 .004 .001
4 982 908 762 567 371 215 111 .051 .021 .008
5 993 .960 875 735 .560 384 238 133 .068 .032
6 998 983 938 .849 715 554 394 256 153 .084
7 .999 993 970 918 .827 .699 .550 401 271 170
8 1.000 997 .986 958 .900 .809 .687 547 407 283
9 999 .994 979 945 .884 793 .676 544 413
10 1.000 997 990 971 933 .870 780 .667 542
11 999 995 985 962 921 857 768 .659
12 1.000 998 992 980 954 911 .845 758
13 .999 .996 989 974 946 .900 .834
14 1.000 998 994 986 968 938 .891
15 999 997 992 982 963 930
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Table A.5 Critical Values for t Distributions t, density curve

Shaded area = o

i
I
I
I
I
:
0

tzx,v
47

v .10 .05 025 01 .005 001 .0005
1 3.078 6.314 12.706 31.821 63.657 318.31 636.62
2 1.886 2.920 4.303 6.965 9.925 22.326 31.598
3 1.638 2.353 3.182 4.541 5.841 10.213 12.924
4 1.533 2.132 2.776 3.747 4.604 7.173 8.610
5 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 1.345 1.761 2.145 2.624 2.977 3.787 4.140
15 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 1.337 1.746 2.120 2.583 2.921 3.686 4.015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3.485 3.767
24 1.318 1.711 2.064 2.492 2.797 3.467 3.745
25 1.316 1.708 2.060 2.485 2.787 3.450 3.725
26 1.315 1.706 2.056 2.479 2.779 3.435 3.707
27 1.314 1.703 2.052 2.473 2.771 3.421 3.690
28 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 1.310 1.697 2.042 2.457 2.750 3.385 3.646
32 1.309 1.694 2.037 2.449 2.738 3.365 3.622
34 1.307 1.691 2.032 2.441 2.728 3.348 3.601
36 1.306 1.688 2.028 2.434 2.719 3.333 3.582
38 1.304 1.686 2.024 2.429 2.712 3319 3.566
40 1.303 1.684 2.021 2.423 2.704 3.307 3.551
50 1.299 1.676 2.009 2.403 2.678 3.262 3.496
60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
120 1.289 1.658 1.980 2.358 2.617 3.160 3.373
1.282 1.645 1.960 2.326 2.576 3.090 3.291

Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Appendix Tables

A-10

9TeT SPo'l Tl 9TET SYo'l a8T'1 9LSC 0961 SPo'l 9LSC 096°1 SYo'l S
809°C 8981 LYl (144 008°1 L1Yv'1 088°C 691°C 028’1 L9L'T 901°C LOL'T 00€
8€9°C 1681 961" [ (424 SI8'I eyl 088°C 161°C 6€8°1 88LC Icre 08L°1 0€¢
6L9°C €co’l 4R 0LSC LEY'] oSyl 126'C e G981 9187C evi'e 86L°1 00T
IvL'C 1L6°1 99¢°1 119°¢ 0L8'T 8LY'1 €86'C 0LTC S06°'T 6S8°C SLT'C Se8’l 0ST
058'C 960°C 6€9°1 ¥89°C LT6'1 LTS'1 960°¢ gseT LL6'T ¥€6'C €ECe L1 001
€88°C 80°C 199°1 90L'C 6’1 [42°0! 0€lre 8¢€T 666'1 866'C 1sTC 688°[ 06
¥26'C yIre 889°1 €ELT S96°1 65S°1 ELT'E 14844 920°C 986'C CLTT LO6'T 08
YL6'C €SI'e L'l SoLC 066'1 1861 SCT¢ 12944 090°C 120°¢ 66C'C 626’1 0L
8€0°¢ 0T VoLl LO8C ce0'c 6091 €6C°¢ 906°C €0r'e 990°¢ €eee 8S6'[ 09
Scle 69T 1281 €98°C §90°C o'l G8¢¢ 9LSC [44 9cre 6LEC 9661 0S
081°¢ Cclee LS8'T 868C 60T 699°1 2243 129°C 00T S 3 80¥'C 120'C 154
6vTe €T 206'1 I¥6'C 9CI'C L69'1 8I6°¢ LL9T LYyTT €ITe SY¥'c 0T or
yeee 0€Y'C LS6'1 S66'C L91°C (47 119°¢ 8VL'T 90¢€C CLTE 06t'C 060°C S€
L€ 91¢C 0€0°C ¥90°¢ 02T LLL'T €L 78T G8¢€C 0cee 6¥S'C (44 0€
109°¢ €€9°¢ 6C1'C 8S1°¢ c6CT'C 8¢€8'[ ¥06'¢€ cL6'C vo1'C LSY'E 1€9°C 80CC 14
(4383 808C 9LTT S6T’¢ 96¢€C 926’1 91y 891°¢ 659°C SI9°¢ SLT 01€¢C 0T
68°¢ yS8C y1€7¢C [eee €Cr'e 6¥6'1 0€TYy 1cee €0L'e 969°¢ ¥8L'C LEET 61
096'¢ S06'C LSET 0LEE €SY'C VL6'] LOEY 6LT¢ €SLC 0L'e 6187C 99¢€°C 81
LEOY €96'C Soy'C yiv'e 98¥'C 00T €6EY Sree 808C YSLE 868°C 00t'C LT udzi§ dpdueg
&’y 8C0°¢ 09%°C Yor'€ ycse €€0°C [14% Icr'e CTL8'T 4883 €06'C LEV'T 91
Ty ar'e (444 0Cs'¢ 99¢C 890°C 09y LOS'E S¥6'C 8L8°¢ ¥$6°C 08%'C SI
LEEY 681°¢ £65°C G8¢°¢ S19°C 601°'C LEL'Y 809°¢ 620°¢ SS6°¢ cloe 6CS'C 14
vy 06C°€ LL9T 659°¢ 1L9C SSI'e €68y LTLE 0cre Y0y 180°¢ L8S'T €1
€9 0Iv'€ LLL'T LyL'€ 9€LT 01ce 6L0°S 0L8°¢ 0sT¢ 0SI'y 1€ §S9°C 4}
681 9¢¢¢ 868°C s8e SI87T SLTT 80¢€°C SO0y L6E°E LLTY 65T¢ LELT I
YLO'S 8EL'E 8¥0°¢ 186'¢ [16'c G6eET ¥65°C 9Ty (4183 vy 6LE°¢ 6¢8C (1§
68¢°¢ [ %3 wee iy 1€0°¢ 1224 996°¢ 0SSy (4433 1€9°Y (4383 L96°C 6
CIg'S S8TY L6Y'€ 12394 L81°E 86T 8919 9¢6'v LY1'y 1681 ceLe 9¢l'e 8
14’ 8Ly 6S8°¢ [ 8% 00t°¢ 9SLT L8I'L 88Y°S €9y 8YCT'S LO0Y 69¢€°¢ L
SECL 90t°¢ vy 290°S 80L°¢ 900°¢ 10€°8 SYeE9 LEE'S SLL'S vivy CILe 9
6€6'8 8LS9 a9¢°¢ IvL'S €0CTY LOV'€ 09C°01 | SS8'L 199 €99 6L0°C SLTY S
L8ETT | €806 08€°L oL 124585 91y LTSY1 | OSTIT | 86€°6 66C'8 0LE9 69¢°C L4
968°€C | OLELT | S66°C€l | €6S°01 | 9S9°L 9619 §s0'6C | 10¥°CC | 0€6'81 | 198°CI | 9166 08¢'8 €
LI9°S8T | 9TF' 1€l | 620°€0T | $60°LE | 09C9CT | 18S°0T | 00€THT | 16¥'881 | €61°091 | 0E¥'8% | ¥L9°LE | 610°CE | T
%66 = | %S6=| %06=| %66 =| %S6=| %06= | %66 = | %S6=| %06= | %66=| %S6=| %06<=<| parmde) uonemdod jo %,
%66 %S6 %66 %S6 [9A97] doUapyuo’)

S[EAIIIU] PIPIS-dUQ

S[BAIIJU] PIPIS-OM,

suonnqusiq uonejndod [ewiop 104 sanjep [ed13) dUeIB|0]  9°Y d|qel

Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Appendix Tables A-11

Table A.7 Critical Values for Chi-Squared Distributions x2 density curve

Shaded area = o

0 (i Xow
(44
v 995 .99 975 .95 90 .10 .05 .025 .01 .005
1 0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025 6.637 7.882
2 0.010 0.020 0.051 0.103 0.211 4.605 5.992 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.344 12.837
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0412 0.554 0.831 1.145 1.610 9.236 11.070 12.832 15.085 16.748
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.440 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.012 18.474 20.276
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.534 20.090 21.954
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.022 21.665 23.587
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.724 26.755
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362 24.735 27.687 29.817
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.600 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.577 32.799
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.407 7.564 8.682 10.085 24.769 27.587 30.190 33.408 35.716
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.843 7.632 8.906 10.117 11.651 27.203 30.143 32.852 36.190 38.580
20 7434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.033 8.897 10.283 11.591 13.240 29.615 32.670 35.478 38.930 41.399
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796
23 9.260 10.195 11.688 13.090 14.848 32.007 35.172 38.075 41.637 44.179
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.558
25 10.519 11.523 13.120 14.611 16.473 34.381 37.652 40.646 44.313 46.925
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40.113 43.194 46.962 49.642
28 12.461 13.565 15.308 16.928 18.939 37916 41.337 44.461 48.278 50.993
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557 45.772 49.586 52.333
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
31 14.457 15.655 17.538 19.280 21.433 41.422 44,985 48.231 52.190 55.000
32 15.134 16.362 18.291 20.072 22271 42.585 46.194 49.480 53.486 56.328
33 15.814 17.073 19.046 20.866 23.110 43.745 47.400 50.724 54.774 57.646
34 16.501 17.789 19.806 21.664 23.952 44.903 48.602 51.966 56.061 58.964
35 17.191 18.508 20.569 22.465 24.796 46.059 49.802 53.203 57.340 60.272
36 17.887 19.233 21.336 23.269 25.643 47212 50.998 54.437 58.619 61.581
37 18.584 19.960 22.105 24.075 26.492 48.363 52.192 55.667 59.891 62.880
38 19.289 20.691 22.878 24.884 27.343 49.513 53.384 56.896 61.162 64.181
39 19.994 21.425 23.654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
40 20.706 22.164 24.433 26.509 29.050 51.805 55.758 59.342 63.691 66.766

3
Forv >40,X§va(1 _3_{_2 3)
’ ov  *\ov
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A-12 Appendix Tables

Table A.8 t Curve Tail Areas

t curve Area to the
| 1

0 t

t

v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0.0 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
0.1 468 465 463 463  462. 462 462 461 461 461 461 461 461 461 461 461 461 461
0.2 A37 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 422
0.3 407 396 392 390 388 387 386 386 386 385 .385 385 384 384 384 384 384 384
0.4 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
0.5 352 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312
0.6 328 305 295 290 287 285 284 283 282 281 .280 .280 .279 279 279 278 278 278
0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
0.8 285 254 241 234 230 227 225 223 222 221 220 .220 219 218 218 218 217 217
0.9 267 .232 217 210 205 201 199 197 196 .195 .194 .193 .192 .191 .191 .191 .190 .190
1.0 250 211 196 187 182 178 175 173 172 170 169 .169 .168 .167 .167 .166 .166 .165
1.1 235 193 176 167 162 157 154 152 150 .149 .147 .146 .146 .144 .144 144 143 143
1.2 221 177 158 148 142 138 135 132 130 .129 128 .127 126 .124 .124 124 123 123
1.3 209 162 142 132 125 121 .117 115 113 111 110 .109 .108 .107 .107 .106 .105 .105
1.4 197 148 128 117 110  .106 .102 .100 .098 .096 .095 .093 .092 .091 .091 .090 .090 .089
1.5 A87 136 115 104 .097 .092 .089 .086 .084 .082 .081 .080 .079 .077 .077 .077 .076 .075
1.6 178 125 104 .092 .085 .080 .077 .074 .072 .070 .069 .068 .067 .065 .065 .065 .064 .064
1.7 169 116 .094 .082 .075 .070 .065 .064 .062 .060 .059 .057 .056 .055 .055 .054 .054 .053
1.8 161 107 .085 .073 .066 .061 .057 .055 .053 .051 .050 .049 .048 .046 .046 .045 .045 .044
1.9 154 .099 077 .065 .058 .053 .050 .047 .045 .043 .042 .041 .040 .038 .038 .038 .037 .037
2.0 148 .092 .070 .058 .051 .046 .043 .040 .038 .037 .035 .034 .033 .032 .032 .031 .031 .030
2.1 141 .085 .063 .052 .045 .040 .037 .034 .033 .031 .030 .029 .028 .027 .027 .026 .025 .025
2.2 136 .079 .058 .046 .040 .035 .032 .029 .028 .026 .025 .024 .023 .022 .022 .021 .021 .021
2.3 131 .074 052 .041 .035 .031 .027 .025 .023 .022 .021 .020 .019 .018 .018 .018 .017 .017
24 126 .069 048 .037 .031 .027 .024 .022 .020 .019 .018 .017 .016 .015 .015 .014 .014 .014
2.5 121 .065 .044 .033 .027 .023 .020 .018 .017 .016 .015 .014 .013 .012 .012 .012 .011 .01l
2.6 117 .061 .040 .030 .024 .020 .018 .016 .014 .013 .012 .012 .011 .010 .010 .010 .009 .009
2.7 13,057 .037 .027 .021 .018 .015 .014 .012 .01l .010 .010 .009 .008 .008 .008 .008 .007
2.8 109 .054 .034 .024 .019 .016 .013 .012 .010 .009 .009 .008 .008 .007 .007 .006 .006 .006
2.9 106 .051 .031 .022 .017 .014 .011 .010 .009 .008 .007 .007 .006 .005 .005 .005 .005 .005
3.0 102 .048 .029 .020 .015 .012 .010 .009 .007 .007 .006 .006 .005 .004 .004 .004 .004 .004
3.1 099 .045 .027 .018 .013 .011 .009 .007 .006 .006 .005 .005 .004 .004 .004 .003 .003 .003
3.2 096 .043 .025 .016 .012 .009 .008 .006 .005 .005 .004 .004 .003 .003 .003 .003 .003 .002
3.3 .094 .040 .023 .015 .011 .008 .007 .005 .005 .004 .004 .003 .003 .002 .002 .002 .002 .002
34 .091 .038 .021 .014 .010 .007 .006 .005 .004 .003 .003 .003 .002 .002 .002 .002 .002 .002
3.5 .089 .036 .020 .012 .009 .006 .005 .004 .003 .003 .002 .002 .002 .002 .002 .001 .001 .001
3.6 .086 .035 .018 .01l .008 .006 .004 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.7 .084 .033 .017 .010 .007 .005 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001
3.8 .082 .031 .016 .010 .006 .004 .003 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001
3.9 .080 .030 .015 .009 .006 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001
4.0 .078 .029 .014 .008 .005 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .000 .000
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Appendix Tables A-13

Table A.8 t Curve Tail Areas (cont.)

t curve Area to the
Mft
| 1

0 t

t

v 19 20 21 22 23 24 25 26 27 28 29 30 35 40 60 120 «(=2)

0.0 .500  .500 .500 .500 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500  .500
0.1 461 461 461 461 461 461 461 461 461 461 461 461 460 460 460 460 460
0.2 422 422 422 422 422 422 422 422 421 421 421 421 421 421 421 421 421
0.3 384 384 384 383 383 383 383 383 383 383 383 383 383 383 383 382 382
0.4 347 347 347 347 346 346 346 346 346 346 346 346 346 346 345 345 345
0.5 311 311 311 311 311311 311 311 311 310 310 310 310 310 .309 .309 309
0.6 278 278 278 277 277 277 277 277 277 277 277 277 276 276 275 275 274
0.7 246 246 246 246 245 245 245 245 245 245 245 245 244 244 243 243 242
0.8 217 217 216 216 216 216 216 215 215 215 215 215 215 214 213 213 212
0.9 190 189 189 189 .189 .189 .188 .188 .188 .188 .188 .188 .187 .187 .186 .185  .184
1.0 Jd65 165 164 164 164 164 163 163 .163 .163 163 .163 .162 .162 .161 .160  .159
1.1 143 142 142 142 141 141 141 141 141 140 .140 .140 .139 .139 138 .137  .136
1.2 1220 122 122 121 121 121 121 120 .120 .120 .120 .120 .119 .119 117 116  .115
1.3 105 104 .104 .104 .103 .103 .103 .103 .102 .102 .102 .102 .101 .101 .099 .098  .097
1.4 .089 .089 .088 .088 .087 .087 .087 .087 .086 .086 .086 .08 .085 .085 .083 .082  .081
1.5 075 .075 .074 .074 .074 .073 .073 .073 .073 .072 .072 .072 .071 .071 .069 .068  .067
1.6 063 .063 .062 .062 .062 .061 .061 .061 .061 .060 .060 .060 .059 .059 .057 .056  .055
1.7 .053 .052 .052 .052 .051 .051 .051 .051 .050 .050 .050 .050 .049 .048 .047 .046  .045
1.8 .044 043 .043 .043 .042 .042 .042 .042 .042 .041 .041 .041 .040 .040 .038 .037  .036
1.9 .036 .036 .036 .035 .035 .035 .035 .034 .034 .034 .034 .034 .033 .032 .031 .030 .029
2.0 .030 .030 .029 .029 .029 .028 .028 .028 .028 .028 .027 .027 .027 .026 .025 .024  .023
2.1 025 .024 .024 .024 .023 .023 .023 .023 .023 .022 .022 .022 .022 .021 .020 .019 .018
2.2 .020 .020 .020 .019 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .016 .015 .014
2.3 .016 .016 .016 .016 .015 .015 .015 .015 .015 .015 .014 .014 .014 .013 .012 .012  .011
2.4 .013 .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .011 .011 .011 .010 .009  .008
2.5 .011 .011 .010 .010 .010 .010 .010 .010 .009 .009 .009 .009 .009 .008 .008 .007  .006
2.6 .009 .009 .008 .008 .008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .005  .005
2.7 .007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .005 .005 .004 .004  .003
2.8 .006 .006 .005 .005 .005 .005 .005 .005 .005 .005 .005 .004 .004 .004 .003 .003  .003
2.9 .005 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .003 .003 .003 .003 .002 .002
3.0 .004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002  .001
3.1 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001
3.2 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.3 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000
34 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000  .000
3.5 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000  .000
3.6 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000  .000
3.7 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.8 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.9 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
4.0 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
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Table A.9 Critical Values for F Distributions

v, = numerator df

o 1 2 3 4 5 6 7 8 9
.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
1 .050 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54
.010 4052.20 4999.50 5403.40 5624.60 5763.60 5859.00 5928.40 5981.10 6022.50
.001 | 405,284 500,000 540,379 562,500 576,405 585,937 592,873 598,144 602,284
.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
’ 050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
.010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39
.001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39
.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
3 .050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
.010 34.12 30.82 29.46 28.71 28.24 2791 27.67 27.49 27.35
.001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86
.100 4.54 432 4.19 4.11 4.05 4.01 3.98 3.95 3.94
4 .050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
.010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
.001 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47
.100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32
5 .050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77
.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
.001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24
5 .100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
§ 6 .050 5.99 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10
s .010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98
'E .001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
g .100 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72
-ﬁ 7 .050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
<o .010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
.001 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33
.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56
3 .050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91
.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77
.100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44
9 .050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35
.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 10.11
.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35
10 .050 4.96 4.10 3.71 3.48 3.33 322 3.14 3.07 3.02
.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
.001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96
.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 227
1 .050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
.010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63
.001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
.100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 221
12 .050 4.75 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80
.010 9.33 6.93 5.95 5.41 5.06 4.82 4.04 4.50 4.39
.001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48
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Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000

60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30
241.88 24391 245.95 248.01 249.26 250.10 251.14 251.77 252.20 253.25 254.19
6055.80  6106.30  6157.30  6208.70  6239.80  6260.60  6286.80  6302.50  6313.00 633940  6362.70
605,621 610,668 615,764 620,908 624,017 626,099 628,712 630,285 631,337 633,972 636,301

9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.49
19.40 19.41 19.43 19.45 19.46 19.46 19.47 19.48 19.48 19.49 19.49
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50

999.40 999.42 999.43 999.45 999.46 999.47 999.47 999.48 999.48 999.49 999.50

5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.15 5.14 5.13

8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 8.53
27.23 27.05 26.87 26.69 26.58 26.50 26.41 26.35 26.32 26.22 26.14

129.25 128.32 127.37 126.42 125.84 125.45 124.96 124.66 124.47 123.97 123.53

3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.76

5.96 591 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.63
14.55 14.37 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 13.47
48.05 47.41 46.76 46.10 45.70 45.43 45.09 44.88 44.75 44.40 44.09

3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.12 3.11

4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 4.40 437
10.05 9.89 9.72 9.55 9.45 9.38 9.29 9.24 9.20 9.11 9.03
26.92 26.42 2591 25.39 25.08 24.87 24.60 24.44 24.33 24.06 23.82

2.94 2.90 2.87 2.84 2.81 2.80 2.78 2.77 2.76 2.74 2.72

4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.75 3.74 3.70 3.67

7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.09 7.06 6.97 6.89
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 15.98 15.77

2.70 2.67 2.63 2.59 2.57 2.56 2.54 2.52 2.51 2.49 247

3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.32 3.30 3.27 3.23

6.62 6.47 6.31 6.16 6.06 5.99 5.91 5.86 5.82 5.74 5.66
14.08 13.71 13.32 12.93 12.69 12.53 12.33 12.20 12.12 11.91 11.72

2.54 2.50 2.46 242 2.40 2.38 2.36 2.35 2.34 232 2.30

3.35 3.28 3.22 3.15 3.11 3.08 3.04 3.02 3.01 2.97 2.93

5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.07 5.03 4.95 4.87
11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.80 9.73 9.53 9.36

242 2.38 2.34 2.30 2.27 225 2.23 222 2.21 2.18 2.16

3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.80 2.79 2.75 2.71

5.26 5.11 4.96 4.81 4.71 4.65 4.57 4.52 4.48 4.40 432

9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.26 8.19 8.00 7.84

2.32 2.28 2.24 2.20 2.17 2.16 2.13 2.12 2.11 2.08 2.06

2.98 291 2.85 2.77 2.73 2.70 2.66 2.64 2.62 2.58 2.54

4.85 4.71 4.56 4.41 431 4.25 4.17 4.12 4.08 4.00 3.92

8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.19 7.12 6.94 6.78

2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98

2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.51 2.49 2.45 241

4.54 4.40 4.25 4.10 4.01 3.94 3.86 3.81 3.78 3.69 3.61

7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02

2.19 2.15 2.10 2.06 2.03 2.01 1.99 1.97 1.96 1.93 1.91

2.75 2.69 2.62 2.54 2.50 247 2.43 2.40 2.38 2.34 2.30

430 4.16 4.01 3.86 3.76 3.70 3.62 3.57 3.54 3.45 3.37

7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.83 5.76 5.59 5.44
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A-16 Appendix Tables

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

v, = numerator df
« 1 2 3 4 5 6 7 8 9

.100 3.14 2.76 2.56 2.43 235 2.28 2.23 2.20 2.16

3 .050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71

.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

.001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 721 6.98

.100 3.10 2.73 2.52 2.39 2.31 224 2.19 2.15 2.12

14 .050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65

.010 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 4.03

.001 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58

.100 3.07 2.70 2.49 2.36 2.27 221 2.16 2.12 2.09

s .050 454 3.68 3.29 3.06 2.90 2.79 271 2.64 2.59

.010 8.68 6.36 5.42 4.89 456 432 4.14 4.00 3.89

.001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26

.100 3.05 2.67 2.46 233 2.24 2.18 2.13 2.09 2.06

16 .050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54

.010 8.53 6.23 5.29 4.77 4.44 420 4.03 3.89 3.78

.001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98

.100 3.03 2.64 2.44 231 222 2.15 2.10 2.06 2.03

17 .050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

.010 8.40 6.11 5.19 4.67 434 4.10 3.93 3.79 3.68

.001 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75

= .100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00
= 18 .050 441 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
= 010 8.29 6.01 5.09 458 425 4.01 3.84 3.71 3.60
E .001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56
g .100 2.99 2.61 2.40 227 2.18 2.11 2.06 2.02 1.98
< 19 .050 438 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242
I .010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52
A .001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39
.100 2.97 2.59 2.38 225 2.16 2.09 2.04 2.00 1.96

20 .050 435 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39

010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46

.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24

.100 2.96 2.57 2.36 223 2.14 2.08 2.02 1.98 1.95

)1 .050 432 3.47 3.07 2.84 2.68 2.57 2.49 2.42 237

.010 8.02 5.78 487 437 4.04 3.81 3.64 3.51 3.40

.001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.11

.100 2.95 2.56 235 222 2.13 2.06 2.01 1.97 1.93

2 .050 430 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34

.010 7.95 5.72 482 431 3.99 3.76 3.59 3.45 3.35

.001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99

.100 2.94 2.55 2.34 221 2.11 2.05 1.99 1.95 1.92

- .050 428 3.42 3.03 2.80 2.64 2.53 2.44 237 232

010 7.88 5.66 476 426 3.94 3.71 3.54 341 3.30

.001 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89

.100 2.93 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91

" .050 426 3.40 3.01 2.78 2.62 2.51 2.42 236 2.30

010 7.82 5.61 472 422 3.90 3.67 3.50 3.36 3.26

001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80
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Appendix Tables A-17

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

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88 1.85
2.67 2.60 2.53 2.46 241 2.38 2.34 2.31 2.30 225 221
4.10 3.96 3.82 3.66 3.57 3.51 3.43 3.38 3.34 3.25 3.18
6.80 6.52 6.23 593 5.75 5.63 5.47 5.37 5.30 5.14 4.99
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83 1.80
2.60 2.53 2.46 2.39 2.34 231 227 2.24 222 2.18 2.14
3.94 3.80 3.66 3.51 3.41 3.35 3.27 3.22 3.18 3.09 3.02
6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 4.94 4.77 4.62
2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 1.79 1.76
2.54 2.48 2.40 233 2.28 2.25 2.20 2.18 2.16 2.11 2.07
3.80 3.67 3.52 3.37 3.28 3.21 3.13 3.08 3.05 2.96 2.88
6.08 5.81 5.54 5.25 5.07 4.95 4.80 4.70 4.64 4.47 4.33
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72
2.49 242 2.35 2.28 2.23 2.19 2.15 2.12 2.11 2.06 2.02
3.69 3.55 3.41 3.26 3.16 3.10 3.02 297 2.93 2.84 2.76
5.81 5.55 5.27 4.99 4.82 4.70 4.54 4.45 4.39 4.23 4.08
2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.76 1.75 1.72 1.69
2.45 2.38 231 2.23 2.18 2.15 2.10 2.08 2.06 2.01 1.97
3.59 3.46 3.31 3.16 3.07 3.00 2.92 2.87 2.83 2.75 2.66
5.58 5.32 5.05 4.78 4.60 4.48 4.33 4.24 4.18 4.02 3.87
1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.74 1.72 1.69 1.66
241 2.34 2.27 2.19 2.14 2.11 2.06 2.04 2.02 1.97 1.92
3.51 3.37 3.23 3.08 2.98 292 2.84 2.78 2.75 2.66 2.58
5.39 5.13 4.87 4.59 4.42 4.30 4.15 4.06 4.00 3.84 3.69
1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67 1.64
2.38 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88
3.43 3.30 3.15 3.00 291 2.84 2.76 2.71 2.67 2.58 2.50
5.22 4.97 4.70 4.43 4.26 4.14 3.99 3.90 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 1.64 1.61
2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.97 1.95 1.90 1.85
3.37 3.23 3.09 2.94 2.84 2.78 2.69 2.64 2.61 2.52 243
5.08 4.82 4.56 4.29 4.12 4.00 3.86 3.77 3.70 3.54 3.40
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.94 1.92 1.87 1.82
3.31 3.17 3.03 2.88 2.79 2.72 2.64 2.58 2.55 2.46 2.37
4.95 4.70 4.44 4.17 4.00 3.88 3.74 3.64 3.58 3.42 3.28
1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.60 1.57
2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.91 1.89 1.84 1.79
3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.40 232
4.83 4.58 4.33 4.06 3.89 3.78 3.63 3.54 3.48 332 3.17
1.89 1.84 1.80 1.74 1.71 1.69 1.66 1.64 1.62 1.59 1.55
2.27 2.20 2.13 2.05 2.00 1.96 1.91 1.88 1.86 1.81 1.76
3.21 3.07 2.93 2.78 2.69 2.62 2.54 2.48 2.45 2.35 2.27
4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.08
1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54
2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 1.74
3.17 3.03 2.89 2.74 2.64 2.58 2.49 2.44 2.40 2.31 222
4.64 4.39 4.14 3.87 3.71 3.59 3.45 3.36 3.29 3.14 2.99
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A-18 Appendix Tables

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

v, = numerator df
@ 1 2 3 4 5 6 7 8 9

100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89

25 .050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28

.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 322

.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 491 4.71

100 291 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88

2 .050 4.23 3.37 2.98 2.74 2.59 2.47 2.39 232 227

.010 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18

.001 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64

.100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87

27 .050 421 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25

.010 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15

.001 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57

100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87

28 .050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24

.010 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12

.001 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86

29 .050 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 222

.010 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09

.001 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45

S .100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

§ 30 .050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 227 221

g .010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07

E .001 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39
=}

5 .100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79

-ﬁ 40 .050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12

N .010 7.31 5.18 431 3.83 3.51 3.29 3.12 2.99 2.89

.001 12.61 8.25 6.59 5.70 5.13 4.73 4.44 421 4.02

.100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76

50 .050 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07

.010 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78

.001 12.22 7.96 6.34 5.46 4.90 451 422 4.00 3.82

.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74

60 .050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04

.010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72

.001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69

.100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69

100 .050 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97

.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59

.001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44

.100 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66

200 .050 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93

.010 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50

.001 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26

.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64

1000 .050 3.85 3.00 2.61 2.38 222 2.11 2.02 1.95 1.89

.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43

.001 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13
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Appendix Tables A-19

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

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
1.87 1.82 1.77 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.52
2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.84 1.82 1.77 1.72
3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.40 2.36 2.27 2.18
4.56 431 4.06 3.79 3.63 3.52 3.37 3.28 3.22 3.06 291
1.86 1.81 1.76 1.71 1.67 1.65 1.61 1.59 1.58 1.54 1.51
222 2.15 2.07 1.99 1.94 1.90 1.85 1.82 1.80 1.75 1.70
3.09 2.96 2.81 2.66 2.57 2.50 2.42 2.36 2.33 2.23 2.14
4.48 4.24 3.99 3.72 3.56 3.44 3.30 3.21 3.15 2.99 2.84
1.85 1.80 1.75 1.70 1.66 1.64 1.60 1.58 1.57 1.53 1.50
2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 1.68
3.06 2.93 2.78 2.63 2.54 2.47 2.38 233 2.29 2.20 2.11
4.41 4.17 3.92 3.66 3.49 3.38 3.23 3.14 3.08 292 2.78
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48
2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.71 1.66
3.03 2.90 2.75 2.60 2.51 2.44 2.35 2.30 2.26 2.17 2.08
4.35 4.11 3.86 3.60 3.43 332 3.18 3.09 3.02 2.86 2.72
1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51 1.47
2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65
3.00 2.87 2.73 2.57 2.48 241 2.33 2.27 2.23 2.14 2.05
4.29 4.05 3.80 3.54 3.38 3.27 3.12 3.03 2.97 2.81 2.66
1.82 1.77 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46
2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68 1.63
2.98 2.84 2.70 2.55 2.45 2.39 2.30 2.25 2.21 2.11 2.02
4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.98 2.92 2.76 2.61
1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.42 1.38
2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 2.66 2.52 2.37 2.27 2.20 2.11 2.06 2.02 1.92 1.82
3.87 3.64 3.40 3.14 2.98 2.87 2.73 2.64 2.57 241 2.25
1.73 1.68 1.63 1.57 1.53 1.50 1.46 1.44 1.42 1.38 1.33
2.03 1.95 1.87 1.78 1.73 1.69 1.63 1.60 1.58 1.51 1.45
2.70 2.56 242 227 2.17 2.10 2.01 1.95 1.91 1.80 1.70
3.67 3.44 3.20 2.95 2.79 2.68 2.53 2.44 2.38 2.21 2.05
1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 1.30
1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 1.47 1.40
2.63 2.50 2.35 2.20 2.10 2.03 1.94 1.88 1.84 1.73 1.62
3.54 332 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.08 1.92
1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.35 1.34 1.28 1.22
1.93 1.85 1.77 1.68 1.62 1.57 1.52 1.48 1.45 1.38 1.30
2.50 2.37 2.22 2.07 1.97 1.89 1.80 1.74 1.69 1.57 1.45
3.30 3.07 2.84 2.59 2.43 232 2.17 2.08 2.01 1.83 1.64
1.63 1.58 1.52 1.46 1.41 1.38 1.34 1.31 1.29 1.23 1.16
1.88 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30 1.21
2.41 227 2.13 1.97 1.87 1.79 1.69 1.63 1.58 1.45 1.30
3.12 2.90 2.67 242 2.26 2.15 2.00 1.90 1.83 1.64 1.43
1.61 1.55 1.49 1.43 1.38 1.35 1.30 1.27 1.25 1.18 1.08
1.84 1.76 1.68 1.58 1.52 1.47 1.41 1.36 1.33 1.24 1.11
2.34 2.20 2.06 1.90 1.79 1.72 1.61 1.54 1.50 1.35 1.16
2.99 2.77 2.54 2.30 2.14 2.02 1.87 1.77 1.69 1.49 1.22
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Name of course: Core CBCS

Scheme/Mode of Examination: CBCS Semester —I11 (OC)
Name of the Paper: Statistical Methods for Economics
UPC/Subject Code: 12271303 (OC)

Duration: 3 Hrs.

Maximum Marks: 75

Instructions: Answer any four questions. All questions carry equal marks. Answers may be
written either in English or in Hindi but the same medium should be used throughout the
paper. The use of a simple non-programmable calculator is allowed. Statistical tables are
attached for your reference. In all calculations, figures should be rounded to two decimal
places.

fAder: fhegl IR et & 3R &I Tl gt & A 3P &1 39 e I Bl A o
ST Hehd § dfthed W IR 7 U § Aregd &1 39An9r fFar s =nfge) ve |ramor k-
HATHATS SHefsholey & 3TN I AT ¢ TEIHT el 3Mash Feoh & T Heve &
g IUTATHT A, RS A & GAASAT TATAT WX Mol fHaAT SA=1 A1fRT

Q1 i) Following are the scores for students of physics (X):

X[15113|18|145]12|11|89 8

a)  Determine the value of sample mean, sample median and 12.5% trimmed
mean. Compare these values and comment on them.

b) A sample of three scores is drawn from the above population. How many such
samples can be drawn if it is a random sample?

c)  Suppose two such samples are (18, 12, 8)) and (13, 14.5, 11). What are the
respective sample means? Is the sample mean a random variable and why?

i1) The current economic indicators after the pandemic indicate make forecasters think
that the economy will recover from recession over the next four quarters with
probability 0.4. A survey was therefore, conducted by the government to assess
business intentions to expand plant and equipment. Such a survey in the past predicted
a recovery when a recovery did actually occur 8 times out of 10. In 2 out of 10 cases, a
recovery was predicted but it did not actually occur. In the light of this information,
how might the forecaster revise his assessment of the probability that a recovery will
occur?



iii) @) Rajesh wants to insure his car against theft. The value of the car is assessed at Rs
150,000/. The annual premium which he must pay to insure the car is Rs 2000. If the
probability of his car being stolen is 1/10000, is his insurance contract fair?

b) Suppose a string of Diwali lights have 14 bulbs wind in series which implies that
the string will work if all the bulbs work. If each bulb has a 99.9% chance of working the
first time current is passed. What is the probability that the string itself will not work.

Q1i) #ifadr & oEr & fov TR Ffa@a § (X):
X[15]13[18[145]12[11]89]8

o) AT A, FHAT AT T 12.5% Sealt AET HT A HuTRA
HITSA| g1 Hoal H Il HIGY iR 3 W feeqoh Hfe|

@) el 3Rl & Teh FAHAT 3Uerdd HEET & forar arr g1 Iie oA
qreeod g df W fohdel 1o TR ST Fohd 87

) A ST fob & 0F A § (18, 12, 8) 3R (13, 14.5, 11)| Hefed
STHAT WU FAT §? AT AHeA Teh Aefeseh =W g 3N F41?

ii) FGTARY & Hohel ol & TG HislaT INTVF Hehcdeh TE HTAT ol § o
3rdfcgaEdr 3Tl IR faAfedl & A @ 3% Seeft| safeu, @R eant
I 3R 39Ol F AR & AU caaiRe seEl &1 e ala & faw
Teh FA&TOT fohar 11| 37l # 0 TRE & Uh HI&TUT o 3MMTheh ol wIfCeT
Afsgarolr 1 o 9 TS gofead aFda # 10 A F 8 IR g5 A 10 &
a2 ##Eelt #, 3 ger-uriea v diasgarolt #1715 i AfeheT Ig aeda A
FE GIT AT 8 STAFN F warer &, favaaaar g8 Fomaa & e
3MTholel & A FADT X Fohhl & o 3w gea-ifee graf?

iii) @) TSTer ART & TWATH 39T R AT SIAT I AEAT & HR AT Hod
150,000/ ¥9 AT T §| R BT SIAT FA & folv 39 S A Az
&alT g, @8 % 2000 g1 Iic 38ehT R AR gled &hr FT@=m 1/10000 &, aF



) A NfAU 6 Srarel 1 v Fdar & H@ell # 14 Fod $H HAR gl g,
fSger 317 ¢ &5 afe gaf so9 7 =9 § O o =7 6 It v =
Jod H 99.9% FHIHA FA S FHTGEAT §, dl Ugell R I IH gled G T

FIT GHIGAT & T T & & A8 el

Q2 i) Aninflammatory disease is a fatal genetic disease occurring mainly in children,
belonging to a particular sly community. Suppose that we limit ourselves to families
which have (a) exactly three children, and (b) which have both parents carrying the
inflammatory disease. For such parents, the probability that a child will get the disease
is 1/4. Assume each child is independent of one another. Let X be the random variable
representing the number of children that will have the disease. Which distribution does
X follow? What will be the pdf of X? Find E(X) and V(X).

ii) A game of Indian Premiere league of cricket is being watched in a café. It is observed
that someone is clearly supporting Mumbai Indians in the game. Assume that the
probability that a randomly selected person in the café is born within 25 miles of
Mumbai is 1/20. The probability that a person born within 25 miles of Mumbai actually
supports Mumbai Indians is 7/10 and the probability that a person not born within 25
miles of Mumbai supports Mumbai Indians is 1/10. What is the probability that the
randomly selected person from the cafe was actually born within 25 miles of Mumbai?

iii) The number of minutes Ram is early or late to work is a random variable whose pdf
IS given by:

288

1 — 52 _
f(X)={ 36 —x° for—6<x<6
0, elsewhere

Where negative values are indicative of Ram being early to work and positive
values are indicative of him being late for work

a)  What is the probability that one of the days he will be at least 2 minutes early
to work? At least 1 minute late to work?
b)  Compute expected time taken and the standard deviation of the time taken by
Ram to reach for work.
iv) If the temperature at which ice cream melts is a random variable with mean value
120°C and standard deviation 2°C, what are the mean temperature and standard
deviation in °F.? It is known that °F = 1.8°C+32

Q2) i) Th FFAAY AR LT T & Tdl H gl dTell Teh °Tcdeh TdRIh
SARY 8, S U [V 4 FHeT @ @it 1 A oifee {6 g ga
37 9RERT d AT T@d § e (U) Sopa o s=a g, 3R () S



ATT-TT gl # SreldAcll AR §1 W ATE-UAT &, T g3 @ AR
glet T HHITAT 1/4 §1 AT o & gde ear v g ¥ TG gl 91 &
for X seat & g&ar &1 yfafaf®cg = arer aeces o § s Al
graf| X fohe facRor & 31eTERoT &Xar 82 X &l pdf a1 grem? E(X) 3R

V(X) A A1a A

i) Toh th H ARG NAIR oer Thohe T Wl @1 ST @7 &1 I8 QT 97 §
fo 1S T A IS ST &1 Tuse FAVT Y @1 &1 A o & s@h
HHIGAT 1/20 & T &% A T Ieeos & § HAd AfFd Ja5 & 25
#Hrer & ST e BT §1 HES & 25 FAe & #few ey gt arer safad
aEdd # Has 3399 #T gAY AT 8, SHHI GHIEGT 7/10 & IR Has &
25 #er & M YT ET 8ot alell ATk Hes ST3TH T FAYA Al §
ST GHTGAT 1/10 &1 FIT GH9=T § & F O aefRos &7 @ @@
ST arEd # Ha$ & 25 el & iR YT g3 AT

iii) T & ToIT TH FT FTedl IT X A 3 I FE&IT T Tefeod o g o
fETH (pdf) = R=m =T §:

f(x):{%g(36—x2 for—6<x<6
0, 3HIa

el FAhNIcHS Hed TH & Mo HA & fAT et & Fhd ad § 3N
HhRIcHS Hod 3o¢ 1A & a0 ST @ 3 &1 Hhd &d &

%) FAT TATHAT § Toh Teh ST I8 H1H el & o0 A F S 2 Hele ggel
3MTI? FIF & &I &7 § 7 1 Aae T & wen?

@) F#A & foT 9ga & T 1 garr fow v snferd a7 AR Ty &
Al TdTeled T 0T Hifad|

iv) I ST dIdAT o 3B Tgddr §, Th Jeos o § o & @y
3@ AT AT 120°C 3R AS @gde 2°C, ar °F & 3taa avAe 3k
Ao Tadelel &1 82 Ig 1d ¢ 1o °F=1.8°C+32 |




Q3 i) The average number of acres of land cultivated with food grains is normally distributed
with mean 4,300 acres per year, and standard deviation of 750 acres. What is the
probability that between 2,500 and 4,200 acres will be cultivated in any given year?
What number of cultivated acres corresponds to the 38th percentile?

i) The random variable X has a range of {0, 1, 2} and the random variable Y has a range
of {1, 2}. The joint distribution of X and Y is given by the following table:

y—> |1 |2
x|

0 0201
1 0 |02
2 0.3]0.2

a) Find the marginal distribution of X and Y

b) What is the conditional distribution of X given Y=2.
c) Compute Cov (X,Y)

d) Are X and Y independent?

iii) For short distance flights, AV X airways provides three different choices on its snack
menu—mixed nuts, potato chips, and cookies. The airline observes in the past that each
snack is equally likely to be chosen. If there are 150 passengers on a particular flight,
what is the approximate probability that

a) At least 60 will choose mixed nuts?
b) Fewer than 60 will choose mixed nuts?

iv)Ratio of the probability of 3 successes in 5 independent trials to the probability of 2
successes in 5 independent trials is ¥. What is the probability of 4 successes in 6
independent trials?

Q3) i) Wiedee & faw Wl &1 18 v A wAET & @ faaka § e
raasr ufa av 4,300 werg, 3R Ae 9T 750 Ths &1 AT THGT &
f frdt off a¥ & 2,500 3iR 4,200 ves & &I @Ar Fr FCN? @A F{r TS
Uehs T FaT &ar 38 d gfaard & Ao @rdr g7

i) Irefessd ax X Fr 4ol {0, 1, 2} § 3R Iefes ax Y & 4oft {1, 2} 81 X
3R Y T GgFd FeRor et arferer ganr fear &




y—> |1 |2
x|

0 0201
1 0 |02
2 0.3]0.2

%) X 3R Y & AT TAaRor &1 Aad e

) X & Oqd fGaRoT FT 9ar o@me I Y = 2 gl
M) FEIEROT (X, Y) {Cov (X, Y)} & AT HfSA|
T) F7T X AR Y T@aT §7

iii) O gl T 38! & fAv, TAITFd TIRAST 39el Foleh Hef WX clel 37eTT-
3T fAhed Yl T g- fAfAT e, 3me & Red, 3R Fhrer| vaRensa
AT & C@h ¢ & Icdeh &ieh 1 Il Sl T HA & § HoAraeTm g1 Igfe
forely faQ 33T 9X 150 I &, o AT TG Fr & R
%) A F A 60 AHT A &1 IIT FLE?

d) 60 & FA AT T FT IIT FE?

iv) 5 TadT GETUTT H 3 holdr3il 5 FTadaT GUTON H 2 FHold3ir Hr
HHTIAT T I % §1 6 TaAT GO&TUN H 4 FhelcI3il T FHIGAT FT &7

Q4 1) A particular brand of sanitiser comes in three sizes: 25 ml, 40 ml, and 65 ml. 20% of all
purchasers select a 25ml bottle, 50% select 40 ml bottle and the remaining select a 65 ml
bottle. Let X1 and Xz be the bottle sizes selected by two independently selected
customers. Determine the sampling distribution of X. Calculate E (X) and compare it to p.

ii) @) The amount of garbage disposal by the municipality is a random variable with mean
4 tonnes and standard deviation 1.5 tonnes. If 50 trucks of garbage are independently
disposed in different ways, what is the approximate probability that the sample average
amount of garbage disposed is between 3.2 tonnes and 4.2 tonnes? What assumption is
used here, if any?

b) If the sample size would have been 16 instead of 50, could the probability asked in
part (i) be calculated from the information provided?



iii) A random sample of 10 tyres in a particular lot each of which is coated with durability
rubber is selected and the amount of rubber (in mg) applied on them is determined. The
resulting observations are 103, 156, 118, 89, 125, 147, 122, 109, 138, and 99. Let n
denote the coating of durability rubber on all the tyres. Compute a point estimate of .

iv)If X and Y are independent random variables with variances ¢°x = 5 and ¢?v = 3, find
the variance of the random variable Z = 2X —4Y — 3.

Q4 i) dfAcger &1 UH fAAW sz AT IMHRT A 37ar §: 25 A, 40 Al 3k
65 el |t @AGRT # & 20%, 25ml Sidel & T4 A g, 50% 40 ml
T JIdel T TTT I & AR A¥ 65 fAeeliey & Sidel T TIT I ¢
g1 & fh Xy 3R Xp & FTadT & @ TAfAT AMEhT G@RT I T Sl ol
AR 81 X & A7 faawor fFuiRa AfSd | E(X) i o wier 3 p
¥ Jel Hfer|

ii) &) FAIRUITCIHRT SaRT HIRT fAYC & AFT T Iefeos o g e
3T 4 e 3R A [ 1.5 o7 g1 Ife FIX & 50 Thl &Y 37el9T-
3T Ikl @ TIdT & @ fAUerr Siar g, ar AT draer 41 § fh
FAY HT AT 3T AT 3.2 o AR 4.2 eF & g §? I FIS @ A =4
RO JgT 39T ST 8§72

¥) g AT #1 MHR 50 & ST 16 FeM, df FAT AT (i) F BT TS
GHTGT I SATARRT I IOTAT T ST Tohell &7

iii) Toh AW dfc # 10 TR &1 T Aefoos F760 §, O & 9l &t
fehs TR & A1y A fhar Srdm § 3R 3 W o] W (Aol /) &
AT AURa & St 81 9o sradies 103, 156, 118, 89, 125, 147,
122, 109, 138, 3R 99 §| AT NS & p T TR W 3faa fewrs W™
& o9 HT AT &1 p & T &g AR T A0ET RIS

iv) I X 3R Y FadT 9 & HAeed W § TSeThl TEOT 2 =5 3R v =3 &,
ar IefRes W Z=2X-4Y-3 & faur @fad|

Q5 i) Atastarting time t=0, 20 identical bulbs are tested. The lifetime distribution of each
is exponential with parameter v. The experimenter then leaves the test facility
unmonitored. On his return 24 hours later, the experimenter immediately terminates the



test after noticing that 15 of the 20 bulbs are still in operation (implying 5 have failed).
Derive the MLE of v.

ii) a) It was observed that aged people suffering from depression, benefit from meditation
therapy. The time that they could do meditation is normally distributed with mean 65
minutes and standard deviation of 25 minutes. A new meditation video has been
launched and producers of the video wish to estimate the true average time p spent by
the aged people doing meditation using the new video. A sample of 50 older people
was surveyed and sample mean was found to be 57 minutes. Assuming that the time for
which the aged people can still do meditation is also normally distributed, construct a
95% confidence interval for the true average time spent doing meditation.

b) What sample size is necessary to ensure that the resulting 95% confidence interval
has a width of at most 10 minutes? Without calculation, how do you think that the
required sample would change if the width would be at most 12 minutes?

iii) Out of a random sample of 500 people travelling by metro, 104 were women.
a) Estimate the proportion of all travellers who are women.
b) Estimate the standard error of the estimate in part a)

c) For what value of p (the population proportion) is the standard error of its
estimator maximum?

d) Construct an 89% confidence interval for the population proportion of women
travellers.

e) Does the true proportion lie in the confidence interval constructed in part (d)?

iv)If U and W are two independent standard normal random variables and Y=0.6U+0.8W.
Determine Corr (U,Y)

Q5 i) YEINCA FHT t = 0 H, 20 FATA osll HI GH&TOT fhaT ST §1 TAF H1
3Msfiaet faeRoT WA v & @Y °rdich &1 TANT Hel drell dd aTor
gReT # R AR F oI5 &aT §1 24 6 9 3 A R, g
R TETUT T AT A & dle YRS FAT ¢ & 20 Jodl & § 15 3730
M AT H & (5 3%l W} &)l v F MLE Gt IS

i) &) Ig @ I fF srawg @ N3 geu &er ear RAifdcar & amenfead
g 21 99 99T 9 «UT X Tha 2, 9 I1AT & & faaRa Far Jrar
g fogar 3ttaaa 65 Aace 3R A [gda 25 @ace g1 e J3r Afsess




Q6

Aif3Ar diea fohar amar § 3R Afzar & [Atar av Az &1 3939 &=
€T &Y ¢ g ollell Garl @ fhT T HEr HEd FHT p H AT
ST gl &1 50 Jeu @Il & FHA I FAETT foham arm 3R e
3T 57 fAsie 9T 19| FE A §U R W dHT & AT gagr der aed
8 €I X Thd ¢ dg Y AT T F AdRd foRar Jrar §, &1 i &
Y fht v TEr 3T @FET & T 95% 3IMcATIarE 3]t #T fATor
ST |

@) T AT IR g ARG il & v 3maegs g fob aRomeAeasy
95% 3MTcAfaeard e &1 @isrs fRswan 10 fAse §2 a1vmr & &,
TR HH @11 § o HETF FHA MHR daol Sieen 3G 1Rwaa diss
12 &r gref?

iii) AT E@RT AT HA arel 500 el & Arefeosd JH7a 7 & 104 Afgeny &)
%) 3o @l AT o U & AT o@me S Afgelr g

) T &%) H AT HT Alelsh JiE P ITAA M|

M W & R Ao (TATEIT 3UT) & T e AT Al I
HfRFad §?

S) HigelT IITIAT AN STAHEAT AT & TIT 89% faRare 3icRrer &1 AT
EQIc R

$) &1 oM (3) H AT cAfaRare AR &7 FEr AT 87

iv) Ife U 3R W & TadT Ads 9= areicos @) & 3 Y=0.6U+0.8W
g1 Fgaey (Corr) (U, Y) faeRa Hic|

i) Derive method of moments and maximume-likelihood estimators for parameter p
based on a sample of size n from a Normal distribution having known variance ¢ and
unknown mean . Compute your estimators if the observed sample is 3, 6, 2, 0, 0, 3.

ii) A pollution study of areas in Delhi found the following amount of PM2.5 (measured
in ppm) in 5 different samples from various areas in Delhi

0.22,0.27,0.32,0.33 and 0.36



Assuming that the population sampled is normal, construct a 90% confidence interval
for the true mean level of PM2.5 in Delhi.

iii) On the average, a certain computer part lasts ten years. The length of time the
computer part lasts is exponentially distributed.

a) What is the probability that a computer part lasts more than 7 years?

b) On the average, how long would five computer parts last if they are used one
after another?

iv) For a given sample size, can we say unequivocally that 99% confidence level is to be
preferred to a 95% level? Why or why not?

Q6 i) WreAleT p & faw efont A f¥hdd [ iR RS TH-TeMaAT HeTATH
I el HITY ST 7o 3R n & FAHA W IR g 3HUaT AHT
facRor & forar arar 8, e o A1d 8 3R Arey AT €1 39T IefHTAR
hr Mo RIS IS q@r =T FHEAT 3, 6, 2, 0, 0, 3 Fl

ii) feeel & &7 & YeuuT 3reageT A feoell & fAffiest &3 § 5 37e9T-376197
el H divA 2.5 B et AT (AdeA & Ar g™ 9r@n a2

0.22, 0.27, 0.32, 0.33 3iX 0.36

?J%’m?lﬁgtfﬁ?dd&&m & FAHAT AT §, ool 7 duad 25 &
adfas 3T TR & T 90% faeary 3icare &1 fA#Aor Hife|

iii) 3, vk AT hegex REdm a8 dre de @ar g1 g 1 REar
58 gAY g% W1 §, 98 Iardh a8 faalkd grar g

o) &1 HHGT & foh Ueh Fogex BEAr 7 @1 & 310w TAT e @ 82

) AT, Y & T AT Tl FAI deh Tl ATE Sefepl 3UET Teh
& dle T fohar Se?

iv) fREY faT aTT st & 3R & AT, T §H TUSeAT &9 ¥ &g dhd & (6
99% 3TcHATI™@H T F 95% TR U HI-VYTST IW@T AT &7 FAT AT FAT
TEI?



A-2 Appendix Tables

Table A.1 Cumulative Binomial Probabilities

B(x; n,p) = X b(y; n, p)
a.n=>5 y=0

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 951 174 .590 328 237 168 .078 .031 .010 .002 .001 .000 .000 .000 .000
1 999 977 919 737 633 528 337 188  .087 .031 .016 .007 .000 .000 .000
X 2 1.000 999 991 942 896 .837 .683 .500 317 .163 104 .058 .009 .001  .000
3 1.000 1.000 1.000 993 984 969 913 812 .663 472 367 263 .081 .023 .00l
4 1.000 1.000 1.000 1.000 .999 998 990 969 922 832 763 .672 410 226 .049
b. n=10
p
0.01 0.05 0.10 0.20 025 030 040 050 0.60 070 0.75 080 090 095 0.99
0 904 .599 .349 107 056 .028 .006 .001 .000 .000 .000 .000 .000 .000 .000
1 996 914 736 376 244 149 046 .011 .002 .000 .000 .000 .000 .000 .000
2 1.000 988 930 678 526 383 167 .055 .012 .002 .000 .000 .000 .000 .000
3 1.000 999 987 879 776 650 382 .172 .055 .011 .004 .001 .000 .000 .000
y 4 1.000 1.000 998 967 922 850 .633 377 .166 .047 .020 .006 .000 .000 .000
5 1.000 1.000 1.000 994 980 953 834 .623 367 .150 .078 .033 .002 .000 .000
6 1.000 1.000 1.000 999 996 989 945 828 .618 350 224 121 .013 .001  .000
7 1.000 1.000 1.000 1.000 1.000 .998 988 945 833 .617 474 322 070 .012 .000
8§ 1.000 1.000 1.000 1.000 1.000 1.000 .998 989 954 851 .756 .624 264 .086 .004
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 994 972 944 893 .651 401 .096
c. n=15
p
0.01 0.05 0.10 0.20 0.25 030 040 050 060 070 0.75 080 090 0.95 0.99
0 .860 463 206 .035  .013 .005 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 .990 .829 .549 167 .080 .035 .005 .000 .000 .000 .000 .000 .000 .000 .000
2 1.000 964 816 398 236 127 .027 .004 .000 .000 .000 .000 .000 .000 .000
3 1.000 995 944 648 461 297  .091 .018 .002 .000 .000 .000 .000 .000 .000
4 1.000 .999 987 836 .686 515 217  .059 .009 .001 .000 .000 .000 .000 .000
5  1.000 1.000 998 939 852 722 403 .151 .034 .004 .001 .000 .000 .000 .000
6 1.000 1.000 1.000 982 943 869 .610 .304 .095 .015 .004 .001 .000 .000 .000
X 7 1.000 1.000 1.000 996 983 950 787 500 213 .050 .017 .004 .000 .000 .000
8 1.000 1.000 1.000 999 996 985 905 .696 390 .131 .057 .018 .000 .000 .000
9 1.000 1.000 1.000 1.000 999 996 966 .849 597 278 148 .061 .002 .000 .000
10  1.000 1.000 1.000 1.000 1.000 999 991 941 783 485 314 .164 .013 .001  .000
11 1.000 1.000 1.000 1.000 1.000 1.000 .998 982 909 .703 .539 352 .056 .005 .000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 973 873 764 .602 .184 .036 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .995 965 920 .833 451 .171 .010
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 995 987 965 .794 537 .140

(continued)
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Appendix Tables A-3

Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = zx: by; n, p)
y=0

d. n=20

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 0.99

0 818 358 122 .012 .003 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 983 736 392 069 .024 .008 .001 .000 .000 .000 .000 .000 .000 .000 .000
2 999 925 677 206 .091 .035 .004 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 984 .867 411225 107 .016 .001 .000 .000 .000 .000 .000 .000 .000
4 1.000 997 957 .630 415 238 .051 .006 .000 .000 .000 .000 .000 .000 .000
5 1.000 1.000 989 804 617 416 126 .021 .002 .000 .000 .000 .000 .000 .000
6 1.000 1.000 998 913 78 .608 250 .058 .006 .000 .000 .000 .000 .000 .000
7 1.000 1.000 1.000 968 898 772 416 132 .021 .001 .000  .000 .000 .000  .000
& 1.000 1.000 1.000 990 959 887 596 252 .057 .005 .001 .000 .000 .000 .000
9 1.000 1.000 1.000 997 986 952 755 412 128 .017 .004 .001 .000 .000 .000
X 10 1.000 1.000  1.000 999 996 983 872 588 245 .048 .014 .003 .000 .000 .000
11 1.000 1.000 1.000 1.000 .999 995 943 748 404 .113 .041 .010 .000 .000  .000
12 1.000 1.000 1.000 1.000 1.000 999 979 868 .584 228 .102 .032 .000 .000 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 994 942 750 392 214 .087 .002 .000 .000
14 1.000 1.000 1.000 1.000 1.000 1.000 998 979 874 584 383 .196 .011 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .994 949 762 585 370 .043 .003 .000
16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 984 893 .775 589 .133 .016 .000
17 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 965 909 .794 323 .075 .001
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 992 976 931 .608 264 .017
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 997 988 878 .642 .182
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = ZX: by; n, p)
y=0

e. Nn=25

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 778 277 072 .004 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 974 .642 271 .027 .007 .002 .000 .000 .000 .000 .000 .000 .000 .000 .000
2 998 .873 537 .098 .032  .009 .000 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 966 764 234 .096 .033 .002 .000 .000 .000 .000 .000 .000 .000 .000
4 1.000 993 902 421214 .090 .009 .000 .000 .000 .000 .000 .000 .000 .000
5 1.000 .999 967 617 378 193 .029 .002 .000 .000 .000 .000 .000 .000 .000
6 1.000 1.000 991 780 561 341 .074  .007 .000 .000 .000 .000 .000 .000 .000
7 1.000 1.000 998 891 727 512 154 .022  .001  .000 .000 .000 .000 .000  .000
8 1.000 1.000 1.000 953 851 677 274 .054 .004 .000 .000 .000 .000 .000 .000
9 1.000 1.000 1.000 983 929 811 425 115 .013 .000 .000 .000 .000 .000  .000
10 1.000 1.000  1.000 994 970 902 586 212 .034 .002 .000 .000 .000 .000 .000
11 1.000 1.000 1.000 998 980 956 732 345 078 .006 .00l .000 .000 .000 .000
X 12 1.000 1.000 1.000 1.000 997 983 846 .500 .154 .017 .003 .000 .000 .000 .000
13 1.000 1.000 1.000 1.000 .999 994 922 .655 268 .044 .020 .002 .000 .000  .000
14 1.000 1.000 1.000 1.000 1.000 998 966 .788 414 .098 .030 .006 .000 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 .987 885 .575 .189 .071 .017 .000 .000  .000
16 1.000 1.000 1.000 1.000 1.000 1.000 .996 946 .726 .323 .149 .047 .000 .000  .000
17 1.000 1.000 1.000 1.000 1.000 1.000 .999 978 846 488 273 .109 .002 .000 .000
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .993 926 .659 439 220 .009 .000 .000
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 971 807 .622 383 .033 .001  .000
20 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 991 910 .786 .579 .098 .007  .000
21 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 998 967 904 766 .236 .034  .000
22 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .991 968 .902 463 .127 .002
23 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 993 973 .729 358 .026
24 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 996 .928 .723 222
. . - X — Y
Table A.2 Cumulative Poisson Probabilities Foo ) = S e y!M
y=0
13
1 2 3 4 S .6 v 8 9 1.0
0 905 819 741 .670 .607 .549 497 449 407 368
1 995 982 963 938 910 878 .844 .809 772 736
2 1.000 999 .996 992 986 977 .966 953 937 920
X 3 1.000 1.000 999 998 997 994 991 987 981
4 1.000 1.000 1.000 .999 .999 998 .996
5 1.000 1.000 1.000 .999
6 1.000
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Table A.2 Cumulative Poisson Probabilities (cont. X oerw
(cont) Focw = 3 A

y=0 y

|73

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 20.0
0 135 .050 018 .007 .002 .001 .000 .000 .000 .000 .000
1 406 .199 .092 .040 017 .007 .003 .001 .000 .000 .000
2 677 423 238 125 .062 .030 .014 .006 .003 .000 .000
3 857 .647 433 265 151 .082 .042 021 .010 .000 .000
4 947 815 .629 440 285 173 .100 .055 .029 .001 .000
5 983 916 785 616 446 301 191 116 067 .003 .000
6 995 966 889 762 .606 450 313 207 130 .008 .000
7 1999 988 949 867 744 599 453 324 220 018 001
8 1.000 996 979 932 847 729 593 456 333 037 002
9 999 992 968 916 .830 17 587 458 .070 .005
10 1.000 997 986 957 901 816 706 583 118 011
11 999 995 980 947 888 .803 .697 185 021
12 1.000 998 991 973 936 876 792 268 .039
13 999 996 987 966 926 864 363 .066
14 1.000 .999 994 983 .959 917 466 105
15 999 998 992 978 951 568 157
16 1.000 999 .996 989 973 .664 221
17 1.000 998 995 .986 749 297
X 18 .999 998 993 819 381
19 1.000 999 997 875 470
20 1.000 998 917 .559
21 999 947 644
22 1.000 967 721
23 981 787
24 989 .843
25 994 888
26 997 922
27 998 948
28 999 966
29 1.000 978
30 987
31 992
32 995
33 997
34 999
35 999
36 1.000
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Table A.3 Standard Normal Curve Areas @ =PZ=2)

Standard normal density curve

v

Shaded area= (2)

i
I
I
I
I
:
0

z
z .00 .01 .02 .03 04 .05 .06 07 .08 09
34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 0013 0013 0013 0012 0012 0011 0011 0011 .0010 0010
29 .0019 0018 .0017 .0017 0016 0016 0015 0015 0014 0014
-238 .0026 .0025 0024 0023 0023 .0022 0021 0021 .0020 .0019
27 .0035 0034 .0033 .0032 .0031 .0030 .0029 0028 .0027 .0026
2.6 .0047 0045 0044 0043 0041 .0040 .0039 .0038 .0037 .0036
-25 .0062 .0060 .0059 .0057 .0055 0054 .0052 0051 .0049 .0038
24 .0082 .0080 0078 0075 .0073 0071 .0069 0068 .0066 0064
-23 0107 0104 0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
22 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110
-2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 0228 0222 0217 0212 .0207 0202 0197 0192 0188 0183
-1.9 0287 0281 0274 0268 0262 0256 0250 0244 0239 0233
-138 0359 0352 0344 0336 0329 0322 0314 0307 0301 0294
-1 0446 0436 0427 0418 .0409 .0401 0392 0384 0375 0367
-1.6 0548 0537 0526 0516 0505 .0495 0485 0475 0465 0455
-15 0668 0655 0643 .0630 0618 .0606 0594 0582 0571 0559
~14 .0808 0793 0778 0764 0749 0735 0722 0708 0694 0681
-13 .0968 0951 0934 0918 .0901 .0885 .0869 0853 0838 0823
-12 1151 1131 1112 1093 1075 .1056 1038 .1020 .1003 .0985
~1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
-0.9 1841 1814 1788 1762 1736 1711 1685 1660 1635 1611
-0.8 2119 2090 2061 2033 2005 1977 1949 1922 1894 1867
-0.7 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0.4 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3482
—0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Table A.3 Standard Normal Curve Areas (cont.) d(z2) = P(Z =2)
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 .5279 5319 .5359
0.1 5398 5438 5478 5517 5557 .5596 .5636 5675 5714 5753
0.2 5793 5832 5871 5910 .5948 .5987 .6026 .6064 .6103 .6141
0.3 .6179 6217 6255 6293 .6331 .6368 .6406 .6443 .6480 .6517
0.4 .6554 6591 .6628 6664 .6700 .6736 .6772 .6808 .6844 .6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 .7939 7967 7995 .8023 .8051 8078 .8106 8133
0.9 .8159 .8186 8212 .8238 .8264 .8289 8315 .8340 8365 .8389
1.0 8413 .8438 8461 .8485 .8508 .8531 .8554 8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
1.5 9332 9345 9357 9370 9382 9394 .9406 9418 .9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817
2.1 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857
2.2 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
2.3 9893 9896 9898 9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 9943 .9945 .9946 .9948 .9949 9951 19952
2.6 9953 9955 9956 9957 .9959 .9960 9961 9962 9963 9964
2.7 9965 .9966 9967 9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 9975 9976 9977 9977 9978 .9979 .9979 .9980 9981
2.9 9981 .9982 9982 9983 .9984 .9984 9985 9985 .9986 9986
3.0 9987 9987 9987 9988 .9988 .9989 .9989 9989 9990 19990
3.1 .9990 9991 9991 9991 .9992 .9992 9992 .9992 .9993 9993
3.2 19993 .9993 .9994 .9994 .9994 .9994 .9994 9995 9995 .9995
33 .9995 9995 9995 .9996 .9996 .9996 .9996 .9996 .9996 .9997
34 .9997 9997 9997 9997 .9997 .9997 9997 9997 9997 9998
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Table A.4 The Incomplete Gamma Function |

F(x; o) = [ y*leVdy
o1'(@)

& 1 2 3 4 5 6 7 8 9 10
1 .632 264 .080 .019 .004 .001 .000 .000 .000 .000
2 .865 .594 323 143 .053 .017 .005 .001 .000 .000
3 950 .801 577 353 185 .084 .034 012 .004 .001
4 982 908 762 567 371 215 111 .051 .021 .008
5 993 .960 875 735 .560 384 238 133 .068 .032
6 998 983 938 .849 715 554 394 256 153 .084
7 .999 993 970 918 .827 .699 .550 401 271 170
8 1.000 997 .986 958 .900 .809 .687 547 407 283
9 999 .994 979 945 .884 793 .676 544 413
10 1.000 997 990 971 933 .870 780 .667 542
11 999 995 985 962 921 857 768 .659
12 1.000 998 992 980 954 911 .845 758
13 .999 .996 989 974 946 .900 .834
14 1.000 998 994 986 968 938 .891
15 999 997 992 982 963 930
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Table A.5 Critical Values for t Distributions t, density curve

Shaded area = o

i
I
I
I
I
:
0

tzx,v
47

v .10 .05 025 01 .005 001 .0005
1 3.078 6.314 12.706 31.821 63.657 318.31 636.62
2 1.886 2.920 4.303 6.965 9.925 22.326 31.598
3 1.638 2.353 3.182 4.541 5.841 10.213 12.924
4 1.533 2.132 2.776 3.747 4.604 7.173 8.610
5 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 1.345 1.761 2.145 2.624 2.977 3.787 4.140
15 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 1.337 1.746 2.120 2.583 2.921 3.686 4.015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3.485 3.767
24 1.318 1.711 2.064 2.492 2.797 3.467 3.745
25 1.316 1.708 2.060 2.485 2.787 3.450 3.725
26 1.315 1.706 2.056 2.479 2.779 3.435 3.707
27 1.314 1.703 2.052 2.473 2.771 3.421 3.690
28 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 1.310 1.697 2.042 2.457 2.750 3.385 3.646
32 1.309 1.694 2.037 2.449 2.738 3.365 3.622
34 1.307 1.691 2.032 2.441 2.728 3.348 3.601
36 1.306 1.688 2.028 2.434 2.719 3.333 3.582
38 1.304 1.686 2.024 2.429 2.712 3319 3.566
40 1.303 1.684 2.021 2.423 2.704 3.307 3.551
50 1.299 1.676 2.009 2.403 2.678 3.262 3.496
60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
120 1.289 1.658 1.980 2.358 2.617 3.160 3.373
1.282 1.645 1.960 2.326 2.576 3.090 3.291
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Table A.7 Critical Values for Chi-Squared Distributions x2 density curve

Shaded area = o

0 (i Xow
(44
v 995 .99 975 .95 90 .10 .05 .025 .01 .005
1 0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025 6.637 7.882
2 0.010 0.020 0.051 0.103 0.211 4.605 5.992 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.344 12.837
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0412 0.554 0.831 1.145 1.610 9.236 11.070 12.832 15.085 16.748
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.440 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.012 18.474 20.276
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.534 20.090 21.954
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.022 21.665 23.587
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.724 26.755
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362 24.735 27.687 29.817
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.600 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.577 32.799
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.407 7.564 8.682 10.085 24.769 27.587 30.190 33.408 35.716
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.843 7.632 8.906 10.117 11.651 27.203 30.143 32.852 36.190 38.580
20 7434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.033 8.897 10.283 11.591 13.240 29.615 32.670 35.478 38.930 41.399
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796
23 9.260 10.195 11.688 13.090 14.848 32.007 35.172 38.075 41.637 44.179
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.558
25 10.519 11.523 13.120 14.611 16.473 34.381 37.652 40.646 44.313 46.925
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40.113 43.194 46.962 49.642
28 12.461 13.565 15.308 16.928 18.939 37916 41.337 44.461 48.278 50.993
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557 45.772 49.586 52.333
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
31 14.457 15.655 17.538 19.280 21.433 41.422 44,985 48.231 52.190 55.000
32 15.134 16.362 18.291 20.072 22271 42.585 46.194 49.480 53.486 56.328
33 15.814 17.073 19.046 20.866 23.110 43.745 47.400 50.724 54.774 57.646
34 16.501 17.789 19.806 21.664 23.952 44.903 48.602 51.966 56.061 58.964
35 17.191 18.508 20.569 22.465 24.796 46.059 49.802 53.203 57.340 60.272
36 17.887 19.233 21.336 23.269 25.643 47212 50.998 54.437 58.619 61.581
37 18.584 19.960 22.105 24.075 26.492 48.363 52.192 55.667 59.891 62.880
38 19.289 20.691 22.878 24.884 27.343 49.513 53.384 56.896 61.162 64.181
39 19.994 21.425 23.654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
40 20.706 22.164 24.433 26.509 29.050 51.805 55.758 59.342 63.691 66.766

3
Forv >40,X§va(1 _3_{_2 3)
’ ov  *\ov
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A-12 Appendix Tables

Table A.8 t Curve Tail Areas

t curve Area to the
| 1

0 t

t

v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0.0 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
0.1 468 465 463 463  462. 462 462 461 461 461 461 461 461 461 461 461 461 461
0.2 A37 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 422
0.3 407 396 392 390 388 387 386 386 386 385 .385 385 384 384 384 384 384 384
0.4 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
0.5 352 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312
0.6 328 305 295 290 287 285 284 283 282 281 .280 .280 .279 279 279 278 278 278
0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
0.8 285 254 241 234 230 227 225 223 222 221 220 .220 219 218 218 218 217 217
0.9 267 .232 217 210 205 201 199 197 196 .195 .194 .193 .192 .191 .191 .191 .190 .190
1.0 250 211 196 187 182 178 175 173 172 170 169 .169 .168 .167 .167 .166 .166 .165
1.1 235 193 176 167 162 157 154 152 150 .149 .147 .146 .146 .144 .144 144 143 143
1.2 221 177 158 148 142 138 135 132 130 .129 128 .127 126 .124 .124 124 123 123
1.3 209 162 142 132 125 121 .117 115 113 111 110 .109 .108 .107 .107 .106 .105 .105
1.4 197 148 128 117 110  .106 .102 .100 .098 .096 .095 .093 .092 .091 .091 .090 .090 .089
1.5 A87 136 115 104 .097 .092 .089 .086 .084 .082 .081 .080 .079 .077 .077 .077 .076 .075
1.6 178 125 104 .092 .085 .080 .077 .074 .072 .070 .069 .068 .067 .065 .065 .065 .064 .064
1.7 169 116 .094 .082 .075 .070 .065 .064 .062 .060 .059 .057 .056 .055 .055 .054 .054 .053
1.8 161 107 .085 .073 .066 .061 .057 .055 .053 .051 .050 .049 .048 .046 .046 .045 .045 .044
1.9 154 .099 077 .065 .058 .053 .050 .047 .045 .043 .042 .041 .040 .038 .038 .038 .037 .037
2.0 148 .092 .070 .058 .051 .046 .043 .040 .038 .037 .035 .034 .033 .032 .032 .031 .031 .030
2.1 141 .085 .063 .052 .045 .040 .037 .034 .033 .031 .030 .029 .028 .027 .027 .026 .025 .025
2.2 136 .079 .058 .046 .040 .035 .032 .029 .028 .026 .025 .024 .023 .022 .022 .021 .021 .021
2.3 131 .074 052 .041 .035 .031 .027 .025 .023 .022 .021 .020 .019 .018 .018 .018 .017 .017
24 126 .069 048 .037 .031 .027 .024 .022 .020 .019 .018 .017 .016 .015 .015 .014 .014 .014
2.5 121 .065 .044 .033 .027 .023 .020 .018 .017 .016 .015 .014 .013 .012 .012 .012 .011 .01l
2.6 117 .061 .040 .030 .024 .020 .018 .016 .014 .013 .012 .012 .011 .010 .010 .010 .009 .009
2.7 13,057 .037 .027 .021 .018 .015 .014 .012 .01l .010 .010 .009 .008 .008 .008 .008 .007
2.8 109 .054 .034 .024 .019 .016 .013 .012 .010 .009 .009 .008 .008 .007 .007 .006 .006 .006
2.9 106 .051 .031 .022 .017 .014 .011 .010 .009 .008 .007 .007 .006 .005 .005 .005 .005 .005
3.0 102 .048 .029 .020 .015 .012 .010 .009 .007 .007 .006 .006 .005 .004 .004 .004 .004 .004
3.1 099 .045 .027 .018 .013 .011 .009 .007 .006 .006 .005 .005 .004 .004 .004 .003 .003 .003
3.2 096 .043 .025 .016 .012 .009 .008 .006 .005 .005 .004 .004 .003 .003 .003 .003 .003 .002
3.3 .094 .040 .023 .015 .011 .008 .007 .005 .005 .004 .004 .003 .003 .002 .002 .002 .002 .002
34 .091 .038 .021 .014 .010 .007 .006 .005 .004 .003 .003 .003 .002 .002 .002 .002 .002 .002
3.5 .089 .036 .020 .012 .009 .006 .005 .004 .003 .003 .002 .002 .002 .002 .002 .001 .001 .001
3.6 .086 .035 .018 .01l .008 .006 .004 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.7 .084 .033 .017 .010 .007 .005 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001
3.8 .082 .031 .016 .010 .006 .004 .003 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001
3.9 .080 .030 .015 .009 .006 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001
4.0 .078 .029 .014 .008 .005 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .000 .000
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Appendix Tables A-13

Table A.8 t Curve Tail Areas (cont.)

t curve Area to the
Mft
| 1

0 t

t

v 19 20 21 22 23 24 25 26 27 28 29 30 35 40 60 120 «(=2)

0.0 .500  .500 .500 .500 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500  .500
0.1 461 461 461 461 461 461 461 461 461 461 461 461 460 460 460 460 460
0.2 422 422 422 422 422 422 422 422 421 421 421 421 421 421 421 421 421
0.3 384 384 384 383 383 383 383 383 383 383 383 383 383 383 383 382 382
0.4 347 347 347 347 346 346 346 346 346 346 346 346 346 346 345 345 345
0.5 311 311 311 311 311311 311 311 311 310 310 310 310 310 .309 .309 309
0.6 278 278 278 277 277 277 277 277 277 277 277 277 276 276 275 275 274
0.7 246 246 246 246 245 245 245 245 245 245 245 245 244 244 243 243 242
0.8 217 217 216 216 216 216 216 215 215 215 215 215 215 214 213 213 212
0.9 190 189 189 189 .189 .189 .188 .188 .188 .188 .188 .188 .187 .187 .186 .185  .184
1.0 Jd65 165 164 164 164 164 163 163 .163 .163 163 .163 .162 .162 .161 .160  .159
1.1 143 142 142 142 141 141 141 141 141 140 .140 .140 .139 .139 138 .137  .136
1.2 1220 122 122 121 121 121 121 120 .120 .120 .120 .120 .119 .119 117 116  .115
1.3 105 104 .104 .104 .103 .103 .103 .103 .102 .102 .102 .102 .101 .101 .099 .098  .097
1.4 .089 .089 .088 .088 .087 .087 .087 .087 .086 .086 .086 .08 .085 .085 .083 .082  .081
1.5 075 .075 .074 .074 .074 .073 .073 .073 .073 .072 .072 .072 .071 .071 .069 .068  .067
1.6 063 .063 .062 .062 .062 .061 .061 .061 .061 .060 .060 .060 .059 .059 .057 .056  .055
1.7 .053 .052 .052 .052 .051 .051 .051 .051 .050 .050 .050 .050 .049 .048 .047 .046  .045
1.8 .044 043 .043 .043 .042 .042 .042 .042 .042 .041 .041 .041 .040 .040 .038 .037  .036
1.9 .036 .036 .036 .035 .035 .035 .035 .034 .034 .034 .034 .034 .033 .032 .031 .030 .029
2.0 .030 .030 .029 .029 .029 .028 .028 .028 .028 .028 .027 .027 .027 .026 .025 .024  .023
2.1 025 .024 .024 .024 .023 .023 .023 .023 .023 .022 .022 .022 .022 .021 .020 .019 .018
2.2 .020 .020 .020 .019 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .016 .015 .014
2.3 .016 .016 .016 .016 .015 .015 .015 .015 .015 .015 .014 .014 .014 .013 .012 .012  .011
2.4 .013 .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .011 .011 .011 .010 .009  .008
2.5 .011 .011 .010 .010 .010 .010 .010 .010 .009 .009 .009 .009 .009 .008 .008 .007  .006
2.6 .009 .009 .008 .008 .008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .005  .005
2.7 .007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .005 .005 .004 .004  .003
2.8 .006 .006 .005 .005 .005 .005 .005 .005 .005 .005 .005 .004 .004 .004 .003 .003  .003
2.9 .005 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .003 .003 .003 .003 .002 .002
3.0 .004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002  .001
3.1 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001
3.2 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.3 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000
34 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000  .000
3.5 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000  .000
3.6 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000  .000
3.7 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.8 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.9 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
4.0 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
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Table A.9 Critical Values for F Distributions

v, = numerator df

o 1 2 3 4 5 6 7 8 9
.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
1 .050 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54
.010 4052.20 4999.50 5403.40 5624.60 5763.60 5859.00 5928.40 5981.10 6022.50
.001 | 405,284 500,000 540,379 562,500 576,405 585,937 592,873 598,144 602,284
.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
’ 050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
.010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39
.001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39
.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
3 .050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
.010 34.12 30.82 29.46 28.71 28.24 2791 27.67 27.49 27.35
.001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86
.100 4.54 432 4.19 4.11 4.05 4.01 3.98 3.95 3.94
4 .050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
.010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
.001 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47
.100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32
5 .050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77
.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
.001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24
5 .100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
§ 6 .050 5.99 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10
s .010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98
'E .001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
g .100 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72
-ﬁ 7 .050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
<o .010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
.001 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33
.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56
3 .050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91
.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77
.100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44
9 .050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35
.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 10.11
.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35
10 .050 4.96 4.10 3.71 3.48 3.33 322 3.14 3.07 3.02
.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
.001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96
.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 227
1 .050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
.010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63
.001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
.100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 221
12 .050 4.75 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80
.010 9.33 6.93 5.95 5.41 5.06 4.82 4.04 4.50 4.39
.001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48
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Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000

60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30
241.88 24391 245.95 248.01 249.26 250.10 251.14 251.77 252.20 253.25 254.19
6055.80  6106.30  6157.30  6208.70  6239.80  6260.60  6286.80  6302.50  6313.00 633940  6362.70
605,621 610,668 615,764 620,908 624,017 626,099 628,712 630,285 631,337 633,972 636,301

9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.49
19.40 19.41 19.43 19.45 19.46 19.46 19.47 19.48 19.48 19.49 19.49
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50

999.40 999.42 999.43 999.45 999.46 999.47 999.47 999.48 999.48 999.49 999.50

5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.15 5.14 5.13

8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 8.53
27.23 27.05 26.87 26.69 26.58 26.50 26.41 26.35 26.32 26.22 26.14

129.25 128.32 127.37 126.42 125.84 125.45 124.96 124.66 124.47 123.97 123.53

3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.76

5.96 591 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.63
14.55 14.37 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 13.47
48.05 47.41 46.76 46.10 45.70 45.43 45.09 44.88 44.75 44.40 44.09

3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.12 3.11

4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 4.40 437
10.05 9.89 9.72 9.55 9.45 9.38 9.29 9.24 9.20 9.11 9.03
26.92 26.42 2591 25.39 25.08 24.87 24.60 24.44 24.33 24.06 23.82

2.94 2.90 2.87 2.84 2.81 2.80 2.78 2.77 2.76 2.74 2.72

4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.75 3.74 3.70 3.67

7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.09 7.06 6.97 6.89
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 15.98 15.77

2.70 2.67 2.63 2.59 2.57 2.56 2.54 2.52 2.51 2.49 247

3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.32 3.30 3.27 3.23

6.62 6.47 6.31 6.16 6.06 5.99 5.91 5.86 5.82 5.74 5.66
14.08 13.71 13.32 12.93 12.69 12.53 12.33 12.20 12.12 11.91 11.72

2.54 2.50 2.46 242 2.40 2.38 2.36 2.35 2.34 232 2.30

3.35 3.28 3.22 3.15 3.11 3.08 3.04 3.02 3.01 2.97 2.93

5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.07 5.03 4.95 4.87
11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.80 9.73 9.53 9.36

242 2.38 2.34 2.30 2.27 225 2.23 222 2.21 2.18 2.16

3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.80 2.79 2.75 2.71

5.26 5.11 4.96 4.81 4.71 4.65 4.57 4.52 4.48 4.40 432

9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.26 8.19 8.00 7.84

2.32 2.28 2.24 2.20 2.17 2.16 2.13 2.12 2.11 2.08 2.06

2.98 291 2.85 2.77 2.73 2.70 2.66 2.64 2.62 2.58 2.54

4.85 4.71 4.56 4.41 431 4.25 4.17 4.12 4.08 4.00 3.92

8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.19 7.12 6.94 6.78

2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98

2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.51 2.49 2.45 241

4.54 4.40 4.25 4.10 4.01 3.94 3.86 3.81 3.78 3.69 3.61

7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02

2.19 2.15 2.10 2.06 2.03 2.01 1.99 1.97 1.96 1.93 1.91

2.75 2.69 2.62 2.54 2.50 247 2.43 2.40 2.38 2.34 2.30

430 4.16 4.01 3.86 3.76 3.70 3.62 3.57 3.54 3.45 3.37

7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.83 5.76 5.59 5.44
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A-16 Appendix Tables

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

v, = numerator df
« 1 2 3 4 5 6 7 8 9

.100 3.14 2.76 2.56 2.43 235 2.28 2.23 2.20 2.16

3 .050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71

.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

.001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 721 6.98

.100 3.10 2.73 2.52 2.39 2.31 224 2.19 2.15 2.12

14 .050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65

.010 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 4.03

.001 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58

.100 3.07 2.70 2.49 2.36 2.27 221 2.16 2.12 2.09

s .050 454 3.68 3.29 3.06 2.90 2.79 271 2.64 2.59

.010 8.68 6.36 5.42 4.89 456 432 4.14 4.00 3.89

.001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26

.100 3.05 2.67 2.46 233 2.24 2.18 2.13 2.09 2.06

16 .050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54

.010 8.53 6.23 5.29 4.77 4.44 420 4.03 3.89 3.78

.001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98

.100 3.03 2.64 2.44 231 222 2.15 2.10 2.06 2.03

17 .050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

.010 8.40 6.11 5.19 4.67 434 4.10 3.93 3.79 3.68

.001 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75

= .100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00
= 18 .050 441 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
= 010 8.29 6.01 5.09 458 425 4.01 3.84 3.71 3.60
E .001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56
g .100 2.99 2.61 2.40 227 2.18 2.11 2.06 2.02 1.98
< 19 .050 438 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242
I .010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52
A .001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39
.100 2.97 2.59 2.38 225 2.16 2.09 2.04 2.00 1.96

20 .050 435 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39

010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46

.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24

.100 2.96 2.57 2.36 223 2.14 2.08 2.02 1.98 1.95

)1 .050 432 3.47 3.07 2.84 2.68 2.57 2.49 2.42 237

.010 8.02 5.78 487 437 4.04 3.81 3.64 3.51 3.40

.001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.11

.100 2.95 2.56 235 222 2.13 2.06 2.01 1.97 1.93

2 .050 430 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34

.010 7.95 5.72 482 431 3.99 3.76 3.59 3.45 3.35

.001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99

.100 2.94 2.55 2.34 221 2.11 2.05 1.99 1.95 1.92

- .050 428 3.42 3.03 2.80 2.64 2.53 2.44 237 232

010 7.88 5.66 476 426 3.94 3.71 3.54 341 3.30

.001 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89

.100 2.93 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91

" .050 426 3.40 3.01 2.78 2.62 2.51 2.42 236 2.30

010 7.82 5.61 472 422 3.90 3.67 3.50 3.36 3.26

001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80

(continued)
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Appendix Tables A-17

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

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88 1.85
2.67 2.60 2.53 2.46 241 2.38 2.34 2.31 2.30 225 221
4.10 3.96 3.82 3.66 3.57 3.51 3.43 3.38 3.34 3.25 3.18
6.80 6.52 6.23 593 5.75 5.63 5.47 5.37 5.30 5.14 4.99
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83 1.80
2.60 2.53 2.46 2.39 2.34 231 227 2.24 222 2.18 2.14
3.94 3.80 3.66 3.51 3.41 3.35 3.27 3.22 3.18 3.09 3.02
6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 4.94 4.77 4.62
2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 1.79 1.76
2.54 2.48 2.40 233 2.28 2.25 2.20 2.18 2.16 2.11 2.07
3.80 3.67 3.52 3.37 3.28 3.21 3.13 3.08 3.05 2.96 2.88
6.08 5.81 5.54 5.25 5.07 4.95 4.80 4.70 4.64 4.47 4.33
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72
2.49 242 2.35 2.28 2.23 2.19 2.15 2.12 2.11 2.06 2.02
3.69 3.55 3.41 3.26 3.16 3.10 3.02 297 2.93 2.84 2.76
5.81 5.55 5.27 4.99 4.82 4.70 4.54 4.45 4.39 4.23 4.08
2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.76 1.75 1.72 1.69
2.45 2.38 231 2.23 2.18 2.15 2.10 2.08 2.06 2.01 1.97
3.59 3.46 3.31 3.16 3.07 3.00 2.92 2.87 2.83 2.75 2.66
5.58 5.32 5.05 4.78 4.60 4.48 4.33 4.24 4.18 4.02 3.87
1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.74 1.72 1.69 1.66
241 2.34 2.27 2.19 2.14 2.11 2.06 2.04 2.02 1.97 1.92
3.51 3.37 3.23 3.08 2.98 292 2.84 2.78 2.75 2.66 2.58
5.39 5.13 4.87 4.59 4.42 4.30 4.15 4.06 4.00 3.84 3.69
1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67 1.64
2.38 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88
3.43 3.30 3.15 3.00 291 2.84 2.76 2.71 2.67 2.58 2.50
5.22 4.97 4.70 4.43 4.26 4.14 3.99 3.90 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 1.64 1.61
2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.97 1.95 1.90 1.85
3.37 3.23 3.09 2.94 2.84 2.78 2.69 2.64 2.61 2.52 243
5.08 4.82 4.56 4.29 4.12 4.00 3.86 3.77 3.70 3.54 3.40
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.94 1.92 1.87 1.82
3.31 3.17 3.03 2.88 2.79 2.72 2.64 2.58 2.55 2.46 2.37
4.95 4.70 4.44 4.17 4.00 3.88 3.74 3.64 3.58 3.42 3.28
1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.60 1.57
2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.91 1.89 1.84 1.79
3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.40 232
4.83 4.58 4.33 4.06 3.89 3.78 3.63 3.54 3.48 332 3.17
1.89 1.84 1.80 1.74 1.71 1.69 1.66 1.64 1.62 1.59 1.55
2.27 2.20 2.13 2.05 2.00 1.96 1.91 1.88 1.86 1.81 1.76
3.21 3.07 2.93 2.78 2.69 2.62 2.54 2.48 2.45 2.35 2.27
4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.08
1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54
2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 1.74
3.17 3.03 2.89 2.74 2.64 2.58 2.49 2.44 2.40 2.31 222
4.64 4.39 4.14 3.87 3.71 3.59 3.45 3.36 3.29 3.14 2.99
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A-18 Appendix Tables

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

v, = numerator df
@ 1 2 3 4 5 6 7 8 9

100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89

25 .050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28

.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 322

.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 491 4.71

100 291 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88

2 .050 4.23 3.37 2.98 2.74 2.59 2.47 2.39 232 227

.010 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18

.001 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64

.100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87

27 .050 421 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25

.010 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15

.001 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57

100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87

28 .050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24

.010 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12

.001 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86

29 .050 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 222

.010 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09

.001 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45

S .100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

§ 30 .050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 227 221

g .010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07

E .001 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39
=}

5 .100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79

-ﬁ 40 .050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12

N .010 7.31 5.18 431 3.83 3.51 3.29 3.12 2.99 2.89

.001 12.61 8.25 6.59 5.70 5.13 4.73 4.44 421 4.02

.100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76

50 .050 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07

.010 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78

.001 12.22 7.96 6.34 5.46 4.90 451 422 4.00 3.82

.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74

60 .050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04

.010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72

.001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69

.100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69

100 .050 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97

.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59

.001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44

.100 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66

200 .050 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93

.010 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50

.001 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26

.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64

1000 .050 3.85 3.00 2.61 2.38 222 2.11 2.02 1.95 1.89

.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43

.001 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13
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Appendix Tables A-19

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

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
1.87 1.82 1.77 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.52
2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.84 1.82 1.77 1.72
3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.40 2.36 2.27 2.18
4.56 431 4.06 3.79 3.63 3.52 3.37 3.28 3.22 3.06 291
1.86 1.81 1.76 1.71 1.67 1.65 1.61 1.59 1.58 1.54 1.51
222 2.15 2.07 1.99 1.94 1.90 1.85 1.82 1.80 1.75 1.70
3.09 2.96 2.81 2.66 2.57 2.50 2.42 2.36 2.33 2.23 2.14
4.48 4.24 3.99 3.72 3.56 3.44 3.30 3.21 3.15 2.99 2.84
1.85 1.80 1.75 1.70 1.66 1.64 1.60 1.58 1.57 1.53 1.50
2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 1.68
3.06 2.93 2.78 2.63 2.54 2.47 2.38 233 2.29 2.20 2.11
4.41 4.17 3.92 3.66 3.49 3.38 3.23 3.14 3.08 292 2.78
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48
2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.71 1.66
3.03 2.90 2.75 2.60 2.51 2.44 2.35 2.30 2.26 2.17 2.08
4.35 4.11 3.86 3.60 3.43 332 3.18 3.09 3.02 2.86 2.72
1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51 1.47
2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65
3.00 2.87 2.73 2.57 2.48 241 2.33 2.27 2.23 2.14 2.05
4.29 4.05 3.80 3.54 3.38 3.27 3.12 3.03 2.97 2.81 2.66
1.82 1.77 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46
2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68 1.63
2.98 2.84 2.70 2.55 2.45 2.39 2.30 2.25 2.21 2.11 2.02
4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.98 2.92 2.76 2.61
1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.42 1.38
2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 2.66 2.52 2.37 2.27 2.20 2.11 2.06 2.02 1.92 1.82
3.87 3.64 3.40 3.14 2.98 2.87 2.73 2.64 2.57 241 2.25
1.73 1.68 1.63 1.57 1.53 1.50 1.46 1.44 1.42 1.38 1.33
2.03 1.95 1.87 1.78 1.73 1.69 1.63 1.60 1.58 1.51 1.45
2.70 2.56 242 227 2.17 2.10 2.01 1.95 1.91 1.80 1.70
3.67 3.44 3.20 2.95 2.79 2.68 2.53 2.44 2.38 2.21 2.05
1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 1.30
1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 1.47 1.40
2.63 2.50 2.35 2.20 2.10 2.03 1.94 1.88 1.84 1.73 1.62
3.54 332 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.08 1.92
1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.35 1.34 1.28 1.22
1.93 1.85 1.77 1.68 1.62 1.57 1.52 1.48 1.45 1.38 1.30
2.50 2.37 2.22 2.07 1.97 1.89 1.80 1.74 1.69 1.57 1.45
3.30 3.07 2.84 2.59 2.43 232 2.17 2.08 2.01 1.83 1.64
1.63 1.58 1.52 1.46 1.41 1.38 1.34 1.31 1.29 1.23 1.16
1.88 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30 1.21
2.41 227 2.13 1.97 1.87 1.79 1.69 1.63 1.58 1.45 1.30
3.12 2.90 2.67 242 2.26 2.15 2.00 1.90 1.83 1.64 1.43
1.61 1.55 1.49 1.43 1.38 1.35 1.30 1.27 1.25 1.18 1.08
1.84 1.76 1.68 1.58 1.52 1.47 1.41 1.36 1.33 1.24 1.11
2.34 2.20 2.06 1.90 1.79 1.72 1.61 1.54 1.50 1.35 1.16
2.99 2.77 2.54 2.30 2.14 2.02 1.87 1.77 1.69 1.49 1.22
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Section A

(@vE ‘ar)

Question No. 1 is com ry
B pulsory. Attempt an
Y one from Queg;
uestiop

Nos. 2 and 3.

A box contai
ntains four red balls, five white balls and six blue balls
Suppose that three balls are drawn randomly :

@ . T
) What is the probability all three of the selected ball
S are

of same colour.

(i)

y S

the probability that at least eight balls will be drawn ¢
0

obtain a success ?
243
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A certain federal agency employs three consulting firms
(A, B and C) with probabilities 0.40, 0.35 and 0.25
respectively. From past experience it is known that the
probabilities of cost overruns for the firms are 0.05, 0.03
and 0.15 respectively. Suppose a cost-overrun is
experienced by the agency.
() What is the probability that the consulting firm
involved is company C ?
(i) What is the probability that it is company A ? 5
() Differentiate between simple random sampling and
stratified sampling.
(i) How is sample variance different from population
variance ? Explain using the concept of degrees of
freedom. 243
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H T4 .ﬂﬂ;&mﬂ I Gt (Simple random sampling)
F WP IR (Stratified sampling) & Heg
IR R Hifwg |

(i) wfagsl wawo (Sample variance) THE FgToT
(Population variance) 9 frg yer firs ¥ ? @

Eaico| (Degrees of freedom) Fi GHeql H HeFdr
| TR

(a)

()

e o

() How many ways are there to split a dozen people
into 3 teams, where one team has 2 people, and the
other two teams have 5 people each ?

(i) How many ways are there to split a dozen people
into 3 teams, where each team has 4 people ?

222

Suppose a box contains five biased coins with probability

of head as 0, %, Y, % and 1 respectively. One coin is

selected at random and tossed twice.

() What is the probability of obtaining tail on the first
toss ?

(i) If tail is obtained on first toss, what is the probability
that another tail will be obtained on second

toss ? : 33
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ST % A A SR I wmw d

@ 9 TN IV TN W TR (rail) Y 7

WEwT F= § 2

(if) uﬂuﬁ%@ﬂ%ﬂﬁﬁ@w.@
ﬂmﬂﬂgﬂwﬂﬂm&mﬂwﬂﬂ

WM R O w2 @ s 2
SECTION B
(@vs ‘=)
Attempt any two from Questions Nos. 4, 5 and 6.

ia,mmam@i&$wﬂ§_

(@) Check whether the following functions can serve

as probability mass functions for discrete random

variables :

NN

0 fx)-= 3 forx=1,2 3,4

2x
iy fy) = k(k + 1) forx=1,23... k

(®)

(a)

{9725 S 4%

Consider the cumulative distribution function for a

continuous random variable X :

Fx)=0 forx <0
= x2 for0 <x <1
=1 for x > 1
Find out :

1
@ Ax .m mu

Qo vﬁw. MXM _w

3
(i) Ax : Mw e

Sira wifse f w7 Frafafaa sl &1 SwEm

. 3 ﬁ._ﬂ,mumm = (Discrete random variables) wm.

Tifgshal favS WEF (Probability mass functions) &
I W o w1 g ®

2
(0 \Suwm;u_b,ulwm

2x
. = ,x=1,2,3... k¥ 242
@y W+ D) %

P.T.O.
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6 T gad ﬂ_ﬂrmumw =X (Continuous random variable)

(@

X B H94l WU WeM (Cumulative distribution
function) A m&,ﬁ.ﬂ $

x<0 wm

= x2 0<x<1%¥

=1 x> 137
frefafen =1 @ =i .

F(x)

Il
(=}

@ Pl X=<-—

2

(i) P{X2-—

A bookstore purchases a book at Rs. 50 and sells at

Rs. 80. Let X = number of books sold on a given day

and suppose pmf of X is :

X P(x)

0.05
0.1

02

()

3 0.15
4 024
5 02
6 0.06

(i) Compute the expected numbers of books sold on a
given day.

(i) mc_uv..umn the shopkeeper stocks 6 books on a given
day and the book not sold by the end of the day
is returned at Rs. 30, find the expected net
revenue. 3+3

In u. production facility, the assembly time of product ABC

may be looked upon as a random variable with average ,

time taken as 35.4 minutes and standard deviation of 2.5

minutes. Find the probability that the assembly time of

one of the units of product ABC will be : 2+2

(i) at least 36 minutes

(if) at most 33.4 minutes.

P.T.O.



(@ TEH F T A T [@H B 50 79y 3§ — i
TiEdl € @ 80 TWA H S=dl €1 AW el fiy by U fafmio wEE # fEE IR ABC I HHAT
X = fodl f7 7 a=ft ® Tl W owen ¥ A At (Assembly time) 1 A 354 fFFe T AHE

TN WS fF X Fopmf 1 TER ® foree 2.5 T2 90 TF AREF W B AW

X P(x)
@ W THA E1 T A B WGEA qA R
0 0.05
_ ; f 3T ABC I TH THE Qg WHAGT @MY :
5
) 16 () Y FH 36 fome i
3 0.15 (i) Afaw { s 33.4 fre A
4
g 6. (a) Suppose that five people A, B, C, D and E are standing
5
02
in a line in random order. Let X denotes the number of
6 006

people standing between persons A and B. Find the

) et A d a= W g w5 yehm

(expected) TE&AT A HITTT | probability distribution of X. 5
(i) M e & gHMeR fodt a7 # 6 NiE] () A social scientist claims that only 50% of all high school
F RIh @l F 7 fr
¥ s emds , graduates who are capable of doing college work actually
TH H 30 T A e e s ¥
go to college. What is the probability that among 10 high
FeAI¥Td e TS (net revenue) T HIfTT |

P.TO.



(a)

®)

(42 ) s

school graduates who are capable of doing college

work :
() Exactly 4 go to the college

(i) Less than 6 go to the college. 5
A s fF 99 @ A, B, C, DT E & U
4 Tfew w9 4 w8 §1 99 offog fF x,
Sl A9 B B T @ Al # ge T
X F Wfasal aued F| s

TS HHIS S & qan € R st @ s
F H AHT T e I A A Y 50% s
d Fiow W ¥ T W # WiEwa @ e
ﬂ@ﬂﬁ%ﬁwmdﬁ‘ﬂﬁ%%s
am oA g o

() FF 4 FAw S E

(i) 6 § F FAS w4 §

Attempt any two from Q

(135 2486

SECTION C
(wug ‘")

uestion Nos. 7, 8 and 9.

ﬁuq,mmom@i&%aﬂ%_

7. (a)

A student take

s up courses in Statistics and

Macroeconomics in his graduation programme. The
proportion of correct answers in the exam of both courses
is denoted by X and Y and the joint probability

distribution of these random variables can be approximated

with the joint probability density as follows :

2
\Q.Enw.ﬁx+w5 for0<x<1,0<y<l

=0 elsewhere

Calculate :
(i) The probability that the student answers more than

40 percent of the questions correctly in both the

tests.
(i) The probability that he gets more than 80 percent
answers correct in statistics and less than 50 percent

answers correct in Macroeconomics. 2+2

P.TO.
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(b)  The number of courses taken up by a student a a
university has the following probability distribution -

Number of Courses Probability

x)

2 0.6

3 02
Let X, and X, be the number of courses opted by two
students and each have the same distribution as the

population :

(1) Determine the sampling distribution of

X, +X,
2

e
(if) Determine expected value and variance of X . 3+3
(a0 UH fameff o7 SO w9 7 gifeast
(Statistics) & HAME SIYEA (Macroeconomics)
TR ol 81 3 A AW A T I b S

G153 2486

(Proportions) I FHY: X & Y ¥ =& A wm

t A 3 agfes Wi B SgE Wiasd aved

& frefafed 99 Wfasar S9@ (Joint probability

density) § Tf-Tahfed (Approximate) a1 S Hehal

¥

xa,suwﬁis 0<x<1,0<y<1t
0 T

frefafaa ®1 T SIS

O T A F Wi fd A e
# 40 wfeed ¥ sk T B WE IW <@
.4

(ii) =9 = 1 WigEa f6 gifeast § S 80
yfiem ¥ afus W GG A AU TAE
sfeme § so wiwd ¥ #W W G
Tl

P.TO.



) T fomnedl gr ww favafaaeE d fow T o
w1 e w1 frefafes wivws ave ¥

U & W& PUPET

3 02

M sty 6 @ famfdE gr foe T Aed 9

FEA X, T X, § T TAF w1 a0 6 & W

f& =\fe (Population) #1 ¥ :

0 w?INI.. 1 Uiaeei@ U (Sampling
distribution) FA wHIfST |

(if) mﬁnﬂ@mnﬂmuﬂsmﬁ%ﬁ_

(a)

(®)

Gl ) 2486

If the joint probability distribution of X and Y is given

by :
X
-1 0 1
Y -1 1/6 173 1/6
0 0 0 0
1 1/6 0 1/6

Show that their covariance is zero even though the two
random variables are not independent. 6
Let X, X,, X; represent the times necessary to perform
three successive repair tasks at a certain service facility.
Suppose they are msaov.nsaozr normal random variables
with expected values p, p, and p, and variances as
o2, 03,05 respectively. If means are 40, 50 and 60 and
variances are 10, 12 and 14 respectively,

calculate :

() PX, +X; + X3 <160)

(i) PX, + X, > 2X;). 242

P.T.O.
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®)
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e X vy F1 9K Wiawa @ved 1 yeR
L

X
-1 0 1
bt -1 1/6 173 1/6
0 0 0 0
1 1/6 0 1/6

Y % 3 = H G-TRI (Covariance) =
T Tt A wem T ¥

M wifse fe et dan o= § I s oo
T B FA H @ A sEfE X, X, X, €
T ife o ¥ @, THHE (Normal) aRf®
& 5 TR W E: gy, 9o, € @O

THU FHN: o?, 02,02 B AR WA w40,
509 60 & AT WEROT HHY: 10, 12 d 14 § A
fFfafaa =t o Fifse .

) PX, + X, + X, < 160)

() PX, + X, 2 2X,).

|

e —

(@

(®)

(@)

(& 51957) 2486

The monthly income of residents of a city is normally
distributed with mean of Rs. 30,000 and the standard
deviation of Rs. 5,000. If a random sample of 50
individuals is taken, what is the probability that their
average monthly income will be :
() More than Rs. 24,000 ?
(i) Between Rs. 20,000 and Rs. 30,000. 243
Suppose that p(x, y), the joint probability mass function
of X and Y, is given by :
p(0, 0) =04, p(0, 1) = 0.2, p(1,0)=0.,p(1,1)=03
Calculate :
() the conditional probability mass function of X given
that Y = 1.
(i) the expected value of X given Y = 0. 243
ww TR @ fFefed @@l afgs 3@ & T
S & ForE W 30,000 T A AR feeeT
5000 T ¥| AT 50 AR W TH AGT
Shest form v %, @ @ W@ FI WA
% fr ST olma wifgs 3E ¢
() 24,000 T | 3AfeE B ?
() 20000 T F 30,000 T F HA et ?

P.T.O.
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ﬂ%@m@xﬂ<ﬁﬂﬁn§ﬁﬁ§

1 @R ®

PO, 0) =04, p0, 1) = 02, p(1,0) = 0.1, p(1, 1y = g 5
frefafaa =t oA Fifs .

0 dﬁ<1@@xﬁdﬁ§?ﬁ

& (Conditional Probability Mass Function)
() AL y=0 B @ X B yARE 9H,
SECTION D
(@vs ‘T)

Attempt any two from Question Nos. 10, 11 and 12.

T, 1T 12 H Y RS sw S

(@)

(b

Let X, X; ...... X,, denote a random sample from a normal

distribution with mean zero and variance 6°,0<o’<q.

Examine the two estimators of ©° : ) MxW\x and
X2

(i) T—
n-1

and show which of the following is an

unbiased estimator of 6> for finitely small sample. Will

your answer change if n— o ? 2+2+]

Use the method of moments to estimate 0 in the
pdf :

505 0) = (8% + 0)9-1 (1 — y) 0<ys<i

Assume that the random sample of size »n is

oo:aoﬁ.&. 5

T —

11.

(a)

()

(@)

{-dl ) 2486

AR A X, X, ... X, Y 71 7 o?

m@ﬁzﬂmﬂwﬁﬁﬂgiwi.
0<o’<a, g % B STHTH! (Estimators) T TR

2
A () =X F (i) Max.__ am wwizy

frefafeq & ¥ FFm, Wi (fnie) @R 3
Wfoeyl G o° F TH SARFA (unbiased) FTF
1A noo @ T AUw IW wfERE @
sem ? -

@_._.A.i fafu AZ.n:.oa of moments) F HEEa 4
Frafafaa pdf § 0 & ARfem wifw

L@ =@+epf-t1-y  o0<y<

M ST R SR o W T aRfes el
femn < #)

Given that Y, = 2.3, Y, = 1.9, and Y; = 4.6 is a random
sample from :
3 —y/0

ye
L0 =g

fory >0

Calculate the MLE for 6. 5

P.TO.
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(c)

(@)

()

Gai22 ) 2486

The grade point average of the students in Economics at
a University follows a normal distribution with standarq
deviation as 0.32. How large must a sample be taken tq
guarantee that the length of a 95% confidence interva]
for p will be less than 0.26 ? 3
What “‘confidence” would be associated with each of the
following intervals ? Assume that the random variable Y

is normally distributed and that ¢ is known :

) (5 -2.330/n, 7 +2.33 a/n)

(ii) (7 -2.580/\n, 7 + 2.58 o/n). 2
R v, =23,Y,= 19T Y, = 46, Frefafaa anfe
¥ ARfos wfaed §

3 ~y/0

LOi®=——  y>0%

@ 6 8] MLE &I o1 SHifsma)

e favafarner # faenfiel & e & de-fag
e &1 aved yam & w9 famer 0.32
%1 38 9@ wt T 2] & fow wfded @ emew
T arg & =nfeT o u R 95% favarerm s
&I TS 026 A FH A ?

e o

12.

(©)

(a)

(b

(28 9 2486

Frefefen smmmell & ma frmn * favara”

(Confidence) ¥ g B ? =M wifsm fa AT
FY A Y ¥ AW o 7| E -

O & -2330/4n, 7 + 233 o/n)

() (¥ -2580/Vn, 5 + 2.58 o/n)

In a random sample, 136 of 400 persons given a flu vaccine

experience some discomfort. Construct a 99% confidence

interval for the true proportion of persons who will

experience some discomfort from the vaccine. 4

A teacher wants to determine the average time taken by

a student to complete a test of 20 questions. If for 12

such tests, she obtained a mean time of completion as

75.6 minutes and a standard deviation of 9.4 minutes,

() Construct a 99% confidence interval for the true
mean.

(i) Would a 90% confidence interval calculated from
this same sample have been narrower or wider than

the given interval ? Explain. 4+2

P.TO.
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(b)

% 400 B A 136 A DI HH T F g
gmnﬁ%%mqaﬁ%aﬁaﬁmagua
FA T =t & et 3T (Proportion) %‘g
& 99 favarer W@ & FE Hif)
T S 20 YA A T T B F
# s foenedl # @ T Ed GH F@ HEA
et ¥1 A W YR @ 12 TS &g W W
7o F F @ e WA T 756 e 9 A
faeer 94 foe w@ g @
() TTias W ¥ 99% TovarEdl SRR H
fmior sifsTT
iy T ufed ¥ T 0% favarEm SR
IEF oA ¥ WHA wm A sl ?
BLEEd
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