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wgaﬁ r NOTES
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1.0 3T

39 3RS I AT HH F 91< 3T 39 JUT & G foe
Yol fasia & o1 wd g & wme g |

1.
2. HaEE 9 IS Sed # e fagid & e wd ST s 99y 9 |
3. Gwifad & free T S 5 9E A

1.1 S&1aA1

qd 0 WY e o faveraor 1 rergd fFgn T @ R 3wl @ e T S @ S it
fraor § aree E, 5, 39 & faaor o gedl ¥ Svard | 39 oo §f @ 39 A (artificial)
Q] & faverao 1 e w07 f92 o U Ofaal 4w F 3 S arfsiea: e o 3 A
21 R g & faveryu A & $8 frerd @ €9 ¥ I wiferdg awEd & e He geay 24
21 39 Frepdl @1 oremad Qe fagid & SrTa fohar san @ 1 3 ¥ Wi fagia & faer &
faya & F& ST = |

12 9¥EA ﬁil@'a &1 faerma (Development of the Theory of Probability)

3 faga F f9m &1 49 1741 @it 1841 vt & GARET (gamblers) & 2 | 09 § 3
AR 97 & 39 (Goddess of Fortune) T & fHvam +(a 3 S et srufavard & o1 | /¢ &
T A 38 A A w9 T gRenst 1 g e & fae 39 e & ek hraaael # wema 1




e QiR 1T farseiwor

NOTES

e O | 39 TER 39 999 F qfag eraaa ot eifed, e, v, anf Y o7 gaemah ¥
HHTIM 1 3T 3 At Wil 6 IwarT fear ) 7 S st ¥ wenfaa fagia @ gata
BT | ¥4 fagMl 3 SEET (chance) T4t F GU@Tall W A€t Tear ¥ Fam feam | e 3
o % fawm = i firelt | s fagm Aue, 9, 3/ setet, anfz ¥ 39 fagid @ sk
Tl feran Sl € &1 § ST AT GhEATgE 64T | 3eelt & s HRSAT N W 0 WA &,
3 oft 3 fasia & fawr & 9 ARH @ S TR % 79 % w9 ¥ 5qd R 5o
forgt 3 gw frgia &1 ST e, dferes, wemafires o Torifes &9 % it qoverargds fama | sy
g § st fasia W Saia Fresia fasia & sfaared st ame. feer, daeaa st ST
3nfe g fopam T 2 |

1.3 9¥IEA1 ﬁic‘sﬂﬂ bl HEd (Importance of the Theory of Probability)

ot TS ARG ¥ Wl H 39 FAEd F1 9e 39 FhR A fBA1 A1 T -

“Probability theory is of interest, not only to card and dice players, who were its_
godfathers, but also to all men of action, heads of industries or heads of armies, whose
success depends on decisions, which in turn depend on two sorts of factors the one known

or calculable, the other uncertain and problematical.”

39 fagia %1 A7 19: g Sied § gt @ | 5 1 gifefit oo gl w9 ¥ s Al
a1 2 | 3 By Afifradar Tt § S T WOTET R o g € | A |ifeed ¥ seffe
el & f “gife Seuic] Wwﬁﬂmﬁ%" (Statistics is a science of estimates and
probabilities) | 78 fagid MM W maifd 89 ¥ 39 W favam fFar 91 g @ o 3w
qraTRt 1 1 Gt ¢ |

1.4 HIGAl ﬁ:@l’ﬁ il 31& (Meaning of the Probability Theory)

YOTET TS &1 34 GTURO] AGeR § BT € | SR, I Sq F GOIEA F9 ¢, g6 o #
FOTSAT R A1 A, AT GYEA: el §, ot N1 21 & IONEAT 8, 3N | 37 w9t arerdt § srfafeaaan
¥ faar 9 gra & T 2 | G S9eR § WOE W &1 34 =7 951 2 | ST a8’
¥ ol fawg 9 woarer =f-faly & @d & fed @9 o Bl ad @ o 999 sk oftfefy
¥ 9R I qftEd A1 2 | Wit e 1 fedt S e &1 ad % & @ 5 afe fad
fafery gea A wafgq AT aR-ar fFar s Q) 39 fafee 9o % afed 39 ) ge F91 @ 2
3eretond | Ife ww fgord S b ST @ ITF fa9 (head) TN T (tail) A F Foyrem
ST (1/2) e 77 Toerpn GO & ferdll ot 9 F & 16 A fipan S Q@ wREA 172
& WM | W YR A & g el 52 o 8§ e e & 13@@%%%@%
ST A UE F 9 F G S F geE 13/52 3 1/4 @I

Tufe wifems § goqa &1 g 7% ¢ % R T A F sovaey fedt fafe gen &
A F gowE F1 2 2 fafu= wifesamel ¥ suE o 39 wER faa B

(1) @R (Laplace)- “HRISHT, 3 SASN FI €4 aTell TR HeAA & WY TG
AN '

“Probability is the ratio of favourable events to the total number number of equally

likely events.”
(2) FR (Connor)- “Fo1aT, 3fifyad Tl & fava & nfeass #) o feafa 217

“Probability is an attitude of mind towards uncertain events.”



T Y, O W), WO i B 39 S qRoafed ferar s @ 5 “afk @ wee
STt ¥ e B et T ufed B wedt €, N I A R O e F af A F) GeET, g
3 Y 9 A Tren TSl F WS U Y G § 3 Bt 4

“If there are several equally likely events that may happen, the probability that any
one of these events will happen, is the ratio of the number of cases favourable to its
happening to the total number of possible cases.

(Definition)

(1) nfordra aftar (Mathematical Definition)- “3 faf¥TE ¥edl m &R ¥ & Fadt @

3T afg 98 s n FHX ¥ T A THA A A 39 AT TN F I R v A p =

M AR I F AR H GG A ‘@ = —— 2V
m+n m+n

TEmd T A, 12 TRE, 4 T AR 8 F T AA ¢ | W NS FT R A
21 3fz AT A fare 2Q @& e FrepTel A A R TR e F Frer F T GO 2 ? 981 W
1 R e TR A W R I F P F o T R A R wR | o 78 a8 ¥, I )
1 @ e 7 Fear F 5921 318 THL Y & T 2

T ¥FR T8 TS 4 TH A 8 Tl ¢ AN 8 FHT Y A & GHA | AT m=4 I n=8
2 | SRR G F AR

_om _ 4 1
p (& . T  m+n 448 3
n 8 2

q (AW F FHE) = ——— =S o=3

FS o ge 7 @ @ Gehdll R A AL A Wkl & | O IW GSAT F 2 WA F A v
TR (p+ q) =113 q=1-p3 p=1-q 38 HN A 927 5 N
AAN RN G 0 1 F 99 AN | R g F weEa gfe = (0) R A IwH A
FGE ¢ AR A gaEa v R A 39 g 1 A fafvad @1 & fafye we & ufe o
AT 1 Heed ell-Hifd S o el | S8 T AR 20 ¥ 25 af @ g F Al 7 ¥ ey
gy SiiC ) el ¥ | o =t fgat amg 20 9 A A T 2 ) ITE B W G AN HY I
7 2 2 geIfaal faei & QR g 1/2 € | fofeq 7% arkqd 8§ weya T | 9 9 @) qe 9 1 6
& GHhar 2 1 3R F8 Fred freprel o1 weha @ foh 5 fawal 3 oy 3 fafyed ®9 Q fofa fed s
T € 39 fawdll § wenfaa fagia 1 ¥ eEieg € |

e & Mo aftar &) @ (1) 999 §9 9 afed 39 aret fefaar ad g
T el |

(2) 9 9T # 3wt 3@ GHY g A S ] Se@fE goia gRom # g g
Fffea 9 1

(3) 7% +ft gova ? fo5 w9 w9 Y "fed A arel feafadl @ o e A @)

(2) WWTE & WifEAsA aftaman (Statistical Definition of Probability)- fe Gl I

w9 ¥ g Fegfal 7 aga o SR Qeuar 1 A 9equl qdeet #t o= ¥9  Fgdl g8 g@m
g ¥ fFf TF g F 92 1 SUW €T I g1 F "fed A F GeAE Fea 2 | 98

T FC AR STA 2 FF 7 3T S Fifead sk arqd W B w2 1
ﬁ@%ﬂmmﬁwaﬁwﬁﬂéﬁﬂﬁ'ﬂmwwaﬁ% “If a large number of

trails be made under constant conditions, then the ratio of the number of trails, in which a
certain event happens to the total number of trails (N) would approach a limit as N is

indefinitely increased and this limit is the probability of the event happening,”

FeeI Wikeaa i faveiaor

NOTES

AT WIfd F Jig B
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Dustration 4. What is the probability that a vowel selected at random in any English
book is an ‘e’? §9 AT F WA 41 € for S 9w qEw A IRfeew AT A o T w@ e
‘e’ 3 2

Solution- Since there are five vowels, total no. of equally likely events = 5 No. of
favourable events = 1

_ No. of favourable events
Total No. of equally likely events

|

1
5

Ilustration 5. What is the probability of an ace in a throw of one dice? (& T &
He T g 3T A e 2

Solution- First of all, all the possible cases with one dice will be six- the number of

its sides.

Secondly, the number of favourable cases is one because only one side can come
upward which is the same as the extent, in question. Hence, the probability we are looking

for is the fraction whose numerator is one and whose denominator is six i.e., itis &

Ilustration 5 (A) : Out of a pack of cards what is the probability of drawing (a)a
king; (b) a king of hearts, (c) any card of hearts.

e ) T S Y Frefefad % w1 9 o e 8 2
(3 TFHACUE @) A B AEE (@ A 6 B qu

Solution : (a) Since there are 4 kings in 52 cards, Hence

-4 _1
P 1.
(b)  Since there is only 1 king of hearts, p= 5i2
i 13 1
(c¢)  Since there are 13 cards of hearts, p= 2= a

Hustration 5(B) — (i) What is the probability of throwing a number greater than 3

with an ordinary dice whose faces are numbered from 1 to 6?

T IRV 9T 599 W1 ¥ 6 99 fag offra ¥ ¥t W3 ¥ aifes sifira fag w2 &)
GoaT 4§ 2

(n) If two dice are thrown together, what is the probability of throwing a total of 7?

Ifz A 978 TF 919 §F T § N 39 a9 S GNED 741 ¢ 5 A 7 & Q9 | w2

(u1) What is the probability that a digit selected at random from the logarithmic table
is (a) 4, (b) S or 8?
9 @ F AN G @ B Al dfa @a e ) § da1 wroft § sier T 9 i
(@4, @ 5T gTM?
Solution -
(i)  Total No. of cases = 6
No. of favourable cases (4,5 & 6) = 3

A NI

p=

[ 3 N [S)

(1)  Total No. of cases

X

I

FoT wifEaa I faverar

NOTES






m‘a’%ﬁaﬂ%ﬁaﬁm%%s

(2) TR 3ga 92 (Mutually Exclusive Events)- 78 Yt 52d @t € foee sfeq
A T F wET I D S @ | sereeond, fade aft SoTen 9 A 9% A T A W
78 78 g 3k 92 U A 9 fud A 93 |

(3) W WM (Independent Events)- 91 @ 7@ W 9l § Safd W wem &
ufed 89 A gt weral & ufed TR W HIS N T gedr | &) HeAN 4o @A Wi St & St
ITH T T G A 191 AL B, S o faed 9w 3o & qRon &7 g8t 39| W A9
LGRS

(4) IR 9eM (Dependent Events)- 14 T 927 Gt o IWIfad Tt 2 @t 3% anfd
T FEd €1 52 99 A { U F AW FF G9rEw 1713 DAt B 1 AR wF A% o ik W
I3 g Wt F 7 e 9 @ @R T frebe S REAT 3/51 S | 39 SR YR S
3 =ei fedr wer )t wfaa foam @ o A o wemd € |

(5) W@Ww (Simple and Compound Events)- WA w2 & forg feret
Yo ¥ "fed Y A1 gfeq T8 8 H GaE @ faeR R o ? | S IR 1 991 2 W
geAall ¥ @ I €1 52 T A T TG H A wewre F @Y 99 g 5‘; T T
F UF ISV 2 36 FFL TS G4 F 5 A AR 3 FeAt 1 & A T Fied 74 ! G

I HET N WA T @ D

YR T H QW QA A gl F G T H geA F G 7 e Ay s
%lﬁﬁ@@mummmmﬁﬁwmmﬁrmwuwﬁmﬁmm
el F e ¢ | |

¢Ng TH=
1. gvEd fagRd § 39 @9 999 ¢ |

.............................................................................................................................
.............................................................................................................................

.............................................................................................................................

3. O 379qs] geAIan ¥ Y @ e © |

.............................................................................................................................

1.7 Hqﬂﬁm % ﬁ-qq q1 SI'EPJ (Probability Rules or Theorems)

(1) Gwifaen & @R &1 f798 (Rule of Addition of Probability)- F1-% 4 7@ S savas
A 3 for ol Q1 Q) A s TSl A R fFR @ W A A oifus werel ¥ A R Wi
22 7= ol 3 P &1 ST A vedl @ | A Q) W Q) A 3ifes weA 39as! (Mutually Exclusive)
Ad ¥ 1 e e At FEArT TEfE ITH Ch 19 S 1 HTE @ gl 39 A T AR

IEER Wi Frseor

NOTES


http:Probability)-"Cf).qt-"Cf).qt

.
i

I Wi FIT Yo U @ g ufed @ o) @ | U Rty ¥ 39 S @1 A F 3y wenal 9 -
QETEAT FeTeT 9 o1 AT 67T 98T 8 | 30 G % 9 F 39 R NEGd [HaT 1 ahall o-

NOTES PA1+Az... +An)=P(A))+P(A2) + ... + P(4n)

where,
Py +Ay... +A4,) = A AT A Y s sgemait 7 aftafed goma )
P(A;) + P (A2) ... + P (4,) =S & FAT-FAT THHIEAY |
Ilustration 6. If dice having six sides a_nd marked 1 to 6 is thrown, what is the
probability of getting 1 or 2?

Solution - We shall have to calculate the probability of getting 1 and probability of
getting 2 seperately and then add them-

Probability of getting 1 is 1; Probability of getting 2 is %

Substituting the above values in the formula;

P (A1 +A2) =P (A1) + P (42)
1 1 1
P4 +A4z) =g+g 5

. The probability of getting 1 or 2 = %

Illustration 7. A bag contains 8 white, 4 black, 6 yellow and 6 red balls. What is the
probability of getting a white or red ball at random in a single draw of one?

w AT 8 qYe, 4 FIell, 6 diell AN 6 @t e T | UF AR FTFEEN W TF TS 9T T
A W F e F o GaTEAT 2 2 '

Solution-

The probability of getting one white ball = =

”

3 3] I'Cd 13 —

= W=

17
it 12

8
24
6
24
Hence ” “ ”  white or red ball ;

INustration 8 (A). There are three events. X, Y and Z of which only one can happen.
The odds against X are 4 to 1 against Y are 5 to 3. Find the odds against Z.

Solution-

00|

Probability of X’s happening i1s = % Probability of Y’s happening is =
1 3 23
g + = = —
)-%

Therefore the odds against Z are 17 to 23.

Probability of Z’s happeningis = 1 -

lllustration 8 (B) : From a pack of 52 cards one card is drawn at random. What
is the probability that it will be a queen of clubs or a king of diamonds?

Solution : Drawing a qucen of Clubs or a king of diamonds are mutually exclusive

events.

8 Probability of drawing a queen of Clubs = 5—12



2

and Probability of drawing a king of diamonds = 515

. The Probability of drawing a queen of clubs or a king of diamonds is

Illustration 8 (C) : (i) What is the Probability of getting at least total of 8 by throwing

two dice once?

2 WGl F Tk qR Fe WHT FFH 8 AN A H G 8 2

2 WG] F T IR ot TWHT F T 8 H AN AN R G R 2

(i1) Find out the probability of getting the total of 10 or 12 by throwing two dice.
2 qrG % He 9T 10 A1 12 6 AT AW H AT s |

Solution- & T4 % TF WY $ehl TWEHHA 6 X 6 = 36 A 5T &) T & st o Fraafitfiaa
m%wﬁ

W o TR Ur & o am
=1 g 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6 6
2 2,1 2,2 2,3 2,4 2,5 2,6 6
3 3,1 3,2 3,3 3,4 3,5 3,6 6
4 4,1 4,2 4,3 4,4 4,5 4,6 6
5 5,1 5,2 5.3 5,4 5.5 5,6 6
6 6, 1 6, 2 6,3 6,4 6,5 6, 6 6
am 6 6 6 6 6 6 36
() FH A &H 8 H AT N F F A 3-8 A1 94 1031 11 I 12 F 7T W«
FAT |
8 1 AT G A F G (2, 6) (3, 5) (4, 4) (5, 3) (6, 2)=%
9 T AN A A H AGAT (3, 6) (4, 5) (54) (6, 3)= ’;g
10 ¥ 2T ST FC F G (4, 6) (5, 5) (6,4)=%
11 1 I T A S FHEA (5,6)(6,5)=32—6
12 &1 317§ F gaE (6,6)=%
o FHAFH 8 F AT NG F H GHFAT Qi
5.4 .3 .2 .1 15 5
37373673 T3 3% 12
(i) @ 9 F FHA T
10 1 A1 ST & Pl H AT (4,6)(5,5)(@4):%
12 &1 T ST A ) GAEAT (6, 6) :%
0@ RFATTAN R ETEFEN = >+ L -2 g 1
36 36 36 9

I WIS faveaor

NOTES



Feaat Wik favetaor . . .1
Illustration 8 (D) - (i) In an examination the chance of A’s Success is 3 B’s Success
A and C’s Success is 1. Find the chance that one of them will succeed. T TaaT ¥ ‘21
NOTES S0 . 6 ; .
maﬁﬁmg‘a’aﬂﬁm’n'aﬁgﬁr?ﬁwmaﬁémmﬁmﬁﬂwm
& S

(ii) A bag contains 20 balls numbered from 1 to 20. Find the probability that a ball
drawn is a multiple of 3 or 5. TF 84 § 20 TR FRA W 1 20 7F Ao 3ifka § | 7@ WA
Fqersd fop U g % P O0IHH A9 3 A7 5 I U B |

(iii) A bag contains 50 balls numbered from 1 to 50. One ball is drawn at random.
Find the probability that the number is a multiple of (a) 10 or 12, (b) 10 or 14. TH got 3
50 REIRAW 17 50 75 o sifera § 1 29 Freela Afq | o e Frewrelt w1t 21 39 @ A
G AqeNZY fof e 1 A0 10 A1 12 () 10 TT 14 H [0 2 |

(iv) A bag contains 50 balls numbered from 1 to 50. One ball is drawn at random.,
Find the probability that the number of the drawn ball is a multiple of 2 or 3 or 10. T et
A 507 IRM W 1/ 50 a5 3ifeha T 1 2 Frreel O A o e Frewret St ¥ 1 3R
T Saesy fo Freprelt 78 e F €@ 2 3 A 10 W UM 30 2 |

(v) What is the probability of drawing a card of diamond or an ace from a pack of
cards? A9 TF MG N TH T & IW1 AT O SFHT TN R AT 0 8 2

(vi) A person is said to hit the target in 3 out of 4 shots, whereas another person is
said to hit at all when they both try. T R F fara A s ¢ s a8 4 T 3 Ay g
o1 & s O U At 3.0 A 2 A8 U GehdT @ | e § 1 ST FT A 7Eg A S
G FqAT |

-

Solution-

(1) These events are mutually exclusive, the probability that one of them will succeed

L1 _75+84+100 25

7
t*Sote 600 600

o0 =

(ii) The probability that the number is a multiple of

_ _ 6 _3
3=(3,6,9,12,15,18) = 20 or =15
The Probability that the number is a multiple of
4 1
S =(510,15 & 20) = 20or5

ility i - 3,1 5 1
The Probability is a multiple of 3 or 5 = 10 + S=7073
But this is not correct because number 15 1s not mutually exclusive. It is a multiple

of 3 as well as of 5. It is included in both.

Hence, the correct probability that the number is a multiple of 10

5
= (10,20, 30, 40 & 50) = Z;

10 The Probabilit‘y that the number 1s a multiple of 12


http:f.rcf>r<.1l

L

(12,24, 36, & 48) = — T iR R

50
As the events are mutually exclusive, the probability that the number will be a
. NOTES
multiple of 10 or 12
2, 4_9
S0 50 50
(b) The probability that the number is a multiple of 10
5
= 2 = —
(10, 20, 30, 40 & 50) = =
The probability that the number is a multiple of 14 = (14, 28, 42) = %
The events are mutually exclusive, hence, the probability that number will be a
multiple of 10 or 14
_5,3_8
~50 7507 %0
(iv) The probability of multiple of 2
= (2,4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, and 50) = —52%
The probability of multiple of 3
= (3, 6,9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42, 45, 43)
_ 16
50
The probability of multiples of 10 ~ (10, 20, 30, 40 & 50) = 55—0
The common multiple of 2 and 3 are :
(6, 12, 18, 24, 30, 36, 42, 48) = .5%
The common multiple of 2 and 10 are : (10, 20, 30, 40, 50) =30
The common multiples of 3 & 10 are = ?10-
The common multiples of 3 and 10 are 30 = 316
Hence, the probability of the number being a multiple of 2, 3 or 10
25 16.5 8 5 1 1 _33
50750750750 750 50 7507 50
Note : S A 23l A 70 BH R A a1 B @1 A 3 B 21 H2 ekl & @t g
A F%ar B qola: TER el F¢ Feemirt | ama: A % P ) iy ®9 8 Frefafad s
A g o S 1 Sk ST (i) & fepa T -
p(AorB) =p(A) +p(B)-p(A=B)
) YER A T2 & g § GF 9 N L Fal b S () H A man -
p(AorBorC) =p(A) + p(B) + p(C)~p(A+B) -p(A+C)
11

-p(B+C) + p(A+B+C)



I Wifae 1T faseror

NOTES

12

(v) Probability of drawing a card of Diamond = é—; or 3

- . 4 1
Probability of Drawing a card of ace = S IEET]

But in 4 aces, one ace of diamond is included which was also included in 13 cards

of diamond. Hence, the probability of drawing an ace of diamond which is included in both
1

5

The probability of drawing a card of diamond or an ace

_1,1_ 1 _13+44-1_16 4
TATB TR 2 2%
(vi) The probability of first person hitting the target = %

The probability of second person hitting the target = %

As both them may hit the target, the events are not mutually exclusive. Hence, the
probability of hitting the target.

3,2 (3,21
473 473712

@) Ifad % TUNER &1 F90  (Rule of Multiplication of Probability)

79 fom =1 SRr wetaa ¥ A ¥ frw #) faeda aRfef § 8 3 ) 9w 9 S
=Med & 6 QA 71 Q1 Afaes gl I OF Wra G OF & de O FivEd 9 F e S GeerEa o
2, @ 39 e #1 @ a1 98 HeA @ ¥ @ gy ¥ Wdd Adl € 1 3 T g W et
TR it 1 Tl | S o Al H Q1 1 ) 9 e ¥ | 3 A 6 o U1 % A 1 A ¥ arfer
e Fyehier 1 a1 GeqTET @ 2 39 GRfefd B @F gl & geeT 914 9 39 ge geEAel &
ORI feFa ST @ | UM 1790 39 SR @1l &

P(A1A2A43...An) = P (A1) X P (A2) X P (A43) X ... P (1n)

Where, P (4) A2 A3 ... A,) = Taf9=1 ge13fi &t & w19 a1

P (A1) X (42) X (P (A3) X ... P (4,) = Tafs=1 seaait &t aram-arm gedma |

Ifz gerelt F wEm 9 & Q) 39 A ¥ 9T [ FE WA a1 @ ) Afg TS @
fere B A GO F19 AT Igd FoA Al 2 |

Itustration 9. What is the probability of getting all the tails upward in four throws

of a coin?
UF F9FF F) IR a1 IBTeM T a9 aR fad 984 1 91 G957 2 2
Solution-
The probability of getting tail in the Ist throw = %
The probability of getting tail in the IInd throw = %
The probability of getting tail in the IlIrd throw = %

B =

The probability of getting tail in the IVth throw -


http:W'lfCf.lT

The probability of getting tails upward in all the four throws. R HIRARI Farvetor

11,1 .1 1
2727272716
NOTES
INustration 10. What is the probability of throwing three fours in three throws of a
dice?
rET d A hee T AT AR A A B o R
Solution-
The probability of a ‘four’ in Ist throw = %
The probability of a ‘four’ in IInd throw = %
The probability of a “four’ in I‘Il_rd'throwﬂ = %
. four <Lylyl 1
The probability of three “four’ = 6 %6%s =218
Illustration 11. In a bag there are 10 green and 15 red balls. If they are drawn at a
time, and the ball is replaced after each draw, what is the probability of getting the first ball
green, second red and the third green.
@ A3 i 10 & w15 A 1 ¥ 1 Az 3% 0 AR P T AT siet @ fean S 2
@ 7w Ve F 70, gEl F ot 3N G F 7@ AN AR a4 L2
Solution- As the balls are replaced after each draw, so each event is independent.
The probability that the first ball will be green is = —2— = 2
10+15 5
The probability that the second ball will be red is = L__3
10+15 5
The probability that the third ball will be green is = 0__2
) 10+15 5
. e 2.3 2 12
Hence, desired probability is 5 X 5 X 5 =15
Hlustration 12. In a bag, there are 10 black and 10 green balls. Calculate the
probability of drawing the black balls in succession if the ball drawn first is not replaced.
(@@ AX F 10 et 3R 10 7@ e A AR TR Fe e FrFer F G F0 2, Al T AR
frepreft T arqw A ¥ & Wl 9 2 2)
Solution- Here, the second event is dependent and the first is independent. The
probability of getting black ball in the first attempt.
__10 _1
T 10+10 2
The probability of black ball in the second attempt. = ——— = —-
© proveEbiy Pl T10+9719
A . . . 1 9 9 13
The probability of getting (wo black ball in succession = 5% 0= 38
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Ilustration 13. From a pack of cards, three cards are drawn without being replaced.

What is the probability that they will have the same value? (AT=F it T@ QA fa 99w W@ =

T P SY € | = G9ET @ 6 3 O & i a9 2)

Solution- As the first card may be of any value, the probability of getting any card

. . .. 52
in the first draw is certain, i.e., 5

In the second draw the probability of getting a card of the same value 5 In the

third draw, the probability of getting a card of the same value 1/50. So, the probability that
all the three cards will be of the same value.

52 2 1 2 1

= 52751750 T 2550 T 1275
Illustration 14. A problem in statistics is given to three students A, B and C whose -
chances of solving it are 1/2 1/3, 1/4 respecuvely What is the probability that the problem

will be solved?
Wil &1 0 ¥ T 99-31 9, 9 & gd =3 F fou o T 2 e g ) F1 G91aAT

I 5%,1%|m%'saa‘ﬁaﬂvmamw%7

Solution- Probability that student ‘& will fail to solve the problem

=1-

B [ =
B [

Sl Wi

Probability that student B will fail to solve the problem =1 -

Probability that student C will fail to solve the problem =1 —

B W

Since the events are independent, the probability that all the three students will fail

to solve the problem.

[SHIE
X
W [N
X
&
|-

I SN
W

The probability that the problem will be solved =1 —

Hlustration 15. (1) ‘A’ can solve 75% of the problems is STATISTICS and ‘B’ can
solve 70% what is the probability that either A" or ‘B’ can solve a problem chosen at random.

‘o' wifemR & 75% Y€ T BT FHAT @ I T 0% | 1 G @ R oF freda g
T T T A A A W R & g Ed @ s

(i1) The chance 1o get a contract for Road Construction for a contractor is 4/9 and
that for a water tank is 5/7. What is the probability that at least he will get one contract of

the two?
TF IFER F) T HAIY F1 3T e F1 GG 4/9 & 3R 3 I ) S o IHT five
R drE 57 2 A 3T 3F A Y IV I Y FH O 37 el ) Goqa =77 22

Solution-
i) Probability that ‘A’ will not solve the problem = 1 — IS 2
g ability P =17 700 T 100
70 _ 30

Probability that ‘B’ will not solve the problem =1 — 100 = 100



i

Since the events are independent, the probability that both will not solve the problem e WG fearveraor

25 30 _ 3

mxi—a)-:m NOTES

The probability that the problem will be solved is

1—%=?—4’8=925x100=92.5%
.. - . 4 5
(1) Probability of not getting Road Contract =1 — k)
.. . 5 2
Probability of not getting water tank contract =1— 7=3
- . 5.2 10
Probability of not getting both the contracts =59%X7a
- . 10 53
Probability of getting at least one contract =1~ G- a

Nlustration 16 : (i) Find the probabilty of drawing an ace, a King, a queen and a
knave in that order from a pack of cards in four consecutive draws, the cards drawn are not

being replaced.

T F TF TG H W IR G AR GR G FIEE W 3 aW F G9iEA 9o #iee 6 3
SHUTT: TP, FAICHTE, AT a1 [ B0 | P ge o g F A8 @ W § )

(1) Four cards are drawn without replacement. What 1s the probability that (a) they
arc all accs, (b) they arc all of different suits.

forT aTo T IR P S ¥ R HrE @ B (3) 3 W 39§ (@) A § 3 e
WF

(in) The odds against a ccrtain event are 5 to 3 and the odds in [avour of another
(independent) event are 8 to 5. Find the chance that at least one of the events will happen.

U AT % Ufed A9 & fager § 480 auia 5.3 @ St gull w1 (&)  afed a3 & wa
AT U 8:5 2 | 9 9T &) YWIEAT Faasd 6 F9 A A G geq1 wied e |

(iv) The captain of the West Indies Cricket team is reported 1o have observed the
rule of calling ‘heads’ Every time the toss was made during the five matches ol the last test
series with the Indian team. What is the probability of his winning the toss in all the five
matches? How will the probability be affected if he had made a rule of tossing a coil privately

to decide whether to call ‘heads’ or ‘tails’ on such occasion?

el 1 @ 6 T 2 % Wig T R g@en ¥ @d 1 5 3§ A I R I %
FAF I T AW 4 N g o T ¥ A F Fram @1 arer fean | o A9 A SE oA &
G 1 2 ? AR GATET 69 TR A Al Afe Fe oran A ok ) IS AN @A
o’ g 0 ot s ? '

(v) ‘A can hit a target 3 itmes in S shots; ‘B’ 2 times in 5 shots; ‘C’ 3 itmes 1n 4 shots.
They fire a volley.What is the probability that 2 shots hit the target?

‘F SHY NG II R VR IGFA ' SHY 2an kg 4 dA a1 @&
3T FemT @R S | 3O =1 gE @ £ 2 fR s @ g &2 15
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(vi) Three groups of children contain respectively 3 girls and 1 boy; 2 girls and 2
boys; 1 girl and 3 boys one child is selected at random from each group. Show that the
chance, that the three selected consist of 1 girl and 2 boys, is 13/32

F=al & o SR H ST 3 WSRRAl S 1 ASH; 2 SRRl 3R 2 WSH; A 1 ds@
3R 3 wes € | 39 free Of A 73 g 1 A - a=y 1 997 e 9 R | 96 f9e SR
foF w9 fR T 3 oAt 1 e N 2 S O W e 13/32 % |

(vi) From a pack of 52 cards, two are drawn at random. Find the chance that one *
is a king and the other a queen.

52 9t Ft A9 T TG A A 2 W 2 eyl A A G 9 E 1 39 a@ @ g -
ey 6 3 A O A 3R qEa 3 |

Solution :

(1) (@) The probability of drawiflg an ace - 5;42
(b)  The probability of drawing a king = 5;41
()  The probability of drawing a queen = %
(d) The probability of drawing a knave = 419

The events are dependent, hence the required probability of the compound event
18

4 4 4 4 25

52 51 % 50 49 = 64,94,400
)
or ~812.175

(i) (a) The events are dependent. Hence the required probability

52,39 2 13 _ 2197
527517507 49 7 20,825

(iii)  Thc probability that the first event will not happen = g
. . . 5
The probability that the second event will not happen = ey
The probability that at least one event will not happen = 2y 2B
P v PPER =87 137 104
. . 25 79
The probability that at least one event will happen =1- 104 = 109

. . . .1
(iv)  As the chance of winning the toss in one test is 5

Since the events are independent, the probability of his winning the

toss in all the five matches is

i

BN =
N | =
BN [
N =
N | =
Ll:))



Sincc the cvents are independent, the caleulated probability would not be affected I WIFABIT Forgeisor
by his decision.
(v)  Firing a volley means that all of them try once to hit the target. Two shots can NOTES
hit the target in one of the following ways :-
(a) A and B and C fails to hit.
(b) A and C hit and B fails to hit.

(¢) B and C hit and A fails to hit.

The Probability of hitting by 4 = % and of not hitting = 1- % = %
£t » 13 » — z (44 » — — 2_ — }

B=5 =1-35=3

(4 » [14 ?” — é €« » -_— —_— é —-— l

T4 =193

Hence-

The probability of A and B hitting and C not hitting = 3 xZxi_ 5
ST574 100
3.3.3_27

113 » A €« k24 - = Pl _— = —
and C B 574757100

£« ” £ 2 — 2_ l z e —]i
Band C A =5%4%5 10

Since the events are mutually exclusive, the probability that two shots hit the target
is- o

60,27 12 _ 45

100 100 100 T 100
(vi) 1 girl and 2 boys may be selected in the following ways :

(a) Girl from the first group, boy from the second and boy from the third group:

47 64

BN

The probability for it is = % X

(b) Boy from the first group, girl from the second group and boy from the third group :

474 64

The probabilitv is =

(¢)  Boy from the first group, boy from the second group and the gir] from
the third group :

The probability is =

All these events are mutually exclusive. Hence the probability that any of these events

happen
2 _2 13
64 64 32

(vii) Two cards-a king and queen may be drawn in one of the following ways :

(a)  First card a king and second a queen

(b)  First card a queen and second a king. 17
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Probability of drawn as in (a) = —5% X §4— = —2%
4 16
Probability of drawn as in (b) = — ﬁ = %5

(a) and (b) are mutually exclusive, Hence, required probability,

_16 16 _ 32 ori
72652 0 2652 2652 663

1.8  eIfaar fagia H waed 991 §am

(Permutation and Combinations in the Theory of Probability)

ST I8 FATE1 S G 8 R QR 91 § 92N 1 erge AR siige aRieafE) g
¥ A A et E 1 ferg FR-elt Yo wom A€ @ o 21 W wRfefs § s it w4 %
framl = werEw A AT § S ¢ | wHEE T 1 3 A @ R favg # A f5e vew
Hﬂmﬂﬁﬂ%l%ﬂww (arrangements) S Wk A1 & 1 & <) g8 aeqan A A IO
1 ol ) TF W AFT NG B § | R, R ab,c T A D O 97 A% & A 39 w9y Frfaraa
-

ab, ac, bc

ba, ca, cb

Wmuﬁaaqﬁ@msﬁsrﬁﬁf'ﬂaﬂm 6 THR A F o GHelt B | 3 G F ¥
§ T SRR S o1 I G 8-

(n-n!

where "P, = Permutations

{,Pr=

number of all the items

n

n number of all the items

Il

r number of items taken together

factorial which means n (0-1) (n-2) (0-3)..........

mmﬁwmwm%mmm% Aqiq a, b, ¢ 3 T UK F &
A v F GG AH [FH FFR 1 Gl 2

n=33ﬁ'('r=2
. ny __nt 3 o 3x2x1
o P'_(n——r)!_(3—2)!_ 1 =6
g4
(Combinations)

T &1 g - fed T fawg @A @ A few SR R S wehd €1 @ g T 6 U@
a1l g9 91 ¥ S 39 agel § A g5 W as) awgel R U WY o gT o 81 €1 S, ab 3T
¢ T F HA A wed] F arg e fea wR A foRar S gekar } 1 98 WA Fodt g fRa
1 Gl -

ab, ac, bc A ba, ac, cb

At T8 GAM A FER Y foFa 1w 2 | qE G 6 €9 § T SER { gRQ @ S
T 2



nP’
r!

n!

- % ne~ _
Sh-pixa T &=

nC’

where "C, = Combinations

n = number of all the items.
r = items taken together
! = factorial
I IETET |
n=3r=2
e "C, = 3Ix2x1 _3x2><1__3

T B3-2tx2! T 1x2x1

O U&aE TH 8 A 9 (Permutations) F1 94N FAIT FI 394 FJ fopar s 2,
Tg I FAAT ST GH 2 | Fofi-oft XA Aen R £ R R B T (arrangement) FE A 3
=1t 7 e ST X 38 T U 9 81 | O, T At F 12 e ¥ 9 - T @ A e
A 4ATUTR A SR TR TN WA T G @ W F 4 &F G IS 8
YU The € | 39 qRfea 3 B g3 o sgan e sidm-

ni'ny!..onk!

Desired probability = .

where n1,n2... a = TP ERX § GOH &F

n = Ubal & qOf |

Illustration 17. If man has the choice of travelling between Bhopal and Delhi by 10 -

trains, in how many possible ways he can complete the return journey using a different train

in each direction? A T = F et wd fawelt & a9 T4 Wermisal § a1 w0 F1 fasbeq
A @ T fgen § e M F ITA F g TG AT AT F AT Foba TER W [ H e
22

Solution - For the outward journey he has the choice of using all the 10 trains. Having
completed the outward journey, he will be left with only 9 trains to complete the return
journey. Thus the total number of ways in which he can complete the journey are
10x (10-1) =90

Perm. = n (n—1) = 10 (10-1) = 90.

Ilustration 18. In how many dilferent ways 4 books at a time can be arranged out
of 6 dilferent books on a shelf? (TF 3™ § 6 fo=-fu= Tl § ¥ w 1t & IR T foaq
T @ i F 1 FHd R
Solution- "p, = °p,

6! 6X5x4x3Ix2x1

DI 2% 1 = 360

Illustration 19. In how many ways 5 seats can be occupied by 4 students? (I BE!
T S W R SR R Tew 1 S w22

Solution- Here n=5, r=4
Applying the formula,

n!

_ S
——(n_r)!or P4

IIP,

_5X4x3x2x1 5x4x3x2x1
a (5—4)! B 1

=120

FeER WifEaE farsar
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Ilustration 20. There are 6 doors in a room. 5 persons have to enter it. In how
many ways they can enter from different doors?

T F Y 6m§mwﬁaﬁaﬁﬁﬁwﬁeﬁm2|fwﬁ?m%%ﬁmﬁm
J oS D gFa © 2

Solution- Perm.

n (n-1) (n-2) (n-3) (n-4)
6 (6-1) (6-2) (6-3) (6-4) = 720

The formula can be written as under :-

_6X5x4x3x2x1
B 1

=720

Illustration 21. In how many ways can 12 seats be occupied by 8 students? St EEll
TR e W RFa FER A Te0 o wEH § 2

Solution- P, = 1%pg

12!
T (12-98)

12X 11 X10X9X8XTX6X5%X4x3x2x1
B 4x3x2x1

= 1,99,58,400
Ilustration 22. In how many ways can 12 students be allotted to three tutorial groups

of 2, 4 and 6 respectively? (12@@@?‘!’?1 2,4 3 6%WWH’I€ETWW§
STl ST Hehell @ 2

Solution- If m = 2 n=r,and p=6
n (m+n+p)! _ (2+4+6)!

Then, p, =70 =
mt!Xnlxp! 21 xX41xX6!

O R2X 1M XIOXIXEXTX6X5%x4x3x2x1
TR2XD)X@X3x2X1)X(6X5%X4x3%x2x%1)

C12x 11 x10x9x8 X7 665280
T(2x1)x(@EXx3x2x1) 480

= 13860

Hlustration 23. In how many ways can the letters of the word “BETTER” be
arranged? Better W= & & 1 fopa Wbl F yafead ferar S Tebell 8 7

Solution - In this letter ‘E’ comes twice, “T° comes twice and ‘B’ and ‘R’ come only
once.

(m+n+p+qg)!

Hence, "p, =
m!xn!xpltxgqg!

Q+2+1+1)!
(2)'><(2)'><(1)'><(1)’

_ 6><5><4><3><2><1
S (2x1)x(2x1)x (1) x (1)

6x5x4x3 360

TexxMx@ 2 0




Iu this illustration, it bas been assumed that

‘m’ stands for letter ‘E’
‘n’  stands for letter ‘T
‘P> stands for letter ‘B’
‘q” stands for letter ‘R’

IHustration 24. In bow many ways 3 books can be chosen out of ten different books?
(-t &9 qEaa) B A F13 A T B AT S e € 2)
Solution the formula, we have.

nt. 10!
(n=ntr! — (10-3)!3!

" Cr =

10X 9IXBXTXOXS5X4X3IX2x1 . 10X9x9 120
S X6X5X4X3Xx2xDX(Bx2x1)  (Bx2x1) . T

HMustration 25. A bag contains 4 black and 3 white balls. Two draws of 2 balls are
made. The balls are replaced after each draw. What is the probability that in the first draw
all of them will be black and in the second white? What will be the probability if the balls
are not replace?

7C2

Solution. The number of ways in which two balls can be drawn out of 7 balls is

The number of ways in which two black balls can be drawn out of 4 black balls i1s = ‘o,

3

The number of ways in which two white ball can be drawn out of 3 white balls is = "Co
‘c
The probability of getting two black balls in first draw = 7—2
G
*c
Similarly, the probability of getting two white Lalls i the second draw = 7—2
G

The desired probability

n! n!
4
_&x_czz (n—4! xf""!"'
3C2 7C2 n! n!
(n=n'rt (n—-n'r!
4x3%x2x1 3x2x1
_ (4 -=2H2 y B3-2H2
TX6XS5I5%Xx4xXx3x2xX1 7!
(7T—-2)121! (7-2)121
24 6
2x1)x(2x1) (1x2x1)
TXx6Xx5%x4x3x2x%x1 TX6EXx5I5%x4xX3x2x%x1
(5x4x3x2x1)x2x1) ((x4x3x2X1)X((2x]1)
24 6
_4 .2 _6 3_2
42 42 21 21 49
2 2

T GifeTET fveraor
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FeHR HifoamtT Rreehror If the balls are not replaced :

The probability of the first event = 5
NOTES C2

However, the probability of the second event will be different if after first draw there
will remain only 2 black and 3 white balls in the bag.

The number of ways in which 2 balls can be drawn out of 5 = SCz
The number of ways in which two white balls can be drawn
out of 3 white balls = 3C2
’c
The probability of drawing 2 white balls is = 5—2
G2
n! 3x2x1
CELYN 112)
- n! 5X4x3x2x%1
(n=n'r (Bx2x1)x2x1)
Ix2x1

(1x2x1) _ 3
S5x4x3x2x1 10
B3x2x1)x(2x1)

Hence, the probability of the compound event is

a6 .3 3

76 56 T %10 3
Nlustration 26. In how many ways can the word MANAGEMENT be arranged.
Solution- There are in all 10 letters consisting of
2Ms,2As,2Es;2Ns, 1 Gand1T.

The total permutations are

10! _IOXOXEXTXOEXIXE4XIX2X]
21212121111 2X2%X2X%X2
36,2186;800 _ 226,800

Illustration 27. Out of 4 officers and 10 clerks in a business firm, a committee
consisting of 2 officers and 3 clerks is to be formed. In how many ways can this be done if
(a) any officer and any clerk can be included, (b) one particular clerk must be on the

committee, (c) two particular officers cannot be on the committee.
Solution.
(a) 2 officers out of 4 can be selected in ‘cy ways.
3 clerks out of 10 can be selected in mC; ways.
Total No. of pdssib]e selections = 4C2 X ]0C3 = 720
(b) 2 Officers out of 4 can be selected in o ways.
2 additional clerks out of 9 can be selected in 9C2 ways.

Total No. of possible selection = 4C2 X 9C2 = 216
22




{c) 2 officers out of 2 can be selected in 2C2 ways.
3 clerks out of 10 can be selected in 10C3 ways.

Total No. of possible selections =20, xc3 = 120
Illustration 28. A bag contains 5 green and 7 red balls. Two balls are drawn. What
is the probability that one is green and the other red.
Solution-  Total No. of balls =5 + 7 = 12

Now, out of 12 balls, 2 can be drawn in 2C2 ways.

X
Exbaustive No. of cases = 12C2 = 12 > 11

Out of 5 green balls, 1 green ball can be drawn in (e ways and out of 7 red balls,

one red ball can be drawn in 'C 1 ways. Since each of the former cases can be associated
with each of the latter cases, the total number of favourable cases is
G x'Ci=5x7=35
Z,é.
66
Illustration 29. A bag contains 7 red, 12 white and 4 green balls. What is the

probability that :

() 3 balls drawn are all white, and

Required probability =

(i) 3 balls drawn are one of each colour

Solution- Here,

n = Total No. of possible ways of drawing 3 balls from the bag
containing 23 balls, irrespective of the colour of balls drawn.

=2¢y
(1) m = No. of possible ways of drawing 3 white balls out of 12 white balls.
Probability that all three balls are white
12
C3 220
—— == 201242
Be, = - 012

(i1) It may be poted that 1 red ball can be drawn out of 7 in Cy ways. Similarly, the
No. of ways of drawing 1 white ball out of 12 white ball is '2C, and one green ball can be
chosen out of 4 green in ways, Since any of 7 groups of 1 red ball may be associated with
any of the 12 groups of 1 white ball and 4 groups of 1 green ball, the number of ways of
forming a group of 3 with 1 red ball, 1 white ball and 1 green ball is.

m = 7C1 X ]2C1 X 4C1
Probability that three balls are of different colours

‘axcixc 7x12x4 336
3¢, I 2 S V)

= 0.1897

Miscellaneous Problems on Probability
Nlustration 30. If a card is drawn from a well shuffled pack, find
(a) the chance that the card drawn is the ace of spade,
(b) the chance that the card is a spade,

(c)  the chance that the card is an ace.

Feuy gifeEata faversor
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Solution. (a) Since there are 52 cards in a pack, and there is only ace of spade, the
chance of drawing the ace of spade in 1/52.

(b) Since there are 13 cards of spade, required chance is = %% =i—
(c) Similarly, there are four aces in a pack of cards. Therefore, the required chance
or probability is

4 _1

52 13

THustration 31. If, from a pack, four cards are drawn, find the chance that
(a) they will be the four honours of the same suit,

(b) they will be one from each suit.

Solution - The are 52 cards in a pack, and the total number of drawing 4 cards is

52 x 51 x 50 x 49
4x3x2x%x1

52

Cs =2,70,725

(a) There are 4 suits (each containing four honours) in a card and therefore the

number of favourable cases is 4.

) 4
Therefore, the required chance = 270725

(b) One card from a suit (containing 13 cards) can be drawn in 13 ways. There are

four suits and each suit has 13 cards. Therefore one card from each suit be drawn

13x 13x13x 13 2197
270725 ~ 20825

.IMustration 32. In a hand of a game of bridge, what is the probability that the 4

kings are held by a specified player?

Solution - The number of ways in which the hand can be made up is 52(312 .The number
of favourable ways is the same as the number of ways in which the 9 other cards forming the

hand can be chosen from the remaming 41 cards which is 48C9

(e 11

¢ 4165

Therefore, the required probability =

Illustration 33. Suppose it is 9 to 7 against a person A who is now 35 years of age
living till he is 65, and 3 to 2 against a person B now 45 living till he 1s 75, find the chance

that one at least of these persons will be alive 30 years hence.

Solution- The chance that A will die within 30 years 1s 1—96 and chance that B will

die within 30 years 1s % The events are independent, therefore, the chance that both will

die is — x 2 or 2L
16 5 80
Therefore, the chance that both will not be dead, 1.e., least one will be alive 1s
LT s |
80 " 80

Nlustration 34, What is the chance that a leap year, selected at random, will contain

53 Sundays?
Solution - A leap year consists of 52 complete weeks with a balance of two days.

These two days can be any of the following seven possibilities-



Monday and Tuesday,
Tuesday and Wednesday,
Wednesday and Thursday,
Thursday and Friday
Friday and Saturday,
Saturday and Sunday,
Sunday and Monday.

Out of these seven combinations, only two viz. the the last two are favourable

.. . . 2
combinations. Hence the required chance is 7

IHustration 35. A professor claims that he could often tell while his students were
still is their first year whether they will obtain first, second, third or fourth (failure) class in
their final examination. To substantiate his claim he forecasts the fates of 8 students. Find

the probability of his being correct in 5 cases.

Solution - Assuming that the professor has no special gift, the chance of naming a

.1 . . . .
student’s class is y and therefore the chance of not being correct in naming student’s class is

%. Hence the probability of the professor being correct in 5 cases is

8 15 33
o (i) 3
27 189
8C5:56x;8—:8—1§
I W (Bernouli Theorem)- 39 Y8 & SHHgrar s e stlelt & | 3 o 45 J 78
e ‘SEted TE Fee @ | Rl ge % ufed @ @ Q1 ol & wad & (i) SFE, (i)
Sfaget | #9 WIEE: 3 HeN3 & p’ AR fdewe qeAISl #1 g Hahell % w9 T Tehe FA ¢ |
0 W ) Prefafea fadand 8 &
ok (1) Wi e oftfefadt ame @
(2) " A AT AR gea1 I | ,
A Ee O Afead G SIE S ) g 91 ST geh -

39% fordl Frt g3 &1 w3 fan S @-

r

P — ’lC’p’qﬂ -

p = probability of happening of the event, i.e., success,

q = probability of not happening,
n = total no. of trails,
r = no. of Successes in n trails,
"C, = no. of combinations of ‘0’ things taken ‘r’ at a time.

Ilustration 36. (i) What is the probability of exactly four heads while tossing five
coins.
(i) A coin is tossed three times. Find out the probability of (a) exactly two heads;

and (b) at least two heads.

FAR TR fasaor
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Solution-

)

()

No. of coins (trails) - n = 5; Success (H) frequency or r = 4; Failure (T)
orm-r=5-4=1

4 1
n -r _S _1_ l — 5_! i_i
G =G (2) (2) BRI IR I

(a)  Probability of exactly two heads and one tail in tossing a coin
three times will be-

n=3r=2npr=32=1

p (Probability of head in one toss) = 1/2

q( , tail » w ) =172

p' q° " (Combined probability of 2 beads and 1 tail)

B

But this situation (2H, IT) can be in the following three combinations-

Trails

1 1 I Probability
Desired results (A) H -H T % x % X % = %
8 H T H % X % X % = %
© T H H % x % x % - %

(b)

Desired probabihity

2 1
- 1_2 n r n—r__3 _ l l __;‘}.
=sxg=gllerd = [2) [2] =3

There can be two situations of getting at least two heads in three tosses-

(i)  Exactly 2 Heads and Tail; (1) 3 Heads.
Bernouli Theorem will be applied twice-
Probability of 2 Heads and 1 Tail =’C,p’ ¢

‘ " 3 Heads and 0 = 3C3p3 qO

Desired probability-

3 2 1,3 0 1 1 1
p + = =)+ =y ==
Cprg + Gg=0x9)+Axg=3

llustration 37. (i) Eight coins are tossed together. Find out the probabilities of the

following-

(1) (a) At least six heads (b) No head, (c) All heads.

(i) If one candidate out of ten fails on an averagc in an examination, what is the

probability that 4 out of 5 will pass?



Solution- (i) (a) At least 6 heads mcans-6 hcads, 7 hcads or 8 heads. Thereforc, Fo IR fagetaor
probabilities of all the three situations will be found first and then their total will be arrived

at-

L ) NOTES
u=8;r=6,7,8;p='2'=q='2'
6 2 7 1 8 0
- = 8c [ (L) 43¢ (L] (A 8 [E] (X
powsnn-allf { vold (e )
- A1 1 A _37
—28><256+8><256+1x256_256

(b) Probability of no head (0 head) in tossing 8 coins is

oyl

(c) Probability of all heads (8 heads) is

8 0
_ 8~ (1) (1} _ R
= C“[z) [2)“1"256‘256

1

L1
. 256 256

(i) Probability of failing = 1_10;

2
0

1

Probability of Success = 1 - % =

oy

Probability of success of at least 4 out of 5 candidates is

Probability of success of 5 + Probability of success of 4.

5 0 4 1
s~ (91 [L s~ (9} (L1
s (%) () +%o (o) ()
59049 5 X 6561 91854 or 45927
1,00,000 ~ 1,00,000  1,00,000 50,000

1.9 Yfdaf=a yrfaerar (Conditional Probability)

gl s o2, A, F 923 F 9 O 92, B F g4 F wigear sud wfaatyg wifrsar
FEATN 3, FafF T I @ f5 Ggell G, A, & GH & | Tha 9 7,

B & afgafua wifasar Jafs A & g1 &

=P (B/A) = P4 05) ;'(Ar;B , P(A)=0

P (A NB) = P (A) P (B/A)
llustration 38. T & & TF &1 Hed & a1¢ T 91 (e S arewnes 9= T | IHH
ad fd o <ga oo femen T | g I & SICuTe @ @) ifgsar 9 SIS | QA a9t &%
AR B & TFwHar M Faz |

Out of a well shuffled pack of cards a card is drawn, which is found a king. Another

card is drawn with out replacing it. Find the probability of second card being a king. Also

find the probability of both cards being kings. .




et HiRes Ry fawtaor

NOTES

©¢T  (Solution)
Yol AR # arewme R (ST A) H NG, B (A) = 3‘32-

o M K 51 AW ® T N 3 QR €, oF: gE 91 ¥ e Freer (e B) #
BIRE T

- p@/A) = 2
QA el % AICUE T F WGEA = p(A NB) = P(A) P(B/A)

_ 4.3 _ 1
52 51 221

Ife ¥ B & B FI NiGewd 51 A & A Q FIad St € @ " B I WS A W
aferd Fa1 T R 1 AT WS B % O N WAST WA A F AT Y w9fad T8 A W= B A
TN A Y @ F@ A€ | Gohd w9 H,

afe P(B/A) = P(B) 9t BA A @dT 21

afc A(A/B) = P(A) @ AB A @A 21

T TSN TS A T91 B W 921 FEelld! @ e AR Faa afe

P(A NB) = P(A) P(B)

M- (i) T AT QAN IBAT N1 A = Ggehl K H AF1, B = @I G T
SRS E AT

(i) 3T IETE mﬁ,aﬁa;wahm?ﬂﬁ:mm&a‘r P(B/A) = P(B) = _%EW'
@ A 3 B WdT gL ¢ |

FAMEE  (Odds)- F-Ff 7% 7 Feat & A%?ﬁﬁmﬁzw

? o5 s A%Wm (odds in favour of A) P(A) : P(A)ma+b abb

AT a+b 2 A A A F wfhed GAMIIG (odd against A), P (4°) : P(4) H4iqb:a T |
Ierewond, afe @ 9 § 7 whe 3 9mﬁ%a‘rmﬁ@®ﬁzﬁmﬁwaﬁ*maﬁaﬂ

TR —— = L 3| 3% g TAMEE 7.9 A - %ammwm 9:7

7+9 16
mwgémﬁmwé?éﬁﬁmﬁm 0.4?{@1@@76%%%:#%1 P(A) F1 =

& w9 1 fog o § P(A)_04—5=3=73 31q: 3l FATAI = 2:3 €|

ftrd sy

(Mathematical Expectation)

Ife fadl geq & 927 W UF safad 1 G fAfy"ga g90fe faddt &, @ 39 g2 5t geaa
3R gRe 9T 3 et aTel wauiy &1 ToAHe 39 safE ® it A S @ |

T, E = pM.

E = Mathematical Expectation.

p = Probability of success of an event.

M

Money to be received on the happening of the event.



JeTewr % feq afe feret wea & 523 | g (p) = 1/4 B AR 3T A W fiver et
e (M) 200 T 3 A TR S < x 200 = 50 TR At |

TfaeAre SrTeHT
(Inverse Probability)
ety gt &9 fG9id ThR S qEensl § e N € | ¥ 4% 99 & £ o
T 3 FOl ¥ R O Fafeaa FRO7 o 9 R | 9% Wie ST 6 e % 39 fiivea wno
FT A Y F FT G 2 WA §eE Feardt 2 | af fEd 4 ¥ 3 el o 2 e
WA g AN A 4 el o 3 Whe T & okt bl ww A9 F A wF Fed g Frewwedt M D A
& WIe[H FTA1 o6 39 778 % Uzt At 3 A Freplel S 1 1 WIS 7, Sl FRTeT S
|
f1as- 1S T N TET e HROT A A ferelt T & G0 S & qehal € | Fo ol
F A3 WG py, po, ps... p & AT A FART: 3 fafoey ot & 54F F S-S
At Gred € £ o N HROLH QA B TH FROT ST € @ A IO ot @ | A R o 3w
Y F md RO YV IO B W geqE frefafEd g g0 ¥ # o1 wed -
P P
Pipt+Papa+ ... Pnp,

1.10 a\_" m (Bayes Theorem)

¥ (Statement)

13 ¥ A, n WL 3qasit a7 F1:90t SRol (a7 By, B, ..., é,,ﬁ‘"émﬁ T FRT |

Y wifad & wehdl € 1 afe 39 SR $ @d gy NiFsad PBy) ..., P(B,) ¥ & ag1 fafi=r
FROT F g & "fed a4 1 faawft mfawand P4/B,) ... P(A/B,) W 714 & 9@ v fag
ST P(B,,/A) & =1 YR s fopdll ST 0ahell €

P(B,) P(4/B,,)

P(Bn/A)= 7
)E P(Bn) P(A/B,)

m=1

& P(B,/A) 1 4 R, "9 A F B, § wferd 3 & Mfuchar sfw 98 9@ A g
Ad g
Iuafd (Proof)
H B, By, ...... B, [ Argfege ¥4 & wfaget @afe & n weaw et qon frdt geard
Fam A 3 I HeA R
A= (ANB)U@NB)U ..U NBy

agr P(A) = P(A N B1) + P(ANBy) + ..+ P(ANB,)
- m)”; PANBY (D)
- O A
P(A M B,.) = P(4) P(Bn/A) -(2)
aqt P(AN B,) =P (B,) P(A/B,) -3
SEF (2) 7 (3) 9,

P(4) P(Bm/A) = P(By) P(A/B,)

FeaTt wifeaaa favengor
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P(Bw) P(4/B,)
P(4)
_ P(By) P(4/B,)

2 P4 NB,)

m=1
_ _P(Bn) P(A/By)
3 P(By) P(A/By)
m=1

P(Bn/A) =

(1) ¥)

NG T
1. Sfgar ¥ anT frm & wEn & fean e @ |

............................................................................................................................
............................................................................................................................

............................................................................................................................

3. gifega 1 dara faga & 9 ) 99FE |

luustrauon:39@i}éﬁ 4FERTA 1 TR @ AT 5w g 4 Whe NS
1 ) o 91 A @ e T TR St @ A o wifdear @ b gest g A & freeht 22

A bag contains 4 black and 1 white ball. Another bag contains 5 black and 4 white
balls. One ball has been taken out from one of the bags and found black. What is the
probability that it came from the first bag?

2 (Solution)

qH By = Ed 4 A T
B> = AL 3 & T
A = Tl g freE
LiC| P(B)) =P, =

P(By) =P, =

e 4 W T Fren 17 e s

AN

4
= P(A/B)) =p1 = <

gat 99} Fel e FEEA = P(4/B2) = p2 =

O [th

I _ _ P(B1) P(A/B1)
arite =P(BV/A) = BB P(a/By)+P(B2)P(A/By)

YeaT FTelt e Ted Ao } Frarel) Wi #) sifgea




__hpm : Feaat wifeTasta faveraur

"~ Pip1+ Papy
14 4 4
2”5 __ 5 __ 5 _4.%5_3% NOTES
T1.4.1.574.5 36+25 5761 61
2%572%9 35%9 s
lllustration 40 TF 7 # G ¥} F A v qr SO N F IR I W A &
T % 9 faws 79 50 R F i fos ¥ 1 Fet o 1l § A & 9 @ fgeen freren T o
7 foesT el T ¥ o, 39 Wiyear et |
A purse contains three one rupees coins and four 50 paise coins. Another purse
contains four one rupee coins and five 50 paise coins. A one rupee coin has been taken out
from one of the purses. Find the probability that it came from the first purse.
?d (Solution)
Lici By = vest GH 9 fereh fHepTert
B, = ga¢ 94 ¥ faeret ferrer
1
a9 P(B1) = P(By) = 5
e R = @& ¥Q & fggw fae = (B NR) U (B; N R)
Ted 98 ¥ T 399 H foarht Fprem &Y wifgear,  P(R/B)) =%
T IE A T ¥ 1 ! rrem @t wifasdr,  P(R/Bo) =g
_ _P(B1MNR)
arsfty fghdl = P(B1/R) = PR
~ P(B)) P(R/B))
~ P(By) P(R/By) + P(B2) P(R/B>)
1,3 3
B 277 __ 14 _3 14x9_27_ ..o
1 3) (1,4 ‘i+g‘14'27+23‘55' ‘
27 2 9 14 9
lllustration 41 TF 9 § 3 Feh 3 4 The 7 ¥ ) arefos fafe § 2 MR faa amw
foFd Ue-TE S @it T ¥ ) afe e 9a B fF < T orer @ Y geelt e & el @1 @ fashar
14 Ff |
There are 3 black and 4 white balls in a bag. Two balls are drawn one by one by
one without replacement. If it known that the second ball is red, then find the probability
of the first ball being black.
1 (Solution)
qH By = gl 18 el g
B, = el g @t &
agn A = gl e a1 B
a9 A =B NAUB2MNA)
P(4) = P(B1 N A) + P(B2M A)
31

= P(By) P(A/B2) P(A/B3)
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3.4 4 3 12 12
1 P(A)=7Xg+7Xg=Z§+4—2=—=—
PANB
AT Wi = P(Bl/A)=—(PQT‘)
P(4A N B))

PANB) + PANBy)
P(B1) P (A/By)

P(B1) P(4/8,) + P(B2) P(A/B2)

776

-4 2. 7_
7 T 774"

1
2

Hlustration 42 F139A 47 &1 F7/0 3 a1 T F@H ¥ 77 A, B 791 C HRWH I
& F A FTFAT 30%, 30% T91 40% I A € | 37 A § F99: 4%, 5% a0
10% RUA ¥7 g 9 I ¢ | 3% 39 A ¥ T B804 G 5141 R W R g g S
R D T T AEA @ FF IEH Sqed ¢ 4 g fpe T A ? ’

In a factory manufacturing fountain pens, machine A, B and C manufacture 30%,
30% and 40% of the total production of fountain pens, respectively. Of their output, 4%,

g (Solution)
T T W ¥

43 A &I 3T € & WfgEa, Py =%

I3 B 1 3T &9 it g, P2=%

T3 C FI I4RA & F Wifaehar, sz%

p1= 93 A Fi SEIEA 544 o4 & faehdi

p; = 43 B F QA gf¥d B &t Mieal

ps = ¥ C F I gfud B F ifgehar

5 g S
Pps
apfty wifgEa = ¥
Pypi + Pyppy + Pyps
40 10
40 10
100 100

0,4 30 5 4 10

100 X100 T 100 X 100 T 100 X 100
40 x 10
(30 x 4) + (30 X S) + (40 x 10)
400 400 40
T 1204+ 150 + 400~ 670 67

100

100

10
100

5% and 10% of the fountain pens are defective. If one fountain pen is selected at random,
and if it 1s found to be defective, what is the probability that it is manufactured by machine



1.11 TR0

gifeasia ¥ G s T ey faei 2 S b 21 & Sfd B A9E S o
? afes w s Sfeaad TRl & Gearers favawur ¥ GvEar fagr sfard dar s
w1 @, foress wrem ¥ Srsan ot o =5 fear Siman @ | e T &1 Aea 39 891 § afhe
feraqr STt € &7 AFTradar % ST § A SEHE A S € Qirerad § GO 91 &5
T ¥ foe 79 neayl Fasrt 8 eerae S-S, sHEd, §aT g & s R o |

1.12 91 it

1.13 A TH

aﬁﬁﬂ'q T¥ (Long Answer Type Questions)

1.

10.

11.

EIRETICIR I A

Define probability.

MfGehaT 1 ITGF ITTET SHT W Fehal & AT TG H GHEY |

Explain the addition theorem of probability giving suitable examples.

FifaRdT o AT Td TER Yas| FeAll F IR 1 =T HY |

Explain the concepts of independent and mutually exclusive events in probability.

A weet (i) WA A (i) 3Nt A F feaferdt § sfaar & T T A ST IR
S T | | '

Explain the multiplication theorem of probability for two events which are (i) indepen-
dent and (i) dependent giving suitable example.

‘TR q9T HE el I [fed =T FNT |

Explain the terms ‘permutation’ and ‘combination’ with example.

FHEY & A 991 A7 T [0 F1 B weEer fagid § 991 GerEd SeE ST § 2 guigd |
What role is played by permutation and combination and rule of addiiion and
multiplication in probability theory? Explain.

gifeast § wifgear F sraEnEn F gE H e F )

Discuss the importance of the concept of probability in statistics.

gifegal # 39 f9sd & Aea & WE 9

Explain the importance of probability theory in statistics.

oAl F wifereig it e |

Give statistical definition of probability.

wrqifaar 1 Tifordty o wifersa aftam G ot 33 fafed g, afe 9 @ @,
Ui FIfT |

Give the classical and statistical definition of probability and state the relationship, if

any, between the two definitions.

frafafEq aronstl & ATTds 3 WY HifT

Distinguish between the following concepts critically :

(i) ¥t Ud WY "¢ (Simple and compound events)

oY Qi fryeaor

NOTES

33
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13.

14.

15.

16.

17.

18.

19.

20.

22.

(ii) €493 T 3T AT (Independent and dependent cvents)

(iii) TR 39S T @ad 9eAMY, (Mutually exclusive and Independent events)

(iv) %H99 Td WAM (Permutation and Combination) |

Mifaehdl & A T o0 % TG (G B qionfie ST T4 SegeE 3T # gerdda 9
A |

Define the theorems (formulae) of addition and multiplication of probabilities and

illustrate with suitable examples.

qof wd fufsa sifasear &t st & qu HifT)

State the theorems of total and compound probability.

AT, TS GG ST §U NGkl &) AR F QA1 ATGRI-F9-§91s 997 gne g
F T |

Stating the assumptions and limitations exaplain the two bases-Equally likely and ]
relative frequency of concept of probability.
sifgerar & fafe=r sl @1 aftairs Fife )
Define the various theorems of probability.

IETEU0T Wied, TPTEAT & TOH Y S} TS HifST |

Discuss the multiplication theorem of probability with example.

QI GTEAT a9 Fimr & 31=R ) IR0 [ied guesd |

Explain with example the difference between simple probability and marginal
probability.

IR ‘TIfGHar I @ 39 1 gHE < 2 Wifgshar & A wd o i) ) fafaa a9
fas i | '

Explain what you understand by the term probability? State and prove addition and
multiplication theorems of probability.

Q gl (i) TCET gES € 3N (i) T a4 B ) feafadl § sifaear & 4
S I T |

State the addition theorem of probability in case of (1) mutually exclusive events and

(11) not mutually exclusive events.

frafafaa ot i feoelt fafa

(i) I i & WA (Utility of probability theory)
MHERERER TAM (Permutation and combination)

(iii) =gohH MfFHAT (Inverse probability)

(v) &fqd9 Afgsd (Conditional probability)

(v) FAfeR T (Bernoulli’s theorem)

(vi) TTTOrTE TN (Mathematical expectation)

(vii) 9 Y99 (Bayes Theorem)

Tiasar W a9 o &1 fafEe 391 fag St

State and prove Bayes theorem on probabihty.

g I 9 (Short Answer Type Questions)

1.

wifaerar & afoamsr R |

Define probability.



2. gOEAT & Ry aRear R |
Give the mathematical definition of probability.

3. weEe & Frm fafed |
Write the Rules of probability.

4. wifcys ¥ woE S Aed S Srer SR |

Discuss the importance of probability in statistics.

5. wfaear % A B T |
Explain the addition theorem of probability.

6. WiaHdr % T T F TEGEA |
Explain the multiplication theorem of probability.

aﬁﬁ'ﬁ ¥ (Objective Type Questions)
1. 2 9 HHA W H A AN R MFAT-

(N 1712 (3/36 ®) 6/36 - () 5/36
2. oS S qEe # g1 T OF @A B 39 ifaehar -
(173 @ 1/5 ® 1/6 () it
3 9 § I W @ 3R Fel TR 1 O T Frerelt T 9% e wde @ 3 wifgedr-
(3 1/2 @ 2/7 @ 3/7 @477
4. WIET AP meel % A § wfas & ue feafa § | 98 99
(@) FR (&) ATy @ @ F
F- 1. (2),2. @),3. (9),4. (3D
1.14 SEEIR T4

1. AT 8 T, 6 FIeN, 4 T4 3R 2 et W ¥ | afg Arefeas w9 A U e Frarelt w1
A ITF T TR A G 1 F A I w1 GEEA @ 2

A bag contains 8 white, 6 black, 4 green and 2 yellow balls. If a balls is drawn at
random, what is the probability of its being of black or green or yellow colour?
6 4 2 3

S 20 20" 5 |

2. fFI W 1Y 30 9% T fae ¥ 1 o fofe agfoos w9 Q framen a1 39% 5 @
7 %1 Aqad A & MgRa 9 FIfT |
From 30 tickets marked with the first 30 numerals, one 1s drawn at random. Find the

chance that it is a multiple of 5 or 7.

6 4 10 1
B35 +373 73

3. QIR F T A GET W 10 T 12 F A A F) NiFFar g1d 9

Find the probability of getting a sum of 10 or 12 when two dice are thrown once.

3,1 _4_1
W'%+36_36-9 )

4. 52 Ul I A R TR H ¥ TE U1 AW w9 § fF@ T gwal @ sfawar g fh
% g F T A1 FIE T &N 2
From a pack of 52 cards one card is drawn at random. What is the probability that
it will be a spade or a king?

B34 1 _4
5252 52713

FeIT W17 faveraor
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10.

11.

A T R CF O GFA T FA-D-FT 8 AT AN T T G @ ?
What is the probability of getting at least eight with two dice?

TS @ 1§ 30 7@ AfFd 30 foael # A uF feae IRfeos w7 A Famm w1 |
TR T AN R F RS R W e 3 W s W R
From 30 tickets marked with the first 30 natural numbers, one is drawn at random.
What is the chance that number on it is a multiple of 3 or 5.

A 25 T T gE € R 1R 25 o g Tt e Y ¥ | 39 PeY wefi A ws
e el ST 1 () 5 A 6 F O 37 F i e o w wearE 2 2 (u)3m 5
& fra of § T e @ R e 8 2

A bag contains 25 balls numbered from 1 to 25. One ball is drawn at random, (i) -
what is the probability that a number is a multiple of 5 or 6? (ii)) What is the
probability that the number is a multiple of 3 or 5?

.S 4 5 1

[T () 25+ 35 = 25(‘) t 257257 25)
e ®9 W Y4 T U oY O H 53 UGW AT 52 TR A 1 1 NTaHdr @ ?
What is the probability that a leap year selected at random will contain 53 Wednesday
or 53 Thursdays?

3
I =
(302 ]
Te ¥ T & GuRe O F A O 1ol 991 9 OF digre @i @ i a9 @ 2
What is the probability of drawing a black card or a king from a pack of ordinary
playing cards?

2% 4 2 7

ot n " 13

Tl A % 3IFA GATEYE 3 4 § 991 9N B % Sfage QAMTHOE 5.7 1 Ak
P(AOB)—~aa‘faﬁqﬁm@W€ﬁaﬁw®wmaﬁﬁml

The odds in favour of an event A are 3:4 and the odds against B are 5:7. Find the
probability of the occurrence of at least one of them if P(4 ) B) = 5/84.

FR:PaUB) =2+ L -2 =202

fat TR ¥ uF 9RER & 9 Seffas ¥2 A F WiE 083 € F9L 917 H AYiA 2
F g 0.54, 3,2 Zefifas Ve a91 F92 €1 F 7Y & F WA 0.45 2 | 9EAR
¥ g9 Ifaem Y2 W FUL A9 F AT B F = wiAwa 2 2

In a city, the probability that a family has a television set is 0.83, a washing machine
1s 0.54 and both a tclevision set and a washing machinc is 0.45. What is the probability

that a family has either a television set or a washing machine?

[3 : P(4 U B) = 0.83 + 0.54 — 0.45 = 0.92]



12.

13.

14.

15.

16.

18.

e F O TG A ¥ OF T qrgeedr Wi ST @ | 39 W S g 1 96T 97 R g6 A
TFH T Ft AGHAT TG HHAC |
From a pack of cards one card is drawn at random. Find the probability that the card

is a spade or an honour (a court) or a deuce?

25
[3?1T.52

17 %18l & T UG ¥ RS W 1,23, 16,17 SEe § ¥ w g et @
TGS T FIS AT 1T ¢ | Nuehdl 31 FU @ a1 ) ¥&w 391 5 a1 7 farsa
A

From a set of 17 cards numbered 1,23......., 16, 17 one is drawn at random. What is

the probability that the card drawn bears a number which is divisible by 3 or 5 or 7?
9

[3TX: 7

19 30 9% e fo@ gu 30 fewdt # u foae Agfeae w9 1 ST @ | STR G A9
T fegT STl @ 91 g O feehe Frerent S @1 (i) 9EeR S 5 T 7 7 e @
A9 (i) TEA LA 3 W 11 F 39 B B Mg 91 FII

From 30 tickets marked with the first 30 numerals one is drawn at random. It is then
replaced and a second drawn is made. Find the chance that in the first drawn (1) it
is a multiple of 5 or 7, and (ii) in the second it is a multiple of 3 or 11.

[39T: ()§5+“;5*—()§+“325‘5]

50 foadt WHAER 1 50@%@%@%3@@&#@@%@1%%12@%
Farsy & e Tt feshe 3 @ 4 7 T R

Digits from 1 to 50 are written on 50 tickets sefially. One of them is drawn at random.
Find the probabilily that the ticket drawn is a multiple of 3 or 4.
16 4 12

[ —_— = =

07 50 50 25
TF ST GERO IR F HH G612 1 A0 8 A H Afuwar o ¢ e g€ ¥ @ &% am

9 @R ?
Two dice are thrown. What is the probability that the sum is 8 if it is known that this
sum is an even number?

5736 5

[ S ==

"18/36 ~ 18
@AY S AATE 3 @ CH A H 4 ofid W 6 qe TS ¢ | Ak 3 e
Y T e A AN F e T 2, AT F A1 T1 F B H T GOTEA 8 2
A bag contains 5 red and 2 white balls. Another bag contains 4 red and 6 white balls.
If one ball is drawn at random from each bag, what is the probability of their being
red?
B :o X —= % ]
o e F g A Y ae Agfee w9 ¥ e s | i 7 2 o O
(i) T BT, (i) T 71 F AW, (i) 2 H AR M2 '
A card is drawn at random from a pack of playing cards. What 1s the probability that

the card is (i) a knave, (ii) of red colour, (111) the king of diamond.

BT () o = 25 (i) 39 = 3 G 55
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19.

20.

21.

22,

24.

25.

A GO ¥ A TF i AGTSS ST A TSGR | T F 4 1 § & A Nehar
g 2

What is the probability that a digit selected at random from the logarithmic table is
4 or 87

F:g ]

T e Hel ST R | 4 W6 B 3k AN H NaehaT 14 HC |

A dice is thrown. Find the probability of getting a 4 or 6.

5]

TF GHERY O F FhT W 2 W AT e o F e qagd |

Find the probability of getting more than 2 with a ordinary dice.

EED

o flfra g ¥ A1 B F R miawa @ 2 ((REAfEd Mg 2 39, 2 Aee, 2

T, 2 TES 991 2 A5 T4 G2 F A € $9% el S g7 A 2r 2 1)
What is the probability of selecting a king from a pinochle deck? (A pinochle deck
consists of 1 ace, 2 kings, 2 queens, 2 jacks, 2 tens and 2 nines of each suit. There

are no other cards.)
8 _1
A IR T W9 HF I T | fAhar 9ra HC
Two dice are thrown simultaneously. Find the probability :

() TR IR W faEm ofF W e @

of getting odd digit on first die

(i) M odAF
of getting a sum of 9
(i) AT 11 A FH

of getting a sum of 11
(v) A 9T A &
of not throwing a total of 9.
[ ) 5 ) g G g (9 1= § = g
120 e ¥ sfaedl § et g o 2
In a sample of 120 radios the following information is available :
sl F @ (No. of defects) : 0 1 2 3
AR F & (No. of Radios) : 15 80 20 S
Tefeas §9 Y Faf1d U Hedl 9 e &m, 3ua! &= wifaeal @ ?
What is the probability that a radio selected at random will have no defect?
SRS |
AT 5 A 8 WS A 10 Freh WS T | uF e G Al B | 39 AT F 1 Gl
? foF Wi T e we @ el Al 2
A bag contains 5 red balls, 8 white balls and 10 black balls. A ball is drawn. What
is the probability that the ball drawn will be either white or black?

18

[Wig]



28,

29.

31

32.

w AA T 5 ke, 4 e, 7 Gelt 997 6 A M T | & e agfes w9 A AEE 0
IGF FIel A AT QA F AT GG R ?

‘o 75 SR e § w9 averar @ T 80 RN Srawwral ¥ wH el @ | a4
% U € T O 90T WA T 9 FRa Sfoem sraenelt # uh-gat % faew |ren ?

A speaks truth in 75% cases and B in 80% cases. In what percentage of cases will
they contradict each other in stating a same fact?

[3T:75 x 2 + 25 x .8 = 035 A 35%)

T ST F ToF FATT F1 SF e A IOTHRA 4/9 2 o 3N 9@ R TF T W 3%
fire 8 WfYwaT 577 @ A 39 3FCR F FH-A-F9 TH 37 e F NiHar 972 |

The probability that a contractor will get a contract for road construction is 4/9 and
the probability that he will get contract for the construction of a water tank is 5/7.
What is the probability of getting at least one of the contract?

Tt e & Wifead & A YW 109 A 11 ¢ 1 e Femdf qow 1 % o1 D e R, g
O] 40% € T AT 11 F 95 Bl 2, IGH GO 60% @ | e T = e
et f 18 faendf () 1 It H ow AM? (i) FH-I-FH T I/ A 919 @ ?
These are two papers (paper I and paper (ii) of statistics in a examination. The chance
that a student will pass in paper I is 40% and he will pass in paper 1I is 60%. What
is the probability that a student will pass in (i) both papers? (ii) will pass in at least
one of the papers? N

[3TC: (i) 19 X 1o = 024, (i) 1 = 10 X <65 = 0.76]

T GO A TF ¥ T F A, 2/3 B T4 g FOAN F B 3N g€ A, 5/12
I A A A WA (1) T F B oY S H GO F1@ G

(if) FaE TF T I gl B HH! ] NG 8 2

The probability of A question is 2/3 and that B solving the same question is 5/12. (i) Find
the probability of solving the question if A and B together attempt the same question; (ii)
what is the probability that only one of them solves the problems.

A FTEE A AT F 107 A 5 foFed INg@d dAcd A F 1009 8 feme
T | 35 g AN F wfachar 1 22

Sailesh has 5 tickets out of 10 tickets of a lottery scheme and 8 tickets out of 10 tickets
of a second lottery scheme. What is the probability of his getting a prze?

5 2 9
[30: 1= 95X 757 10

giferst &1 v yv7 90 a3 @ 9 q91 ¢ F fe@ 91 & | I T H g I F

m:%,%,%am%awmrﬁlw%ﬁzaéaﬁaﬁwwm%?
A problem in statistics is given to four students A, B, C and D. Their chances of

solving it are i—, %,% and % respectively. What is the probability that it wall be solved?
311 2 1 15
1-2X o XxIXE=1—=- ="
[FR:1 =Xy x3%3 167 16
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33.

35.

37.

38.

39.

41.

42.

43.

@

1 fornf&al A, B 491 C ) O 5% &l ST ) a1 9160 8 | 5 F F) I8 IO
m%,%#%%xmﬁﬁmﬁﬁmmml

Three students A, B and C are given a problem to solve. Their chances of solving it

are %,% and % respectively. Find out the probability that the problem will be solved.

e (1) () (1-2) er- w2222,
ASHY T amgsaT s, B4 XY 3 9%, C3 WY 2 N FHUH o 9aaT @ |
3} AT Th-T Tl T € | FH-8-F9 @ 5 P SF o #t ifaedar 31 i |

faan sfereemaar & of&t 2,3,4,5,6,7 4 4 3 9 foaft fafr= deamd @ vt € 2
How many different numbers of four digits can be formed with the digits 2, 3, 4, 5,
6, 7, none of the digits being repeated in any of the numbers so formed.

[39T : °Py = 360 ] i

PRODUCT ¥ & et § d1-d 2rerlf % fepa fafvr wreg & w22

How many different words of 3 letters can be formed out of the letters of the word
PRODUCT?

[39T : 'P3 = 210]

PROBLEM V= § 4 3ieri & fofa W o9 W € 7

How many different words of letters can be formed oul of the letters of the word
PROBLEM? ’
B : 'Py = 840]°

BANKER Vi€ & fahdl o/ A o9 I w1 & gakan @ 2

In how many ways can the word BANKER be rearranged?

[3 : °Ps = 6! = 720)

COSTING =g & 37&Ri & fohd bR A sqafeqd fovar 1wy 2 2

In how many ways can the alphabets of the word COSTING be rearranged?

[3C: "Py=71=5040 ]

S H 6 @M ¥ | AR AR g v S0 ¥ ) e R i s gEst 3 aw
FQ 2 A Fo e FHT Y 3CT N T 2 2

There are six doors in a room. Four persons have to enter it. In how many ways can
they enter from different rooms?

[T : 6P4 =360 ]

w FA A 8 Gl ¥ 1 gie faend] 37 o el ate @ 43 FHd €2

There are eight chairs in a room. In how many ways 5 students can sit on them?
[3¥C: °Ps = 6,820]

i qoetdn, AT, YA S a1 Sirn dred ugd € | el 9Eee oEd € [ eed A S
Y91 g1 € | for webre A s fafv= oedl @ wdw ¢ waRd) 32

QAW A AT B IE §SH Y IS gL P | A% UF Al TR A @ 5 & weF ¥ B
&l F S 3R I99 IR A I6F 3G GSF Y 999 A A F WAdal =7 @ 2

Two cities A and B are connected by five roads. If a person goes from city A to B
by a road and returns, what is the probability that he does not return with the same
road?

W-SX‘;—ﬂ]
[ "5x5°°5




45.

47,

49,

et T H 5 Qe € Ak IR e 39 A d A ¥ A gu Mfasar 99 SR fE Y
3AT- 37T BTt 7 Je |

There are 7 hotels in a city. If 4 persons come to the city, find the probability that
they will stay in different hotels.

SX4X3I X2 24
W'5x5x5x5_125]

w A A 5 Tt sl 3 @ R 2ﬁzwmﬁ$ﬁﬁm§|aﬁﬁﬂ%@€tm
& e F AieFdT 314 F |

A bag contains 5 black and 3 red balls. 2 balls are drawn at a time. Find the probability
that both are of the same colour.

5 3

&) C> 13
Bal:g—+53—=-

G 8C2 28

Jafeqs fafa . p @A S@T-37aT O7 F )
Cax’a sx3 15
T % 8 28

15 13
e Wfgwar = 12828

T A 13 A M 16 Whe S | 2 W Pt St €1 QT R A ww @ T Al
&1 ifeRd 19 HIT |

A bag contains 13 red and 16 white balls. 2 balls are drawn at random. Find the
probabiliry that both are of the same colour.

C2 c, 99 -
gt ==
[ C2 C, 203 !

u dQA T g A a7 Ghe e T 1w aw H A e Frepredl Sl 1 g R ()
QAT 1€ wrer /M, (ii) QAT TS wihe B, 94T (i) U e A g1 Al g At 2

A bag contains 8 red and 7 white balls. Two balls are drawn at random. What is the
probability that (i) they are both red, (ii) they are both white, and (iii) one as red
and the other white?

(39 () 505 205 , (i )105 (i) Jos 105

W@l draw ) gk 33T § AR o wy et @
ToE ® fd 3 A () FA-Y-F0 & Ve o T Al 2 (i) QA ot o g 2

In a bag 3 balls are red out of 10 balls. If two balls are drawn at a time from the bag,
what is the probability that (i) at least one ball is of red colour and (ii) both are of

red colour?

o x'ax’c
[T (1) 1><l0C12>< : 15>(')102 1—15]
T 9% fahdr HhgH TR 8% W 200 . 974 fT S THAT 8, G HreH 3081 81 9T 3 75
5. F) wf1 33r Tl @ 1 o fekan @ fa foa sy SR Sqed ¢ A T A #
faeat 0.6 ¢ |
An ice-seller earns Rs. 200 per day in hot season but he looses Rs. 75 in the cold

season. Find his expectation per day. The probability of hot season in 0.6.

[3T: 90 ®.]

FeaaT QRS favarvor
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FR WS Freetar 50. uF FHqA % fafe= At &1 sfaeand e R

The probability of the profits of a company are as follows :

NOTES &Y T4 (Profit Rs.) : 10.000 20.000 25.000 40.000
Migshdl (Probability) : 03 02 04 0.1
FHT T TAII AT G HIAC |
Find expected profit of the company.
[3: 21,000 %.]

51, WA 3TN 4R T watm A &ATY 1 e Feer F Fa T R
w7 ? fir g 98 ot T Forabred 1 38 30 &, Pl i @@ i Fraem W3R 20 ®.
FI 7T A | S SAHTET T A el B 2 |
A bag contains 3 red and 4 green balls. A man is asked to draw one balls from the |
bag and is reminded that if the ball be drawn is red he will win Rs. 30 but if it is
green he will lose Rs. 20. Find his expectation.
3% : 94 |

52, A fopedt fet oat & St 2 A U TAbIe A AR 500 T AT GEAT 8, W A9 A o W
I I FaA 50 &AM | A R e qut A% F faaar 0.25 & A SwE! S =
it 2
If it rains, a raincoat dealer can earn Rs. 500 per day, but on a fair day his earning
will be Rs. 50 only. What is his expectation if the probability of rain is 0.25.
[3T : 387.50 %.]

53, UF AR IS H T W F 10,000 T, 8.500 T, 7,500 . 44T 7,000 . A WH |
39 GeIfdrd AT 0.1, 0.2, 0.3 91 0.4 € | 98 T WY 8,000 &5 GUTAT ¢ | 5 R
T 3T A9 F TG g fAFfe |
A trader can sell a consignment of apples in Rs. 10,000, Rs. 8,500, Rs. 7,500 and Rs.
7,000. Its probabilities are 0.1, 0.2, 0.3 and 0.4 respectively. He purchase a
consignment in Rs. 8,000. Find the expected value of his profit in this transaction.

[3 : FeIfed o = Soiend foshd qed - h8 g8 = 7,750- 8,000 = — 250 %.]

54, WH X R A o SATIR W o ) G AT R | I8 2,800 €. F N A F Wuw
0.5 2, 5,500 & F &1 & & Al 0.3 & a91 4 &9 3R A & 2 FI igEar 0.2
21 X @ MRt e I R

Let X denote the profit that a man makes in a business. He may earn Rs. 2,800 with
a probability 0.5, he may lose Rs. 5,500 with a probability 0.3 and he may neither
earn not lose with probability 0.2. Calculate the mathematical expectation of X.
[3: E(X) = - 250 %.]

55. TRl &1 U fashdl 393 A 39 @ & fA 8 X TRioet 997 it wifgerar A
F R | A Mg, f YR e '
A dealer in refrigerators esuimates from his past experience the probability of his

selling X refrigerators in a day. These are as follows :
X =x : 0 1 2 3 4 S 6
P(X =x) 003 020 023 015 012 010 0.07

Find the expected number of refrigerators sold in a day.

42 [3 : E(X) =281



56.

57.

58.

59.

60.

AT 3 4w N | o e IEd ¥ QW freem @ 1 AR e o e
frrprem & 35 T firet 3t 7ol =t e frentert & forg 14 w93 fircd o ST e =7
Bt 2

A bag contains 3 red and 4 green balls. A man draws 2 balls from this bag. If he is
to receive Rs. 35 for every red ball which he draws and Rs. 14 for every green ball,
what is his expectation?

[S: 46 2. ]

T FR@M F QA 79 T A 999 T 459 a9 fedd 99 609 S S @ | oy
T F 10% 991 T q9A @ 89 SR @O @ | e T A F I § ¥ g wh
T T GO G I & A IWF AIR A GRI S € NIThdT 41 @ 2

Out of two machines in a factory first machine produces 40% and second machine
60%. 10% of machine first and 8% of machine second is defective. An item is selected

from a day’s output and is found defective, what is the probability of its being

produced by machine first?

5
397
A F T FREH § A F IGC F G TAT A, B IR C W 25%, 35% a9
40% ITEA HTHI & | A6 Ired U s 5%, 4% 9 2% aie2 gua I wid ¥ 1 23 Afd
Y U diee I 9T R 3N qe A AT SR | SH AT O @ FoF 36 e ¥
C 0 foFan Ty 4 ?
In a bolt factory, three machines A, B and C manufacture 25, 35 and 40 percent of
the total output. Of their output 5, 4 and 2 percent are defective respectively. A bolt
is drawn at random and found to be defective. What is the probability that it was

manufactured by machine C.

0. 2
_ 100 ~ 100 16
BT 5 35 4 a0 2
100 <100 T 100 7100 T 100 T 100
& FREA T FMT M, My T M T Fe 3@ F 30%, 30% a1 40% oA 2 0
I I U FAT 1%, 3% 91 2% IHU GGE adl € | T a3 & 3 T ¥ & 95

& S ® S @GR T | sae @ Sitaed @

In a factory, machine M), M7 and M3 manufacture respectively 30. 30 and 40 percent

of the total output. of their output 1, 3 and 2 percent are defective items. An item is
drawn from a day’s output and is found defective. What is the probability that :

() 9% 9% AYH M, &N, 7Y M, ER AR M3 SR T T 2
it was manufactured by M, , by M,, by M3?

(i) 9% 9% AYE M, T M3 TR a2
it was manufactured by M, or M3?

.3 9 8 11
B () 55500 200 @ )

AGTmA HY 5% T ANl & AN Tz T Fedr ¢ (5 9 FA AN 1 e e Aed T
A A A vF Whe N P T ) @ FE @ fF ardd § we g & e w92

A speaks truth 5 times out of 6 and he says that a white ball is drawn from a bag
consisting of 9 black balls and 1 white ball. What is the probability that the ball drawn

was really white?

I WIS averaor
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@

(i)

62.

63.

6%10%6 %0
O i F 3 GO A 7 I aqU S U g A ¥ 1 WUE a9 4 I ¢ |
ferlt Toh iRy 1 AGIaS ¥ A AT 11 R 9 e I9H A ©F T Pt e 2 2
A box contains 3 defective and 7 non-defective items and another box contains 1
defective and 9 non-defective items. A box is selected at random and an item is drawn

from 1it.

QU g FreTe &1 a1 iy @ 2
What is the probability of drawing a defective item?

afg @O g T T Q) 9 ITF gee! S T ¥ 3 I AR a8 2

What is the probability that first box was chosen, given a defcclive item is drawn,

1.3
_x—
L1.3 .11 4 . 2770 3
P ) IX =+ X = =2
B 0 3%95+ 2% 0 20’(")1x1+1x_1_ 4

I 9 e 3 f g el o o o % o/ T 3,360 ¥ 60% IFEd W

3 v @ TR 2 39 AT ST g W 9T WS fo@rd g S gere 0.6?111—60111?

ot | e we o ogvE fEan R o Az § e fea 9sd € A g9 A @ wega
AT} AT FY PR F A 0.4m1%%,3ﬁwﬁzw=mﬁ§?haﬂwaﬁmﬁmﬁwa?ﬁ

& g 0.1u11—1()%t§ﬂq®ﬁ=faﬁmanﬁ 3R IR TR M BT F A |
AR 1% 39 7 3% Y94 @A F G | e 2

You note that your officer is happy on 60 percent of your calls, so you assign a

probability of his being happy on your visit as 0.6 or 1—60 . You have noticed also that

if he 1s happy, he accedes to your request with a probability of 0.4 or %, whereas if

he is not happy, he accedes to your request with a probability of 0.1 or 11—0 . You call

one day, and he accedes to your request. What is the probability of his being happy
on that day?

6., 4
10 10 24 6
[w's 4 4 1_28_7]

1010 710 10

FIU Ay T 8 FIS a9l 2 Whe ATl &, 19 4, H 3 &l g1 7 Fhe Mierar € 3l
FAN A3 A S Il Mierdi € | T QrYROT GIG1 e St @ | afe 9 | 1,2 91 3 347 3
D FA A A Y T el IR I R AR IR W 4 A 5 @R A AN A, T Y T
et g Sl @ 1 Af w9 @ 9fe T W 6 @ R A O et Ferw 45§ § A S
2 | afe T A el @l A @ 3EE A, B F A F e Wi 2 2

Urn A; contains 8 black and 2 white marbles, Urn 4, contains 3 black and 7 white
marbles and urn A3 contains 5 white and 5 black marbles. A fair die is to be cast. If
the die turns up 1, 2 or 3, then a marble will be selected from A4, . If the die turns
up 4 or 5, a marble will be selected from Az . Finally a marble will be selected from
As, if the die turns up 6. Given that the marble selected is black, what is the probabulity

that the marble was from urn A ?



65.

67.

68.

69.

3
i 10 6
W'§x8+ 3,1 5 35]
6 10 10 6 10

@ 4 5 T 3N 4 Felt T ) @ AR F A o I Prewret Sl R o anew w@ &
STt R A A g1 A T T AN Frrelt St @ | g o sfaenar @ B freet TRt R
3reqT-37erT T7 & of 2
A bag contains 5 white and 4 black balls. A ball is drawn from this bag and replaced
and then a second draw of a ball is made. What is the probability that the balls drawn
were of different colours?

5 4 4
BTg X g+ 5% 5 =41
@ 4N 5 whe iR 7 @ W ¥ 1w g Frewreh St @ S e W@ @ ot @ 1 w0
Wil 2 o6 o wihe IR uw wre g galt e i Frrell et 2 2

There are 5 white and 7 red balls in a bag. A ball is drawn and then replaced. What
is the probability that a white and a red ball are drawn in that order?

7
(39T 15 X 12 = 1aa ]
w AT 6 w2 AR 12 Felt R T | 29 Y A @ 9 A9 T FrEren W a¥e
3 TS TR ?

2.
6"
2
6

A bag contains 6 white and 12 black balls. What is the probability of getting all whnte
balls if three balls are drawn at random?
6

G . 6x5%4 5
I : =

[ Be, 18x17x 16 204
@ 9 F 3 Fef, 3 T 4%%%!%%%@%%@3@%@
T FIeil, U YOhe T T ofrel B4 @) o1 Ifyehat 2 2

A bag contains 3 black, 3 white and 3 red balls. Three balls are drawn at random.
What is the probability of drawing a black, a white and a red ball?

7 ]

AT TR AR 4F R I W AN T 4y A g T F 1A A
& o Agfead w9 Y T A & AT gHH ¥ 2 WS Frewredt st ¥ | siferear g Fifee 6
A o Whe 3N T Fel e R

A bag contains 6 white and 4 black balls and a second one 4 white and 8 black balls.
One of the bags in chosen at random and draw of 2 balls is made [rom it. Find the

probability that one is white and the other 1s black.

6 4 4 8
1 Ci1 X Cy 1 Cr x ¢ 4 8 8
SRSV SRR T SV a4 A 5|
BT X o~ F X T T T3 T es - 0]

wF A A Y e 4 @ o S a2, 3 e Faed Sl €1 3w e G s
1 i 2 2

From a bag containing 4 black and 5 red balls a draw of 3 balls is made. What 1s
the probability that all of them would be black?

T QIR faveraor
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74.

5.

76.

AV F T G § o ffiw faars! § 9if acwe firen 3t siawa = 8 ?
What is the chance that a particular player gets all the four kings?

‘aax®ce 11
BT 52, = 65 )
w A T 3wk, S Fel aqr 7 o TR ¥ ) A e afed w9 A T o § 1 ¥ At
AT BT g T AT 2 ?

A bag contains 3 white, 5 black and 7 red balls. Two balls are drawn at random. Find
the probability that they will both be red?

G _ 21 1
ST ‘5c2'105"5]
T A T 4 W, 5 A AT 6 T M T 1 A e angheed w9 A Frbreh S ¥ ) T
Y, T A1 a91 T &t 71C Fiepiam $I sifehdr @ 2
A bag contains 4 white, 5 red and 6 green balls. Three balls are drawn at random.
What is the probability that a white, a red and a green ball are drawn?

‘o x’ax®c 24
[3“1_52@—=§]
A F 52 W H TR A 2 W ARHes w9 A F I E | 3 O GewE a9 W ST
B F Afgwar Ia Hf |

From a pack of 52 cards, 2 are drawn at random. Find the chance that one is king

and the other is queen.

4
. C x 4C4 _ i

Atz 52 o A G A A 4 T P ST E A I faf g9 B AR #) e w22
3 W R § TEE N NGHAT 27 T 2 O AG 2 A A F FA1 ke 2 2

If 4 cards are drawn [rom a pack ol 52 cards, what is the probability that they belong
to different suits? What is the probability that all are aces. What is the probability
that two are black and two are red?

' 13Cl % 13C1 < 13C1 « 13Cl 2197 '4C4 _3_25]
' 2, 20,825 ’c, ~ 833

[

10 fasrell % aedi B ¥ 4 @O 8 | qigfeos w9 A A9 acdi &1 954 g s1d1 2 | SifFer
19 R (i) TF N T TUF A/ A9 (i) TF 9 GO B

Out of 10 electric bulbs 4 are defective. Three balls are selected at random. Find the
probability that (i) no bulb is defective and (1) one bulb is defective.

6 4 6
~ 3 1 .. CGix C 2
: —:‘, ll —_—hA = —
[39T: (i) 10C3 6 () ]0C3 3]

T IR F TH 9N IV W FH-Q-F T - 6 31 I 397 a1 2 ?

What is the probability of throwing 6 with a die at least once in 3 attempts?

3 3
1 5 125 _ 91
[Fees 1 (1_6] _1_[6] =17216 " 216


http:q;ffimq,1Cf<.11

77.

78.

79.

80.

T F TF MG A Hed T AHEE 9 99 IR I € | 39 919 F g 91 e R
Y 1 T - IAT YE F ¢ ?

Three cards are dropped accidently while shuffling a pack of playing cards. What is
the probability that they belong to different suits?

4 3
C3x 13
F“=—7§;—]

O gk ) 5% o AN 3 791 gud A 5 fora R, i ) IoTen 9 ? 1 A () 9 B
FGi) 11 A F (i) BAR (v) 1STA R (v) 11 F G B F (vi) 13 V g
T8 F e 3@ FIC

A coin whose faces are marked 3 and S is tossed three times, Find the probability of
getting a sum of (1) 9 (i) 11 (i) 13 (iv) 15 (v) more than 11 (vi) note more than 13.
[H%a- 34 faT A =@ |

3——»3+3+3=9

3<
S§——»3+3+5=11
3 <3—>3+5+3=11
]
S—»3+5+5=13
3—P»5+3+3=11
3<
S ——»5+3+5=13
5- <3—>S+5+3=13
: s
§——>5+5+5=15
~1,...3 ..3,..1 31 1,..1 3 1
— _— -—— —_ —_ —_ = - _+_.:_

7 dg AN 5 aefral O dfm § w2 A9 ¥ ) R o Q) wefRal % wig-wg @ A el
I 1 M 2 2
7 boys and 5 girls stand in a row. What is the probability that no two girls are adjacent

FATS = 2x2%x2=28

to each other?
7x 7
12! =g
R H 52 96 MG A A K A o A F @i SN E | wfear 31 6

Out of 52 cards four are drawn at random without replacement. What is the
probability that : -

() 9 fr=fas At & 9,

they belong to different denominations.
G 3 s Sifs () w o= Tl & &L

they belong to different suits and different denominations,
(i) O TR an A @

they are court cards.

[37X:

Plix 4’ 5248 x 44 x40 2816 .. 52 X 36 x 22 X 10

[3HL: (‘)—ﬂa— T X5l x 0% 49~ 4165 W 52 x 51 x 50 x 49

. ]3C1 X12C1X“C2Xl0C1 264 12

N 4 W ]
¢, = 4165 (V) 2¢, ~ 54,745

FeEAY AR faverar
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NOTES
82.
83.
84.
85.
86.
48

u F A qeq Aot & | 10 e § A A 6 908 @A §, 0F IR A 3 9
AT @ SR oo Bl § o a1 R | I S et T S9E s 2 2

A room has three bulb holders. From a collection of 10 light bulbs of which 6 are
not good, a person selects 3 at random and puts them in the sockets. What is the
probability that he will have light?

Fr1-g =gl
123qﬁ\=rﬁaﬁqawz’fﬁ 53Rd ¥ 2 ferd Aefees ®9 R 99 9§ 1 A et A
< T WA ] ?
In a part of 12 persons, 7 are men and 5 are ladies. Two persons are selected at
random. What is the probability of both being men?

T

7

[se TZ 2 ..
Th Al i 3FmMR AT s WA w3 A F 3 R T A F I FH AR
3 2 wreh fewd ¥, 300 B 91 0 feww R | @l 76 A & W Sed & wifhar B -
¥ A F g A A } o U@ 167 7
A has 3 share in a lottery in which these are three prizes and 6 blanks. B has one
share in another, where these is but I prize and 2 blanks. Show that A has a better
chance of winning a prize than B in the ratio of 16 to 7.

6
[EFa- P(A F M S i) _-—=1_i_1_6

°Cy 21 21

c
PBFFAANEH) = 1-5—=

G

W =
1

ar%ﬁ?aﬁ{qm;f ;amh 116 : 7]

R TG A A 4 W o W R s ¥ ) afe ge B T amy wd g @ an
e S A T 9N TR AR 3 F AT qa83 |

4 cards are drawn at a time from a pack of playing cards. If this act is repeated thrice
after replacing the cards every time, find the probability that they are all kings every

time.

‘cy 1 ’
B =2 | = [_2,78,725) ] -
2oarfwﬁ%®m§ﬁ 5 afedrd 1 afe 20 H A 3 =l 39 M QT S & A (i)
goft Hfgenn B H @41 WA @ 990 (i) FH-Q-FH S Hieen A F41 il @ 2
In a group of 20 persons 5 are females. If 3 persons are picked out of 20 at random
(i) what is the probability that all are females and (ii) what is the probability of at
least one being female?

5 15
~ G C3 137
[ . (l) 20C3 114) (”) 1- C3 - 228

Iqred faum & 3 AfREC &4 faurm F 4 fees fashl fawm & 2 offeacqen 1 =
THRRUE Y 4 SRR F 0F A G4 2 | B SR afify A S niaEar 91 S

A committee of 4 people is to be appointed from 3 officers of the production

department, 4 officers of the purchase department, 2 officers of the sales department
and 1 chartered accountant. Find the probability of forming the committee in the

following manner :



87.

88,

89.

90.

91.

92.

93.

() % F Y T EvE A |
There must be one from each category.
@) 4 faum A FO-A-50 @& A @vT A |

It should have at least one from the purchase

(i) @ ¥ 9o uwRvdve SEva A AR

The chartered accountant must be in the committee.
b 13 D
[w : (l) 35’ (") 14’ (l") 5]
fordt 99 T 10 W] 9T 9K R fFaD 7@ Q 98 IR 2

In how many ways can ten seats in a Bus be occupied by four passengers?

Fo: *Py=10%x 9 x 8x 7=5040]

o walerera o SR i € | 9 il S i TR Y S8 51 g ¢, 3fE TS s
TF Yo FH G A4S 2 ‘

There are four chairs in a waiting room. In how many ways three persons can sit if
each persons sit on a separate chair.

[F: ‘Ps=dax3x2=24]

10 STafrE ) saw, fdia 9 g9 gea iy SR A faafa Y o1 9 8 2

In how many ways first, second and third prizes can be distributed to three of ten

competitors?

[Fo: P3=10x 9 x8=720]

R A G 99§ gar 29 ¥ Rl 6 i @ ¥ 3 anE e fafie e d A v
7

Four passengers board a bus in which there are 6 empty seats. In how many different
ways can they be seated?

6l 6Xx5x4x3x2x1
6-4" 2x1
s F A 8 i ) afy g oaferd W AV #@ € @ A b 9ER ¥ HEE WA
THa T2

There are eight chairs in a room. If 8 persons enter the room, in how many ways they

[3TC : *Py = =360 |

can sil on the chairs?

[BU:8!=8XTX6X%X5%x4x3xX2x1=140320]

6 Tt 3 eaferdl F fobaa SR A fed 51 e €, 3T o afed Y frae st oiftdifes
firct 2

In how many ways 6 prizes be given to 3 persons, if a person may gel any number of
prizes?

[39C: 3% = 729 ]

3 FE, 5 THE a9 7 A TR § A Fofa TR A TS Tafd F1 o1 WS & difE g O
R FH-Y-FH & g QA ?

In how many ways can a selection be made from 3 black, 5 white and 7 red balls so

as to have at least one of each colour?

(2 - 1) (2 - 1)@ -1)=2755)

I GifeEa T fasaaor
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94.

95.

96.

91.

98.

99.

100.

101.

102,

103.

DEED ¥ & 3&{ ¥ fpay fa=amd a3 <1 99hd 82

How many different arrangements can be formed out of the word DEED?

[B?R- 2'2[ 6]
BANANA ¥ & 18R I fifad ¥R  fa=afya fear s g1 @ 2

In how many ways can the letters of the word ‘BANANA be arranged?

6!
W 3|2'_6O]

‘ELEMENT’ W % e} & ffe <71 ¥ srgforafa fomar o1 g @ 2
In how many ways the letters of the word ‘ELEMENT’ be arranged?

7!
[371'( ; = 840]
‘EXAMINATION’ I % 27&il} & fead @ Q sgfamafaa fear s w1 @ 2
In how many ways the letters of the word ‘EXAMINATION’ be arranged?

11!
2'2'2'2‘]

o w=al & oTERT Y T WY T fohdd ShHEY oTcT- 3T &A1Y SR 2

How many permutations separately can be formed from the letters of the following

[3T:

words?

(i) MAC MILLAN and (1) STATISTICALLY

13!
[B: (i) 2,2,2, = 15,120, (n)mé%(ﬂ 800]

COMMITTEE ¥ &I f&d) a1 &7 8 @1 o1 91 @ 2

In how many ways can the word ‘COMMITTEE’ be arranged?

9
SR TPTRIL

‘ASSESSMENT’ V=g &I fehd &7 9§ Srfa=afa fopar S wahar @ 2
In how many ways can the word ASSESSMENT” be arranged?
10!
INDEPENDENCE’ ¥I¢ & (2Rl &1 fehat St § s7afogd fopan S wafert 2 2
In how many ways can the word INDEPENDENCE be arranged?

120
312141

PROBABILITY ¥ & &0 Q fd 379 &g a3 o1 9o & 2

How many other permutations can be made from the letters of the word
‘PROBABILITY’?

B2 = 1]

fpat 31 Afddl @ SIMPLETON' Y= & 3rerdl &1 fa=afaa fepa < et @ 2
By how many other methods, the letters of the word ‘SIMPLETON’ can be arranged?

[3T:

[3T:9! ~ 1]



104.

105.

106.

107.

108.

109.

110.

111.

112.

‘CALCULATION’ ¥ ¥ & % ar orart § o faare a1 ekl €2
In how many ways can the alphabets of the word ‘CALCULATION’ be arranged?

_ur

[S¥T: 212121

‘MINIMUM’ 1% ! T fafia=1 o6 o feran < e 2 2

In how many different ways can the letters of the word MINIMUM be arranged?
7!

‘REGRESSION’ ¥ & fa R A W< fFa1 91 61 8 ?

In how many ways can the word ‘REGRESSION’ be arranged?
10!
39 2 |

MANGO ¥= & 37810l % fohe shred € afe ggem o M Faer e & @2

In how many ways the letters of the word ‘MANGO’ can be arranged so that M is
always 1n the beginning?

[BT:1x ‘Py = 41 = 24]

‘STRANGE’ Y€ % 318700 @) 3ot et faferdi @ sgafiea o1 1 gepan @ 1f @0 (A @
E) favq @i W & a2

In how many ways can the letters of the word ‘STRANGE’ be arranged so that the
the vowels (A and E) may appear in the odd places?

[F : ‘P, x 51 = 1,440] .

LAHORE ¥ & &l ¥ foha 804 G 8 (i) s i § L aa < 0 E & a0
(i) fo% vigf o L 91 E @)

How many words can be formed by the letters of the word ‘LAHORE’ so that (i)
they begin with L and end with E, and (ii) L. and E occupy end place?

[F: (i) 41, (ii) 4! % 2]

PERSONAL 5 & 9 fafir= 27aii ¥ fed™ wieg o714 S ek ¢ STaifeh wroew i o 3
§ @ E?

How many different words, each containing four different letters can be formed from
the letters of the word PERSONAL, if each word is to begin and end with a vowel?
[3C: °Py x °P, = 180 |

INDIA ¥ F 212l ¥ ol fHd) W 7 Gaha € 2 I | Fobad W & e @1 1 39681 A
T T a1 Y& AW A 9T B9 © 2

How many different words can be formed with the letters of the word ‘INDIA? In
how many of them 2 I's are never together and how many of them begin with 1 and
end with A.

[3TR : 60:60.- 24 = 36:6]

JAIPUR ¥ # g g+l Mﬁqﬁnﬁam@ﬁfwwﬁmaﬁ@ﬁm
W (1) J ¥ I Q 99l (i) ] ¥ OV T A 2

Find the number of words that can be formed out of the letters of the word JAIPUR
if each word (i) begins with J, and (i) does not begin with J.

[39C: 51 = 120, (i) 6! - 5! = 600]

I TifeEasie favergr
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113.

114.

115.

116.

117.

118.

119.

WIA-FH 10T A 5 o0 T ¢ | 919 T & ffad THR S G99 QA gFa 8 2

A test paper contains 10 questions out of which 5 are to be attempted. How many

combinations of 5 questions are there?

1o _ 100
B G5 = o =252
15 TEEI fiFere 3 & ¥ U findhe TR o Yo @ it 1 Wkt @ e, (i) O fafime
T F ¥ Bl o, (i) 39 9 I WY A wiwfam @ T FE R )
In bow many ways a cricket eleven can be selected from a 15 members cricket team
if (i) one particular member must be, (ii) that member never be selected in the cricket

eleven.

[F: (i) 1% “Cig, (i) *Cui)
3 aefedl w5 aeH A ¥ U F U W g SR | WER 2 detRi w3
TTH T TN ¢ | v o X whfa gewg 22 -

A committee of § is to be elected from 3 girls and 5 boys, 2 girls and 3 boys are kept
in the committee. In bow many ways the committee is possible?

[F: *Cax *C3=130]
& R aOE ¥ 18 TeH € I ¥ 2 fase H9T, 5 7 Ha 99 a9 Y Soead § |
T Q11 faefedi @ ffa) e ¥ a8 o1 wodt @ afe 390 0 fasheaiaT am
FH-Q-FA 3 Tiear wiEfed o |
There are 18 members of a cricket club, in which 2 are wicketkeepers, 5 are bowlers
and the remaining are batsmen. In how many wéys a team of 11 players can be formed
of there is one wicketkeeper and at least 3 bowlers.
[B0: °Cy x "Cax 0+ 2Cy x °Co x s+ 20y x G5 x My

= 6,600 + 4,620 + 924 = 12,144]
103D T 5 TS deall § 7 T [Fa FHT Y TY 7 T4 € Srelfeh S g o F7-2-50
5D 72
In how many different ways 7 bulbs can be chosen from 10 good and 5 fuse bulbs,
if each selection must have at least 5 good bulbs?

[V : 2520 + 1,050 + 120 = 3,690]

7 99 ok g nfeen G A A wufq a4 2 | whafa B o 6 gew &, fre 2 Afeand
frard w9 A wfinfed F ST | gaed fred SR Y 3@ afifa & re S e 2 2
A committee is to be formed from 7 men and 8§ women. There will 6 members
the committee, when two women are compulsorily included. In how manys this

commiltee can be formed?

[3TT: 8C2 X 7C4 + 8C3 X 7C3 + 8C4 X 7C2 + 8C5 X 7C1 + 8C6 X 7C0]

6 YR 3 5 Sl 8 A gew ) et affaar s o gedt € o (i) F9-9-39
2 IR @ 2 a9 (i) $H W HH 3 R @ 2

How many 7 men committee can be formed from 6 Indians and 5 Japanese, if it

consists of (i) at least two Indians? (ii) at least three Indians?

[F: (1) 15 + 100 + 150 + 60 + 5 = 330 (1) 100 + 150 + 60 + 5 = 315]



120.

121.

122.

123.

124.

126.

6 BT 3T S A § A 5 WS arel et FAfeai s o1 gt § foredt (i) F9-3-360
2B @; (i) FF-I-FH 3 BEN © ?

How many 5 members committee can be formed from 6 male students and 5 female
student if committee consists if (i) at least two male students, (ii) at least three female
student?

[3T: (1) 431, (i) 181]

7 feg 3R 4 qHemHl % 9 A ¥ ¢ Geall #t w wHfa fhad TH QA S8 o1 g 2,
Safes IqH F9-3-F7 A IAIH 9w & 2

In how many ways a committee of 6 persons be formed from 7 Hindus and 4 Muslims

so that at least 2 Muslims are there in the committee?
[B: 210+140+21 = 371]

6 TSI A9 4 Afgenslt ¥ A @ 5 F qhHfa F @A FR | e FA-B-FH T Afgen
¥ & @ A T fohad TER A & qehar 22
From 6 gentlement and 4 ladies, a committee of 5 is to be formed. In how many ways

can this be done so as to include at least one lady.

[3TT: 246]
6 AT T 4 AARFFAT T F 5 GeE! R T FAA T A6A D | TR R FER Y IR
ST gt & AR () PG F IF QY g &2 (i) FA-Y-FH QA AR 2 2
Out of 6 Indians and 4 Americans, in how many ways a committee of 5 can be
consistituted provided it must have (i).exactly two Indians? (ii) at least two Indians?
B () “Cox ‘cs=60
(i) °Cax ‘C3 + 6y x P+ B x oy =240

7 9RATG w4 ifEwtEt % OF ge § @ 5 Afeqal @ us 9ffd fEa SR aAndt s
Tadl ?, 3R 39 Aifd 7,
In how many ways a committee can be formed out of 7 Indians and 4 Pakistanis when
the committee contains :
(@ TR R e

all Indians.
@)  FH-Y-FH QA MEEE |

at least two Pakistanmi?
@  FE-AFH A A a QA afew

at least two Indians and two Pakistanis.
@ Q9 s wiEw 8

not more than two Pakistanis.
[FR: (a) 'Cs=21,(b) *Cox '+ CsxCy+ cax 'y =301

© "Cax s+ 'Cyx ey = 294,

(d) *Cox 'Cs+ 'y x o+ iy x Cy = 37
8 IifieT a5 WA H A 6 wewl @ qifa R THR ¥ G S Fehdt @ st I
@) 3 T A 3 TR &, @) FH-A-FE 3 9 9, (@) 3F 2 i @ |
In how many ways a committee of 6 members can be formed from 8 Americans and
5 Indians when the committee consists of : (a) 3 Americans and 3 Indians, (b) at least

3 Indians, (c¢) exactly two Americans.

FeaaR wifealT faseror
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FeoTt WA fawedwor BW :  (a) "Cix°C3=560, (b)°Csx’°Cs+°Cax’Cs+3Cix>Cs =108,
(C)8C2X5C4=140]
127. 6 SIS UF 4 B § 8 YT # o Wil et ? | 98 fufa e TR R T -

NOTES Tt 3 ? afc wffa # 4 ¥ FA ey 7 # 2
From 6 teachers and four students, a committee of 8 is to be formed. In how many
ways can this be done when these should not be less than four teachers in the
committee?
[ : 15+'24+6=45]
128. 15 Tgenfedl § 3 reqash € ) fdd 31 A 11 fawrdt 9 o G € AR 9399
AEAYF T W ?
There are three teachers in 15 players. In how many ways selection of 11 players be
made so that in each case at least one teacher should play?
[F: oy - Pon | . )
129. EXAMINATION ¥ ¥ 3l # 4w am d 4 ol H 4 o an & 4 ot 1 o} 0
fepe Weg 7 90 € 2
How many different permutations can be formed from the letters of the word
EXAMINATION taken four at time?
[3TT: 1,680 + 756 + 18 =2,454]
A WIfd H A &
Test your Progress
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InegaE—-2 dgifas sngfa famm

(THEORETICAL FREQUENCY DISTRIBUTION)

TS H TR

20 I

21 e

22 Tt emgfa faawor & o
23 dsifa® SR faaw %1 sqdbm
24 fgug faamm -
25 9 faam

26 @igad faqwr

27 W9

28  VisgrE 91 Tegehsl

29 dAgNH

210 @ W9 5

211 frards @

20 T
39 IHTS o AFT FA F 91 A9 39 79 & G fohe
1. deids gl famo & 34 # w6y g |

2. Tsifas ergfa faator @ IwATar & 609 w0 |
3. A egfa faaor & o= seRi &1 96 & o

21 WIS

T3 Heaiel ¥ sngfa faaw i Aft § 30 f6 o1 g € 1 W faaen, s ‘At
faTo” FEa 3 | AgR-famo F1 srerEa Q) TER A fRar 91 g 2

(1) UehF Wl 3 AR - A4TR ST famar g b ane a1 favervor a3 faqo
¥ faya 1 fawqa faa= fovan o1 2 | 399 rerg fuod sl § foan 51 90 2 |

(2) T fagia &% AR W- 39 fAgid $ AN W UF IEIH ¥ g4 € Igfd faqw
¥ Fawa ¥ SFTAM SN S Gl 2 | THY I8 YH A @ il & b T 7 F A A faaw
ferg S F 2 ) -

39 g% o 1R ngfa-famel &1 e faeen @ S wifersig EaEt ¥ I9cHy ardfas
1 FaAHd (obsewed)qﬁ%wwhmaﬁ%lﬁmmﬁ—m
(Observed Frequency Distribution) Fd ¢ | et Far & 100 Foenfod & R w1 A9 FF
3 e 3 I NITF AT FF FAATAREa 3 e Aafd fae a9 w3

T WifERIT e
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(5) T8 M JAITe Mgt &1 Freafde FEa™ g N Agalfsa ngiadl ¥ o F S
Tt € 3R 7 Frerd Frere s waw @ 6 S 1 AR AR F SeAE 6 FR I
g3 @ A1 forelt o R g | S, we fyeh B 200 IR S8/ W A (Head) 3 &
FTe (Expectation) 100 ® | 3fe ared ¥ fere 39Tem T 90 IR 98 fad 3 ok 110
AR g2 A Srdqutar WY # Teraar ¥ 98 a1 o Gl ¢ B T8 AT (90-100) 2T F
o @ 1 Foeh 1 geiaar & S5 8 F SR |

(6) T TRafa® ATHYA H G A A 9, 49 9 GHG H AN & 901 @ | 399 48 Fola
fear ST webdt @ 6 Gafea SAgEaE & w1

(7) fafo s ) ety gl faaront &1 3 e Site 91 2 greelt & gamem o gers
T ® | ITETE | AU Tl MG F F A T EHiE F9S) & Frwtar @ g8 S
At wfee fof g SR & Fierw @t ol oy 7 a1 20t ? 98 o
T & MU G T ST Webell € | O-F1507 o9, Siag-faeo & MR @@
7% fafyd S ¥ b 3 saea-fafy g=re w9 2 9@ @ 2 71 79 | fagoe-fas, w-a0
faRoT %7 39T T 78 @A T Fof IR o ey § g1 afiadd A A 3usisrarsit it wfafrareit
T 7 Agaqul IREdd 8 € 2
T4 SR fafs= &1 3 Aifess ey el o orerg fav &9 F Sqamh & 2 | AR

Td Fierd & YR, A wifershia fagia 1 2 qeayqul gyt 1 frafke @ E

Agifve amgfa famur & &R
Ygifae g ¥ g faqwr &3 S F & g ¢, ffg 30 ¥ g3 49 fe E faeen

giferat faveryo 3 Fe qed 2
(1) fg9g fa@@ (Binomial Distribution)

(2) 1= fadto1  (Normal Distribution)
(3) @igg4 faam (Poisson Distribution)

24 fE‘E ﬁ':l?RUT (Binomial Distribution)

g famw & Preafo # @9 5t Sm stk (ag i) 50 1654-1705 F & T | gafy
TUF THIA 3T T % 313 9% a1e g2 | 39 fIqU0 &1 AR SIS 4 (Bernoulli Theorem)
A I F T IO GFa AT, WA TN H A g A & ) What A A w
QU e # S 3, R we Prfyera faeie v o @ o gt et 1 3 o wnfed Bt € e
=% fa® 77 T8 e | 39 TG ) WRH D WhSAd A1 [GHAd F FIE3 F1 919 F ferar srar
2| 3T T Sl ¥ N S 93} 1 gt AegE @ S -

H, afe Q fags A 3R B & W19 BT S A1 @ qfong 3 g

S 4z x>
—

Here, ‘H’ stands for Head and T for Tail.

T8 T SO Y W W A Al (heads) F A ) EE 1 i o 1 5w
T g FH SR o fohal ST el @

Fea aifEEtT favesor
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w97 IoTd & FaTF oM Fi wee =%
fadta Soma & faT & 3 ) geE =%
3 Th WY (simultaneously)fﬂ'{'% M F JOEAT B = %x%=%@l”ﬁl’ﬁ1m

@ (Tail) ¥ favg & amg At |
I ST ISR THAN H FIEAT (H) F fAaw p o fawerar & @96 1 (T) &
fow «q G 1 ¥AT fF I A =9 oRorRt B i R e feRar SR

HH HT TH TT
pPp Pq qp qq
2 2
or p 2pq q

P2+ 2pq + g H IR (p + g)° A A1 ] | 37@: QY T A1 ) GgEF G 1 e
feae Frear & S o 1 Wbl -

(P+q)a

The probability of coming Head or p = %
The probability of coming Tail or q = %
==ty _1,1. 1

T T I a1 1 R | T R o of Fr qF F werar ¥ fean o1 e @
+aq

Ifz & wrs afifeafa ¥ o1 orgfd F1@ T 9Ed ¢ Q1 98 3§ TSI 71 arvil-
N(p+aq

where ‘N’ = Number of trails

‘n” = Number of independent events.
Hivstration 1. Fiod out ithe probable frequencies if there are 100 trials and 2
independent events.

Solution - The formula applicable in this case is

n 2
Np+gq) =100 (p+gq)
2 20 . 1 1
=10 +2pq+q)ifp=29=7
1 1 1
or = 100 4)+100 2]+100[4)
or =25+ 50 + 25

= 25 for two successes.

= 50 for one success.

25 for no success.
Hustration 2. (Comparison of Actual and Theoretical frequencies.)

Six dice were thrown 74 times. Each 4, 5, or 6 spot appearing was considered to be

success and each 1, 2 or 3 spot a failure. The results were :



No. of Successes 0 1 2 3 4 5 6
Actual Frequencies 0 5 13 2 17 7 0
Find out the Expected frequencies from the above, and compare them.

Solution - Expected frequencies,
N(p+q)6 = 64(p6 + 6p5q + 15p4q2+20p3q3+ 15p2q4+6pq5 +p6)

) g (e ] 3

S e

=1+6+15+20+15+6+1=64

Hence the Expected frequencies for different successes are as under-

I

No. of Successes 0 1 2 3 4 5 6
Expected frequencies 1 6 15 20 15 6 1

For comparison of Actual and Expected frequencies we will calculate the Mean and

Standard deviation of the two as under-

m Actual Frequencies Expected Frequencies
F mf | dx@3) | fdx | fd® | F mf | dx@3) | fdx | fd’
0 0 0 -3 0 0 1 0 -3 -3 2
1 5 5 ) 10 | 20 6 2 12 | 24
2 13 26 -1 13| 13 15 30 -1 -15 | 15
3 2 66 0 0] o0 | 20 60 0 0 0
4 17 68 | +1 | +17 | 17 15 60 | +1 | +15 | 15
5 7 35 +2 +14 28 6 30 +2 +12 24
6 0 0 | +3 0 0 1 6 | +3 +3 9
64 | 200 +8 | 78 64 | 192 0 96
Imf 200 _xmf 196 _
a ——n"[ =64 T 3.125 a = n T ea 3
N 2 \/ 2
oo, -V | () } <o _ Fﬁ_(z@} }
n n n n
r 2 \/ 2
_V|8_ (8 _ V(% _ [0
V- %) ]
=11 =122

ﬁwmmmm—mm@ﬁﬁwméﬁwﬁ o gZd gt @ fgue faa
% faean &1 @9 1 ¥R Bm-

n _ n n=1 1, nn—1) n-1 2 n(n—)(n-—2)
p+q)y =p +np g P 4TI
=33 nn—=—1Dn—-2)(n-3) -4 4 n
P T+ 4x3x2x1 P9 *-4
gfe w =5 @A (p+q)":(p+q)S
- 5(5-1) s-2 2 S50(5-1)(5-2) s-3 3
Lpta) =p sy '+(—2—)p q +(3%_)P q +

SE-NG-2(5=3) s-4 4,

4x3x2

I Hifeasia faveraor
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56-1)G=-2(G-3)(5-4) s-5 s
Sx4X3 X2 pq

=ps+5p4q1 + 10p3 q2+ 10p2q3+5pq4+q5
UR& B (Pascal-Triangle)- f59g faaor & fafs=r 93t &1 GeameTe Tuiieh Urehet & g
Y oy w9 7 3G o T € |

T A

@ +q)" & fa@R & Ui
LI faw= o am
Power Binomial CoefTicient 2"
1 1 1 2
2 1 2 1 4
3 1 3 3 1 8
4 1 4 6 4 1 16
5 1 5 10 10 5 1 : 32
6 1 6 15 20 15 6 1 64
7 1 7 21 35 35 21 7 1 128
8 1 8 28 56 70 56 28 8 1 256
9 1 9 36 8 126 8 36 9 1 512
10 1 10 45 120 210 252 210 45 10 1 1024

qrehel B B wee T[T 38X feeh dfed % 241 3K F 2 Ui & AT -
6 =3+ 3;28=7+21;126 = 70 + 56; 10 = 9+1 3fe |

e e B 3TN S W F A |

Illustration 3. Assuming that half of the population is vegetarian so that choice of
an individual being a vegetarian is 1/2. Assuming that 100 investigators can take sample of
10 individuals each to see whether they are vegetarians. how many investigators would you

expect to report that three people or less were vegetarians.

Solution - Probability of a person being vegetarian,

1
® =3
1 1
9=1-p=1-5=73
Out of 10, 3 or less vegetarians
Veg. Non-veg. Probability
_ 10! 3,47
3 7 P = 3i0- 31 (O (9 = 1171875
2 8 =10 5205)° = 0430453125
P=2rao-g1 ) =
_ 10! 1,9 _
1 9 P = Ty0 1y1 () ¢5) = 009363625
B 10! 0, 10 _ 0009765625
0 10 P=orao -0y P O = 718750000

Regd. No. of investigators
= 100 x 0.171875 = 17.1875 = 17



INlustration 4. Four coins are tossed simultaneously. What is the probability of getting
(1) 2 heads and 2 tails, (ii) at least 2 heads, and (iii) at least one head.

Solution - Here the random experiment consists in tossing 4 coins and observing the
number of heads. Let us call the occurance of heads as ‘success’, then

p = P (head with single coin) = %;q=%;n=4

Since the value of ‘p’ is constant fro each coin and the trails are independent, using
formula for binomial distribution, the probability of x successes is-
4 l.a-x 4 1.4
P = GG =GR
(i) Putting x = 2, we gel
P (2 heads and 2 tails) = p (2) = 'C>(3)’ =§

(i) Since ‘at least 2 heads’ implies 2 or 3 or 4 heads’, the probability of at least 2
successes is given by the sum of probabilities p (2) + p (3) + p (4).

P (at least 2 heads) ‘c. (—;—)4 +'cs (%)4 +'c (%)4

3 01,1 11

aERPAETRET
4 1.4 15
(i1) P (at least 2 heads) =1-p(nohead) =1 G (E =18

faue-famor & FR-TT (Constants of the Binomial Distribution)- fgue-faaw & Hreg
3R ST fereret 10 9 o fore Frsfefiga gt & s9an fiRan s @

(i) 99 HTS -x = np

(i1) 99 fa9e - 0 = Vnpg

Mustration 5. (i) & %o § ofgd 9 ¥ 40% B VW AR A &1 10 G T 9
2roqul Gpall o Wgifaes oo 3 ferd) GarT ared Td o9 foeer A1 HI9 | 9iEdt 9 st
fogmar w@ gyEiiaes qois it 919 S |

(i) Y Tt e faraor ferfay Forae SHT=R HTeS 3 ® ST T8 (Variance) 2 2 |

(iii) foret fiug faaror & fore s T 3 WHIRIC 418 I W19 5 31X YO (Variance) &
T 9 qfiehfera foran @ 1 o Iueh oo gl @ 2

Solution - 29qY BF F YA (p) = %:%
Arrefed B H TET (q) = 1-p = 1_%:%;
n =10
fawe faeear % x = np 3R o = Vapq
fZ]OX%:4,o= 10x%'x—2— — V24 = 155

M3 _q=p _6-4 _
= = = =13
B Vio Vnpg V2.

FeIR FiRETT farveraor
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gy e T G-
Ha 1-6pq 1-6xX4%X.6
= =73+ =3 = = 3 - 183 = 2817
2 ;g npq 24
i O e oA § e A x = 3,
T = 2, 0=V2 = 1414
- 2 npq 2
= = 3: = =2 =]=-—
x=np=3,0 =npq S np 1 3
—1—-2——l > npq = xlxz—Z
P=17373 A A
2
a1 9n—2 n =9

BB 0D el
o Gl G
o G

[(512 x 1) + (9 x 256) + (36 x 128)

W {=

1

~ 19683
+ (84 X 64) + (126 X 32) + (126 X 16) + (84 X 8)
- + (36 X )+ (9x2)+1]
TEedT &1 9@ TqEHE
(x) p (x)
0 512
19683
) 2304
19683
5 4608
- 19683
‘3 5376
19683
4 4032
19683
p 2016
19683
6 672
19683
144
7 19683
18
8 19683
1
0 19683



(i) §AWK A Y =5, Tl o” = 9;

- n 9
x=np=5;npq=9,q=—’§7q-=§

fg q a1 p, 1 A ifkeh Feify 78 & FHaT, ] P+q=1are|
e W q=1§éshwémwﬁmﬁmqﬁmwuﬁmél

aTfaes 3R sty angfeEt @ gor

(Comparison of actual and expected frequencies)

A 5 faah 250 IR 3BT 9 AT 0, 1,2, 3, 4, 5 TR (heads) H G 31 FI ¥
A i Agiaar STy B ST | {9 fame & SR R qedreET et Sty sgfaat
st d F Rt € ) ARG Faerh gEle (@9 W) & ST A= (trials) B GEA A@fuF A A
aredfeeh Q91 FeATrerd SRl § S qgd 9 R I8 |

Iredfas 997 SR & 3= F A1 Frafataa 3 At g0 fear s g -

(i) fagtEt afa |

(if) Fré-am wd (X7 — test) Gff )

wem O 3, 1 € ergfeai Yafas ® sifea I € | 3fE S B - F Fgd e
& A 31 Fredes A ST @ 3 A ST AT @ fh 95 AT I R (The fit is good) | Af%
251 2 g 3ifere Bt R A arsafas qun TefyE gt § sifhe A= S 2 A I A IFE
T AR (The fit is not good) |

fxdra Ofd &, areafers (f,) @91 FeAw (f,) SMERE] & =T & AR T HG-a11 A T
+T ol St 2

X'z

F5-a e & a1, WIdATY O @idd G&41 (Degree of Freedom) 3@ & ot Siidt
2 | fgue-faaquor § we qwerarsll & G A 1 A FH Ad) 8 | 35S "¢ FEHd WY G 5%
TRl T Wy - difern § q F-a 51 969 <@ foran i @ | 3 qitefad 1o 39 gl g
Y ifereh Bl & | AT IFE T Bl AT ATaferen a1 Yo A § A= qASF (Significant)
2 | 3 fagla, aREicd qod TRON-ged & $4 A3 T ATH I FHI a1 § ol o arddn
(Not Significant) =l 21

llustration 6. B: Y1 9 12 G 4006 9T %k 114 3N 4, 5 91 6 F) Yo AAT
T | G & SAgiaal FrEifE -

@ 0 1 2 3 4 5 6 7 8 9 1011 12

smgfa - 7 60 198 430 731 948 847 536 257 72 11

Frafa® q1ea SR H faaed wa A 3t ety faawr & e ot g9 ardt S 7o
FIAT | A T Y TS IR w9 7 g9 |

Solution - TH IR H 6 WM AT T 1 4, 5 6 I 3 1 Febl ST Therar HAT ST |

€

(fa — fo)° (0 - E*
I } ”{ E }

‘ 1
¥ p=q=75

qrEl U@, po= 12, A F T8I, N = 4096
fawe - faaur-

1.12

n g+ p)'= 4096 (5 +2)

FIH TR faveior
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FoiTl WG fareetan T R T - 0, 1, 2,...., 12 TR S STTea . Sgha Ao & s
— 4096 1.12 1,14 1.0 1.2
N {1(2) }+ {12 Q) } + {66 SYRNEY }
NOTES 19,1 18,1
19 1.3 1.8 1.4 1.7 1.6
+{206) )} +{2956) '} + {126) )
1.6 1.6 15 17 14 1.3
+ {924 @R } * {792 SOy } + {495 QR } *
13 19 1.2 1.2 1,10 1.1 11 1.12
2200+ {6 QD }H+H1E) @+ {1
4096 x 1
=== (1+12 + 220 + 495 + 792 + 924 +
( + 66 + 220 92
792 + 495 + 220 + 66 + 12 + 1)
W 0 1 2 3 4 5 6 T 8 9 10 11 12
@t 1 12 66 . 220 495 792 924 792 495 20 6 12 1
WA WY U Y919 faee T &t ToeT
arafla®  (Actual) TanvE  (Expected)
e | g | dx fdx fd’x . dx fdx fd’x
f, ) (6)
0 0 -6 0 0 1 -6 -6 36
1 7 -5 -35 175 12 -5 -60 300
2 60 4 -240 960 66 4| 264 |. 1056
3 198 -3 ~594 1782 220 3 | 660 | 1980
4 430 2 -860 1720 495 2 | =990 | 1980
5 731 -1 -731 731 792 -1 | -792 792
6 948 0 0 0 924 0 0 0
7 847 +1 +847 847 792 +1 +792 792
8 536 +2 | +1072 2144 495 +2 +990 1980
9 257 +3 | +771 | 2313 220 +3 | +660 | 1980
10 71 +4 | +284 1136 66 +4 | +264 | 1056
11 11 +5 +55 275 12 +5 +60 300
12 0 +6 0 0 1 +6 +6 36
am 4,09 0 569 | 12,083 | 4,096 0 0 | 12,288
arafas  (Actval) YA (Expected)
fo fe
X =A+ —LGdx x =4 + Z—Lndx
569 3 0 _
=6+ 209¢ = 614 | =6+ 4006 = 6
\F 2 2 \/ (o 12 2
sp. =V [T _ (z[dx_) l _ Y |z (Z[dr] ]
n n n n
v L 2 J = 2 J
_ ¥ 12083 (596 L1228 (O
B 4096 {4096 | 4096 | 4096
= V295 — (14)° =V3-=0
o .




FeATerd fator 3 SR qeu Frfafad gt g sit wra fFd S g &
=6;0=vVnpq = V 12x%—x%

=vV13 =1732
IR Ud Sy amghe et 3 fadiy srw i 2 1 A A Ol S a WY 99 @ A
T T T S AT € € | 7d: Soh- SATHSH SFE 2 |

Hlustration 7. 192 9FERT # 1% fed (albinos) T3 & 3T A4 H TWEAT 0.25
Trg St R, g fF Tt § qgE e @ faacor 39 SN 49T

TGl o= $t 9@ o 1 2 3

qfErt & e 7 9% 20 5

Ig WA gU i faue fram o @ @, difas argfdl ) A Sifwd 9o x” — gdem
ETW’TWW_—W (Goodaess of fit) FI ST FFT |

Solution-?ﬁﬁﬁ@ﬁ%aﬂﬁaﬁ'ﬂmﬁﬂ-

X =np=12X

p= 025 = %;q=1—p=%;n=3;N=192

0, 1,2, 3 GG & I & Fferd gt wem 1 & oy freifafaa fage-famor &
ot g frarel SE-

3 1.3
T=192 (> + 5
N(q +p) 9(4+4)

=192 [{(%)3} + {3(%)2 (11{)}+,{3 é)] (%)2} 4 {(%)3}]

_ —1926: L 27 +27+94+ 1) =81+ 81+27+3
HTI-Tiesa (Goodness of fit) Sl -
X fa fa fa -fa (fa —fe)2 (fa —fe)z
Je
° 7 . - 16 16 0198
81
1 9 81 +9 81 8L _ 1 oo
81
2 20 27 -7 49 49
> = 1.815
3 5 3 +2 4 4 _ 1333
3
N = 192 192 2= 4.346

AT =4-1=23

3 df F ¥ 59 Qe @R 9 FE @l F @Rl - geq 7.815 @ | 1d fwan A geg
4346 WM M Y FA 2| Ia: Arfad O A Agiad 1 4w wrdF T2 2, defq %
TS UM 2 | '

Nlustration 8. 574 fAaH &1 TF FH=E (set) 3200 T 3BTell STl @ 3N Tl I A1
i fall (heads) & & ferg ot it R 1 39 b e aftony ferifsd 2-

fatt ) g - 0 1 2 3 4 5

Argfd 80 570 1100 900 500 50

I WiREETT faweraor
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T IR 9 99 FI fr fae ot 8 1| X2 ST & a S

Solution- fa¥% GEler 8 #t feaft F AT (head) T g7 (tail) a?ravmaqﬁp=q=%
Uil
I8l W gl 9t &, o = 5; 9 (e N G&m, N = 3200 2 |
3 gifees Mgy fameo-
N (g +p) =3200(%+%)5 & fa@R & 30 9@ fF s
1 15 1.5
3200(; +5)°=3200(5) [1+5+10+ 10 +5 + 1]
=3200><§12—(1+5+10+ 10+5+1)
= 100 + 500 + 1000 + 1000 + 500 + 100
X Ja Je Ja—Je (a=f" | (o=t~
Je
0 80 100 -20 400 4.00
1 570 500 +70 4900 9.80
2 1100 1000 +100 10000 10.00
3 900 1000 ~100 10000 10.00
4 500 500 0 0 0.00
5 50 100 50 2500 25.00
N = 3,200 3,200 0 27,800 x2 = 58.80

AT (df) S % o 5% W x° &1 GROl geq 11.07 2 | IRafad o7 399 98d
s 2, 34 T AT 399 A ¢, gl fass gera T& 2 |

fame famw & @A™ (Characteristics of Binomial distribution)- STYS 3T &
3R 9T fgqe-faaor & frerfafad fasrgard <t 2-

(1) ¥gifaes famW (Theorctical Distribution)- fZTe-fawT wh G 2myfa fawm 2
Sl FEel-TEE 9 AHId @ | 9 wREE f S Fe e (N) A O w06 et ght
HH & I ¢ |

(2) Eftea-faaror- Fe U @ived gfa famw 2 fed Fhemet & ¥ 1 0,1,2,3.n a6
2 3R I srafel fgue-faw g freredt STt € 1

(3) gfa-agy@- feue-famw #1 W@ifas W 3{fa-9gqs (Frequency Polygon) & ®9 1
Sqd fan S Hehell @

(4) @EU- FH @RI ‘p I ‘q F T I AGIF e T AR 2 |

(5) FR-gea (Constant) - I8 I fafu=1 T a0 3ucrey fd 1 €, 5 W
AT (x) = np; SAM fa=@ (o) = Vapqy 99 9 (u1) = 0; fadta gfeera
(N2) = npq; T 9@ (u3) = npq (g — p) |

(6) ‘p’ IR ‘g M FA - n, p AN q T & W fgwe faawwr ferar s wahar 8 1 afe
el F g (WA FA F- 0, 1, 2, 3...n fa@d) @ A fgue I faawol (q+ p)n & fAER
R | 35 faqiia, geerdl & GE JFUE F0- n..., 3,2, 1,0 - 8§ @3 W(p+q) n F [FER
R 1 fafr=t gaf & Tqorieh arehel fIqs A §A RS 1 G € 1 el qe I gEm agiq N
T FOEAT faator ) TN e Sty Argf faeer s fwar s oadar -

N(g+p)" TN +gq)



(7) IWANT- TEF ITENT T81 ITH Al & Tel TS H YHeAdT- HAESTA F AU T
TR iR far 1 gehat 2, SR RyererT 3BTer X o 1 92 FIRAT, Seeat 1 ofl-q9 & faaor
3z | fofa & 9T e SHA % ) 48 & e S §

...........................................................................................................................
.............................................................................................................................

.............................................................................................................................

...........................................................................................................................
.............................................................................................................................

.............................................................................................................................

...........................................................................................................................
.............................................................................................................................

.............................................................................................................................

25 YUHEY Taawuor (Normal Distribution)

I fado % WA9gH o190 1 A NTgE AS-oray 87w 7l (Dr. A.D. Moiver)
2 AR F fage ¥ gae w4 s Ty g (Laplace) g0 R T |

SHA-TOEY WH (Gauss) A st Fr6! faerra foFan ) Frem 3 391 14T F_oe (@Fafiam)
a9 Tieed (§Teie) A W fFan a1 30 &% R fassfa fvan | Ty faaror 1 SRy @, arm
% (Normal Curve), IH-9 [ T (Normal frequency distribution), A= YIEAT d5h

(Normal Probability Curve), M fa99 ¥ (Normal Curve of error) IR Tig-h
(Gauss-Curve) 1 EFE'% cll

e WiferEr faeid § T8 ga Heayol eemaar faaw | sifesty ey (sample) 3
& TN T AU 14 8 | 369! TEEa A T AT A 9l @ i fawret wea 3 Y fad m e
T 1 farTee e T A T € 41 78 | 3HR! Fergdr A fafw= e #1 favemo st qeres
e T AT § | U Waw Fifeas A #18eT & =] § 36 HEd 39 R WE fHa1 1 56
-

“The normal curve of error stands out in the experience of mankind as one of the
broadest generalisation of natural philosophy. It serves as the guiding instrument in
researches in the physical and social sciences and in medicine, agriculture and engineering.
It is an indispensable tool for the analysis and the interpretation of the basic data obtained
by observation and experiment.”

TR A 1 AEN - T G0 F BN F1 81 R | T a1 WA (Symmetrical) Fdl
2 Fafy 3a drdfaes AR 919 e 0 fraifa & @ 34 snmma & = & fagra #1 faems
TR FE 911 39 9 F IMHR B FHET F A 2

I ARl faveaor
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FeaT Wi faeeear Concave ncar the mean value
NOTES
Point of Inflection 68.27% Point of Inflection
At-lo At-lo
» 95.47%
Convex at +3c - H o Convex at +3c
99.73%
~3c -2c -lo o lo 2c 30
39 9 FI F1E Wller % ©9 7 off Seqd foRar s ww o
y= N - (x— 3)2
oViary 24
where, y = Ordinate of the curve at a point x.

N = Number of items in the frequency distributions.
o = Standard deviation of distribution.

n = The ratio of the circumference of a circle to its diameter
approximately 3.1416;

V(r) = 2.5066
e = 2.718 (Base of the Napierian Logarithm)

T faawor & S@@m (Uses of Normal Distribution)- mmﬁww
F ¥ W R | 79F @ I 96 R 3

(1) ¢ &3 3 gHST F A0 F @R qgd $O A PR F SR A & | T
forami, S, Sfage, G 3 Sifvs &9 § anfys ot sl a3 § amra-fam &
3 3eE Ted € | UF UT % 6l 1 o, AT $ ST, $9-] 3K faatg <t o ¥ aifes
T H79, 7197 3 SFa@lie F I, 380 F TR ) 19 Ul O A & o) &5 arg-faawo
anfe weTel o g faater & P Ay @9 € | 3@ 3 et & see w9 9§ S9arT e 2

(2) e fagid % omeR ) Gt frewT § amr faaw & ea waok 21 Ak
Sfred (Sample) 92 3R 2a-Fre¥ & M aT g7 U & @ sfael-mdt @ faawor wwe e @
T @ Y & ghSl F1 I I @ @ A B 1 SR & o aft e fEe wel & favafaaed
WCF 5000 2 F w99 § Y 2a-FresH ST 50-50 F 50 Hded T4, IAF A & A9 F+E
3R goft wiaew! & qaraC Ao frel A 37 AreA-SaEat F1 faaer g faat g 9 QU gey
F 5,000 SET B S F G0 TEF A @ T V| red-faal # A [ Q@ GHT F AG H
A A ¥, fafit sfaest ardl # Y @ Si" & 8 o et & serae 3 @ frif
0§ Fgd ITAN 2 @ | e e faan ) wifersia frdem ag1 =reyl-fagia & qe-amem
HAT S

(3) FCHEI F1 TR G 3 F-THAY el B g faqwr § g 1 gehdl @ |

(4) W faaw H & g o @ ¥ R SRo sgent ITRifirar ot ot wg ad @ )

sfag wifed 324 3 @ gmr faaw & adsdiins sqafimm 3 gwifad e 555 sedm
%1 g gl & &9 0 @ wehe fn - “fawml & g from Ame wifa & orve A sl
Z¥ ¥ e e 1 Teaq faerd ® | e qur amifes fawrl, fafee, $fr o
SRfraftn 3§, Mued 1 78 Freve U0 &1 H1 &l @ ) SEAsA 991 T Y A e GHE &
68 feryeryo g frde # gz e w217




Awr-faaor &t WTQ (Assumptions of Normal Distribution)

(1) @A FRO- TAF JAAFA 91 W T G NG ST qlell R Tre] wifraar
TR AT A1 e |

(2) fafan TRO- FfFIT T2ATS 9T A9 STeM aTet S T fEdar s e aIed
3T & e it T 9) A1 Hed H AT =ife |

(3) Bfufa - T~ Trar- ot SR GE AfEdEt T e A 9ifed fF gee e
% M1 AT ¥ foraer R IR e ¥ dyfea & 919 o

(4) WTEa F Arad- fg ga 8 Y i @ d9-ga iR 99, 39 qug S gee § Y
VIfRal T M BT 91 Wl & I ST fa=-fe gerelt w fir=fam 93 )

wE ? i IR qra Sgd FOR & e HRor T faa Seaet @ AET-famy 9w
ST € | STeRiie Site 3, e fagmy, fifas, stawmra, afawe, v anfe &5 3§ 37 @ geraf
o e feraen @ g @ S 2 v s Bt 1 anfées & 3 qmr fawwn @1 s it g
2 B

YW ash i ﬁm (Characteristics or Properties of the Normal Curve)

T o6 B Frefafaad e gt s €

(1) WeER AFR  (Bell Shaped)- UM a5 Q01 &9 ¥ WAATA Qe 2 1 T2 95 90
IATFTH AT 2 | a7 T fag ¥ 3R T T o STl ST Al ¥ o A1 o A% ) ) aTe
oy F fawisd om | afe 39 T AR H ATy 977 F AST T q Jg E AT ) quia: § o |
Prrtifena ot ¥ wqE Qe 2 |

X

(2) Gad faarm (Continuous Distribution)- ¥HHI ater T dad a1 sr@fved faaw 2
St faue v atag faao afted 2 1

(3) ¥=ra 7 & WAFAT (Equality of Central Value)- 01 @fHa foawor B F FRO
TRt P T A AR A X =Z =M |

(4) T 9ASF (Uni-modal)- SHTHI fawer 3 aiftad Sers % & T W& @ o
T T & qfrSs aren faqr gar @ |

(5) TEmT A H@i’hﬁ @ §AA g0 (Equal distance of Quartiles from Median)- 39 faauoy
¥y wd qara dqde 9 A YAH gl WA E AEq 03 - M = M — O

(6) Tq9es faueH ©d wom faae &1 wag  (Relationship between Q.D. and S$.D.)-
sqde famer (Q.D.) TS SEE (S.D.) F 0.6745 amh-i— AN

(7) wea faacH wd WM faaeH § W&« (Relationship between M.D. and $.D.)- ect
foraaor i wrer fa=ed (MLD.) MY faser (S.D.) &1 .7979 amh% e 2 |

Feaat Wit favevor
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I Wi farseiaor
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(8) =qd= famem, wer fawem wa e fawm (Q.D., M.D. and PE.)- SaMRY faawr
% Tgde foraer q91 grwTed fawe 99 @R € aeiq Q.D. = P.E. Wwie faww W faeed &

.845 THT T 7, 34,
5

P E = 845MD. 3M9dl P.E.=gé

(9) Yl (Asymptotic to the base line)- 9 9% % ! R TF & FHT A AT AW
T T1 Y omum YEr F Fraead M- § W IHE W A w0 § | IS 3fF A O e
(Infinity) &1 3T e St feamall & Qe 2 4

(10) YW faee wd uftafdd fag (S.D. and Changed Points)- 95 & 5 fog 9 gehrd
F foan § qftads 2 © afe 56 ¥ R Yar WO S S @ TN AT ¥ 3T 9l 9 #@
0t S foeert #1 fafet soEal B Y B R | AMX + 0y X + 20, X + 30

(11) wamr faaor F I T (Constant Values of Normal Distribution)- SHHRI
fereer % areR ey foeaferfiad €

IR AT = X 3qYdl u, Y99 fa=ged = o
gfta-  wem fedta GGIRE wqd

2 2
/41=0. =0, p3=0, =3 ur=30

2
s 3u2

pr= 3—0/32=—z=*z—=3
3 M2

Wmmaﬁ%mmﬁw (odd) IFET &1 qeq wéd Y= e @ ol
safan famar ot Y Al wg gygeidE (Kunos.s)ahnwvﬁéaﬁﬁwmm%mm
3B

(12) famw % W=A (Parameters of Distribution)- SHMHI famor & < ¥{@ y=a 2
AT AT (X) T YA faEe (o) | 39 ST @ gerdn ¥ gegol faawe foran s wehdl @ 1y (7))
GRATER FgO] WA & FHIR AT % forg AT g @ |

(13) ife-w@=m (Ordinate Relationship)- S d5F % AT ATEY W &if &l i
Al a1 At & | Pfe 3 AT A TF a1 FAWY foeed 5 gl A W R o H) I
F 60.653 FANT AR 2 | T F 3 RAT W o TR a1 F1 YA FAvTd A1 2 | A 9
Fife e Ft IR F NI gEf-ud RO (Table of Ordinates of the Normal Curve) ¥ 3@
o HF T

(14) &3-G@4 (Arca Relationship)- YA 35 F1 Had me@qUl faeIvdl &the qr-4t
2 | ATYR W 3R THHE a5 % J5F 1 8 YA G5 F ey 8 (area under the normal
curve) FEATA ¢ | ATSH FAE A& & G AT e (o) F wred A Fafvad gfl ww Rife o &
39 uE @ g A 2 | 3 g R fp wren A oy R W A e Fafvea s farme
F g W 2 oy F T a5 H AT 9% Gl TG F1 G U Fifad I dal ¢

e ©d N9 faae & AR W SHEE G5 1 A% 7 6T e @

(i) TTST + 10 % 3 68.268% NAFH,34.134% Thel Meg & A1 ST B 2 |
(ii) A + 20 F A=A 95.45% ATHA,47.725% HTEA AT F TAT 2 v R |
(ii)) AT + 30 % 3=TTd 99.73% &TWel, 49.865% SA%eA HIEd F 41 3T e @ |
¥ . 27% VTG b § &L @ A 2 |



e o &%d WY &Y WE SEE o ©
YA O | G GEH

68.268%

95.45%

99.73% \‘I_*

-3c -2¢ -lo o lo 2c 3o

umfur AW faaw (Standard Normal Distribution)- XU 5 & HAT 3R 9rel
fafaw AT%Ga A GROT J @ T THAT &, W 9 X AN o F A -3 WA 2 A FoAS
I & STt R e et feafa § srermrarer AR i A ST BT R | 39 HSAS B QT FA
& feTT, S1emT-areT Hq1ed (X) 3R H fr=re (o) arel ST faweor S yeifiE s e
Teet foran o 2 | 30 ‘g e faavor ot wed €)1 36 aia q1e 1 ged I (X = 0)
3l Ty forere™ O 1S (0 = 1) B 8 | 39 YRR # Z qiEdd fa (Z = transformation
techniquc)“ﬁ’%%l

K
f
Y

X-X X
T - z=""Camz="

KL Z = z-uftadA fafy
x = 3facfEd I
X = faao & oen
o = [a@ 0 &1 3\ foue
A1 fob O feraeer 3 AT () = 200 T AT Fa=eE (0) = 20 @ 94 A X T 200
2dl 2z & geg A = 7m2_0200=0|31ﬂwufa X&qead 180 W@ 220 Z % IH

180200 _ —20 _  _ 220-200 _ 20
& o = 20 - - YT T
Sl FR 3 7 % e 919 FRY I GE ¢ | N9 A% F1 Y A Z % w9 5 1 fag

[-X=X-X]

1 1 ] | b ]

140 160 180 200 220 240 260  X-Scale
-3 -2 —1 0 +1 +2 +3 Z-Scale

Rt 3@ & fafd (The Method of obtaining Area)
ZWWW?@%WWW#WW (Area under the Normal
Curve) e GO ¥ T8l @I Z oG = H A1 R 59 0.0 ¥ 3.0 7F F A ford w9 X

FeaT WiReeta faveraor
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3ER 3 YAFIT .00 ¥ .00 9 % 10 T A & 8 Z-9e0 % Sa%et 3 fad o € 1 3l
ZH A 1452 7 Ja%A 1.4 0 W@ F 05 e @@ ¥ 2N @ . 4265 faar gon § HA
42:65% | Z %1 YT TEF 8 W A Areg hife A gifet carn smm sk Az z e
R  q Aher AT B A el T AT TR | IO Y Z R o Freprert g
el % Y aafq . 5000 F A RO o7 N w A AT & A (5000 - 4265 = .0735), A
Z F 1 dieft ordlq Z, W@ Z, & A% F 49%d 919 FE1 & A T Z F gRo gt A g
fean < @ S ¢ F A HOTHS 941 Z, FT HA G € |

Zy=—145Td Zy= + 1.05 F T4 & &% = — 145 F 4T%d = 4265 + (1.05
T ATEA) = 4265 + 3531 = .7796 QM|

e Z) = — 1.45 T Z, = — 1.05 % T F1 A% 10 FC1 8 A7 . 4265 F A .3531 T2
T Fifed &% = 4265 - 3531 = .0734 AT

lustration 9. 100 ¥aTE ¥ 5 EAATE NG HA I AN H FHH 924 I TEIA Y
ﬁmwmmuﬁ:mmﬁwaﬁm p=01%77?

How would you use normal distribution to find approximately the frequency of
exactly 5 successes in 100 trails, the probability of success in each trail being
p = 0.1?

%1 (Solution)

AT A & = n, @@ n=100, p=0.1 949 q=1-q=1-1=09
fgug faawor 1 egen § 919 = np = 100 X 0.1 = 10

a9 o =Vnpg = V100 x 01X 09 =v9 =3

V& n 7S W A R A g e weer S a da @ S sfafe fawer A R )
Tafem T faawor § 5 Oeerar 39 gt F G e S 4.5-5.5 3t o fraa A ok fgug
I 1 W 3T AT @ ST faa &1 arer 3 sHI9 fa=ed /i |

X =45 & fau z, =4'5;10=—1.83

X =5.5%fm22=55;10=—1.5

3 IO W 1.83c & AT &A= 0.4664

- 150 & fau aq%d = 04332

— 183 3 —1.5 & =19 A% = 0.4664 — 0.4332 = 0.0332
99 N FEM A A 4.5 ot ssat R e = 0332 N
e N = 100 99 fom 9@ @ 3yl = 3329

Hlustration 10. You are incharge of rationing in a State affected by goods shortage.

Following reports were received from the investigators-

Daily calorific value of food available per adult during current period-

Area Mean S.D.
A 2000 350
B 1750 100

The estimated requirement of an adult is taken at 2500 calories daily and the absolute
minimum of 1000. Comment on the reported figures and determine which area in your

opinion need more urgent attcntion.



Solution-
Area A Area B
Mean * 30 Mean = 30
2000 = (3 % 350) 1750 = (3 x 100)
Between 3050 and Between 2050 and 1450
950 calories calories

Hence, area A needs urgent attention because there are some people to whom only
950 calories are available when the absolute minimum is 100 calories.

Illustration 11. (Normal curve by formula) Average sales of Bata Shoe Company’s
Multiple shop is Rs. 12,500 per month with a standard deviation of Rs. 4050. Find out what
proportion of all shops sold between Rs. 12,500 and Rs. 16,550.

Solution.

x—X _ 16550 — 12500 _ 4050
g 4050 4050
By referring to table, we find the area covered by the normal curve = 34135 =.34134
or 34134% shops sold between Rs. 12500 and Rs. 16550.
Nllustration 12 (i) T H=1 TN STfed S99 F1 S F G A1 10 Wit 3 5719
forae 20 A 21 U FRFT Y 5,000 B3 @A T 1 TaEA FH A e oS F 9,75 A A
B B F TOWEAT 2 | A9 IW F o 98 W A R 39 F B9 F e 9o w9 Y

el 8 ¥ ot e ot w70 &2 3 dre e A arel R 3 Freffan
IS & IYA FHifAe-

=1.00

@-x 110 115 120 125 130
LTl : i 3643 3749 3849 3944 4032

(ii) T G091 F ST A 1,000 BT 6 AEG-TF 34.4 I TAG-FIEAH 16,6 € | GEHIA
faaor 9 U 8 Iqezd fF 30 99 60 F =g 3 UM I fohdd B N ) FEA 70% BT
& Tl it W o freifia #ifw)

Solution - (i) X = 10 @G o =02 HRT

z :Qf%il;x=9.75,
3 , _ (975-10)  —025 .
’ B 0.2 02 T

qreg HIfe A — 125 95 & 99%d = = 3944
AT YA Z=— 1257 H &AFAd = 5000 — 3944 = .1056

(0.5000) - (0.3944)
= 0.1056

-3 -2 -1 x=10 +1 +2 +3

z=-1.25

Feqat WRFAS T fareewor
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T IFR 9,755 W A &7 s F1 B H AU 0.1056 § AR IR wE@AT 560 x 1056
=582

(i) x=34.4; 0=16.6;N = 1000
30 3R 60 ¥ T W<IiF 9N A SFHF F G-

— .4
z,=301624 = — 0265 A Q Z = — 265 TF FI 475 = 0.1045
Z; = %:H.ﬁ;mﬁ Z = +1.54 T F Y%A = 0.4382
. 30 3 60 ¥ e FTAE TR AR SE F & -

= 0.5427 x 1000 = 543

79 (&%) 7 fd 70% E F it B G-y Sife-aw A 91 T 35% (-.3500)
3t Tfet 3R 35% (+.3500) | T Z I foFd 197 | | F 3500 AA%A Q o€ ZH
T 1.037 @ 1 34 @AW X + 1.037 0 B0 |

FAAH G X — 1.0370 =344 — 1.037 x 16.6 = 17.2
sfepad G X ~ 1.0370 = 34.4 + 1.037 x 16.6 = 51.6
3 A F 70% IA b T@H 172 (17) A 516 (52) F aa F a1 |

Nlustration 13. 1000 3T T kY 7T U sifgd Taao § wreg sk wo1q fa=ed wAw: 42
T 24 A1 I BET H TN O FAC T AF (6) 50 ¥ A & (i) 30 AR 54 F A
&, a9 (i) A= 100 BE G MG AT i HIH B |
Solution- (i) x = 42;0 = 24 ;x = 50

A x = 502A Z = 502_442=+’0.33;awa.1304§|

Z=50 ¥ Ty el A% = 5000-.1304 = 3696
50 ¥ e 3F A 44 aTel BE F G& = 3696 x 1000 = 370

(ii) 21 =022 - o5 e 01915
5 = 542"442 = + 0.5, 89%d 0.1915
7, 3R Z, & 9 F &IFA = 0.1915 + 0.1915 = 03830
3 30 3R 54 & dr9 3F UM A @ G = 0.3830 x 1000 = 383
(iii) @Al Il A 100 BT F FEA =11—£(%:0.1

g o fedt 3w 3fam 0.1 8% = FR W .5-1 = 4 U 34 qren 87 |
L4000 ATF F o Z Fged 1281 2

X~ X x—42
;1281 =
5 28 2

X =42 + 30744 = 72744
3@ wared 100 B % FAdH WiH 727 € |

7 =

:x — 42 = 30.744

2.6 W@rIAT fad0T (poisson Distribution) :

GREA fFa (Poisson Distribution) &1 Yqurc w9 1837 3.8 = niftrag g sfw
@i 3 faae-fan &) gerad A 691 | 38 wiagd Gamfa faar off @ed € | s geand SraT



Td gl At ¥ 991 39 wfed B F YT 9ga FH A<t & a9 ga Rt Fref w0 ¥ fag oA FifABI Fergeror
GiqE foa &1 ¥4 B ] 991, O 30 § e a1 W, I Ghew { S T4 a9
ToraT, forell TR A o FifSE srafy ¥ gealT § w At @ e, uet R 58§ SRl |
e |

GTq Taaiur @1 @& (Form of Poisson Distribution) :

7 fiue faaw <t wift @fveq aar 8 | o Goaand SATeTsh T QUi ardt 81 1,2,3.........
Theraral &t G f5 ST & fafr 9af 9 31 @ 9t € -

NOTES

c"m
P ==
where r = Number for which probable frequencies are to be calculated.
C = Base for the natural Logarithms. (C = 2.7183)

m = Arithmetic average or mean.
r=r .
iy faa, fege faawr = @ &9 & fe o 9gd 991 ‘p’ 9gd 91 1 ‘m’ T
qRfid ST S A R |

IH T R F ¢ w1 A Frereas § faRY geer ) Sravaad @ | s6E °E 39
TER Frre st 8-

cm=L_ -1

1
m (27183)"
el 9 (2.7183) m FI Ga" | T AYI0F S Gergar A Ferenn S @ |
a6 (2.7183)” =Z
q:

Log Z= m log (2.7183)
z = Antilog m log (2.7183)
= Antilog m = x 0.4343
Antilog 0.4343
(2.7183)” = Antilog .4343"

1 1
(27183)”  Antilog 43437
= Reciprocal (A. log . 4343™)

z

then, ¢

gl ‘m’ FT F1E 0 9 T@HR ¢ F10 T foran S 2 |

ety mﬁﬁﬁ (Expected Frequencies) :
0,123 FEEAIS & Gigad GIE FHER fag @ s @ Grggd faan s
S @ 1 afe qheel @ ge N & @ JAied gl Ao $ S 60 TAF 98 F GA1S F
qhal @ Te (N) ¥ 1o ST gr s @
NC™"'m’

T faqwon %-7 'FN'!T&T (Constants of Poisson Distribution) :

T ATel, AT fage, SR afterd, faedar aa qeEiee & 39 Graed fqar & fee
Feemd € | 39 faao ¥ foe 9% WM 39 a8 75

Expected frequencies N.p (r) =




IR QI Faveraer Mean = m

Standard Deviation =Vm
First Moment (ul) =0
NOTES
Second Moment (/47) =m
Third Moment (u°) =m
Fourth Moment (;44) = m+3m
1
k = —
Skewness (f1) -
. 1
Kurtosis (f2) =3+ -
m=00"m=09 9% & fu . ™™ & WAl & aferar
m 0 1 2 3 4 5 6 7 8 9

00| 10000/ .9900| .9802| .9704| .9608| .9512| .9418| .9324| .9231| 9139
0.1f .9048| 8869 .8369| .8681) .8694| .8607| .8521| .8437| .8353| .8207
02| .8187| .8025| .8025| .7945| .7866| .7788| .7711| .7634| .7558| .7483
03| 7408 .7261) .7261| .7189| .7118| .7047| .6977| .6907| .6839| .6771
0.4/ .6703| .6570| .6570] .6505| .6440| .6376| .6313| .6250| .6188| .6126
0.5| 6065 5945 .5945| .5886| .5827| .5770| .5712| .5655( .5599| .5543
06| 5488 5379 .5379| .5326| .5273| .5220) .5169| .4117| .5066| .5016
0.7 .4966| .4868| .4868| .4819| .1771f .4724| .4677| .4630| .4548| .4538
0.8] .4493| .4404| .4404) .4360| .4317\ .4274] .4234| .4190| .4148| .4107
09| 4066 .3985 .3946| .3946| .3906| .3867 3829, .3791| .3753| .3716

m=1'&m=10?ﬁia§._me_m F WHI &I Arfeten

m 1 2 3 4 5
e M 0.36788 0.13534 0.04979 0.01832 0.006738
m 6 7 8 9 10
e ™ 0.002479 0.000912 0.000335 0.000123 0.006738

3 A A m=0.51 e & 97 @7 & foe geel & F 0.5 of 36 G a9 @y
1 % e fa@ 9 1< | 39 JHR
e %31 = 0.6005
Tl @ o 0% = 05434 qm
o251 = ;=20 -051

=e¢ 2 x e 05 = 013534 x 0.605 = 08127
Illustration 14. fF& Iare F1 F& 03 g0 wf 3o 2 Q9 QT o ¥ | @7ag faqo
F1 ITA q gU fan Rt 9, 3 QW A 4 9 ATl R F 9 I R NifEEaT 919 ST
(e 2 ¢ 7% = 0.135)
Suppose that a manufactured product has 2 defects per unit if product is inspected.
Using Poisson distribution calculate the probabilities of finding a product without any defect, ‘
3 defects or 4 defects. (Given e = 0.135).

BA (Solution)
e x =¥fa 378 <At R HeA

p— mx
agr px)=PX=x)=e ’";?xz()’ 1., ®

76 g m =2



poy=e 2=0135 @@ d
Py =pE)Xm=135x2=027

m 2
p(z):p(l)x7=.27><-2-=.27

2
P3) =pR) X = 27x 3= 0.18

W

p(4)=p(3)x12—=.27x§=.9
39 N,
aﬁé*ﬁa’maqﬁaﬁaﬁm = p(o) = 0.135
T A A I F AEFA = p(3) = 0.18
IR W IR T H AIFG = iy = 0.9

IMustration 15 : The mean of the Poisson Distribution is 3.24. Find other contants

of the distribution.

G faaer @ qre 324 R 1 9 e A Ff )

Solution :
m = 3.24 (given)
SD. = Vm =V324 =138
w1 =0 H2 = m = 324
U3z =m =324 "4 =Vm+3m2
= 324 + 3 (324)’= 34732
11

B1 = 304 0.38
Br=3+ =3+ =3+038=338

R SV T oo

INlustration 16 : The average number of defective articles in a certain manufacturing
process is 3%. These articles are supplied in packets of 50. Use Poisson distribution 1o
calculate the approximate number of packets containing none-defective, one defective, two
defective and three defective articles in a consignment of 10,000 packets. (given
cP = 2231)

fepell Ferfor e 3 gl A & Ao (aftea) 39 1 AR WEE S0 F TRl H w@ W
| @iggd faaw & T F g 10,000 390 F WX TR F Gewm agard e FE 9mE

gl 9 @, @ Jraqul B aen A 2r9qol 2 |
Solution
N = 10,000
3
P= 100
3 _
m = 50 X 100—1.5

cm=c P =02231

s
p(r)=£&£

I ifEaaty favegor
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Packets without any defective article (po)

_ NCT"m
|z
-m_0
- NC M~ 10000 €7 = 10000 x 2231 = 2231
Lo
Packets with one defective article (p1)
-m 1
= NCT’" = 10000 X 2231 x 1.5 = 3346.5
Packets with two defective articles (p2)
_NC ™ m?
12
10000 x 2231 (1.5)% 2510
B =

Packets with three defective articles (p)
_NCT"m® 10000 x 2231 (1.5)°
13 13
INustration 17 : One fifth percent of the blades manufactured by a factory turn out
to be defective. The blades are supplied in packets of 10. Use Poisson distribution to
calculate the approximate number of packets containing no defective, one defective and two

= 1255

defective blades respectively in a consignment of 1,00,000 packets. (given c %= .9802)
Solution.

Here p= ——-:n =10

m = np:D—XIOZO.OZ

N = 1,00,000
¢ =c"%=09802

-m __r
m

N
p()y=—"171"
Packets with no defective blades :

100,000 x 09802 x (.02)°
0!
Packcts with one defective blade :

9802 x (.02)"
_ 100,000><019'80 x(02) _ 98020 x o = 1960

Packets with two defective blades :

_ 100,000 x 0.9802 x (02)* _ 19.6 or 20

2!
Hlustration 18 : The distribution of Typing mistakes committed by a typist 1s given

below. Assuming a Poisson Model, find out the expected frequencies :

Mistakes per page : 0 1 2 3 4 5
No. of pages : 142 156 69 27 5 1



Solution :
Mistakes per page (x) No. of Pages (f) xf

0 142 0

1 156 156

2 69 138

3 27 81

4 5 20

5 1 5
400 400

m =511

Taking the mean of the given distribution as the mean of the Poisson distribution,
we want to fit, we get m=1 and

—m r
riy =& r=0,1,2, ..,
r
Also PO =Cc "= c™1=03679 (By Log tables)
Computation of Expected Frequencies
X Expected frequencies Observed
frequency
0 400 x 0.3679 =147 142
1 400 x 03679 x 1 =147 156
2 400 x 03679 x (1)° 69
=74
2!
3 400 x 03679 x (1) s 27
31 a
4 _
4 400 x 0.3679 x (1)* 5
=6
4!
5 400 x 03679 x (1)° 1
=1
51
“Total 400 . 400

Eigaq faawr &t faﬁfﬂ?ﬂﬁ (Characteristics of Poisson Distribution)-

(1) wfved faarm — fge-faar 1 wifh 98 it & @ived faaw @ frad avemel
T 0, 1, 2, 3........ x 3 QUi % ®9 F Bt B | TR OIS GTag-0T F SR 719 FI

@) 'p g F UE - g 3A Rl H wgH G @ O gl F qed F) geE
‘p’agawaﬁ%aﬁwqﬁaﬂmﬂw ‘q AT (19T 1 F 0 Bl @ AW R ife
e

3) W@W(Parameler)—wm (m =np) Wﬁﬁm?ﬂw@m% 3ﬁT3’HQ>T
I 919 o Qg faa faan s g R

(4) 3= ea (Constants)- GG faqm & ffafad A ¥ -

AR AT m = np; AN fa9ed o= vVm = Vnp

URE 1y = 0, o = m; M |

IR QifEEa T s
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mailto:f.,yfi:1f@(l

FoAR HifeAw ferwetwor (5) T - T8 foewur sramfid 811 8 | S-SR SRR AT (1) W HRY AQTAT S R, 0@
ferereor ifeft 3T Y S @i Sian @ o ferwwran 7t wrn § 359 S At o R

(6) T - 39 faatur Ft T MUY =T } fb wen o sreren Rk A wfed 1 3w
R % Safs spe-rae # € oRad S @, 39 faaer s s T8 fean S S | 36
ford $o Tiferw I 39 A0 F W Gied ®9 Teqd fFaT 2 )

(7) 39@m - 37wt gemait F, KR Fherar & G (p) 75 FH & ST (n) A
gifegsra o i fafr=r qerenell & faveryor wiaee fawor % STUK 9T Ak € |
=N I
1. oifegs A 9 fqator S aar gt @ 2

NOTES
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............................................................................................................................

............................................................................................................................

...........................................................................................................................
............................................................................................................................
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............................................................................................................................

2.8 R

dgifees ongfv faawor omgfTe gifers & A A 713 € | e aream A fafyea argarel
F oR W HHE H Hg F FH A ¢ wd fadeqdl frota O F e faed 2 ) 39 MER W
T QEHIA T ST 2 | 3% Seted 41 e gl faawor 9t der o @ | dgifas g ¥ IEfa
faT &3 TR F 8 TFd ¢, ] 37 A T 17 & wifegsa favawn § galfas Tead 3, s fe
Y 1. feve faawon, 2. W faeRwn, 3. @iga faaw |

2.9 91 il

(1) Tgifass faawon, (2) @fsa faawr, (3) 3mafa Sgaqs, (4) 3= g, (5) HeFR AEf, (6)
A=yt |

2.10 AFTH HIH

) aﬁﬁﬂ'ﬂ' UH (Long Answer type Questions)
1. dgifes faao & a1 399 92

What is meant by Theoretical Distribution?

2. fg9e &2 &1 v Ffae

80 Describe Binomial distribution.




10.

1L

12.

14

15.

16.

fgue steq <+t favyarett @ qufq Fiee |

Give the characteristics of Binomial distribution.

ifess amgfa & &= a1k 2 2

What is meant by theoretical frequency?

fiae faaor ot 37 ganall s 9 31 BiT @ 91 Swe e fRiel & avT R gu
T feoqut fafEa |

Write a note on the Binomial distribution describing the situation in which it arises
and its chief characteristics.

37 ftfefal 9 3eTewr wfeq saren e Rk sria fiug e s 8 2 1 39 seA
I AR ATe AR ST 1 FHH |

Explain the conditions under which binomial distribution is obtained, giving examples.
Obtain the mean and variance of this distribution.
GIqH 527 Hi gfoar e )

Define Poisson- distribution.

GEE 29 F TYE THO HI WY FIT

Explain the main characteristics of Poisson distribution.
o airgfir ferertor ey T Smgf feraeon it Si e @ R 2 3 i aRfesfirl 3 feve
faraor & v O @iaed faaor &1 wam 302

When does a Binomial distribution tend to a Poisson distribution? In which case
would you apply a Poisson distribution in place of Binomial distribution?

Forr aRfeaferlt 3 e angf faaRer &1 SNt e 1 TohaT 2 2 SR I 31 6
Ue FATFY S 3EH e A S Fepifer |

In what circumstances may a Poisson distribution be used? Give the general terms

of Poisson distribution and derive its mean and variance.

faae faawor a1 GraeA faaor g ger fiy= € 2

How do Binomial distribution and Poisson distribution differ?

feue a1 @i faawel & qre a7 9 faae & geal 7o R S S S @ 2

How mean and standard deviation are compuied in Binomial and Poisson

- distributions?

EPree fra F F o 22 9f e F e ¥ gl 9 faao @ een @ a0 A F &
EMECRAELY

What is meant by Poisson distribution? Give some examples of its occurence in every
day life.

e fam &t favraar @ faaem FIN |

Discuss the characteristics of Poisson distribution.

Tgifas amafa faawor =1 &=n ok 2 2 fove, Tumry wd @iaw fGaon F g weon @
faara i | .

What is meant by theoretical frequency distribution. Discuss the salient features of
the Binomial, Normal and Poisson distribution.

Feifae smafa faael ¥ ey w0 gaen & 2 ¢4 fgal & 9o # faa=m $fvw)

What do you understand by theoretical frequency distribution? Discuss the

importance of these distributions.

ey wifeai favewor

NOTES
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18.

19.

20.

21

22.

fiue agfy faawer Fa Giaad 3MgR faaw &1 3rgfa ST St 8 2 o9 5 oRfefaat 3
fiag faator & & W SrEe faaer F @A w2

When does a binomial distribution tend to become a Poisson distribution? In which
case would you apply a Poisson distribution in place of binomial distribution?

T AR A # e aarsd | Wit § 39 fawe 1 9E @ /i @ 2
List the chief properties of the normal distribution. AWhy is this distribution given
a central place in statistics?

T T faog dedt § 4 Fifww qon wifewy frerd F fa s 92 § T @
foaram Fifse |

Distinguish between normal and binomial distribution and discuss the importance of
normal distribution for statistical inference.

AT foeor faue faaon & form Yo fiast R 2 S e ot @ fadand s €2
3 eyt ogwaH § 3 forg s sqan €2 -
How does a normal distribution differ from a binomial distribution? What are the -
important properties of a normal distribution? How are they useful in random
sampling investigation?

wiferd T s faaw @ o1 gear & 2 i faveraol 4 off s swifvar aqsd |
What is the significance of normal distribution in statistics? Give also its utility in

economic analysis.

T U fiae faawo @t weaqel favivarall 1 g Sifve 3 3 freta fagid 3 7ea

- WE Fifag |

Compare the important properties of the normal and binomial distributions and point
out their significance in sampling theory.

oY IAUF T (Short Answer Type Questions)

1.

dgifae faar @ 22

What is Theoretical Distribution.

feqe faao @7 8 2

What is Binomial distribution.,

GiggA faaor $t gftsmn |

Define Poission distribution.

SHATY e faater & faRwdrd SaRd |

List the chief properties of the normal distribution.
GiaET R & Sy@ dE B e F I |

Explain the main characteristics of poission distribution.

Eﬂﬂ'ﬁfﬁ W (Objective Type Questions)

1.

wiagd fafe faae 3@ g &1 IR -

(31 1820 ©(3) 1825 (%) 1836 () 1837
ST e fafe & ohaa @ < @ & -

@ +.5 @ -5 1 @) 13 T8
Feifs amgfa faaw & fad) 5K -

(32 ()4 3 @5



4. Wﬁmﬁwﬂqﬁ?ﬂzﬁﬂﬁmé- Feat WifeTE YT farsheor
@Mo @1 (®) 100 @ 50
FWR- 1. (2),2. (),3. (D),4. @ NOTES

2.11 HEEIh 9

1. et s & seEifas SR el e R a g 209 R | 6 s
Y 4 vygar afes F 39 SO0 F 3fad 9 F ifyewar w1 22
The incidence of occupational disease in an industry is such that the workman have
a 20% chances of suffering from it. What is the probability that out of six workmen

4 or more will contact disease?

240 +24 + 1
[BX: _15,6T = 0.1696]
2. ayel A fedt fadig St F e F gHE T 40% B 1 6 TR Y A9 9 @
3 Y ot o ot ST @ oreT A gon | SraeifeRd gftorm ) wifaekar I Fife |
The normal rate of infection of a certain disease in animal is known to be 40%. In
an experiment with new injection 6 animals, none caught infection. Find the

probability of the observed result.

6
3) 729 _ o467 ]

[T (5 T 15625

3, @m%ﬁwﬁwﬁﬁaﬁm%%lwwﬁwm%mammﬁwﬁ
4ol QU 6 9 g1 A Al 3T A8 B F) Akl F1d HHfore |

- i .1
The probability of a bomb hitting a target is - Two bombs are enough to destroy a

bridge. If six bombs are aimed at the bridge, find the probability that the bridge is

destroyed.

6 s 1
5 S 1

[3aT: 1 - { [5) +6 (g) (EJJ =1 - (.2621 + 3952) = 3447]

4. BUR 729 9 kM) M9 fFFA AR F-H-FA 9 96 270 979 2: fewn ) 3w F@
e?
Six dice are thrown 729 times. How many times do you expect at least three dice to

show a five or sxx?
[3WT: 223]

5. o3 fe 3oTa Sd ¥ ot TR M 100 91K Qe STl @ | fEUE d2F §id sty ok 3|
nreg qg1 Y49 fager fHsrfaa |

Eight coins are tossed and this experiment is repeated 100 times. Find binomial

distribution and calculate its mean and standard dewiation.

1

x 10 — x
[39C : p(x) = 100. "°C, [%) [5) v x=0,1,2, ..., 10.

W:le%:S,mﬁ?ﬁﬁ = \/lﬂx%x%=l.6]
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FIR WifHBIA TrgTor 6. g AHEHT fr fobhl TRF 509 AT I@AR 959 § K 7% W AHE fF 1,024 @oatalt
T 10 it F 97 3§ THFR F1 St @ for 98 oREa ged § % 16 | feay e
NOTES TR ¥ S 7€ gu &) 6 3 a1 SUR 9 At EeaR 98 § ?
Assuming that 50% of a population in a town reads newspapers and further assuming
that 1,024 investigators each take 10 individuals to find out if they read newspapers,
how many investigators would you expect to report that three or less people read
newspapers.

[F : 176 3T |
7. %m@ﬁmmmaﬁaﬁm%%aﬁr%ﬁm@ﬁ1m

st # ¥ w10 fwwEt # e AR IR 98 e R 5 I et A 76 |
39 fepa NS AT F T S TR RO 1 fir 9 a1 39 w9 Afe w32

Assuming that half the population is vegetarian so that chance of an individual being

| ) . . .
a vegetarian is > and assuming that out of 100 investigators each takes a sample of

10 individuals to see whether they are vegetarian. How many investigators would you
expect to report that three or less people are vegetarian?
[BdU: 17)

8. foelt A gt ¥ 3/5 oM faarfed ¥ e v 25 Afaarfea | o i F 4fe 5 S@E
g 01,2 3,4, 5 fGamed @ a4 # siiyEar a7 22
In an army battalion 3/5 of the soldiers are married and the remainder 2/5 unmarried.

What is the probability of being 0,1,2,3/4,5 married soldiers in a row of soldiers?

o (1 e () (5w B (o B BB 6

S
9. dgifds fgae 29 128 (%+%) @ |yt Sty sgfaat st 91a sife |

Find all the expected frequencies of a theoritical binomial distribution 128

[3 = 4, 20, 40, 40, 20, 4]

10. 49 UH Y 64 9 ek T | fig 3 W 4 F Gerqr a4 fag 1 A 2 F ITEAAT AT
mr | fag 5 W 6 3 T g A€ wrn A o+ ufiony S s ay Ty
Four dice were thrown 64 times, Spot 3 or 4 was considered a success and spot 1 or

2 a failure. The outcome of a 5 to 6, was not considered a trail. The results were :
qeaaiel & gE

{(Number of successes) : 0 1 2 3 4

g (Frequency) : 0 5 13 22 24
sEAfEd amgfa faao agr dxifas fgue faawer & wrer ek s faser w1 i |
Find the mean and standard dewviation of the observed frequency distribution and the
theoretical binomial distribution.

[S¥R : et Agf faa@ & faux = 3.02,0 = 94 fiug faawor & fe,

x=np=4xZ=27d9 0= vVnpg = 4><%X%:1]
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11

12

13.

14.

15.

8 faal ¥ ©F TR B 256 TV IV AN AR TAF a1 AN o1 ST ) T I foran
T | T R fe e § R T E ) el oA G st i a3
A 1 AT HW §U ANV nqfrai aRefera i afz feug fram amg arar 2 1

A set of 8 coins is thrown 256 times and the number of heads appearing in each
throw is recorded. The results obtained are given in the following table. Estimate the
mean number of heads and then calculate the expected frequencies using this estimate
if the binomial law holds :

¥iel St dEm

(No. of heads) 0 1 2 3 4 5 6 7 8
3B I gE&A

(No. of throws) 2 6 38 52 59 56 32 10 6

_ IR 1,024 ¥ 4 1
RS A LA
ST AgfaAi,f, . 18 28 56 70 56 28 8 1]
& T 64 T E T NS A A O 0 T F 3 A9 A o ¥ o
A For A MAHA Y4 1 32,1 T 0 A Foll Frelt FARE R G 919 HAC |
There are 64 beds in a garden and 3 seeds of particular type of flower are sown in
each bed. The probability of a flower being blue is 1/4. Find the number of beds with
3,2, 1 and 0 blue flowers.
[ : 27,27, 9 741 1]
A F 1mnqﬁﬁ01234nmq€iaﬂmﬁmw% _
el Rl F wemn,  x 0 1 2 3
e F e, f : 8 28 34 24.

foret 92 & A a1 & F NFaFar A I a9 yafew snafaat 79 Fifew )

In 104 litters of 4 mice, the number of letters which contain 0, 1, 2, 3, 4 female mice

is as follows :
No. of female mice, x : 0 1 2 3
No. of litters, f: 8 28 34

Estimate the probability of a mouse being a female and find the expected frequencies.
[ :p = % fo: 65,26, 39, 26, 6.5]

frafafea & fou fege faqu &1 arer 991 ages ad1gd I1c |

Obtain the mean and mode for the following binomial distribution if,
()n=9p=06  (i)n=60,p=16 (i)n=8 p=Vs

[30: (i) A1H = 504, TgAF = 60 TUT 59, (i) A = 10 = FgeF

(i) 9T =§,a§?—raa = 1]

T fgug & § gt AT 3 0 T 2 @ A N AT (uy, g, 3, g, B, f2) T
EAEI

In a binomial distribution mean is 3 and variance is 2, find the remaining constants

(w1, 2, 43, pa, P, B2).

n 2 np 2
3T ==p=1l—-g=-,n= =9y =0u=0
[ wp - 3P q 3” » i

2 34 1 17
_2),“3'— 3):“4 3 )ﬁl - 18!ﬁ2_ 6 ]

10

e Wil g frveamr

NOTES

10
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16.

17.

18.

19.

4 faF% 160 91 IS MY 3N Fefifeha saelfFa smaft fawer ST gan -
virgf &t g 0 1 2 3 4
4 faa! #t 3o F =71 A Y) 54 31 6

7® A0 gC for fye gela ¥ il 9 denel @ senfya smefma v s sk
TG-S 1 Gl o Fig )

4 coins are tossed 160 times and following observed frequency distribution :

No. of heads : 0 1 2 3 4
No. of tosses : 17 32 54 31 6

Assuming that the coins are unbaised calculate the expected frequencies for the
number of heads and test the goodness of fit.

[3WC : Tefra SMafei « 10, 40, 60, 40, 10, x° = 12.7;5% HT4ehal W T/ e 98 2]

e YaTq % 5 fad F Uh TR B 96, T IS I | B aifere § faw 9 @ @
sraefRa anafty famwr feam gam R | 5@ WAl WfF fash SRR ¥, ey snaf
Yfiehferd <t | S WIFIAT S eaaT 1 GHE iy FAY % GE 1 35 St (5 Tt
F T Q1Y IBTe T P! Fi G671 o o g o @ = x, q91 391 H @ = f):
A set of 5 coins was tossed 96 times. The following table gives the observed frequency
distribution of the number of heads in a single trail. Calculate the expected
frequencies on the assumption that the coins were unbaised. Use X° test to examine
the correctness of this assumption (x=number of coins that show head in a single
trail, f = No. of throws).

X o 5 4 3 2
f : 7 19 35 24 8 3

[S¥C : ST S, £, = 3,15,30,30,15, 3 x” AT 11.62, x5¢45 5 = 11.07;

HT=FaT e e ¢ |

7 faaa} T 128 AW IBIAT T 379 faa FTR &1 3raaiea smafa famor Frg SR 2 | 76
Aq g o6 e geta & fEue dea &1 amier FIRe | afs iz % 9 a9t Yo7 faae
g ?

The observed frequency distribution of 128 throws of 7 coins, according to the number
of heads. Fit a binomial distribution under the assumption that the coins are unbiased.

What are the mean and standard dewiation of the fitted distribution?

et & "

(No. of heads) : 0 1 2 3 4 5 6 7
IV & G

(No. of throws) : 7 6 19 35 30 23 7 1
[V : ey ghd ¢ 1, 7, 21, 35, 35,21, 7,1 : H&4 = 3.5, YA fqueq = 32)
frafafag ot wdfya feoqu fafge-

Write short note on the following :

(1) fg92 S (Binomial Distribution)

(i) fEue & faeraamd (Characteristics of Binomial Distribution)
(i) fg9g ¥29 F 9 (Constants of Binomial distribution)

(iv) TE9% @29 & AHSH N ASq F ghar

(Test of goodness of fit of a Binomial distribution)



20.

21.

22.

24.

25.

26.

frfafad s97 Ft e Fifae-
foreft fue faquor &1 ATer 8 9T SH9 3 R

Criticise the following statement :

The mean of a binomial distribution 8 and standard deviation is 3.

IfE T QT F U} a5 T W AAA 4% B A 10 § TF Hagw A 2 A Afeeh Qgqdl
T80 B Wiwa ®R? @A e = 6703)

If the proportion of defective items in a bulk is 4 percent, find the probability of not
more that two defective in a sample of 10. (It is known that ¢ = 6703)

[S9U: Poy + pary + pz) = 0.6703 + 0.2681 + 0.536 = 0.992]

foen ova 98 a1 @ fF 1 96 ¥ Siigad 4 SihfiTe et At € | fRelt fadi A
4 q %9 oA B H Tifgenan w@ R (@R e 7! = 018)

The past experience shows that there occur on an average 4 industrial accidents per
month. Find the probability of the occurence of less than 4 industrial accidents in a
certain month. (given : ¢ ' = 0.18)

x=3

-4
B : po) + p1) + P@2) +p(4)=§0 e 4]

faffa agait &1 Frder o oo wfa s 2 3t s 3t € 1 forelt forfffa g & (3) 908
AT TR AL (i) Y T F wfAar 99 FfC ) @@ R e = 135)

In an inspection of manufactured articles 2 defects per unit are found. Calculate the
probability finding an article (i) without any defect and (ii) with 4 defects.

[39C : (i) 0.135, (ii) .09]
foreft gaM o oitaa w9 @ 5fa e 5 Tres A € | @ires famw F1 e 3§ fEat fafae
& e i 6 Orew A 1 Wifgear 9 Fifee |

The average number of customers per minute arriving at a shop is 5. Using Poisson
distribution find the probability that during one particular minute exactly 6 customers
will arrive.

[39T: 0.1454]

footfl 5% & 50 I F GG & qYEIq T I g o AWga: 5 gt F 3 et € 1
Sl d24 & YN I I8 A o f& 1,000 gt F gwas ° 0,1, 2, 3, Tl arol
g3} ) w1 R 2 (fem R e C = 5488)

After correcting the errors of the first 50 pages of a book, it is found that on the

average there are 3 errors per 5 pages. Use Poisson distribution to estimate the
number of pages with 0, 1, 2, 3 errors in the whole book of 1,000 pages (Given

e ® = 5488)
[3W : 549, 329, 99, 20]

T IS 3G o1 F) SO AT R 1 3qF I F 5% 9gel 2 | T@100-100 I |

F e} foswa a1 @ A TR 2 R Fr 9 A 3 ¥ rfus Qrayol swared 7€ A
THE! FH GO B U 9D F S W et & AE a2

A producer claims that 5% of his product is defective. He sells his product in boxes
of 100 and gurantees that not more than 34 items will be defective. What is the
probability that a box will fail to meet the gurantee?

I WIS favrmor

NOTES
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27.

29.

31.

TR SHicT T A TH SAHA AN 8 AT Y 8 a5 e & oftwr o et et
%, m = 3 % GIIEA q7 B e R R | W A F F G 7 S e s
3ty o 3W FIE B Hat T et ?

The number of telephone calls an operator receives from 8 to 5 minutes past 8 follows
a Poisson distribution with m=3. What is the probability that the operator will not
receive a telephone call in the same time interval tomorrow?

[3X : . 04979
ﬁmmﬁvmﬁﬁ?ﬁﬂmﬁmaﬁw L %mf‘aam 10 o9 W@

S ¥ | @TaE I # 39T A T 98 I ST 20000*)&?1%‘1%?!3%
d (1) TF ft egeR o TR A, (i) OF ATIE o9 A, (i) 2 QISR oy B,
(m)zaﬁ?ﬁrﬁﬁﬁ (iv) 3 R A N A (v) 4 I AW AN 2 Cemm R
—¢% = 9802 | :

In a certain factory turning out optical lenses there is a small chance —— for any

100
lens to be defective. The lenses are supplied in packets of 10. Use Poisson distribution

to calculate the approximate number of packets containing no defective, one
defective, two defective, three defective and four defective lenses respectively in a
consignment of 20,000 packets. (Given e %= .9802).

[39T: (i) 19,604, (i) 392, () 4, (1v) O, (v) 0]

FEUA U S F HEy § s 0.5 Shiew awgel 39 s ¥, A ¥ fes 7 W@ o
T 1 R fesdl 1 1 wfow & o (6) & ot Sqel QA R, (i) E-Q-hH T ool
Ak 2w 2 s Qg WA 2 FAm e = 6065)

In factory mapufacturing fountain pen, the chance having a defective pen is 0.5
percent, 100 pens are kept in a box. What is the percentage of boxes in which (i)
there is no defective pen, (i1) there is at least one defective pen and (ii1) there are
2 or more than 2 defective pens? (Given e~ = .6065)

[39T: (i) 60.65%, (i) 39.35%, (iii) 9.025%)

% T YHEF A R FHH O WER F & s IE S g A A
e @ 9T a7 AaT 20 99 29 F1 9S4 € fo @ e § T 200 T B
| wiaEs faa & A #3139 [0 oy fRe S # wifgda g Fife afe ()
T G0 FHH A 1% F w9 i FCRA 9N 1 (i) 0% fel § 3w g
Seqd O b @R &t forg) I 2 |

A manager accepts the work submitted by his typist only when there 1s no mistake
in the work. The typist has to type on an average 20 letters per day of about 200
words each. Use Poisson distribution to find the chance of his making a mistake if
(1) less than 1% of the letters submitted by him are rejected and (ii) on 90% of days
all the work submitted by him is accepted.

[ST9C: (1) peoy = 0.99 = m = 01014 % p = .00005 (1) poy = 0.9 = m = 1054

gl p = .00026] _

T qeds B wid g8 Fire gfeai ard Y | 3 SRSl & SeR W U @iged fadn #1 ArEeE
HL

wfq g3 Ffea - 0
g3l Ft HEA 200 %0 20 10
R e = 6065)

—
3]
(V8]



32,

33.

34,

35.

37.

The following mistakes per page were observed in a book. Fit a Poisson distribution
to the data :

No. of mistakes per page : 0 1 2 3 4
No. of pages : 200 90 20 10 0
(Given : e "= .6065)

T TR F g 100 T F IH0r F I YR AT | SaE foadwor 1 ST 3

wfd g3 Ffeai 0 1 2 3 4 5
T I AT 42 35 14 6 4 1
R e = 3679)

A typist commits the following number of mistakes per page in typing 100 pages. Fit

a Poisson distribution and calculate theoretical frequencies :

. Mistakes per page : 012345

No. of pages : 423514641

(Given : e = 3679)

[3T : FcATf¥a 3MgRadi : 36.8, 36.8, 18.4, 6.1, 1.5, 0.4]

e st foreft 218 1S & @ 100 1 1 g S & e @HT ) =59d a3 © 1 Graed
e 1 I =IfaT

Below are given the number of vacancies ‘of Judges occuring in a high court over a

period of 100 years. Fit a Poisson distribution :

ffe=rai (Vacancies) : 0 1 2 3

gfd (Frequency) : 56 32 8 4

[3: m = .5488, TG rgfaai : 54.88, 32.93, 9.88, 9.31]

1 EdET @ @ g2 F1 A=rieH Sty 4R dsifas eigfaal & o S
(e = 6065)

Fut a Poisson distribution to the following data and also calculate theoretical

frequencies :
9 (Death) : 0 1 2 3 4
gfd (Frequency) : 122 60 15 2 1

(R m = 0.5, Fifas smfwE - 121.2, 60.65, 15.16, 2.53, 0.32]
ETgg faaier & HTeF U YEO0 91 FHe |

Find the mean and variance of Poisson distribution.

feargd i Py @ 3 g orifa @ - “wTawe e & G AT 16 2 3 36 AT
faaed 921"

Show that there is a inconsislency in the following statement : “The mean of a Poisson

distribution is 16 and the standard deviation 1s 9.”

=1 o & faaa Fiiee

Comment on the following statement :
e fa % fo are g sty 72

“For a Poisson distribution mean is 8 and variance is 7.”

Feaay Gifea@ i fagoor

NOTES
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39.

41.

42.

T T FE § 1,000 T TR S E Fora ot site 120 R 2 | ST Sitad ST
52 % oeq ? g s fagem 20 kA 2

T ¥ fRat 90 f @ o THTE @ S ?

Ife Tt F W T T F6 AT F A 8 Q@ 396 9¢eR F WA 10% @ g ey
T ST g ?

1,000 light bulbs with a mean life of 120 days are installed in a new factory. Their

length of life is normally distributed with standard deviation 20 days. (i) How many

will expire in less than 90 days? (ii) It is decided to replace all the bulbs together

what interval should be allowed between replacement if not more than 10% should

expire before replacement.

[SW : (i) 67, (i) 94 fe& |

T S 2 7% FqU 35 A FA R 899 TWU 63 A FH§ | 3W 4 F X 9

o FE?

In a distribution exactly normal 7% of the items are under 35 and 89% are under

63. What are the mean and S.D. of the distribution?

[ : X = 50.3 and S.D. = 10.33]

T Wi FRER § wEE@ 1,000 FEH € g a=r 67 $9 2 | 39m = e, o S

MY I EREN A 72 39 q aifve o il F G a2

feard: 0o 1o F a9 Aa%d = 34134 79 0 3K 150 F dw = 43319

The mean height of the 1,000 workers.in a steel plant is 67 inches with a standard
deviation of 5 inches. How many workers are expected to be above 72 inches in that
plant?

Given : The area under one side of the normal curve for 1 ¢ is .34134 and for 1.5

o is .43319.

[3dT: 159]

gfz T T faaor § 500 S # 3Gd FARE 65 §9 a9 YA fa¥ed, g 539 &, d)
fer BT R T

(i) 70 39 ¥ 3fes A | (ii) 60 3T 70 39 F T A |

If the heights of 500 students are normally distribution with mean 65 inches and
standard deviation 35 inches. How many students have heights.

(i) greater than 70 inches. (ii) between 60 and 70 inches.

[39T . (1) 11, (ii) 68]

s BIfae SRORTE 3 §EH T 2,000 T I oM | AfG 3F Fed S Ay
1000 92 8 AR 0 = 200 HUS, A FAH 700 Sl drel U2t B foha s sfesl JHT A S ?
Fret e 8§ W ae-tan g S < o R

X-X

ag
afaesrd : 0.159 0.106 0.067

The Mumbai Municipal Corporation installed 2,000 bulbs in the streets of Mumbai.
If these bulbs have an average life of one thousand burning hours with a S.D. of 200

: 1 1.25 1.50

hours, what number of bulbs might be expected to fail in the first 700 burning hours?

the table of the area of normal curve at selected values is as follows :



43,

45.

X-X

5 1 1.25 1.50
Probability : 0.159 0.106 0.067
[39: 134]

I FaFT S offed IS 68.22 39 @ T T o = 1.08 39 & A1 T WHW@ F 1,000
At ¥ 6 We A ot 3R A ) GWET = 2

(TR foraer § 1,15 O€ e F SRl S St L6221 R 1)

If the mean height of soldiers is 68.22 inches with a variance of 1.08 inches, how many
soldiers in a regiment of 1,000 can be expected to be over 6 feet all? [In a normal
distribution are to the right of an ordinate at 1.15 = 6221.]

[3TT: 125]

10,000 SHTFTET 3 WE 1 9 ATe o/ 1 faawor S 2 fawd A 750 . Sfarg skt
I fraem 50 €. 8 1 @Ry 76 39 e % 959 afHdl A A 668 &} afaE qa
5% fFal @t A 832 5. 9 offus anft | walfas ot 100 =fedl o wa =9 o
ferat Bft 2

The income per month of a group of 10,000 persons was found to be normally
distributed with mean Rs. 75 with a standard deviation of Rs. 50. Show that of this
group 95% had income mean Rs. 750 with a standard deviation of Rs. 50, Show that
of this group 95% had income exceeding Rs. 668 and only 5% had income exceeding
Rs. 832. What was the lowest income among the richest 100?

[39T: 866.5 3. ]

TF W 1,000 Y SEEiTe w6 F giferd e § 3 arn e fE SAe mifes
aitad foishl 8,000 %. & G&1 YWY f=erd 2,000 ©. 91 | 98 el i gU 6 foishl THmY
w9 ¥ faafid 2, 37 WAl 9t g 99 S

(i) forrant oftga wifae fashl 6,000 5. ¥ %7 9t 9
(ii) forran ot wifs fasht 7,000 5./ 9,000 & % a9 9t |

In a statistical survey of 1,000 small business firms in a city, it was found that their
monthly average sales amounted to Rs. 8,000 with a standard dewviation of Rs. 2,000.
Assuming that the sales are normally distributed, eshmate :

(1) the number of firms whose monthly average sales were less than Rs. 6,000 and
(i) the number of firms whose monthly average sales were between Rs. 7,000 and
Rs. 9,000.

YU e & - &1 86

(Area Under the Normal Curve)
z="2£, 0.1 0.5 1.0 15 2.0

A 0.0398 0.1915 0.3413 0.4332 0.4772

[3: (i) 158.7, (i1) 383]

o oot aifehrl 3 i fean 3 fop o o § 3w 9 500 FrEErl A e v @

It sitaa FsRl 3,60,000 &, A 3 a9 33T SHTY fage 1,00,000 3. % | 9@ HFE fh

A [IEEl F faF T fa SN R, 9d e

G) 37 T F wem fTE B 4,00,000 5.9 iy 2

(i) 37 HEErE F T A R 30,0000 3.3 4,00,000 7.1 AfeF O 1 weArEE
21
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Test your Progress

92

(i) °F &Y T T e FIEE R R 3,00,000 T F A A I IO

A Sales-tax officer has reported that the average sales of the 500 business that he
has to deal a Sales-tax officer has reported that the average sales of the 500 business
that he has to deal with during a year amount to Rs. 3,60,000 with a standard deviation
of Rs. 1,00,000. Assuming that the sales in these business are normally distributed,
find :

(i) the number of business the sales of which are over Rs. 4,00,000.

(ii) The percentage of business the sales of which are over Rs. 4,00,000.

(i) The probability that the sales of business selected at random will be over Rs, 3,00,000.

I X 0.40 0.50 0.60
A 0.0987 01554 0.1915 0.2257

[38: (i) 158.7, (ii) 383]
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Frey JoTelt & STayIhT

A A IS T ¥E T D & A1 2 o6 I NN F IR F NAvIHA F9 3 F9

TSh 2 )RR SR & 3 oTTell Y ST % FROT w1 WAT F A qui o ¥

€Y

@

€

(4)

(%)

FR-F97 HE F€ TR TT Bt 2 | GO SOTelt T SET & @ Ad e 21
TRl & 301 A A UG @ Gt 2 | FU, T S @ I Rt st v @
I | IS F1 P13 GHT T8 2, oI9S Frea Ft §ra Goror yoret 76 @ vt 2 1
fydta, Y wod @ fF RFET e feaama A 99 0 WHg a9 @ T & 9 | O
yftfeafa & GoAT Yol g0 W9 & W gt Ry 72 @ s | o P soned @
A O &t @ P ST R S @ | S WaR ate o fRdt e ¥ f ) 9
I R @1 FEYH oTel ST A % A SwE 99 O AR, e g o o @ o
9T B S |

HITIG: € ToIel! ST 21t @ | afE w9y 1 A7 9gd 991 @ @ WA NOmelt % ST
¥ o, g U it agd o A | I T I TR ATl S 39 e & wr § et
T TG T F I I H 3T H A TAE AN ¥ G W A9 g FiE
T e it e et S Y e gTET a2 | A uffefa i freeia someht @ wakw
w2

39 SOTRR ¥ A A aTel TR S1g: GO sorel % Frenst & wu @ e are ¥ 1 Rt ad
somTel Y T o S | M. AR ¥ SHER, “arad 1 freei & fau feet T R e
At W genrgal AU Yradl A GHfed F1 S gkl § a9 GHY F @ GO o e
I Bl W& & Gt § 17

A wftfefadl St -t s @ St € St gyl gt F e o @ o @

7a faeet Tomel @ ST ved @ 1 R e § S @ ¥ ga w8 3 M oa e
Fad I M I ®l Q) F1e3 Fomelt & Ui W {9 & e @ S 8

S a&qal F FFla I qEE TS B a9 U ol & TEIT F FRO Ayfes qHF AT
A Frepd eSS @ 3k UE offeafa § et soneh @1 wam @ San @

3 I fAcya SoTElt F) SravaEd F WL R & VL ¥ 39 TN I R 91 G5l 2
“Freel ol W STETT IS 9 AR AqEeH ¥ fawd w9 ¥ A1 @ FifE wfeh

ghF ¥ areaaa ¥ Fi-&Y) g8 UEHHTH WO NOTell, 519 9ad 3Afya saigeiia i QraReed) g9l
399 Yoen ardt @ 17

34 fTrevla ﬂjﬁ @t ggfaat (Methods of Selecting Samples)

(1)
2

(3)

frata g ) Frefafee vefral safeq €

fereqa 1 =amus <9 (Extensive Sampling)

gfear feem (Deliberate, Intentional, Purposive, Conscious or Representative
Sampling)

29 T A1 AHAF F129H (Random Sampling or Chance Selection)-

i diedt 9gfd (Lottery System)

1 2d U1 (Rotating the Drum)

i 9@ &< FF AT (Blind fold Selection)

iv g’ 3 T@x 71 PR 239 feeH (0" number or Systematic random sampling)
\ g2l = fedt T @ goma (Arrangement of items in some order)


http:q;p:r.ft

vi  fo¥e ) G@nst g1 (Tippet's tables)
(4)  Tufsa @ WA f2¥A (Mixed or Stratified Sampling)
(5) “gwadq fige (Multi-stage sampling)
(6) 3 freeA Yonfe™T (Other Sampling methods)
i g S el (Multi-phase Sampling)
ii awiy f¥H (Quota Sampling)
iii haF FEI (Sequential Sampling)
v gfAa9ar M (Convenience Sampling)
v Hqfea e STl (Balanced Sampling)
vi IR g Wg e (Cluster Sampling)
3 TH SYUTH T&faal FI -3 fae=a F-

(6)) fawammﬁ?{?h (Extensive Sampling)

AT Yol % WHH € faegd frevia & wonel At R 1 3w frestA e aifve wEn
foran 9w @ | weit-ed A qd ITT AT A TG AT FRAT A @ | g Al A
S A sAfarfE T8 A fe faga el dom sorel 1 @ @@ w9 2 1 R R A Y
Tl g8 o ARy Heaqel 7 < | WOHT Sonelt 3§ S Ug 1 fafved Y ¥ SrerA fb S
2 1 3% sfagel fawqa et § Faw 31 wwed vel 1 aread fofn ST @ S gar A Iueey @)
Skl :

gamgﬁt%;gm(Mcrits)- (1) SO Sorelt &1 e 9 SoneR g At @ | ;) v g
J M B 9§, 3R oreyem A witfer 3 forn S @ ol fat R gEY araar Se A 1,
IR Bre fea S R 1

(2) 34 SR g foran AT SgE AT favaeta g @ it san ot g yoneR & wifa
& 9 9o S & a2

(3) 35% BRI fo99 1 T8 ST G Bl @ a9 gRonT 9§ 379l q & 9 ¢ |

2n9 (Demerits)- (1) FTOFT Xoelt & +ifd & F9 Xomell §R1 IEEH H 9gd Afas o, 95
a7 ofom & Savaar Al © | 34 39 JOe &1 IvA ot €T ® TR @ g 2

(2) & wRfefa ¥ g yomelt F1 YA Qg | ST R T @Al wegagd A
I AL FTTE B | T8 A F AR I AfAgel I TS 2 AR IEAA F e g i
% Sra1 3ufedd @) ST R |

(3) GHAT A Iy TG H @ A F FW TR W9 Tl R o wovga: s Teedl vl
Sra A A TR faA T 1 HT § 1 3HE e Frepd orye 9 #1 WY el @
) Gfeur faavm

(Deliberate, Intentional, Purposive, Conscious or Representative Sampling)

St e 39 Soelt % A A & we A R, 30 U gHRl el #1 I fFEngds s
| 9% T8 N GG 39 919 1 Naof el @ b gl ) g fadward =med § o 91 | 39 e
F) 9T ¥q T& o e F WY 93 ) wfinferd w2 o wny H wh faPmast ) s 50 9
) 0B 12 ¥ g A Wi S vmny Figd o feran St R | Serwr & fore, afe snfie wden
F T AEpRY F T7El §1 O AR G @ Q) haw Agd Aoh F Mg g SR | ifes sHfavia
sre1 i3 g il @ Bre e SR

T4 SOE! 1 39 3§ A ¥ Ry s 8, e 39 3sal ot deeyel 2 € fa
9! Wil F0 a1 9 IRaad § oe-gwrd IO w1 gda e 2 AR we €

F=r Wifewa 1T favergor
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F! St wiwfera e famm 3rgu @ w8 S | 39 Yot 9 W 9gd 6 g U B SRR,
foreTerar ©d S T eI 2 |

39 TR iR feeh 9 e sonfeat A € e Iere 39 YR Rear ST ge 8-

1) MWQWHW(Sclcction of the unit of average quality)- St fR 39T
TAT T 2 Ao A 1O arelt 3FEA F G F 3R | s e 51 o9 ¥ ) 39 e
¥ g7 Q Freprl g¢ Fremel @ wan Ry forar o e € ) AR o fusst €8 sRal # O
fean SR A& IgHd W T F9E R |

2 3%?‘“311“ far TR & g7a (Intentional selection according to the object)-
T % STHR T F 1Y F1 39 NbX AT FoR41 911 2 AT 1S Ao qol 35678 7 g2 I |

(3) snqurfe® TI@ (Proportional Selection)- 9% AR Y% U HI Iq1 U
=reet § qinfad fear Sma @ fog ogad § 3 oqdam & &3 § 49 21 39 sonel ¥ agd )
Ft wE F G W A(GF T I3 2 | FEIT 39 Wb & Frebret ¢ Frend fervaaita € A
ST G € | SIS O W fra g Ry A e W s F wored @ sfafifa gam
PR =gFam Aeig firert ) | 6 feregpet fardta (oftufay srqaiaTard] 34 Hergll &1 g1 o forant
ifeemfyes Aorgd BN | 39 Nbr S SR QA 2 QNqul €0 | 9e o S{ER 3itgd Horgh agd
& ST TH % SER 9gd A g At |

TR ¥ O (Merits)- (1) 98 TG &% 2 |
(2) afz Ao S &1 A 5 R S @ A Y Fafvaa S foran s @ & =y F1 gAa

(Selection of Sample) 3 B F 9T TEdt 2, A AR F1 I NF o @ @ Frpd R
fovaefmaa 31

(3) 39 YSfA F IYANT I ATHYA F ¢ A AYEF @ 2 T TS FEA 0 A
TEE @ fF 3% =ew ¥ wiead 1 e @ @ St fh 3 o e § saern
fof Tle-3eaa e 1 WY 21T AEH We @it F1 F1 ey F &9 § o foqy swami &
T B

Ul % AW (Demerits)- 9T g9A Wl freda & il €1 sqvew &1 ¢ g 30 wsfa 1
T3 2 +ff 3 e oI &9 39 THR & g ¢

(1) 39 Tfa F Thad ey & AR B SHFERT, YT fadtaar a9 39 W fasdt st
2| 79 W a0 i [d AERERT a1 gRen #1 §9e ey F 99 T 3Evy ged ¢ S s @)
G A AR

(2) St fo sraeTTEn T R o e el & gArasdl ¥ 3faq 99 #1 A aravas @ @ifh 98 59
F FF 21 i A S FHFR TG T | 3. T VLA F A Wi 2 A

3) é‘q’ YaUT AT HTehT&H ﬁE?h (Random Sampling or Chance Selection)

39 wgfa  wferaw v % fawlia 3FTE @ $8 aeal 94 of 9 € | gl s6h o
AT gg T I9AM A& AT 2 Foh HAE SFIE B G FFAT IR | GAE H FE AT W D3
fom 1 @ | 1S ol 3RS A B 31 Gehdl @ | 36 R NS IFS F ) I F G 99T el
¥ 1 S, Az e Fewew ¥ enfeardt &% 1 vdAaw 1 4ed € A 39 gsfd g0 e
wY Y Fo a4 o) T | 98 Eea @ R 99 YR g S D @il anfardt &7 % sfavie
o1 o2 g4 Ma ) siEd] & AW TR 9 8 @ 9 g e aRfegfa sy T @t 2 )
Tg 791§ foF ST GG 39 STUR W AT & a1 Al e g &1 3T 48 K ¢ A, 3,
0 T T A YR R gehreal SE o St ¥ qun ey wHy @ qoeyn sfafifaa S e
2
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IR T AT &Y T A I f ovw F A=A R | ARy @R T & ue I Wi @
1 Freet % forsm gy & 1 9100 o werdar g ST Mgl ol dehdl R 1 4N Freeia fafly
& TY ST H S S G kAT @ | S Pt o % 96 F wrv festa # 4
st foreawtg & ¢ ? o saR ST H AT g ANS A AR |

red ¥ fa9H & 2 F A yobd o

(1) ey & 919 F &4 § ARET g (Bias) F I |

(2) WTEAT (Chance), 1T fordt it =qredl % w9y &1 oWt fa9mard =€ &t )
¥oq Y B A A F ST AT g T fRAT S gl @ |

3.9 YHY fa¥¥ (Standard Error)

ﬁﬁb‘lﬂﬂ%Wﬁ@@ﬁﬁ?ﬁm%ﬁméﬁ‘ﬁﬂhmaﬂdomsmpﬁn@ﬁ
e & ol o ot 30 @ T A e e e S, @ A F R W R s
fareer (Frequency distribution) F T 8t 2, 38 feel faraw (Sampling Distribution) FgeITd]
%|3maﬁ€q3=fmﬁqmﬁaﬂmmmw foraret o SR e ¥ WeAR F e T
T A foae feret A 72 A fagem @ wegeht &1 A fa99 (Statndard Error of the mean)
e | T8 3G WA 1 R st 2 g e @ 39— fied ¥ wa AR ¥ A
2 1 Y79 fym T Y fRrEROMT (Variability) 3 e & e w Ffc gt @ 1 qut g
F ﬁmﬁmmﬁlmwﬁﬁmﬁwﬁwwm%aﬂmmﬁ
e 3N fwamig dard |

g eyl oy fawm
(Standard Error in large Samples) _

TR AT N G Q[ IS [l & GH ok B werEar § o A faad #1 e
TN S THAT 2 | GO FHSd B G 5 o AUl Sd §HY 98 Saerd S g @ 1% are
F + 1 7o foraer & A § gyl 47 1 68.27% o1 2| 36 Wift = 2 oy feer ot + 3
AT e § SR 95.45% 3R 99.73% 8 WAl 811 & | 39 aR® = 3 o A andm gt v &
A & T R
TR T &7 W99 faw (Standard Error of the Mean) — GHI-{ HIEH 41 Heg& < YHY
v feren ¥ & 99 &1 S faaee e veai e | IR e gvE T @ e &
YTy frael A oft g3 3 %8 G S FH Tl o Gehdl & | 39% g9 39 I 8-

(37) 1@ gy 1 Y99 Toaaed 39 8-

0, ( Standard Error of the Mean ) = ﬂu(n_\;v_e)ril
n

@) 4 ey F WY fauds g6 T6 e

(VN-1) " TN

Tg =

where
o, = Standard Error of the mean
os = Standard Error of the sample
N = Number of the items

TR OTE & ST [ F) GerEa ¥ g 9 o @ 6 gy & aren @ fRet |/ %
AT B ) TN R | 7 T8 T © 5 W 9 1 95% M6 M = 20 F e A @
| 3 3 TerEar A & e Frend e wea 3
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e faeft el =1 e w10 &1 sy w002 & @ 98 sE R R Al 79
39 ¥R ¥ 100 Tl @t arer ot 3 I fFaw fee @ 95 wa=t F gy Ft 6w fewl
FAE +20 G MAH @ |

T4 THIY {499 1 SYAT IR0 ¥ TF I (Hypothesis) 2O ITH A9 &0 & o1
feram SITAT @ | YT 48 et & o6 et it g 3 A FFren T ¥ 2 3 Sher F
e &1 93 i -

where, T = Dewation of the mean of the samplc from the mean of the hypothesis.

M = Mean of the sample.

il

My = hypothetical Mean of the Universe.

Standard error of the mean.

Om
Ilustration 1. The average weight of 900 stadents is 50 kg. Find the standard error .
of the mean if the Standard Deviation of the universe is 9 kilograms.

gu
Solution— Standard Error of the Mean, or 0, =
V(n)

Illustration 2. The average income of 100 persons is Rs. 50. Calculate the Standard

Error of the Mean if the Standard Deviation of the sample is Rs. 5.

o3

Solution- Standard Error of the Mean of o4=——"—
V(N-1)

5 5
V(100-1) V9.
Iustration 3. To Know the Mean weight of all the 10 year old boys in the Statc of
Madhya Pradesh, a sample of 625 is taken. The mean weight of this sample is found to be
67 pounds with a standard deviation of 15 pounds. Can you draw any inference from it

= 5 Rs.

about the Mean weight of the universe ?
Solution— Standard Error of the sample Mean weight

s - _ 15 — E — 3 = 6
\/(T) V’(6—25)_ 25 S5 7
Assuming that the conditions of simple sampling hold good, the Mean Weight of the
universe in all probability would be lying within the limit set by 3 times this Standard Error -

to the Mean of the sample.

So, the Mean weight of all 10 year old boys in the State of Madhya Pradesh lies
between £ (67 =3 x .6) or (67 = 1.8)1.e. £68.8 and £ 65.2

lllustration 4. Suppose that it has been determined that the average pulse rate of
males in the 20-25 year age—group is 72 beats per minute and that the S.D. is 9.5 beats
per minute. If a group of 55 distance—runners all in the given age— group, examined and
found 10 have an avcrage pulse rate of 65, should this be regarded as a significant deviation
from the general average ?

Solution- 0, = —= = == = -~ = 128 beats per minute.
Yoy Vs 74



The difference between the two average pulse rate is 7 beats per minute, which is "
5.47 times this standard error. Hence, the deviation of the average pulse rate of distance
runners from the general average is significant.

Illustration 5. Suppose that for tyres of a certain factory, the mean mileage is 15190
and the standard deviation is 1250 miles.

Suppose further that a sample of 900 tyres shows a mean mileage of 15242 miles
with a standard deviation of 1212 miles. Ascertain if the Sample Mean represents a
significant divergence from the mean of the universe.

Solution-

a

o = Op or g - 1250 :1250

V@ V(n) v(900) 30

The observed difference between the two Means of mileage is 15242-15190 or 52

miles. This is only 1.2 times this standard error and so could have arisen through the

fluctuations of ‘simple sampling. Hence it can be said that the divergence of the sample
mean from the mean of the universe is not significant.

= 41.67 Miles.

Note— When Standard Deviation of the universe is given, then the S.D. of
the sample should not be used.

Hereh], Sqdd IiE &1 W fasw
(Standard Error of the Median, Quartiles etc.)
fred i germel ¥ Seaiaed oy Q9 ¥ 3 39 arafeRor wren & apufeor 259
AfYF TEd & | 39 G 3 TR -

@) Standard Error of the Median = 125331 ——
V(N)
o
1) B ” ”  the Quartiles = 1.36263 =
( V(N)
. o
my 7 7 ”  Mean Dewation = 6028 =
(iii) ™
. . o
@v) ” 7 Quartile Deviation = .78672 =
) v(N)
? 2y 2 - 2 2
v ’ Variance = 0 £
) ()
1-r1°
M) 7 ” ? Coefficient of Correlation = =
V(N)
. . . Tx (1 - T )
i) 7 ” ? Regression coefhicient = — ==
(vi) oy V(N

(viii) Standard Error of the Regression estimate =

(yonx) :oyV(l—rz)

(ix)  Standard Error Regression estimate = (xony)=0, V(1 —1")

x) Standard Error Coefficient of Association

-q° \/ 1 1 1
¢ 20 : ((AIB) oy T @B T )
Illustration 6. Compute standard errors of Median, Quartiles, Mean Dewation,
Variance and Quartile Deviation, if Standard Dewiation, is 5 and number of cases included
in a sample is 100 presuming that the sample has been drawn from a normal population.
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Solution-
. 5
(a) Standard Error of Median =1.25331 2= = 125331 —=— = .626655
V(N) V100
o 5
(b)  Standard Error of Q1 and Q2  =1.36263 = 136263 —— = 681315
V(N) V(N)
5
(c) Standard Error of M.D. = 6028 —— = 3014
v (10)
(d) Standard Error of Variance =o'V (I%)
-0V (55) =V (%)
100 50
=25%x.14=3.50
o S
(¢)  Standard Error of Q.D. = 78672 = 78672 ——=— = 39336
" V(N) v (100)

INustration 7. To study the correlation between the stature of the father and the
stature of the son, a sample of 625 is taken from the universe of fathers and sons. The
sample study gives the correlation between the two to be + .67. Within what limits does

it hold true for the universe ?
Solution— Standard Error of the Coefficient of Correlation
22— 1-(67)° 1-.4489 5511
\/(—N) v (625) 25 25
Hence, the correlaion in the universe most probably lies within
67 +3%x.022=.67%.066, ie., .60 and .74 .

= .022

Mustration 8. Find out the regression Coefficient of Hapur prices over Karachi

prices from the following data and also calculate its standard error.

Assuming ‘n’ to be %0 Hapur Rs. Karachi Rs.
®) )

Average price per md. of wheat 18 12

Standard Dewiation 3 2

¢ r’ between price at Hapur and Karachi = .67

Solution- Regression Coefficient of Hapur price (x) Karachi prices (y)
I S
bxy—ray—.62—1.005

The standard error of this regression Coefficient is

Vo= Vi-(sn)’ _

SV 2 Vo)
llustration 9. Two groups of children, one belonging to the professional class 125

in number and the other belonging to the labour classes 124 in number are compared and

028

the following results are obtained—

Poor Children % Well-to-do Children %

Below normal weight 55 13
Above normal weight 11 48


http:i.e.,.6O

Find the coefficient of Association between the weight and the social status. Also
calculate the standard error of this Coefficient of Association.
Solution-Denotion poor children by ‘A’ and well-to—do by ‘a’ normal weight by ‘B’
and above normal weight by 'b’, we get
(AB) = (59) aB = (13) Ab = (11) and ab = (48)
Substituting these values in the formula, we get
q = (AB) (ab) — (Ab) (aB)
(AB) (ab) + (Ab) (aB)
_ (55) % (48) — (11) X (13) _ 2640 — 143 _ 2497 _
(55) x (48) + (11) X (13) ~ 2640 + 143~ 2783
The standard error of the coefficient of Association

2
_1-0 1,1 11
T2 \/(AB+Ab+aB+ab)
=@ ATy
== stutnate) =°

lllustration 10. (A) The following table shows frequency distribution of yield of

+ .89

wheat (in quintals) per acre in 2,000 irrigated fields selected at random. Calcuilate Sample
error of the mean :~

Frifra aroft § 39 fred A I T 2,000 fafaa @ A wfT The I $ 3w (Rred) &
afs fadqwor gutan 7T @ | YRR W 1 =qrey favm Pt —

Limit (4181) Qtls. 0-2 24 46 68 810 10-12 12-14 14-16 16-18
No.of Fields ~ ~ : 90 368 562 456 310 158 44 10 2
(gdl # gEm) '
Solution :
Limit 1A; 9|1 M.V. No of (dx 9) fdx fd’
Qlts. fields (f)
0-2 1 90 -8 ~720 5760
2-4 3 368 -6 ~2208 13248
4-6 5 562 4 ~2248 8992
6-8 7 456 -2 912 1824
8-10 9 310 0 0 0
10-12 11 158 +2 316 632
1214 13 44 +4 176 704
14-16 15 10 +6 60 360
16-18 E - 16 | 128
2,000 -5520 31648
SD.(s) = Hdx (Zfdx) ? Sample error of the mean
n n
_ /31688 (5520 2 __SD(s)
72000 2000 01

il

v/ 1582-(2.76)° —%‘g—
-1

_286
= ¢/ 1582 - 762 ==
- /82 = 0/062

= 286
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y

eyt Wl & T BT YT fAwWw
(Standard Error of the Difference of Sample means)

7 & Q1 Ew ¥ A MA- 9 g9 & o & 7% 39+ @ 5 7 QA g A
TEEqU I € A7 AE 3ar 1 F A U & 9 ga W gl A o g ¥ R g
w3 T foeer waE € € | 9 o A ey JreEl % =T & 5 few # e 01
3t T gz 3TN 6 = 39 1 F WAl W o 39 A frem ¥ R ¥ afes ¥ orwar a9 |
IR arafas 3= 39 €W A AfeF T @ A R A AW T A ARH F Iearaad
¥ RO | HAT SR |

A eyt ArEdl & =R F AN fae 99 F0 § fau Fefatas @t @ @ e s
-
2

G) = G99 &1 Y99 fAeem I T 1, (ﬂ+°_%>
ni nz

(jj)sﬁmaﬂwmﬁamsﬂﬁé,\/[of (i+i)]

n n2

Gﬂ)mﬁmmﬁﬁwaﬂmﬁmﬁ%ﬁﬁ@awﬁm@r—

\/ D n2
( “ n1(n1+n2)>
T argeelt ¥ T eyl & WHRe WAdral @ @R F

32 31 =ared (Samples) ¥ Ty A ford T & 79 71e3 Ge—grfoua € A ey A
& 3R & 9 faym 79 9 50 3@ -

\/ o 0% “o1Xo
(—1-+——2r’——1 2>

nj ny n;xXny

& a9 3R EN We @ -
[1] 5@ quy &t u1q fowem 7 & mr 8

INlustration 11. A random sample of 200 willages was taken from Indore district
and the average population per village was found 1o be 485 wilh a standard deviation of
50. Another random sample of 200 village from the same district gave an average
population of 510 per village with a S.D. of 40. Is the difference between the average of

the two samples statistically significant? Give reasons.
Solution-Standard Error of the difference of the two means, or

amy —my = [§+:—§] 2{[%+£;—80L2]

=V(205) = 453

The observed difference of the two average populations per willage 1s (510—485) or
25 which is thus 5.5 times this standard error and so could not have arisen through the
fluctuations of simple sampling. Hence, the difference between the average of the two

samples is statistically significant.

Ilustration 12. A random sample of 1000 farms in a certain year gives an average
yield of wheat of 2000 lbs. per acre with a standard deviation of 192 lbs. A random sample
of 1000 farms in the following year gives an average yield of 2100 lbs. per acre with a
standard deviation of 224 Ibs. Show that these data are inconsistent with the hypothesis
that the average yields in the country as a whole were the same in two years.



Solution-
2 2 2 2
gml_m2=\/(ﬂ+2) =\/[@)_+@L]
ny np 1000 1000

= V(36864 + 50.176) = V(87.04) =93
The actual difference between the two averages is of 100 Ibs. which is nearly 10.5
times of this standard error. Hence, it is inconsistent.
[1] 5/ §9T &1 YN faee 3| 8

Illustration 13. The mean produce of wheat of a sample of 100 fields comes
to 200 Ibs. per acre with a standard deviation of 10 lbs. Another sample of 150 fields
gives the mean at 220 Ibs. with a standard deviation of 12 lbs. Assuming the standard
deviation of the yield at 11 lbs. for the universe; find out if there is significant
difference between the mean yields of the two samples.

Solution- Supposing the samples are independent and come from the same
universe, the standard error of the difference of the mean yield would be—

om,_m2=\/ [af( \/(11) 150)} = 142

The observed difference between the two means is 20 Ibs. which 1s more than three

times the standard error of the difference of the mean. Hence, the difference is significant

and could not have arisen due to fluctuations of sampling.

[11] m e (Sample)” % WA Y TEHT G eyl & Tl wed |

Ilustration 14. A random sample of 100 villages in a district gives the mean
population of 500 persons per village. Another sample of 150 villages from the same
district gives the mean at 504 . If the standard deviation of the mean population of village
in that district is 20. Find out, if the mean of the first sample is significantly different from
the combined of the two samples taken together.

Solution. The combined mean of the two samples.

(100 500) + (150x504)
100 + 150 = 3024

The difference between the first sample mean and the combined mean is thus
(502.4-500) = 2.4.

The standard error of the difference of the first sample mean and the combined

= \/(az \ﬁzo) 100(1oo+ 150) )] = V(29 =159

The observed difference is less than three times the standard error of the difference

mean Is.

ni(n +n2)

and as such it could have arisen due to fluctuations of sampling, the difference is not
significant.
[1v] Se-Ta= ald =gl o yune favm

Illustration 15. In an intelligence test administered to 60 fathers and their 100

children; the following results were obtained—

ISR GRS fagraur
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Father’s Mean Score 114; S.D.=13
Son’s ,, ’ 110; S.D.=11

Assuming the ‘1’ between the two to be = 75, calculate the standard error of the
difference of the two means and state whether the difference is significant ?

Solution- Since the two samples are related, the standard error of the difference
of their Mean Scores, is

- m— 2—{01+——2 x 24 )
n

ny

B a3’ . ay’ 11, _ N
_\/( o oy ~2X 75X 100) = V(39793) =199

Thus, the standard error of the difference of the two Mean Scores is 1.99. The -
observed difference is (114—-110) or 4 which is only twice this standard error, and so could
have arisen through the fluctuation of the simple sampling. Hence, the difference is not
significant.

o Wie & Wt gy
(Simple Sampling of Attributes)

gl Q AR S T T-6) WA () N WA TR | 9 el w2 F A ;W g
T 81 @ Fiee Tt B R A Af s & 81 %) gt Bft (Dependent) R A Fres wwa
EHETUE G

Ardehar & QAT (Test of significance)

QTG W A F) EEal ¥ 94 6 T wiferdty a fim- i 9 € ) 3 fea %
fAf¥aa SR GqaMT Sgd Ho4 & | &0 e F Agi Al AT A ¢ | 44 ITH weFd Y
I T WA 9SS, YA famed 3nfe sft 3enT- 3 A1 € | 9% e SsaeeT Feard ¢ |
7¢I G4 (significant) ? 3441 A6, go1 Wi Freda % R, S o6 o & R
o a3, F werEar ¥ &

TURe o e 9 &1 TR ure 3R sn-faee

A T T ¥ ¥ Ak F Ay 73 ™ 5 58w @, o e § o ge $ A
QeTET (p) Ferell I A IW YA & T B & GEAT (@)= 1-p TN | FHH FHIT HTEA A

M (or a) = np
3R qeHTeN Fi W99 fageq am
o (S.D.) = V(npq)

afe g9 & ey § geAl 81 & WEAT F w7 forga 39 94T & €1 & FH A1
39T (Proportion) e 3 37 yATW famred el A 3&H g3 39 1 & -

sD. =V (Enﬂ)

QA ey -3 g9Al A ford S A IF =Y (Proportion) H (py ) 3 (pg
) & AR | 3G A< FH Whdwd Y F e 759 g1 w1 g3 SRm-

Standard Error in one sample = V (P—()@)
n
Standard Error in the sccond sample =7V <M>

n2



Standard Error of the difference = V{ Pogo ( n% + l) }

nz

Illustration 16. Balls are drawn from a bag containing equal number of black and
white balls, each ball being returned before drawing another. In 2250 drawings, 1018 black

and 1232 white balls have been drawn. Do you suspect some bias on the part of the drawer
?

Solution- The expectation of drawing a white ball in one draw is 1/2. Since the bag
contains equal number of black and white balls—

In 2250 drawings, the expected number of white balls is 1125.

But the number of white balls drawn is 1232,

Thus the difference from the expected result is 107.

the Standard Deviation of Simple Sampling is

o=viy =V | E X2 2250) =327

The divergence from the expectation is thus about 4.5 times of this and hence it is
not probable that it arose due to fluctuations of sampling. Explanation of this deviation

must be sought somewhere else and it seems reasonable to suspect that the drawer was
biassed.

Illustration 17. A coin is tossed 400 times and it turns up head 216 times. Discuss

whether the coin may be an unbiased one.

Solution—If the coin is unbiased, the chance that it will turn up head in one toss
15 172

Therefore, the expected number of heads in 400 tosses is 200. The observed number
is 216 heads, and thus it is in excess of the expected number by 16.

The S.D. of Simple Sampling is

:_(npq) =\/[%X%X4(X)J =10

The deviation observed is thus only 1.6 times this S.D. and it is therefore probable
that it arose as a Sampling fluctuation. Therefore, the coin can be said to be an unbiased

one.

Ilustration 18. A random sample of 500 apples was taken from a large consignment
and 65 were found to be bad. Estimate the proportion of the bad apples in the consignment
as well as the Standard error of the estimate. Deduce that the percentage of bad apples
in the consignment almost certainly lies between 8.5 and 17.5.

Solution-Proportion of bad apples in the sample or (p)

- 65
~ 500
65 435
and so0 (@) = 1- 500 = 500

Standard Error of the proportion of bad apples

Pg| _ [ (B 1) |
\/( ) _\/(SOOXSOOXSOO 0.015 or 1.5%

n
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The percentage of bad apples in the sample is

500

So, the limits of bad apples in the consignment would be
13+ (3x 1.5) =85and 17.5.

(és— X 100] =13%

Illustration 19. In a locality containing 18,000 families, a sample of 840 families was
selected at random. Of these 840, 206 families were found to have a monthly income of
Rs. 50 or less. It ts desired to estimate how many out of 18,000 families have a monthly
income of Rs. 50 or less. Within what limits would you place your estimate ?

Solution-Proportion of families having a monthly income of Rs. 50 or less i.e.,

206 103 317
(P) = g4p = 420 229 s0(@) =559

Standard error of the proportion of the families having a monthly income of Rs. 50

_\/ Pq _\/ 103 317, 1
= (n)_ (420"420"420)

= 0.015 or 1.5%

or less.

Whatever be the percentage of families who have a monthly income of Rs. 50 or
less, a simple sample should give a percentage within three times standard error.

Hence, taking (%g% X 100) or 24.5% to be the estimate of such families we have

the limils as 24.5+(3x1.5)=20% and 29% approximately.

B eyl ¥ yaw faym
(Standard Error in Small Samples)
T AFT F e F favg F [ faverww R wqa a1 0 2, 9% B AR W an
T Bra1 } | @1 e W WA 30 (%1 [FEE A 2@ 50 W ) A oft w0 Aelt @ A 3% 9 =R
AT S 2 | EH] 6 ATHR " B A1 & O G9Y & Sfaffue 3% 5FT W 96 e @ 1 e
el I B a2 AIC] ¥ GHISR °re, "TeR fa=ed e & favemy & € 3 AEand oR

| et & 4w St ¥ 1 9= et §F 98 A forn wrr R 5 29 figww @y fawt ¥ wm

fRT (Normal distribution) &1 feRward tedt & ot =arewil & sga e ¥ S wiftesia 7 (qe=t
T 3fE) NG A4 ¢, 3 GT % A9 F e @ € S 3= &6 ot - A F orn §
S TEA ¢ | AT B ey 3R fyvaed 98 e o 981 @ | a9 e o
B eyl § W A9 3G & HifF Heiw TS A9 F1 391G 3T aTHE o ¢ | 37 B e
¥ foaw 7% whwand aur fafiml sar sndt € |

g el 9 GHAT 2 5 B Ay F e 9 ey @ 91 A9 o fau a8 o e
YT T @ A8 TR | o, Tofae ud arfee &9 § Q) e #1 1R 991 e @
¥ =7eet I T 3P A G S | 99 98 S 81 ST @ (6 @S frvawea O X Freren
I 5 O el & faveye §va & w9 | api-andt ¥ Ofie e 8 § AR a e
Y s W R S FHA € | B AEH] H [Nl U WHY BRI 389 AE] & Adalfehd
e 99 W % waferd qedi § qor 9 98 S&H1 21l R fh el 3797 91 (Significant) ® A1
TR 3raiq 1 & 3= Free STaEeEAl & qfine wEY I 33 @ 1 e 3 o |



B ARY &I ﬁ@l’qﬁlﬁ'(Characteristics of Small Samples) : oA 1T freeteor
() =Y T BT Arar § 39 ATl § o) 39 € fad o R i Are) gE N

& & e 1 wfas e ) =i @@ R NOTES
(i) W99 % YAIY forae i g A S 7Ky & YA faaed & FH SHd Y oI it

T @t R |

(i) B2 AT WY Frae §9T ¥ ¥ fTae 9 o 79 A 3, 39T ST SMER
T AT foRd T S fargw ot 6 S ST | e gee & o 9 w1 gee g3 @
SR

............................................................................................................................
............................................................................................................................

............................................................................................................................

3. onfte faverawr & fred & &= AeE 2

3.10 meiarcn Wﬁ&TUT (Test of Signiﬁcance)

3R eyl F grdddl W0 F Y Te T AT IR @ [ T e 39 ufider
o 3gIfE § {5 a8 T (R a7 =nedt foran 7T 2) TamEra #) frdwar wEd @ | IEeH %
ITER 3 qet TeA § GEE 62T Y 9 fsar ft @ @ ardehar vl w1 5@ fear gkl @
forg 3 3T arwifiaar & A1 39 Tharo T ) fvaafaa gama @ S 2 )

B et # wrdwar Tha AR Y Y A @ 1 B eyl w9 gem: frefafa
 Tha 9T smeTia el @ -

() ®e= & A~ vh& (Student’s T-Test)

(i) R s - & (Fisher's Z—Test)

(i) TE— L& (F—Test)
(i) S-TOHU W FER AT -

fafergm TRAZ (William Gosset) 3 39 whem & faued fray @ | 8 Jeal 9ot
W ¥ Hed & o9 F0 F e e g ) weEa ¥ S ged P § -

X~—m
1= vn

g

Where x = Mean of the Sample
115

m = Mean of the universe
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o = Standard deviation

n = No. of items.

e & 39 e W't GrRoft 9918 78 R 1 39 Wit 3 wdean & fAie o & fore 109
, 5% 1% S T Tt F g G gu i ¥ 1 o gedt ok wRolt et $ qer @ S 24
7% 79 T At ol 3 6 e Sl gy & wret 9 o A @ areiq ey R

T W, AfE e T W e 3U% gRolt g A Afus ¢ @ o= grdss & 3k
THRY Y[ H o] T B | AR e o GOl o & %6 2 A T e @ o Y- e
I AR | T 19 GrefeRar WOQC ot oA S geha @ fobeg ATYFAT 98 5% QrefeRaT W T R
SR |

Illustration 20. The ten items of a sample had the following values—
19, 22, 21, 25,24,27,26, 31,30 and 35.

In the light of these data discuss the suggestion that the mean value in the universe

is 24.
Solution-
S.No. Values (x) Deviation from Square of
average 26 (d) deviations (dz)

1 19 -7 49
2 22 —4 16
3 21 -5 25
4 25 -1 1
5 24 2 4
6 27 +1 1
7 26 0 0
8 31 +5 25
9 30 +4 16
10 35 +9 81

Em = 260 0 sd® = 218

—  Zx 260
x= n 10 ~ 26.
_ 218 ) _ [ 28y _ i
S.D. of the sample = ( (10 — 1] =V (7)) =Y@2) =49
i 2
t= (n) = 49 % 316 =13

The number of degrees of freedom is n—1 = 10—1 =9. The value of ‘" for 9 degrees
of freedom at 5% level of significance is 2.262. The calculated value of ‘t’is 1.38 which i1s .
less than 2.262, hence difference is not significant. This error could have arisen due to

fluctuations of sampling and can be said that the mean value in the universe is 24.
Illustration 21 (A)

Ten individuals are chosen at random from a population and their incomes are
found to be Rs. 63, 63, 64, 65, 66, 69, 69, 70, 70, and 71. Discuss the suggestion that the
mean—Income in the universe is Rs. 65. Given that for a degree of freedom, the values of

Students t-test at 5% level of Significance is 2.262.
Solution : T8 A foran 741 } & el wea o qen wwd W og F HE WS SR
TR



Calculation of Mean and S.D. or the Sample

Income (x)
Rs. dx (67) da?
63 —-4 16
63 —4 16
64 -3 9
65 -2 4
66 -1 1
69 +2 4
69 +2 4
70 +3 9
70 +3 9
71 +4 16

670 88

x (Mean of the Sample) = % = 61—75) = 67 Rs.

m ( Mean of the Universe) = 65 Rs. (given)

— —
o (S8.D. of the Sample):V % = V % = V %§ =31

6765
3.1

_2X316

(=3 vn = vio =203

t (calculated) 2.03 < (s less than) t (tabulated) 2.262 . Hence, Null Hypothesis is

true and the difference of two averages 1s nol significant.

2 Y-S & At & A H v G (-test of the difference of means of two
small samples)

(i) 2 el | W G e & S 3T F) Grdedr & Wao & fow o e q HA
Freferfaa g3 @ Frepren <mar @ —

S —_ 4+ —
nj n

IRE GIA X, AN %, QI Ay % otwd € 1S FoAw Freren F o 7 g3 Fowm

it
V Edi+3d
S= ny+n-2
afz At e % YA fgem s 3 23 € @ IW@E geYT R W g s &
A=

2 2
S n10i +np 02

ng +m—2

IWE A F (0 + mp — 2) = ©GF §& (Degree of freedom)

F= GifiEs g faveor
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Fere-
I t (calculated) > t (Tabulated) = Difference Significant
”» L ( » ) <1 ( » ) = ” not Slgniﬁcan[

Illustration 22, The means of two random samples of sides 9 and 7 respectively are
196.42 and 198.82 .The sums of the square of the deviation from the mean are 26.94 and

18.93 respectively. Can the samples be considered to have been drawn from the same normal
population ?

d.f. 5% Value of ‘t 1% Value of ‘t¢

13 2.160 3.012

14 2.145 2977

15 2.131 2.947

16 2.120 , 2921
Solution :

The Standard error (S) of the difference of the means of the two samples is—

V Ed1+2d2 \/ 26.94 + 18.93

mAm—-2 T9+7-2

=.‘/ 4587 -V 328 = 18
14
Applying to the given data,
_ ;l - X2
1 1
sV —+—
m np
196421988 — =i _ =24 _5

1.8 x0.25 0.9

The number of degrees of freedom is n; + np —2 ie.9 + 7-2 =14, The value

of ‘t’ for 14 degrees of freedom at 5% level of significance is 2.145 . The calculated value
of ‘Uis more than its tabulatcd value. Hence, the difference between the two means is
significant and the samples cannot be considered to have been drawn from the same normal
population.

llustration 23 : Two types of batleries are tested for their length of file and following
results are obtained :-

No. in Sample Mean Variance (az)
Battery A 10 500 hrs. 100
Battery B 10 560 hrs. 121

Is there a significant difference in the two means :

Solution : On the hypothesis that the two samples are taken from populations with
similar means and standard dewviations, the value of combined standard error will be-

2 2
n;o; + npoz

ny+ny;—2

_y/ @0x 100+ o xazny 4/ 1000+ 1210
B - 18

10+10 -2

S =




2210 Feaa Tl ey
= =V 1228 =11.08

Applying to the given data- NOTES
Y S
SV —+—
np 02
500 — 560 - 60

=12.03

- = 11.08 x 0.45
11.08Y = +— 080
10 njyo

For 18 degrees of freedom at 5% level of significance the value of ‘t’ according to
the table is 2.1. The calculated value is. 12.03 being much higher than this, the difference
between the two means is highly significant.

Hlustration 24 : The annual salary of professors in the colleges averages Rs: 30,000
and has standard deviation or Rs.:1,000 . The salary of doctors averages Rs. 25,000 with
standard deviation Rs. 1500 . These data relate to samples of size of 25 for each group
chosen at random. Test at 5% level of significance, whether there is significant difference
in the mean of the salaries of the two groups.

Solution : Standard error (s) of the difference of the two means

2 2
S _'\/ nyoy + n 02

ng+np-2
\/stlooony 15009 \/ 2,50,00,000 + 5,62,50,000
254+ 25-2 48

8.12,50,000 \/ .
:\/ B0 1692708 _ 1301

Applying to the given data,
= X] — X2
1 1

S -+ =
ny n2

5000 5000
000 — 2 000 = = = 7
= 30, 5 1301 x 0.28  364.28 13

1/ 1 1
[ + E—
1301 25 T o3
For 48 degrees of freedom at 5% level of significance the value of 't’ according to
the table is 2.01 which is less than the calculated values. Hence, there is significant

difference between mean salaries of the two groups.

Ilustration 25 : Two kinds of manures are applied to 16 plots of one acre each,

other conditions remaining the same, the yield (in quintals) is given below :
Manure I 18, 20, 36, 50, 49, 36, 34, 49, 41, (9 plots)
Manure I1 29, 28, 26, 35 30, 44, 46, (7 plots)

Examine the significance of the difference between the mean yields due to the

application of different kinds of manures.
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Solution :
Manure I Manure II i
yield dl @37 d21 yield d2 (34) dﬁ
x1 X2
18 -19 361 29 -5 25
20 -17 289 28 -6 36
36 -1 1 26 -8 64
50 +3 169 35 +1 1
+12 144 30 -4 16
49 -1 1 44 +10 100
36 -3 9 46 +12 144
34 +12 144 -
49 +4 16 -
41
333 1134 238 , 386
- b
A 33 _4
m 9
= _ X% 238 _
\/ rd +3d5
s=V ———
np+n0p—2
_\/ 1123 +38 _ \/ 1520 _ \/ 10857 _
- 9+7 -2 14 = 1042
XX V NN
T s N + N»

="1042 Y = 5 = 0.57

9+7 1042 %

For 14 degrees of freedom at 5% level of significance, the value of ‘t’ according to
the table, is 2.14. The Calculated Value of ‘U’ is 0.57 which is less than the tabled value.
Hence, the mean yields do not differ significantly due to the applications of the kinds of

manures.

Illustration 26 : Two laboratories carry out independent estimates of fat content for
ice—cream made by a certain firm. A sample is taken from each batch halved, and the

separate halves sent to the two laboratories . They obtain the following results :-

percentage fat content in Ice-cream.

Batch No. 1 2 3 4 5 6 7 8 9 10
Lab A : 7 8 7 3 8 6 9 4 7 8
Lab B : 9 8 8 4 7 7 9 6 6 6

Is the testing reliable ?

Solution : If the testing is reliable, the mean of the difference 1n results should not

significantly differ from zero.

We shall calculate the mean and the standard deviation of the difference of two

results -



Batch Lab Lab Difference
No. A B of results d (03) a2
(Lab B- Lab A)
1 7 9 +2 +17 2.89
2 8 8 0 -03 0.09
3 7 8 i } +0.7 0.49
4 3 4 1 +0.7 0.49
5 8 7 1 -13 1.69
6 6 7 0 +0.7 0.49
7 9 9 +2 -03 0.09
8 4 6 > +1.7 2.89
9 7 6 13 1.69
10 8 6 23 529
+3 16.10

Mean of the difference or X = 1—30~ =03

Standard deviation (o) of the differences

=vnz_dz =\/%

1 =134
Applying the given information,
X—m
t=="—5—vn
03-0 - _ 03 316 _
=13 10—1.34X 1 =071

The value or ‘t’ for 9 degrees of freedom at 5% level is 2.57. The calculated value
is much less than this, hence, the difference is insignificant and the tests have been reliable.

B eyl ¥ TEHE Ik &Y WAt &1 ‘t’ TFor

(Testing the significance of Coefficient or Correlation in small samples- ‘t'—test) :—

3R et ¥ Gedey U F Y9 Gy A ToE A 36 SR W F 9 @ e wa
e & fore | o S MR A M A TR IS G F T 1 -~ F®WAWY] _ 2 3R
WAV F @A RYp— 2 A TEAMAAS 1 ' FA2 T T R F0 T8 2 F ‘1’ ) 7orr §
2 AFd F) AT &9 21 1l ¢ | IH TER WeHaY Ui < 391 AW &1 e R & for Fefefiaa
g A Ty ST @ -

SE(r) = N

" &1 qed (A1) T4 &0 % forg Fefeled g & wdm a3 €
4 X vVn =2

= ===
\/ 1-r

Iustration 27 : Find the least value of 'r"in a sample of 27 pairs from a bivariate

normal population significant at 5% level.
Solution : n =27

Degree of freedom (d.f) =27-2 = 25

IR Wik frgeraor
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FeIT QIR IT faveryor -
t=—f=—= VO—2 = —= V25
2 2
1—-r 1—r
NOTES
t= % (Value of ‘> 25 degrees of freedom of 5% level is 2.06)
1-r
For significance of ‘r’ the value of ‘C must be more than 2.06. Therefore,
S L
\/ 1-1
S5r > 206 2

1-r

r25c° > 42436 (1- rz)
r251° > 42436 - 42436 1
r251° + 4243612 > 4.2436,
292436 1 2 > 42436

oV
Therefore, at 5% level of significance, the value of ‘r' must be atleast 0.381
Iustration 28 : A random sample of 18 pairs of observations from a normal
population gives a coefficient Correlation of 0.52. Is it likely that the variables in the

population are uncorrelated ?
Solution :

0.52
\/l—r Yyl ;?1—(052) Ty B

=052 4 =44

0.85
For 16 degrees of freedom, according to the table, the value of ‘’ at 5% level of
significance 1s 2.12 and at 2% 1s 2.58.

The observed value of ‘t’ is significant at 5% level but not at 2% level. This gives
reasons to suspect the hypothesis that the variables are uncorrelated. They may be

correlated.
[11] YR &1 '2'—TT T (Fisher’s ‘Z'~tesy) -

SIEET et X Hewisd U F WehFd F 9 A & o Ay ‘Z2” v sfured fFar @
| g8 Tl ¥ 'R 2’ A sREfda # e wian } 1 g R Wosma R w2 wam
‘7~ T FEd ¢ |

Z'-Gdgo1 &1 394 (Uses of Z-test)

() =R H T’ % O A GAE F 1 % WA § ra g @ argar 398 G 3

(it) @ e * YeHdH U F AT W ¥ g A |
122 () TRY F 'r’ AWM EHT & v’ F IR F Adenr




qiﬁ‘m’i'r'm‘z’wmifﬁqﬁummd@mﬂﬁaﬁm%.— T IR ferveor
1+r

1+
Z(s) =3 loge [1 r) = 1.1513 10810[1 — :)
[loge = loglo 2.3026 ]

_ 1+ r(p)
Z(p) = 1.1513 logio (1 _ r(p))
1

SE(z) = VD_—'?’

ﬁs;é:
R Z (s) - Z (p) > 2.58 0, A I 1% Widehdl WL G e | =91 3refei |
Z () - Z (p) >1.96 o, A S 5% Wrdeha T T qrdes } 3rer 7l |
Z(s)-Z(p) > 30, o = Fifesd vu q w3 e e |
Gi) & e % TeUEY U &) WrdwAT e ;

QA F WEEIY OIS (rp T4 rp) %waﬁmﬁwaﬂm%@ﬁwﬂﬁ
7, 991 Z, T 916 R S ¥ qgn ot & e fagw Rq Prefaiiad @ @ oAm fea S

NOTES

n

? -
1
S.E.(Z1—2Z2) = \/ P
1+ +
Z, = 1.1513 logio ( r;] Z> = 1.1513 logio (1 rz]
1- ry 1- | )
(n] A1 ny ATEYT F 3HFE FEA Q)
Tren
G) (Z1 = Z2) > 2580 (21 — Zo) A 1% Widehdr T W GEHEY Uik 3T G149 @,
g A4EA |

(ii) (L1 — Z2) > 196 0 (1 — Za) M5 HIdehel] T Y4 Hedold 1[Vich Sidd Hideh 8, 9144
|
(i) (Z1 — Z2) > 30 (21 — Zo) & 3iat fifead w9 A wide & syaar qdd |

Ilustration 29 : Coefficient of Correlation of 28 pairs of observations of a sample

is 0.7 and Corresponding population value is 0.4. Is the difference significant?
n =28 ; r) =07, r(p) =04
Applying Z—Transformation.

1+0.7
1-0.7

(1)—;] = 1.1513 log 10 [1?7]
1.1513 (log 10 '~ logo )

1.1513 (1.2304 — 0.4771)

1.1513 x 07533 = 087

1+ 04

Z (s)

1.1515 log 10 (

il

1.1513 log 10

—_—

I H

1.1513 log 10

Il

Z(p)

1.1513 log 10 (—4) = 1.1513 log 10 [g) 123

1

0.6



FeIT WHGABIT fergetaor — 11513 [log 10 '— logio ) = 1.1513 [.8451-4771]
= 11513 X 0368 = 0.423

NOTES Z(s)—Zp) = 0.87-0423 = 0.447

SE (2= —

o) = L X ! =l—02
® VB3 s 5
At 1% level of significance
Zis)— Zpy <258 0 Z
<258 x 0.2

0. 447 < 0. 516

Hence, the difference between sample and universe Coefficient of correlation is not
significant.

Hlustration 30 : Two groups of students are given an intelligence and an arithmetic

test.
np =45 n =045
np =39 r =0.38
Is the difference between values of two ‘r’ significant
Solution :
First sample Second Sample
(Intelligence test) (Arithmetic test)
Z,=%log10 L;i Zz=%loglo%—:—
= 1.1513 logie (])Z; = 1.1513 logio 02(2‘3
= 1.513 logyo 2.6364 = 1.1513 logio 2.2258

i.1513 x 0.4207 = 1.513 x 0.3476

= 0.4844 = 0.4002

If the two samples are random samples from the same normal population , Z; -7
is distributed normally with mean —zero and standard error.

I \/ 1, 1
Se=V T3, -3 = 45-3739-3

_VAisL vV E v/ oosie
=V 273 = =

252

- 0.227

-2y 04844—04002 0.084 ~ 037
' Se 0.227 © 0227 ’

At 5% level of Significance, value or normal deviate 1.96. The observed value is

much less than this. Therefore, the difference between the values of two ‘r’is not significant
124



[11] ‘F'-&OT A7 FEROT A GAHUT (F-Test or Variance Ratio Test) 1= deidt gl fergeiaor

39 T F YT . RN @@ I gy, AfeE AR W ¥ | P F W A e e ¥
FROT & U F-Test’ Fed & | TR TN F = F A1 F 9id F I 2 | 9 A9 MR NOTES
I ? T 997 YQ1 & Q) Wae o adF A AH T AN @ T TR AR e
foraeor A o A ¥ A ) T T % I AT AN F T §9 e H Ko A
T (Variance Ratio test) it F8a 8 | 3Q 9 SR ¥ e fRar 1 g1 @ —

_ Larger estimate of variance
Smaller estimate of vanance
2
S > 2 2
= ? eI (S1>S2)
2

F (3407 373919)

2
ng >d

n—1 n—1
‘np 997 np HHY: TOH WE fgdtq el $t 39S G@ 2 1 FeT 92 S0 9 Ay F+
QA=A T (df) = n-1 (v;) F0 TGO G Y H @A TN =n-2 (va).
YORUT 39 FI QidehdT <@ & ¢ P & foe viafead qoa 791 Fos 9RO §eg § e
F I ) AR F > FOS ? QY TH0T U H qrdE AT ST @ o4lq a8 /e S £ Qe

ey o @ g A 7 fad ™ 1 afe F<Fos # A wwwr sy Frd® @ 1 g8 w9 e
for AT e T @ g A o 1 ¥

Hlustration 31 : Two Samples of size 10 and 9 give the sum of squares of dewviations

from their respective means as 135 and 80 square centimeters. Can they be regarded as

drawn from the same normal population ?

2 2
Solution : S} = d S3= i:d
n — 1 n—1
135 _ 80
T 10-1 T9-1
_135 _ 80
9 8
=15 =10
2
Si _ 15
=—5=—=1.5
75370 !

At 5% level of Significance , the value of FO5 , according to the table is 3.39
F —Calculated 1.5 <F05 tabulated 3.39 . Hence, Vaniance ratio is not significant, 1.e. thd

two samples belong to the same population (universe).

Iustration 32 : For a random sample of 10 pigs, fed on diet A, the increase in
weight in a certain period was 10, 6, 16, 17, 13, 12, 8, 14, 15 and 9 Ibs.

For an other random sample of 12 pigs, fed on diet B, the increase was 7, 13, 22,
15, 12, 14, 18, 8, 21, 23, 10, and 17 lbs.

Show that the estimate or the population variance from the two samples are not

significantly different.
For Vi = 11, V3 = 9, the 5% Value of F is 3.112)
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Solution :
Calculation of Variances
Sample 1 Sample-2
X1 d1 (12) da X2 d2 (15) d3
10 -2 4 7 -8 64
6 -6 36 13 2 4
16  +4 16 2 +7 49
17 +5 25 15 0 0
13 +1 1 12 -3 9
12 0 0 14 -1 1
8 -4 16 18 +3 9
14 +2 4 8 -7 49
15 +3 9 21 +6 36
9 -3 9 23 +8 64
10 -5 25
17 +2 4
120 0 120 180 0 314
- _Zxi 120 _ = _Zxp_ 180 _
1= S0 T2 == D
g2 Zd% g2 5d5
e n —1 2T n—1
_ 120 _ 314
T10-1 12-1
120 314
=7 = 13.33 =7 = 28.55
2
i S
E Larger estimate Sz 2855 214

~ Smaller estimate §7 1333
. . F <FO05; Hence, population variance from the two samples are not significantly

different.

aﬂé—aﬁ S (Chi-Square Test)

59 TE 1 ITA 99 R T 37 SR wenfed oidl F AT 1 wgd FW & o fFa
SR | A S AF F T A F YA AT G 2 I T R A A A S o e, 3
TRt fF a8 g I5adeT % I 2, &6 9% S ¥ 98 W@ 91 | FR-F1 39 A=K §
21 3R S F AT A A - ol e A @ | AR QA N e R A 9w v Y Ay
A | e AT Y ¥ A Y % Ieaed o FRo off o gehar @ | o1 AR -t g
%o AU 8 @ IY B T AL, e WhF (Significant) TE 2 | e wifenfa § g dm o
F1 S GEF A4 2, A€ AW F0 ¥ R w- ot ) wfen faed R Sed wema ¥ 9@ |9
ST S HEA R | AR - e fR g e e il § 23 gu gew ¥ afis & @t W1 i
silv goafaa s ol ot wide Qa1 ] | FE- 7 §1d O H 7 30 BT -

(fo — f)z}

Chi-Square of X'=3 { q

where,
x: = Chi-Square
‘f o = Observed frequency

f = Corresponding theoretical of probable frequency.
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3.12 QU9

W ¥} v Fdt e % g wfary sty g feran o @ @ 3 Freei wea €)1 e
A A & Y@ yafaa fafesi fm & o fredda, afaen freei, 29 frevds 3 sgwda free
anfe | FageiA 1 SR WHE F 36EAT § O SR drell TR ¢ ofa: P § w5e #) faRiwand
Iqcer @t @ | Febeg el T 9 wHn e & facd 9O TR WEET SifeT IR 3 ST
A R | e w T e St R ey fay wed € 1 9 ey & wrdEar wha g 9
T % TR YT ST BT 2 = 1 & qdey, Reww @ S8 whawn, wh e ot |

3.13 A U

m ¥ (Long Answer Type Questions)

1. GoE ol 3R et orel 1 3 SaesT | $H qeTes TO-arT & fae S )
3 yRfefadl 1 we FAfe, i st 78 ¥ S 4 S 73977 d9EEs g6 @ |
Distinguish between a census and sample enquiry. Discuss their relative advantages
and disadvantages. Explain the conditions under which each of these methods may
be used with advantage.

2. U o3 Y ¢3-Sy W ImuIf| a |fey | fadea Fife |

a good sample must be based on random selection. discuss.

3. ‘s =1eY 91 8 gu ) g Q) a1 B FiTS 98 2a-Frevia W amaia A€l g 2a-Fraia
T ITEIRE B gC N ifavandia & A ¢, i 98 B2 B 17 39 e H GHian Iy
o 2 SR H faeedA & mea 1 wET |
“A sample may be large yet worthless, because it is not random.or it may be random
but underliable, because it is small.” Comment upon this statemant and explain the
importance of sampling inaur daily life.

4. “go fifyad aRfefedl § feda o oavgsdl 8 17 39 99 ) 3w Tuse | e

' Ft g yafoq fafual sa-atd 2 2a-fgeh & qot 3 @i aed & 3o @ndl &
et F4 |
“Sampling is a necessary under certain conditions.” [llustrate it by a suitable example.
What are the well known methods of sampling? Indicate some of the advantages of

stratified sampling over random sampling.

F=TAT WifeE T frseor

NOTES

127


http:random.or

Feaav wifeaaEta fayehyor

NOTES

128

10.

11

12.

13.

14.

15.

16.

“Terelt =aeel W F fayw & eMs A A € | @W@Wﬁmmm%:”
39 F F e H |
“In any sample survey, there are many sources of error. A perfect survey is a myth.”

Discuss the statement.

qifermra Pt fram i 7o Sedr fem I W &9 3 qugRy |
State and explain the law of statistical regularity and the law of inertia of large

numbers.

anfées favamo # el &1 =1 e @, fad Fif )

Discuss the role of sampling in economic analysis.

ey g ot fafe= fafel o aoi s | see 23 ge TRF ¥ U 3R AY aqensT |
Describe the various methods of selecting a sample. State the merits and demerits

of each, giving examples.

eyt Ft fafy= qoish FaaRy |

Give an account of the different techniques of sampling.
frrafafas w afya feaforar fafae:

() WIS §9F (Theory of Probability)

(@ wfafafa ¥HF (Representative numbers)

(n  fede & 29 3F (Tippett’s Random numbers) _
=) ey dg-firedq (Multi-stage Area Random Sampling)
©® frd (Sifd?ﬁh) & I (Objects of Sampling)

Distinguish clearly between any two of the following giving, suitable example wherever

necessary-
(i)  Primary and Secondary data,
(i)  Census and sample enquiry,

(iif)  Classification and Tabulation.

W%W*ﬂﬂm@ﬁmﬂﬁﬁﬁ AT AR BN YA T I qornes Al
F fae=m i3 |
Distinguish between the census and sample methods of collecting statistics and discuss

briefly their comparative advantages.

29 Frey aun Wit freefA § it aaase |

Differentiate between Random Sampling and Statified Sampling.

A-Tmaand ?

What is t—Test ?

fred wifdia s § i amavas @ 2 fedH # amr A @ ade Fif )
wferared g o rdedr 1 gRon # We AN |

Why is sampling necessary in statistical-investigations? Describe the generaJ
methods of sampling. Clarify the concept of significance in the theory of sampling.

firey #1 gea aaoRy | fee-fauw & Fro § 2

Depict the importance of sampling. What are the causes of errors of sampling.



i

(5334 I I (Short Answer Type Questions)

1. fFeeAwR?
What is Sample.

2. freel A fafvm fafdt 1 dfare faemor i)
Discuss briefly the different methods of sampling.

3. e &1 uew saanEd |

Explain the importance of sampling.
4, fedfEmFFwan?

What are the causes of errors of sampling.

5. 39 el ) sren #ifa |

Discuss random sampling.
aﬁﬁﬁ' T (Objective Type Questions)
1. Freei erEer & o -

(3n) firasafaar () & T A (W) Frarriichdl () e rEET
2. freadw amafa R-

(30 Fere fas= () ey faera @) i fagm (@) 3t e
3. gg% qgdl st et g ° o fred @ v # E

(31) S @ (®) <ieed (@) gward
F- 1. @),2. ),3. @)

314 HEEIRE Y9

1. A coin is tossed 10,000 times and head turns up 5125 times . Is it reasonable to think
that the coin is unbiassed ?
[S.E. 50, Actual difference is greater than 3 times the S.E.]

2. A Coin is tossed 400 times and it turns head 216 times. Discuss whether the coin
may be an unbiassed one and explain briefly the theoretical principles you would

use for this purpose.
[S.E. 10, coin 15 unbiassed.]

3. A random sample of 500 pineapples was taken from a large consignment and 65
were found to be bad. Estimate the proportion of the pineapples in the consignment
as well as the standard error of the estimate. Deduce that the percentage of bad

pineapples in the consignment almost certainly lies between 8.5 and 17.5.

[S.E. of proportion = 015 —Proportion of bad pineapples lies between
(13 = 3 x 015)
t = —1.9)]

4. Calculate the standard error of the mean from the following data collected in one
of the many random sample inquiries conducted to find out average earnings of a

particular class

IR WIS favwetaor
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Earning p.m. Number of persons
(Rs)
upto 10 50
.20 150
» 30 300
L 40 500
. 50 700
» 60 800
» 10 900
» 80 1000

[S.E. 61]

What is meant by the standard error and what are its practical uses ? Intelligence -
tests on two groups of boys and girls, give the following results. Examine if the

diffference is significant.

Mean S.D. No.
Girls 84 10 121
Boys : 81 12 81

[S.E. 1.61-Actual difference is less than three times the standard error.]

A random sample of 500 willages was taken from district Kanpur and the average
of population per village was found to be 480 with standard deviation of 48 . Another
random sample of 400 villages from the same district gave an average population of
500 per village with S.D. of 54. Is the difference between the averages statisticallly

sigmlicant ? Give i1casous.
[S.E.= .61]

An astrologer assured 400 candidates of their success in the examination. 320 of

them passed. Do you admit his claim to power of knowing future events?
[S.E.=10j

A random sample of 1000 farms in a certain year gives an average of wheat 2000
Ibs. per acre with a standard deviation of 192 Ibs. A random sample of 1000 farms
in a following vear gives an average yield of 2100 lbs. per acre with a standard

deviation of 224 lbs. Show these data are inconsistent with the hypothesis that the

average yields in the country as a whole were the same in the years.
[SE. 1-2 = 9.32,1 = 10.7, hence difference is significant.]

In a locality containing 18,000 families a sample of 840 families was selected at
random. Of these 840 families. 206 families were found to have a monthly income
of Rs. 50 or less. It 1s desired to estimate how many out of 18,000 families have a

monthly income of Rs. 50 or less. Within what limits would you place your estimates?

[S.E. =0.015]



10.

11

12.

13.

14.

15.

16.

In a random sample of 500 men from a particular district of U.P. 300 are found to
be smokers. In one of 1000 men from another district 550 are smokers. Do the data
indicate that the two districts are significantly different with respect to the
prevalence of smoking among men?

(P.C.S)

[SE. =0.027]

A random sample of 200 villages was taken from a district and average population
per village was found to be 485 with a standard deviation of 50. Another random
sample of 200 villages from the same district gave an average population of 510 per
village with standard dewviation of 40 . Is the difference between the two samples
statistically significant ? Give reasons.

[S.E. = 4.54]

Explain what do you understand by Standard Error or the mean of random sample.
The data concerning height measurement of a random sample of individuals from a
given population aré as follows—

Mean= 172; S.D.=12; n =65

If a larger number of samples of the same size were selected at random from the
given population what would be the limits of 20% confidence interval for the true
mean. )

[S.E.=1.5]

The means of simple samples of 1,000 and 2,000 are 67.5 and 68.0 inches respectively.
Can the samples be regarded as drawn from the same population of S.D. 2.5.
[S.E. =0.097) "

Ten individuals are chosen at random from a proportion and their heights are found
to be tn inches 63, 63, 64, 65, 66, 69, 69, 70, 70, 71. Discuss the suggestions that the
mean height in the universe is 65 inches, given that a degree of freedom the value
of students at 5% level of significance is 2.262,

[t =202]

The median height of 100 M.Com. students is 66 inches with a standard dewviation
of 3 inches and the Median height of 121 M.A. students is 64 inches with a standard
deviation of 4 inches. Are M.Com. students taller than M.A. students ?

[S.E. Median 37599, .45575, S.E. of difference =5.6)

Suppose a sample of 197 families is randomly chosen out of 8000 families residing

in an area, and their indebtedness position is analysed. The following table describes

the position.

Indebtedness No. of Families Indebtedness No. of families
1-20 1 100-120 43
20-40 3 120-140 31
40-60 14 140-160 -6
60-80 29 160180 2
80-100 27 180-200 1
197
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17.

18.

19.

21.

22.

23.

What is the range within which the average indebtedness of the 2800 families is Likely
to be?
(Rs. 96.96 to 98.73)

A random sample of 1000 men from Northern India given their mean wage to be
Rs. 2.50, per day with a standard deviation of Rs. 1.50. A sample of 1500 men from
Southern India gives a mean wage of Rs. 2-69 per day with a standard deviation of
Rs. 200. Discuss whether the mean rate of wages varies as between the two regions.

What is the chance that a leap year, selected at random, will contain 53 Sundays.
=2

[_ﬂ

A and B stand in a ring with 10 other persons. If the arrangement of 12 persons is

at random, find the chance that there are exactly three persons between A and B.

[P=1i]

A, B, and C in order toss a coin. The first to throw a head wins. What are their
respective chances of winning?

[A=4/7, B=2/7 and C=1/7]

An experiment succeeds twice as often as it fails. Find the chance that in the next

six trials there will be at least four successes.
2 12 1) _ %
[Ans. =3, q _3(3+3) 726]
Find the chance of drawing a king, a queen and a knave in the order from a pack

of 52 cards in three consecutive draws; the cards drawn not being replaced.

4x4x4 ]

[A”S' 52 X 51 % 50

Three groups of children contain respectively.
3 girls and 1 boy.
2 girls and 2 boys,
1 girl and 3 boys

One child is selected at random from each group. Show that the chance that the

three selected

consists of 1 girl and two boys is 13

12°
p = girl from the first, boy from the second., boy from the third
3,1,3_9
472747 32

p = boy from the first, girl from the second, boy from the third

_1,1,3_3
47274 3R
p = boy from the first, boy from the second, girl from the third
_l, 11 1
472747 32
9,3 ,1_13

Joint P=3



24,

25

27.

One purse contain 1 sovereign and 4 rupees, a second one contains 2 sovereigns and
3 rupees and a third contains 3 sovereigns and 2 rupees. One purse is selected at
random out of these and a coin is taken from it. What is the probability that it is
a sovereign?

(Ans. 6/15)

Peter and Paul play a game with two dice. Peter plays by throwing the dice together.
If the total number of points is a prime number other than two, he wins outright. If
it is even he throws again under the same conditions, in other cases the throw is
passed to Paul who thrown under the same conditions. What is the probability of
Peter’s winning?

[Ans. 18/22].

What is meant by theoretical frequency distributions? Discuss the salient features of
the Binomial, Normal and Poisson distributions.

What do you understand by Theoretical frequency distribution.”? Point out the
properties of Normal and Poisson distributions.

Explain the conditions under which we get a binomial distribution, giving examples
of its occurrence. Obtain the mean and the variance of this distribution.

ot Gt farvetaor
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sew wifea frehor
AHEYY-4 JHUIUT ﬁl’?ﬁ'ﬂlﬂ (ANALYSIS OF VARIANCE)
NOTES Wé =31 Tﬁlﬁ'@T
40 =W
4.1 EESICEI

42 YOO faveisor @ ord

43 YW fAveINOr F A=A

4.4 X9 F ToE Ofq

45 SO faveror gweft

46 YO fIveIqoT qoheiteh-Teh-ATig qifentor -
47 O faveiyor qe-te-gi-Arifa aeffeor
48  Afe 31 7 yeor faveryor

49 T faverser ) TR

410 WRW

411 =EA! q7 et

412 WY ¥HA

413 @ T@ YA

4.14 foRamers 1

4.0 WM

TH THE F ITHIT HA F A< A9 39 AH & b e
1. S fqvemw & g 1 gHg gehn |
2. wu favewo & fafv= qeit & 9 @
3. AW fas R F 00 F wdFa F1 T U gH |

4.1 FEAl

e f<id (Sampling Theory) ¥ T =c¥ 7ed & widahdt, QY =rcwl & ATeAl o 37X
&) greeal & THa F arel ot fafaal @ aeitel & srer e R 1 e A qda’
am ‘FE- ol gheer e meayl ¥ 1 99 QA QA Afuw el F awl F) wrded H e Hl
a1 2 A A it syard 78 & € 1 98 TR v deie #5021 2 | 39 agAlE &
sfaared 9 s . fvr 3 o @ aa st SRS anfe ¥ 39 e § weayy 4rrem fear @ |
Tg gEATS TN F &9 ok A= F G FA T Ch aFAF ¢ (g g Ae F1 e
T AT ST R | I9F T ARG ¥ oo w1 ereme e o R

4.2 3910 ﬁvﬁw &1 3g (Meaning of Analysis of Variance)

fard ot - gYR % qU fagea A1 3 smomers i & 9 & w9 8 yefih 3 #
Tt SfRaT 1 @ SO [N FRd € 1| WA W e F @ FR0 A a1 2 A
134 fRYR & YR "FROT F TH T U AATERG T F g T F I TR R GO




YU FEAT 8 |” (The separation of the variance ascribable to one group of cases from
the variance ascribable to other groups is called variance)

A TR F AR, TR fveryyr sravas w9, T & Afufieifa |kt & orgey
fafist Gl 3 o = faves 0 9t & SRy g 1

39 TR SRR faveryur & et SO0 ) 3 s Gaet # fawifora e eyt aredt
& YA 1G0T AT S @ | e TR & 2 gy § #1ey @ 2

A TN = AU F AL WO + AGT $ AT AW Total variance = variance

between samples + variance within samples.

4.3 marﬂm“ (Assumptions)

% TEAE FrATaRad Al 9 enaid @ —

() T H1 MR fau— ey o R ¥ ol 13 ¥ 39 R0 T9mE (Normal)
A =few A9 ey 3HIEAT (W) T ft 25— ey 4 ¥ A oARRd 1 -

(i) TR @A BF =g~ WHY A ford T e wed 8 el | e w@dd e wa
T Y F O EdA et 1 36 Rufa ¥ Fosu 3uEh fag & wwar 2

Gii) TART (Additive Property) — fafs Hues SRR &I A7 §d T & S0 BT
e | g frveryor & Igfirar Svdw ArEaiet & g SR WA R | 3% 3w F s farveo
TR FrE T e smrers 3 ot memed ot 1 X Rafy § s e ¥ freet w1 fd=m
7@ wEaHr ¥ S S e )

4.4 TG0 &t TUAET-TTA (Method of Calculating variance)

eyl & ‘AR qUr I a0 &) O 39 ER ) Al & —

(i) =W & da www o~ [ARE gl $ oeem- oo g fefae | g et
e " framfor | i ~rewt & otem oo areat ¥ qgfess mea e agr fFaaat &
arf (x— x)° Freifre | et & anf % Am H rewl ¥ g @ 9 (k) § ¥ 0 g
(k-1) 1 e A o AR ) @ @ el & S s d R )

(ii) Rl % serta e - el & W SR g $E & 91 e F AT s
ForTen ST R | 30 ¥ AAT- 3 A IRl A I WaAldw e wrem F o= (x - X)),
(x = %) 3 W@ HIC | R 9es & ai (x = x) 5, (x — %) (A | anf & 4nT §
e god) Q Gafya WAy & df, WV, =N-K A (n-1) ¥ 5 K AR 3faifa
TG HielH & W €

(iii) SEROT R4 & OAT (Variance Ratio or ‘F'—Calculation) ~ 39U A1 TN &
TR [ i fafEs g3 g/ Y91 3 (B F T0E il R -

Variance between samples (et & & gE)

Variance within samples (&Y & 3T TE)

q
= Greater Variance (531 J4T0)

Smaller Variance (12 )
@ H S T a1 AT 8, 97 319 % wu § offt B & % w0 N @ 96 @)

F=r Wit e

NOTES
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4.5 OO ﬁ?@l’q‘ﬂ Rt (Analysis of Variance Table)
IRIH O R F Y H 919 F A [ RO F MM FINC | 79 G TAF o H
TR T ) A fFFas Feen a1 2, e F ot 753 o § 3t g 9 fren 9T ? 1 9%
In1 =Y F @ A fager ant adr ey F ofdid o fAee anl A F e AT R |
RN

E(X1—;)2+ ..................... (xk—)_()2=2[nk ()-(-y—;)z]-!-[z(x—;k)z]
@wmﬁmmm(df for total variance)
T+t =ee sEEEl F F9 g § A 1 wReE @6 g fEeE 9 o-1)

TERUT TAgeur GROT &7 WET

(Proforma of Analysis of Variance Table)

TH B Tl &1 A @ T bt TEAOT AR
(Variance Source) (Sum of Sq'llares) (dx) (Mean Squares) (variance Ratio)
(F-Ratio)
gl 3 | ~ % [nk (G — x)?] Explained
(Between Sample) | 2[ok (fk-x)z] (K-1) (k=1 Variance
Unexplained
: - variance
= 3.? f 3 afarfa s (x __;k)z (n -k Z(x—xx) F =
(Within sample) (n = k) Greater Variance
] Smaller Variance
A TG : ) o T (x —x)? Total Variancc
(Total variance) X (x _;)2 (n -1 (n— 1)
ﬁé?ﬁ (Inlerpretalion) :

F- 97 & 56 60 &R WV, 491 V, arcll O § 919 G0 F a1 9o " ¢
fird== 39 v fEFan smar 2 -

Fo (Sf@fTd 7)) >Fos @ @1 Aewl & 3@ q1de 2 1304: T REFe 3 € |

F. (WRae@ 91) < Fos @ @177ee § 3iat arde 78 2 | 314: I3 WReEer o ¢ |

4.6 TEUU TG990 Teh-teh—UhATITE aTifehIul

(Analysis of Variance Technique-One-way classification)

Gris— R &1 il &) IMu- Uk Aty A fgEeita W fEE s g @ | 3Q U e
(@Y 3igaT Z— FI (@eR) T ot Fed § | SO favey &1 yar 991 YR F ariteor §
B " , AfFEA AT F AT gEF AT e qATS A St 2 |

S GHE] 1 aUTR R TE FAE F SMUN U fHE] o1 R @ 9g UG- Avita anife
Feard @ 1 9 NS I W AfTE F YER &1 99, @ F 97 Rl # 9re-are g@dl #@
rest TEEEl F I WG, A1 9 HAFerdl & I, (JI99TE) F 10-10 S F GdeiaE
T fawa 8 Srdqie 1 favesor SEAr |

S FIfT U € FRE F ATUR W FA T R @ wa fvewy F fe fafafaa 4

() WY Ufd (Direct Method) |




@  F#F U Short cut method) , FoaTY iR R

@ 7 fag WRadT AR (Coding Method) |
(F) wag T .-

79 Ofd & siata el & ‘e’ 9o el & ‘i | T WG A 8, T farversor
FRON FIR Y S, T AT A T § M 3w g Fowweh 3 59 g @ w
T @ T (v, 99V, ) ¥ e ared § Ry e ger ¥ F St @ ik 3 A et
¥ o9 mer W F wrdwar @ e S @ o

NOTES

IHlustration 1 : The following table gives the yields of four plots each of four varieties
of wheat . Find out, if the variety—differences are significant :—

Yield of Different varieties

A B C D
16 20 32 28
20 22 24 20
20 16 28 24
16 22 12 32

Solution :— We assume as hypothesis that the four varieties of wheat are not different
from each other.

Table

Variety-A i Variety—B Variety—C T Variety-D
X1 X2 X3 X4
16 20 32 28
20 22 24 20
20 16 28 24
16 22 12 32
Xx1 =72 >x3 = 80 2x3 = 96 Zxq = 104
n=7+4=18 x2=80+4=20 3=96+4=24 X3=104 =4 =126

X+ Zxp+ Ixz + Zxy
n

Combined Mean (i) =

_72+80+96+104 _ 352
- 16 16

=22

?-Tla'?ﬁ & = THT (Variance between samples)
faerer @it &1 A (SSC) ¢

e G- A m(—X) Hm (K= X) + (e — %)
=4 (18 — 22)° + 4 (20 — 22)° + 4 (24 — 22)° + 4 (26 — 22)°
=6 + 16 + 16 + 64 = 160

Ea=8 4@l = 4-1 = 3 (K-1)

el F T T (MSC) = %:%:533&
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el & IR FHRUT (Variance within samples) :

Table
Variety — A Variety - B Variety - C Variety - D
X130 (o —E)¥ x2 | (27 F2) (g — %)?] X3 [(¥3 =) [py - 7P| X4 (4 — Fa) |(ry — 3,2
16 -2 4 20 0 0 32 +8 64 28 +2 4
20 +2 4 22 +2 4 24 0 0 20 -6 36
20 +2 4 16 —4 16 28 +4 16 24 -2 4
16 -2 4 22 +2 4 12 -12 144 32 +6 36
16 24 224 80
foae 971 &1 4 (SSE) =16 + 24 +224 + 80 = 344
W= 9 = =N-K =16 -4 =12
TS & L R (MSE) - SSE 3 _ 867
N—-K 12
eRuT-fergerqur ARl
(Analysis of Variance Table)
Sources Sum of Squares Degrees of Mean Squares F-ratio
8.8, Freedom (D.) (ms)
Between samples| 160 (SSC) (K-1) =3 | 5333 (MSC) | 53.33(MSC)
28.67 (MSE)
= 1.86
Within Samples 344 (SSE) (n—k) = 12 28.67 (MSE)
Total Variance 504 (SST) I5(N-1)

Vi=3 AT Vy=12 % fIT 59 Fiefsar @ W F & aidd JF 5.95 @ | uRafad AM
¥Fad 1.86 © N GRON A F 9 2 | 3d: TN TR §E @ 5 M F 9 fredi 4 #8 ehaw
TR
(@) FF VT (Short cut Method)

ey O 5 ey & foe el & &9 @ jerant & 9 P § afbs quy o
T O st S S € | Sfore ST F g el 3 o qen ST an @1 A A &
¥ fo =9 AfF (@gaf) &1 w8 fe s gear @ 1 9 e gEd wd R

(i) =R THTIE F AW AR I T w1 A T @ § -
el FEEAN F AT = Sx; Txp Ix3, e S
msmsﬁi%saﬁaﬂu‘m =Zx%, Zx%, Zx;% ......... Exﬁ

(ii) 9 @R (Correction factor) A AT ST 2 | 6% fou @it =gl g&Eai &
1 A F a7 § et ghEd) F o GO & 9 R S 8 | 36 g o

2
C.F = T: CF = Correction factor

T = Square of the Total units of the samples.

n = Total no. of units of samples.

(iii) @ =1 %o am (SST) Freeren wmn 2

SST=[EXi +Zx+E53 + o ZXﬁ]—%orCF



Gv) et & &= ant 1 e T S R | . FR TR farweteor
ssc= [ (2;:)2+(2:2i+(2x3312+ (zx")z] —§or CF |

. o

: Dk
) =ewt F Sraia ant 1 S fefT |
(vi) 9 sfrar wege A R & et (R 2 e qen P & )|

Illustration 2 : The following table gives the results of experiments of four varneties

NOTES

of wheat grown in 24 plots :-

Plot
A B C D
Yield 2 5 20 S
4 9 9 12
8 8 14 9
5 12 18 15 )
6 12 18 17
14 11 10

16
Is there any significant difference in production of these varieties ?

Solution : Hypot'hcsis :=There is no difference in the yield of four varieties of wheat

i.e. variance is insignificant

() Totals of sample—units and their squares :—

A B C D [
X1 X X2 x3 X3 3 X4 x4
2 4 5 25 20 400 5 25
4 16 9 81 9 81 12 144
8 64 8 64 14 196 9 81
5 25 12 144 18 324 15 25
6 36 12 144 18 324 17 289
14 196 11 121 10 100
. 16 256
25 145 60 654 90 1446 84 1120
2
Sxi 4+ Zx + Ix3 + I
(i) Correction factorr = (2% = " X3+ 2x)
2 2
+ 60 + 90 + (259)
(CF)=(25 00+90+84) _ (29 _ 179504
24 24
(iii) SST =Tx1+5x3+5x3+ Zxi—-CF

= 145 + 654 + 1446 + 1120 — 2795.04
=3365 - 2795.04 = 569.96

2 2 2 2

z

@), () | (26) | (Gx) } .
ny nz n3 n4

(iv) SSC = [

_ (25)2 (60)2 (90)2 (34)2
= [ S + ; + 6 + 7 - 2795.04
139
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= [ 125 + 600 + 1350 + 1008 ] - 2795.04
3083 - 2795.04 = 287.96

SST - SSC

= 569.96 — 287.96 = 282

(v) SSE

(v) Analysis of variance Table for interpretation.

Source S.S. d.f. M.S. F-Ratio
Between 287.96 4-1=3 SSC 28796 | 9599 (MSC)
Samples (SSC) K-1 3 14.10 (MSE)
= 9599 = 6.807
Withn Samples 282 24-4 =20 SSE 283
(SSE) ' n—K 20
= 14.10
Total Variance 569.96 23
(SST)

(vi) Interpretation :—
The calculated value of F (Fc) > 3.10 (F .05

Hence, our hypothesis is not true. Hence, the difference in the yield of varieties of

wheat is significant.

€2)) Wﬁ—ﬁg Wﬁa'?‘hﬂ'ﬁ'(Coding Method) :—

TEL0T U (F) 1 T Heeqyl fRrar g @ & @t =il & weft veqed) o et @
FRF (Common factor) A1 FEI® FI Sirg, 92, oM T4 A1 907 4 WIH WA FI A q979d
wal ® 1 3@ O & A7 1 g SR TR0 vy F S shear @ g #9839 forn
fedr gu gt e § A F3 o G ver 91 e @ S @ orgE IWd O A 4mT R e S @
IR HeT 37k B & I ¢ | Y NG S FAbler IO foRan weet & Wt @ S frerd o
worfea 7€ & ? 1 9 7 39 =ewl ¥ fou sugw At 2 s wo e wR g €

38 GfF 9t om- fp agdfa & il @ &t } Gt gd fag wRada fha &) Ssw)

Illustration 3 :- Prepare a table of Analysis of Variance for the following data and

test if the varieties are different :—

Plots Varieties
A B C D
1 200 230 250 300
2 190 270 300 270
3 240 150 145 180
630 650 695 750
Solution : - This Ulustration is of Two—way classification but only one factor ie.

difference of variety for the yield is significant or not, has been asked. Hence, we will not
give any thought towards plots.
Hypothesis = The difference in the varieties for the yield is insignificant.
Codified Table after deducting 200 from the original data



A B C D 1
X1 xi X2 X3 Xs X3 X4 x5
0 0 +30 900 +50 2500 +100 10,000
-10 100 +70 4900 +100 10000 +70 4900
+40 1600 =50 2500 =55 3025 -20 400
X =30 xf= [2X2=50| mx3 = (ZX3 =95\3xi-15520 X4 = |3x]-=153
1700 8300 5 150 00
T = 3x1 + Zx2+ Zx3 + Txy
=30+ 50 + 95 + 150 = 325
T (325)° 105625
CE = N- 1 S 1 - 8,802.08
SST =[3x+Ix3+35x3 + Zx4] -CF
= [1,700+8,300+15,525+ 15,300] — 8,802.08
= 40,825 - 8,802.08 = 3202292
2 2 2 2
SC = I: (Ex1) + (2x2) + (Zx3)° + (Zxx) :| _ CF
D1 nz n3 ng :
2 2 2 2
= [%L+Q§)L+£9—35)—+L53OL] - 8,802.92
= [300 + 8333 + 3,008.3 + 7,500] - 8,802.08
— 11,608.06 - 8,802.08 = 2,806.52
SSE = 88T - SSC
= 32,022.92 -2,806.52 =29,216.40
d.f. (Between samples) : V; = k-1 = 41 =3
(Inside samples) : V2 =N-K = 124 =8
Total d.f. =11
Table of Analysis of Variance
Source S.S. d.i MS F-Ratio
Between 2,806.52 3 935,51 F = 3652.05
Samples T 93551
Within Samples 29,216.40 8 3,652.05 = 390
Total Variance 32,022.92 11

Interpretation : The calculated Value of Fc 3.90 <4.07 (F05)

Hence, Zero hypothesis is true , i.e. there is no difference in the varieties from the

point of view of the yreld.

Illustration 4 : The following data relate to the results obtained by four investigators

investing a common problem. Each of the 4 investigators had takca a sample of 6 items.

Do these resulls vary significantly from each other.
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http:29,216.40
http:2,806.52
http:32,022.92
http:2,806.52
http:8,802.08
http:11,608.06
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http:32022.92
http:8,802.08
http:15,300]-8,802.08
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Samples
A B C D
126 102 114 138
NOTES 141 126 150 114
120 90 120 120
111 120 141 102
120 9% 120 141
150 108 111 132

Solution : Zero hypothesis that the results of the four investigators are not different
from each other, using Coding method, deducting 120 from each investigation and then
divide the balance by 3, we get -

X — 120
3

Sample A Sample B Sample C Sample D
(X1) (X1)* (X2) (X2)? (X3) (X3)® (X4) (Xa)?
+2 4 -6 36 -2 4 +6 36
+7 49 +2 4 +10 100 -2 4
0 0 -10 100 0 0 0 0
-3 9 0 0 +7 49 -6 36
0 0 -8 64 0 0 +7 49
10 100 —4 16 -3 9 +4 16

Zn=16 | syd=162 | Ix=-26| yx§—200 | TX3=12 | 3xf=162 | Tx=9 | 3f=141

@OT = 22X+ EZ0+Zx3+ Ex = (16) + (-26) +-(12) + (9) = 11

. T, (11)° '

(i) CF =N- 23 = 5.04

(i) d.f =nK =244 =20;K-1=41=3

(iv) SST = Sxi+5x3+ ¥x3 +3x3-CF

= 162 + 220 + 162 + 141 = 685 - 5.04 = 679.96
2 2 2 2
Ex)’ | Ex) | (Ex) +(2x4)} or

n n; n3 ' ng

(v) $SC = [
2 2 2 2
= [—u;’ + K—L_266 + L—Llé + Qg—} ~5.04

= 19283 -504 = 18779

(vi) SSE = 8ST - §SC
= 679.96 - 18779 = 492.17
Table of Anmalysis of Variance
Source of d.f. S.S. M.S. F F.05
Variation (Table value)
Between Vi=3 187.79 (SSC) | 18779 _ MSC
l 7 =626 MSE
Samples (MSC)
3.10
Within V72=20 49217 (SSE) 492.17 =246] 2642(.561 =254
Samples (MSE) h
Total of 23 679.96 (SST)
142 Variance




" Fo < Fos (1)

Hence, there is no difference between the results obtained by the four investigators.
Ilustration 5 : (Analysis of grouped data) :—
Two samples of 40 and 50 Students Score the following marks in a test carrying

maximum marks 15 : —

Marks : 10 11 12 13 14 15
f1 : 6 14 12 6 2 0 = 40
f- : 2 6 10 16 14 2 =50

Does the average level of knowledge of the students differ ?

Solution :
Table
Sample - 1 Sample — 2
Marks | ,2 N Sfix N x2 f2 f2x f2 2
X
10 100 6 60 600 2 20 200
11 121 14 154 1,694 6 66 726
12 144 12 144 1,728 10 120 1,440
13 169 6 78 1,014 16 208 2,704
14 | 196 2 28 392 14 196 2,744
15 225 0 0 0 2 30 450
3f; = 40 | Zfix=464 ):f1x2=5,428 =50 S fox=640 Zf2x2=8264
0T = Zfix + Zfax = 464 + 640 = 1104
> (1104)°  12,18816

1 = —— = = 2 2 - -4

(1) CF N =20 + 50 % 13,542

(iif) SST = Shx’ = Zfx° - CF

il

5,428 + 87264 — 13,5424
= 13,962 - 13,542.4 = 1496

i 2 2
Eh9’ | (Efzx)} Cor
o n

(iv) SSC (Between Samples) =

i 2 2

I I G) B (o) N TP
| 40 50

- | ), L] g

53824 + 8,192 - 13,542.4

13,574.4 — 13,5424 = 32
SST - SSC
1496 - 32 =1176

Il

(v) SSE (Within Samples)

(v1) d.f. (Degrees of freedom)
(a) Between samples (v1) = k-1 =2-1 =1

(b) Within Samples (v2) = N-k =902 =88
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T2
C'F'_i

i) F& & A (SST) e S } 1 q3 :
SST = SSC + SSR +SSE - CF
(v) 3=3: & &1 A7 (SSC) I fobann ST @ 1 G
SSC =% [%1] - CF

Sxe =TAF WY % qedl & A F a1
pe = mwﬁ‘ﬁém
(v) 3= Ufh a7 9 (SSR) F v F I R 1 g
SSR =X [M] - CF

n,
Tx; = TS Ui & qodt & A & a1
’ n, = Y U & mé H@T
i) Ifeart A (SSE) ¥ I #t St @ 1 g
SSE = SST — SSC + SSR)

(Vi) @@= &7 (d.f) e :

(3N d.f. for columns = c-1

(&) d.f. for rows = r-1

(@ d.f. for residual =(c—1) -1
(viii) IRIE d GIAI3T F ST fyvergor arol & &9 7 ef¥a FEr |

(x) T — =y @ wd ey i 41 F fou ofifor seRor sl (F-Ratio) i
T GROA— WA A qei 1 St @ 1 At gftewer W, qronEm @ ofte 2 @ o wide @ e
Y[ TRaeq g 2 | A weHferd W, Aol & #9 2 @ Y IR 99 €

Hlustration 6 : Three varieties— A, B and C of a crop are tested in a randomized
block design with four replications (JFTEfED) , the layout being given in the diagram below.
The plot yields (in pounds) are also indicated therein. Analyse the experimented yield
and state your conclusions.

A-6 C-5 A-8 B-%
C-8 A-4 B-6 C-%
B-7 B—-6 C-10 A—6

Solution- Zero Hypothesis :— There is no difference in the Block—mean and the

kind mean.

Deducting 6 from all experiments, we get

Varieties Blocks N Total
1 2 3 4
A 0 -2 +2 0 0
B +1 0 0 +3 4
C +2 -1 +4 +3 8
Total 3 -3 6 +6 12

() Grand Total (D = 12

FeeR Wit faseraor
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2 2
@ CF = Tﬁ=§13)——12

G SST = [(©)+ ()" + () + (=2)* + (0 + (-1)* + (2)°
+0) + (4 + (07 +(3)* (3)°] - 12
0+1+4+4+0+1+4+0+16+0+9+9-12= 136

Il

df = Ci—1=4x3-1=11
2 2 2 2
(iv) ssc:%l+§l33L+i6-3l+ﬁ%L—12

34+3+12+12-12 =18
(c-1)=(d4-1) =3

2 2 2
W ssp = AL 6 g,

=
I

0+4+16-12 =8

df.= (r-1)=(3-1)=2
(Vi) SSE = SST — (SSC + SSR)
=36-(18+8) =10
df.= (c-1)(r-1)=(4-1)(3-1)=3x2=6
Analysis of Variance - Table
Sources of S.S. d.f. M.S. - (Fe) Fos(t)
Variation
Betwcen 18 3 6 P - 6 4.76
Blocks 167
Columns) ' = 3.58
Between 8 2 4 Fl - 4 5.14
Varieties 167
(Rows)
Residual 10 6 1.67
Total 36 11

Both the Calculated Values of F are less than the tabulated Values.

Hence, the difference between the experiments of Blocks and kinds is insignificant.

4.8 dfes a1 o Jq ﬁﬂﬁ‘ﬂm (Analysis of Variance in Latin Square)

T fammita faveor &1 € =19 ®9 2 | 39 WA SATUHa FY gHaE % &9 3 A1 2 |
I TEFF & AMEN 2 f6 & A% & [Afs= var @& Q78 39 ¥ o = arat @ a9
YRl ¥ afzat Sirg HE At | I @R F Al fel @ 998§ 3t W aEAT @ @) 36
U v WA F 39 @St A aiedr e e f @ ) fFE § ok fi Qs w@ve @ a8
IqEUEt § ate A S e ) @S} & T &1 2 | U9 &1 SHIA AEYEE @ 6 uE wd
F gt g 99 w9 } 379 e O @

A Tt ¥ yoo-fawdmn e sifiees T | aneiRd § | SAfiEeT T F AN 39
S g ST R 6 TE YR F @IE & YA 3TEUE W R | ITEUS! ¥ AU ais quinren A,
B,C 991 D &I 17 arar ¢ |




AfeT—ar & A FHT 39 FFCF & FFT & —

4 x4 S x5
A B C D A B C D E
B C D A B C D E A
C D A B C D E A B
D A B C D E A B C
E A B C D

IR T~ @ var weren @ foh e U 1 SV T A1 e F O 91T @ gan @
T A FD N WA
W—ﬁ'ﬁwm:

T8l %o a1l A ¥R Gueh § ¥ I@ ¢ —

G = at am

G) 34 ufss 9t am

Gi) 1= afufsear 9 AT Between Treatment S.S.)

Gv) eafire a1t am

S A AT @ oregae @@ H eI ST g @, haet AR a1 A %) gt o
Frtferfa 43 & 9 9 2 -

CF

2
>(x
Between Treatment S.S. = % -

Y% I J FaEfHd gedt 1 A (($x; ) WM Fk AR a1 A & I HFa AT (5
2 orem & foran S @ |

Wa=A G 999 9 F11 % e (-1) F g0 fare 91} #4998 n=c=r 2 |
safire &l F R1T df = (n-)(n—2) I FA T F /WAL = n’ =1 B4 2|

Ilustration 7 : A latin square design experiments were conducted on three plots of
Sugarcane. The design and yield per plot are given below. Analyse the data and interpret

the results.
A B C
20 18 16
B C A
15 20 25
C A B
25 15 20
Solution :
Jg3 x 3 AfeA a1l R | TF 3F W ¥ 20 FH FW W IR 39 NHT 27 |
Basic pomnt x = 20 Square
1 2 3 ZXr 1 2 3 Squares
- _ Total
1 0 -2 -4 -6 0 4 16 20
2 -5 0 +5 0 25 0 25 50
3 +5 -5 0 0 25 25 0 50
xe 0 .y +1 -6 50 29 41 120
(T)
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mailto:f.l8f~f@<1

ﬁmmﬁaraﬁvfaﬁvw (l) T = -6
2 2
NOTES
(i) TSS =Z(x+x+....x0)—C.F,
=120 -4 = 116
df. () =n'-1=032?-1=9-1=38
2
(iv) SSC (Between Columns S.S) = Bi’“—) ~C.E
_EO D ),
3
= 16.67 -4 = 12,67
df(c) = (@-1) = 3) - (1) = 2
b
(v)  SSR (Between Rows S.S.) = % -CFE
_AE0+ 0+,
3
_36_,_
=3 -4=8
df@) =@m-1) =3-1=2
(vi) Between Treatment SS - 3% AT AR &) [: sHafiea & @ | s9 gos ai
Y ety gea 36t § @ e
TY Wbl gRUR gri9R fa=mya e —
A B C Total
1 0 -2 —4 -6
2 +5 -5 0 0
3 -5 0 +5 0
x¢1) 0 7 +1 -6
2
=[]
Now, Between Treatment S.S. = 0 CF
=[O+ D+ )]
= 3 —4
:%—4=16.67—4=12.67
df.()=n-1=3-1=2
i) Residual S.S. = TSS - (SSC + SSR + SST
= 116 - (12677 + 8 + 12.67)
= 116 - 33.34 = 8266
df = (n-1) (n-2)
= (3-1) (3-2) = 2
148




Analysis or Variance - Table

Source of S.S. d.f. M.S. Fc F.05(1)
Variation
Between Column 12.67 2 6.34 Fj = 6.34 =015 19
4133
Between Rows 8.00 2 4.00
4 19
F2 = gymm = 0.09
Between Treatment 12.67 2 6.34 274133
Residual 82.66 2 41.33 634 19
¢ F3=4133=015
Total 116.00 8

(viit) Interpretation : As the Calculated Value (Fc) <eFps () in all cases hence, the
difference is insignificant.

4.9 TEIUT ATl 1 SUAET (Utility of Analysis of Variance)

T 8 39 deheiteh 1 STAT Y SEuH 9% GifiR w1, A e sueE o ¥ &3
&1 & s B @ SR erdwrE, g, Rren, wefaw anfe |

YA SHEH & g a1 7e iy Iwni 2 | 39 Fear ¥ frepel 1 iygea @
ST 1 MW A AR | 3R e A 3 Weran et @ 6 fafey At  frepd ¥ syt
(Significant) 3T 2 &1 A&l | 37 d=1% 1 FATT Y@ &0 A Frafefeaa &3 F frar s -

1) IRV @ Y Afhs) weEl F R & A@g -

A Al =grewl & Hqret % |19 Fq & g o fRE wye gR w91 & 999
T 139 TS Z0 IS Ul & =R S W1 F) UF @ 9 H A1 91 G @ |

(2) TN % IR G QoG G S ;-
STERET 39T (F—Ratio) B A =gwl & SOl & o= & arefebar I o<1 @ 2 |
@) Teanifa @ifetor o gadaar 1 e -

T AT F GHF— T I Q) T & AFer] & (94 -5 51 & "I e S W
21 39 O gra - anify wffeor § & amf % siwfa gemdrad 1 3reqaq fhan s e 2

(4) U3 Go9 W6 WA &1 qaEor -

39 THAF & TG 98 GeiY A T AgU e HY U F Qrdar F w9 7 o o
ST R | T Terad A YATTE R F O & o o S w2

T R T (vaqu de1s Far % emyfis 77 § 9gd st ud weey

4.10 NG G

1. fg-nifa favemw &t wom fafe waegse
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4. TE faveryw & qa fagrat # faa=ar iR )
Discuss the fundamental principles of Analysis of Variance.

ER@ETB W& (Objective Type Questions)

1L o favere # forwat S @t S -
(31 95, (@) "rem,

2. WO faveryer 1 wfare fee fa R-
(3 freR, (&) TR,

3. el OO @ R Hedt & arer S 3
(3 3, @2,

4. R faermer & fad forey dfel -
(31) ey, (=) =9,

[3- 1. (@),2. (3),3. @),4. @) ]

HEgIG T

@) U, () TE |

@ I i, @ 9N |

@) 4, @51

@) 73 fag, @ at

1. a9 ww s favemor difdes &) & SR1

Set up a table of Analysis of Variance for the following data.

Varieties
Plots a b
1 200 230
2 190 270
3 240 150

[F = 385 <F05, Not Significant]

C

250

300

145

d

300
270
180

2. U TR & 9% Grammar Schools & maar g4t gderwr & yRomai & govifed st &
Tedish A & 3279 U AgFess GfF A =il wrafga W & UIadl $41 S €6 94 e o
¥ o1 us g ghen A &l T | 39 Ry iy Q A | gee & favemo

FHQ

To assess the significance of possible variation in performance n a certain test

between the grammar schools of a city, a common test was given to a number of
students taken at random from the senior fifth class of each of the four schools

concerned. The results are given below. Make an analysis of data.

Schools
A B C
8 12 18
10 11 12
12 9 16
14
7 4 8
[F Cal. =

D
13
9
12
16
15
1.285 F Cal. < F Tab. (Not Significant)]

3. AR agfes w9 g gu dE wd A AR 7 Q) e § A @ afd ues sus & g @
137 A 2 ¥ frel & qe o # gided & qdem & Y oo [fyewer & owm

I )

(e WA F A F #15% WA 771 2 1)

Fey Wifegala faversor
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Given below is the per acre yield of two strains of wheat sown in three randomly
selected farms. Use analysis of variance to test whether the strains are significantly
different is regard to yield.

(For relevent degrees of freedom the value of F at 5% 7.71)

Qnt. Qnt. Qnt.
A 30 32 22
B 20 18 16

[F Cal. 9.4; diff. Significant]
1 &t d1F frgi- A, B 3R C &al & 12 @oel ¥ a8 Rt 3 & ot (fram) fer
TR Y A -~
The following figures relate to production in Kg. of three varieties A,B,C of wheat
sown in 12 plots.

A 14 16 18
B 14 13 15 22
C 18 16 19 19 20

1 dHT et % e @ 3T ey ® 2

Is there any significant difference in the production of three varieties.

[F Cal. = 1.157 F Cal. <F Tab. (Not Significant)]
T & WA 44 @Ut W I FFR F GIel F1 5490 T | e afew § iQd gvet
¥ fow amqqail 1 379 F o fRw gu ¥ 1 v wiew SRy 6 T fim- i s & el
F HRU I FH A AT B 2 :
Five fertilizers were applied to four pots each. The yields of potatoes on each of
these plots are given in the following able. Examine whether the effects of these

fertilizers on the yields are significantly different. [ F5% = 3.06 given]

Fertilizers
Plots Q) (2) 3) “ &)
19 22 26 18 21
b 25 19 23 26 22
c 17 19 22 20 21
d 21 18 25 23 24

[F Cal.= 1.79 F Cal.< F Tab.(Not Significant)]
A FHIT F gasoline W fFY T 3 wemn | atted Bt @ ® 2 (Km /100 litres):
Several tests with three types of gasoline revealed the following averages
(Kilometers/100 litres)

Gasolines
A B C
519 523 520
521 520 ' 517
520 522 521
518 520 519
512 524 520

521 523 517



T T fveser diferen F e SRA | gEe VAT SR a9 5% WO @9 SH6R 6
gasoline % IT Ht Yrdfepar HI W HY |

Set up an analysis of variance table. Calculate F & test the significance of differences
between the three types of gaxoline at 5% level.

(F Cal.= 583 F Cal. > F Tab. Difference Significant]
w¥, S T YO & 9 HEHE 4 JowAl g0 9 T BRE # g e a3 @
SR

Following table gives the number of refrigerators sold by 4 salesmen in three
months—May, June & July.

Month A B C D
May 50 40 48 39
June 46 48 50 45
July 39 . 44 40 39

1 IR e 70 & T R ¥ e e e € 2

Is there a significant difference in the sales made by the four salesmen ?

[F Cal. = 1.55 F Tab. > F Cal. Not Significant]
T FREN & Fa9F, N I F 56 56w § 56 # S0 arell 7Y @i 9w §,
A wEE &1 IAIET H Aot IR Wi ¥ Q TAF - & HYA @hea ® | 9 dF
= B A A 90 A W -0 R w e € agfes A B war ¢
i aiferen X Iafed oAl & TS ¥ —
fafarr wer N Teil we saferaal & we IaIed SHEA % 3T &t Yrdehdl Bl e S |
(1 SFI9Id TEE WUWF &1 794 2 W 6 d.f. & o 10.92 9913 3R6 d.f. % R 9.78 3 1)

A Factory Manager, wishing to buy machines for a certain operation in a production
process, obtains one machine from each of the four companies making such
machines, and puts three men each of whom works one day on each of the four
machine in a random order. The resulting units are given in a table given below.

Discuss the significance of Variation of production among the different types of
machines and also among the workers.
(One percent value of F for 2, 6 and 3, 6 degrees of freedom is 10.92 and 9.78)

Workers
Machines W W W 3
M 62 63 64
M, 64 66 68
M 3 67 67 70
M 4 68 69 69

Among Workers— F Cal. (9.45) <F¢; Tab. 10.92 (Diff. Significan0)

Among machines—F Cal. (29 F .01 Tab. 9.78 (Diff. Significant)

@1 v ¥ fafim 431 3 =\ Aewi g A 7 atwd mihe o (6o svdl H) F 3
forey anferam o few gu -~

The following table gives the average monthly sale (in thousands of rupees) of four

salesmen in three different types of territories.

oIy wiReas i faveravr
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Salesmen
Territory A B C D Teritory
Totals
X 5 4 4 7 20
Y 7 8 5 4 24
Z 9 6 6 7 28
21 18 15 18 72

37 Il A T TRV fIveryur arfershr &t T FIf |

Set up a table of analysis of variance for the table given above.
[F Ca. = .75 Between Salesmen.] [F Cal.=1.50 ,, ,, Territories]

10. T 99 % fafbm fmioemerel g/ sanfed seEal e we ¥ ¥ 3% gEe ©@
Sy fergeror i —
Units produced by different foundry—shops of a plant are as under. Perform analysis
of variance of these data.
Through-put obtained
A 84 60 40 47 34
Foundry B 67 92 95 4 98 60 59 108 86
C 46 93 100
[F Cal. = 22 <Fgs, Difference not significant]




3TETI-5 3MHHHAl U g ail q{eru

(CONTINGENCY AND CHI SQUARE TEST)

THE B W@l
50 KW
51 SEEA

52 AR U

53 @18 A AT wdEdr & A
54 AT F GAER

55  erafwal w1 9gEA

56  IJASH F ITHAT F A=
57 %@ 9t & faRer o 9 STEm
58 3 a7 g HEWl F1 W
59 @ a1 IRt

510 99 ¥

511 WWRE I

512 fsharoTs g\

50 I

3 3 F1 IFIT F F 9IC AT 39 AT @ Gl Foh
1. SRR T H EYEHA F GO G |

73 a7 F 919 F 39T F I AT |

73 71w F W H I A |

51 HWE

-G F YT Fd G901 Aol RIaTH JTIHT & ATH W Q7T gHe wret
&1 reqFA fobam 2 | B 9 Arar W R T e 0 e e o ) Suffy ergar erufeta
At 2, A Ff-eit Ao o e Fafat st 3= @ FFd) 3 o aeiE e 1§ X e
R | SEIHE AU F IER Afe fuen & arifete o @ 9 U o ffEdl (A) & 991 gun
ST (a) %1 81T | Foeg AT Feaf A A o @ G 2 IR g6 A A A Faferdt
e F ol @ aferfedl | T R 3 gyl @ifa 3 sravaddr 8t 2 S Sl 4ol (Table)
3 YHR A T St 8, g7 eiEeRdl Gl (Contingency table) Feadl 2 |

3OH 1 ISR 10 W R 1 6l o—

Contingency Table showing the Temperament of Brothers and Sisters

Sisters (B)
Brother Quick Good Natured Sullen Total
(A) (B1) (B2) (B3)
Quick (A1) (41 B1) (41 B2) (41 B3) (A1)
GoodNatured (A7) (42 B1) (42 Bp) (42 B3) (A42)
Sulien (A3) (A3 B]L 7(/!3 Bz) (A3 33) @3)
Total (B1) (B2) ( B3) N

FERT IR Frsesor
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Ut GRART &1 O 3 X F ) g O3 39 98 @ R aRiE

2 x 2 ¥ vRafda o fEar S | Qar w3 F ol o F +E 9t ) haw &) ant F &

ST R | U W whe A e |

Illustration 1 : From the table given below, find out the Coefficient of Association

between intelligence in fathers and in sons (FFfaflaa Wt & fian o G i Figmn § o7

oy T feRTfere) - —
Fathers Sons (B) Total
A Very Intelligent Ordinary Dull
Intelligent
Very 20 16 10 2 48
Intelligent 10 14 8 4 36
Intelligent 14 12 18 50
Ordinary
Dull 4 6 6 24 40
Total 48 48 42 36 174

Solution— The above table will be converted into 2 x 2 table by merging very |
intelligent and intelligent, and ordinary and dull. The changed table will be as follows :-

Fathers Sons (B) Total
(A) Intelligent (B) Dull (b)
Intelligent (A) 60 (AB) 24 (Ab) A =84
Dull (a) 36 (aB) 54 (ab) a =9
Total (B) = 9 N = 174

(b) =178
Coefficient of Association or '

_ (AB) (ab) — (Ab) (2B)

_ (t.SO x 54) — (24 x 36)
" (AB) (ab) +(Ab) (aB) B

(60 x 54) + (24 x 36)
3240 — 864 _ 2376
73240 + 864 4104

Q

= 0.58

52 JHHIH&KAT T[UTeh (Coefficient of Contingency)

fert vqor @ SfEafa a1 erufiafy & smar w ) Sftrgl § gy A w0 & fae st s
T Sfqufeq are ot ATHFEFHA 0 (Coefficient of Mean Square Contingency) [EECIESIGI
21 30 98T F oFTFAl 1 U (Coefficient of Contingency) Fed € | 38 M &4 & fag

Tedt F3-a (Chi-Squarc) Free T ggar ® 1 FE-a f3= g3 g e s -
2
S ox{Eg) o
-5 [gDiffcrcncc of actual and expected frequencies )2 ]

Expected frequencies

where, { = actual frequency

£&x = expected frequency
X = Chi—Square or Square contingency

FE-T1 Frsen & G- (1) 9 el gl TR F# |
@) ¥&F W™ (Cell or Column) # FoIfad 3rgfd 39 g3 A werga A fFafaa—

gy = LB g, (B2) X ()

3R T wER e @ 2 34 wefya smgfear el |
@) FrEafas g # ¥ geifas amgfa gee 3ae at Fefaa |



@) 39 =t § wemfaa sgfa #1 am AR |
(5) T4 SRSt &1 a0 HE—- 7 A |

39 YFR FR-T AHRASA (Mean Square Contingency) a1 ®3—a1 (Phi  Square)

Feelal ¢ | 3 QT F ®Y § 39 I G B Gha o
2

Mean Square Contingency or = xﬁ

et fards 3 Aren i SR STHal SRR UE I FA & T f @ w1 owEm
fepar R -
Mean Square Contingency or Coefficient of Contingency

N C_\/—z—' \/ﬁ—

N+X 1+‘b
Wmm@av%ﬁwawﬂ\ﬂ‘raﬁmﬁﬁ?w%|

(¢@%Wé—aﬁ%ﬁ—r§www%0

Hlustration 2 : Discué.s the resemblance of height of parent and offspring from the

following (Friferfad { =T Rl €& ! HaM F 3791 § FHEAT F AT R0 —

Offspring Parent Total
Very Tall Tall Medium Short
Very Tall 20 30 20 2 72
Tall 14 125 85 12 236
Mediuvm 3 140 165 125 433
Short 3 37 68 151 259
Total 40 332 338 .29 1000
Solution :—

Actual Frequencies

Offspring Parent B Total |
Very Tall Tall Medium Short
(By) (B2) (B3) (Ba)
MAalB1j41) | (A1B2) (41 B3)20 (41 B4)30 20 | (4) =
T2 B1jA42) (42 B2) (A2 B3)14 (A2 B4)25 85 (42) = 236
Medniy)(A43) | (43 B2) (A3B3) 3 (A3 B4)40 165 | (A43) =1233
Shitt B1)(A4 (44 B2) (4aB3) 3 | (A4 B4)37 68 (As) =1319
Total (By) = 40 | (By) = 332 | By =338 | (By) =290 | N = 1000J
Expected Frequencies (fx)
Offspring Parent Total
Very Tall Tall Medium Short
Vary Tall 29 23.9 243 20.9 72
Tall 94 784 798 68.4 236
Medium 173 1438 1464 125.5 433
Short 104 85.9 87.5 75.5 259
L Total 40 332 338 290 L 1000

Expected Frequencies will be calculated as follows (assuming that the two attributes

are not associated, i.e., they are independent) —

(A])X(B]) . T2 %< 40
N 1000

(A1) % (B2) 72 x 332

- - =23,
(A1 B2) N 500 3.9

=29

(AMB) =

Feaa wifemsia faseaaor
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(A1) X (Bs)

72 X 338

A1 B = = =
(A1B3) N 7000 243
_ (A X(Bi) | T2%290 _
(A1By) = N = 000 - 20.9
_ (M) X(B1)  26x40
(A2By) = ~ = Soop =24
_ (A)X(B2) _ 236x332
(A2By) = N = 1000 - 78.4
_ (A2) X (B3) 236 X 338
(A2B3) = N = 000 79.8
_ (A2)X(Bs) 236290
(A2Bs) = N = 1000 68.4
B (A3) X (B1) _ 433 x40
(AsBy) = N = 1000 =173
_ (A3)x(B2)  433x332
(A3By) = N = o = 1438
_ (A3)X(B3)  433x338 _
(A3B3) = N T
_ (As)x(Bs)  433x290
(AsBsy) = N = 00 - 125.5
_ (A)X(B1)  259x40 _
(A4By) = N = oo =104
_ (A4)X(B2) 259 x332
(AsB2) = N = 00 - 859
_ (A4)x(B3) 259 x338
(AsB3) = ~ = S =875
_ (A4)x(Bg) . 259 %290
(AsBy) = N = 000 = 152
2
f fx (f - fx) (f - f0)° V=rf)
Jx
(A1B1) 20 29 17.1 292.41 100.83
(A1B2) 30 239 6.1 3721 1.55
(A1B3) 20 243 43 18.49 0.76
(A1Ba) 2 20.9 -18.9 375.21 17.09
(A2B1) 14 9.4 4.6 21.16 225
(A2B2) 125 78.4 46.6 2171.56 27.70
(A2B3) 85 79.8 5.2 27.04 0.34
(AsB4) 12 68.4 -56.4 3180.96 46.50
(A3B1) 3 173 143 204.49 11.82
(A3B2) 140 143.8 38 14.44 0.10
(A3B3) 165 146.4 18.6 345.96 2.36
(A3B4) 125 125.5 -0.5 00.25 0.00
(A4B1) 3 10.4 74 54.76 5.26
(A4B)) 37 859 ~48.9 2391.21 2783
(A4B3) 68 875 -19.5 380.25 434
(A4B4) 151 752 75.8 5745.64 76.40
2 or X° = 325.132




z 35132
c= (foz) = \/(100+325.132) =4

This indicates that the association between the height of parent and the offspring
is significant. From the inspection of the table, the contingency is positive which means
that there is resemblance between the height of the two.

53 - IR @At H 9B
(Chi-Square and Degree of Freedom)

FE-T7 & AL W A g 2 O F Wy 1 Sife B o g @ | g9 o By seR
& Rl s At T REE I 1% Y 99% % & e @l % e aE-at k) F 5
feada § lwmmﬁmmaﬂaﬁmst of freedom) 4 & | T8 faw 7 @@ &
syl fean i 2-

Degree of Freedom = (R—-1) (>C—1)

No. of Rows

I

- where, R
C

39 99 A WA & T Ao & A R 1 39 A % ¥ g wfowd F @R aneit #
et A Fr-a’ qa W fordr S R | ¥ g g P T FE-at ok wret g
-t 3 o &t ot R | 4 Sreafass Freerer man sE-T1 qroh g e sE-at s
%ﬁﬁﬂ“ﬁﬁ 3970l T (Significant Association) IFT JIAM | afg 7% &9 2 A AddT
(Insignificant) F/=4 HA1 IR | 91 Q1 & 157 G9M & Al QA1 1 S - I<araa
& RO AT SR )

IMustration 3— Two samples of polls of Votes for two candidates A and B for a

No. of Columns.

public office are taken, one from among residents of urban areas, and the other from
residents of rural areas. the results are given below. Examine whether the nature of the

area is related to voting preference in this election.

Votes for/Area A B Total
Rural 620 380 1000
Urban 550 450 1000
Total 1170 830 2000

Solution— Setting up the hypothesis that the nature of arca is independent of voting

preference, the expected frequencies would be —

Votes for/Area A B Total
1000 x 1170 1000 x 830
== = S8 ST 1
Rural 2000 585 2000 5 000
1000 x 1170 1000 x 830
Urban 2000 = 585 2000 = 415 1000
Total 1170 830 2000

2_ (620 — 585)" , (380 = 415)° | (550 - 585)° , (350 - 415)°

X

585

415

585

585

415

2 2 2 2
_BS) (=35 L (=35 (35
+ 15 + 585 + 415 21 + 29 +21 + 29

Fe=raT Wil faseraor
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The number of degrees of freedom

= 10 Approx.

=2-H2-1 =1

The calculated value of X° which is 10 is much greater than the table value of x2
for 1 df. at 5% level of significance. Therefore our hypothesis is wrong and the nature of

area is related to voting preference.

Ilustration 4. From the following table, showing the number of plants having certain

characters, test the hypothesis that the flower colour is independent of flatness of leaf—

Flat Leaves Cur led Leaves Total

White Flowers 99 36 135
Red Flowers 20 5 25
Total 119 41 160.

You may use the following table giving the value of X* for one degree of freedom
for different values of P :-

P

X2

96
.09393

.50 .10
455 2.706

.05 .01

3.841 6.635

Solution . Let the flower colour and flatness of leaf are not associated. Expected

frequency for white flowers and flat leaves

_15 o
= 160)(119—100.4
In this way, the following expected frequency table can be obtained —
Flat Leaves Curled Leaves Total
White flowers 1004 34.0 145
Red flowers 18.6 6.4 25
Total 119 41 160
2 2 2 2
(99 —1004)° 4 (36 — 34.6) 4 (20 — 18.6) 4 (5-64)
1004 34.6 18.6 6.4
_(cyt a9’ e’ (1)’
T 1004 346 186 6.4
196 196 196 196
e T e e B . : .
1004 + e 186 + 4 0195 + .0566 + .1053 + .3062
= 4876
The number of degrees of freedom
= 1) (21 =1

The value for degree of freedom at 5% level of significance 1s 3.841 which is greater
than calculated value X’ Thus, the hypothesis is correct and the flower of colour is
independent of the leaf.

R 1 U (Tschuprow’s Coefficient) — T {8 % eHfachal o F1 AW T8 2
5 TR sifsad €1 9% A8 GEEA 1 Q90 3 B e & g9 e -



T= \/ c’
(1—c2)\/ (r—1)(c-1)
R T = Tschuprow’s Coefficient (R} T TUIF)
C = Coefficient of Contingency (3THT T[UT)
No. of rows (FaRT H FEM)
¢ = No. of columns (@I &t F&M)

..,
I

54 ﬁz <hi Wﬁsﬁ (Yate's Correction)

FE— a1 ¥ T Faq wed & fuh 5 RN O avds wd 78 2 fF I o Fre- amgfa
(Cell frequency) 314tq 3faH MR (ultimate class frequency) S ¥ #7 7& At TfeT =g
FE-1 (X° ) F A AT $Y A 7@ @ AW s o gnqel N ) o w0l g
T gaaar (Afafswa) a9 T@ a9 98 1o fFes & U 2 x 2 -9t | sfafea &
faT I 1 GMEA (Yate's Correction for continuity) FHT AT 2

T8 YN 79 A a1 3 ot R S H® oty 5§ #9 @ 1 O fufy § gRot §
% g8 gl B g & 12 W 0.5 e e o R ok 3w 3 et A 39 sER wEEE
STt 2 T WHid 9 (marginal totah) THAq & @ | 30 GG H1 F9T9 7€ a1 2 6 S Arafas
aﬁragmﬁamﬁmwosmtﬁm%ﬁ@?ﬂé a1l o1 gy off arafasrar & aifte frae
A 5 @ ok Frepd o S freer €1

55 al'ﬁﬁl'&ﬁ T W& (Pooling of individual frequencies)

& R il #A A & (Y w9 A 5 ¥ F0), A arafas 3Ky sngf
) T AT 0 A TE 3 A A1 A aifees At gl A e foran w1 @ 1 @Al @ gea
(No.ofdegreesoffreedom)aﬂﬁﬂfNS@fEﬁqaﬁ“ﬂﬁﬂﬁq 3mgfat $1 e & 91e M@ /i
G TR R AT @ | IR & foqe, 8 anl A 3 R At gfaal w5 (<) @
= ue ol ¥ oqfRd w9 A g (A Al anl # w0 6 7 s | O el §
AT GRA8—1=T A6 —1=5 B |

lustration 5 — UF WAL T ¥ Il & Jfd00T dmmunisation) ¥ T=fgq s @

frtafaa afitom s g —

i R ) Stfera (B) A (N
i1 M (A) 2 10 12
&1 A& T (a) 6 6 12
FAMN) 8 16 24

G) F2 GE F A T97 Giy A2 GEA wlew X° (@FE-T) 1 ooEn Fifve ot Fred
T ST |

Solution —

) Calculation of Xz without Yate's correction—

Expected frequencies (fx) =
(A) x (B) _ 12x16

_(A)x () 12x8 _ _ _
(Ab) == T =4 (AB) = "1 =8
_(@yx () _ 12x8 _ _(@x(B) 12x16 _
(ab) =" = 5,o=4 (@aB) =t =T =8

Now,

FETTR WIGAHIT faserwor
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T YR o TeIfad engiaal e YR 8-

Flat leaves Curled leaves Total
White Flowers 100.4 34.6 135
Red Flowers 18.6 6.4 25
Total 119 41 160

X

346

18.6

_ (=14’ e’ a4’ (-14’

100.4

1.96
or —

+
100.4 ~ 36.

36.4 18.6

196 19 . 196
4186 " 64

6.4

or 019 + 0566 + .1053 + 3062 or  .4876

. The number of degree of freedom-

=@2-1D@-1)=1

37d: 5% WEN W W 1 3 WAFaT 1 e 3841 B S oM R T W 3l R 1 or:

faraR Feu1 Gel € 3K flower colour, leaf ¥ w@dd 2 |

Illustration 8Wﬁamamﬁrﬁa®ammw%ﬂﬁﬁmmaﬁ
Td @0 a8 ¥}, R aRum ey foan R 1 e Fifve R 89w sl gaee &

2 (99-1004)° | (36 —346)° . (20 — 186)° . (5 — 6.4)°
= 1004 T * *

srafaedr J grifua -

Area A B Total
Votes for

Rural 620 380 1000

Urban 550 450 1000

Total 1170 830 2000

g~ 9T fF nature of area, 3797 voting preference Y @dT 21 The expected frequencies

are —

Area A B Total
Vote for
1000x 1170 1000x830 _
Rural 2000 = 585 2000 415 1000
1000x 1170 1000x830
Urban 2000 = 585 2000 = 415 1000
Total 1170 830 2000

oA IS farveaor
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Calculation of xz

Males Females
o| - F) )| (F - By
Fi| (F-F)|(F-Fy) -——E—‘— F Fi |(F-F)| (F-F) —F—l‘—

AB| 30| 20| 10 100 | 500 [AB| 4 24| 16 |25 [1.07
Ab[ 70| 80| -10 100 | 125 |Ab| 36 | 376] -16 [256 | .07
aB 30 | -10 100 | 333 [aB| 8 96| -16 |256 | .27
ab (130120 10 100 | 083 |ab[152 | 1504| 16 [256 |.02
.7c2 = x2 =
1041 1.43
Association of Literacy and unemployment is more sién’iﬂc‘ant in Males.
TEequ T
3T
(1) 37"% a’ixz =2 [L) ]_}fe)ZZI Uee X {1_2_0 _I;_E 2}
(2) WS C = '_V Nijg
Frd-at i
(1) TEm=a A= fafa-
G) H, = Y e (i) @ HE
(i) WA &AM dL = (C-1) (r-1)
(iv) 5% Wrdehdl WL I d.f. ROt g
(v) WREE A’ (i) > RO X Ho 38 A 3 B # wewd
2 ImR-Ipea fafa 3 S
@) Ho—foaﬁ'ffeﬁ‘\’]??w}l
(i)  Zp 1 uREfed e
(i) WA=g g&m@df. = (n-k) (n-1)
(iv) 5% STdEdl & W d.f ¥ A
(v) uefed qed : > WROT e Srarae 3R AE |
gy
1. &0 e ey |
2. 36 il qhe F sEa 1 fafaEe )

............................................................................................................................
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2. ST QIR R TE 5 x 4 F @A el 8- S WIRAETT faveraor

(31) 25, @) 16, @ 12, @151
3. @ i e 1 fa @ e ST o NOTES
@ X% @, @FE GEECE)

8. 1 gt % el o7 A ¥
(21 TS (CIRSIGEDI] (@) T9aT () I Tt |
[FF- 1. (@),2. (®),3. (30),4. (D) ]

5.11 TG T9H-
1. P gl 1000 STeEl 3 3 A o wAgh & ey g wef¥a S @ 1 3Rt T
. A7C (g F)
TgM 90-120 120-130 130-140 140-150 150 ¥ fas A
qm 50 102 198 210 240 800
& d 30 38 72 30 30 200
T 80 140 270 240 270 1000

[C = 216,y; = 49.05]

2. fre ol ¥ e e gRefaa iR st o el frefa ) 3% Al Q@ wa
mﬁmmmﬁmm%m%ﬁﬁ@ﬁmﬁﬁaﬁm

F fafe=t ama-anit & s o e -
-
SFFGHF- Rz e Rl
3 140 100 15
q 140 50 20
[C = .165]
3. PefafEd grot 99 F IR 89 9 S ane feandt 3-
3T TT I TE g
e @ g 31 469
e T& T g 185 1315

9% B U A Ik F FAE F GO0 R | 3TF AT GROTH F 5% Frdehd] W
F R THET HA | 5% WwA T W WA GO (df) 1 F @0x° F 0ed 3841 2 |

K = 14.65 2 SAEwE )
4. oyl & e AN F gt ¥ T UF A F 1 9ftom e g

4 A1 S s ifad arm
e @ 12 24 36
a1 7€ @M 16 8 24
am 28 32 60

& UM &) Rureierdr 9T e 0 3 F IE &1 e S )
[ = 6.43 2 SEeR ¢
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e

10.

11.

12.

13.

14.

IR TR & e 7ot § A F aer F ARfeos ey I3 e sk faaifed qen afyaifea
Afwdl F GEAT ifehd F o T8 | 39 Fe! ¥ T 7ot F forare 3 A gii # 31 wRI

F oe B¢ faiy fafig=rar gfenires At @ 2

TR | | g T Jm
faanfea 137 164 152 147 600
Jfqanted 32 57 56 35 180
3 169 221 208 182 780

(T T 3 F AU X F1 59 F A9 7.815 ?)
[ = 58 F3 fafarar 1

fopy Aot 39 SR ¥ e gfe 9 o 9T 1 faater S et @, R ara e e
* un Tef g oy A R

Hd B & 3 Jm
e 862 10 872
aferd 582 18 600
QT 1444 28 1472

3G T F 9 L 5 R 9@ B Fd ¥ gfg S A T s @8 2
[Jr3 = 6.6 neB meneUeked nw)

B ATHI I S0 ATHRY TFA & fawg § F7 g o §§-

A
s wEd A9
Teel g0 gaerd 17 18 35
faal g warfera 3 12 15
T 20 30 50

YT % FE A THA 2 (% Fw F qa A F S g apa e 2 FE-at
e 1 AT HIWC |

% = 3.57 ¥2 GO wfed 2.48 T Ho FI3 3t ]
firefafad Tron J9F F AT B T w g frEm 2

JFT 8T 3THIT A8 3T
e A g 31 469
et 78 @ g 185 1315

ATF B AST A AP F YA F1 gy ST 39 3w 9o F 5% dFA ® W
@E T (df) % e’ %1 9o 3.841 2 |

[ = 14.65 2 TERTER 2 1]

Al A2 A3 Ag
Bi 11 6 2 1
B, 5 12 15 8
B3 - 2 3 15
[C = 59]

TR GIfeRaIa fasvor
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o WiEmIq fergeraor 15.  In the following table, the number of student according to age and the regular players
among them is given. Assuming that the majority is achieved at the of 18. find out
coefficient of association between Majority and playing habit.

NOTES Age (yrs.) 15 16 17 18 19 20
No. of students 250 200 150 120 100 80
Regular Players 200 150 90 48 30 12

[M.Com. Indore. 1993]
[Q = - 0.73; No. of minors = 250 + 200 + 150 = 600. Minor players = 200 +

150 + 90 = 440; No. of Majors = 120 + 100 + 80 = 300; Major players = 48 +
30 + 12 = 90]
16.  In a study of the stature of husband and wife, the following information is given-

Tall husband% Short-husband%

Tall wives % 56 ' 13

Short wives % 11 48

Find out coefficient of association in the stature of husband & wife.
[Q = +09]

17.  The table given below shows the data obtained during an epidemic of cholera-

Attacked Not attacked Total

Inoculated 31 469 500
Not inoculated 185 1315 1500
216 1784 2000

Test the effectiveness if inoculation in preventing the attack of cholera.

[Five percent value of x* 0 for one degree of freedom is 3.84]
[Ans. 0 = 14.64 Not justified]

18.  The fortune magazine of U.S.A. published the following results of a sample survey
of public opinion regarding election of Roosevelt as the President of U.S.A .-

Attitude towards election Rich Poor Total
Favourable 508 1559 2067
Unfavourable 905 1114 2019

1413 2673 4086
Is attitude towards election issue guided by the economic status of the voters? What

test would you apply? The following table 1% values of Chi-Square is reproduced

for your use-
Degree of Freedom : 1 2 3 4
1% value of Chi-Square : 6.635 9210 11341 13277
[Ans. x” = 187.1, Yes]

19.  In the course of anti-malarial work in Birnagore in the third quarter of 1932, quinine
was administered to 606 adults out of a total population of 3,540. The incidence of
malarial fever is shown below. Discuss the preventive value of quinine.

Fever No. Fever Total
Quinine 19 587 606
No. quinine 193 2741 2934
Total 212 3328 3540

You may use the 5% value of Chi-Square for ‘n’ degrees of freedom, equal to 1, the
value being 3.841.
172 [Ans. x° = 10.59- Not independent]




20.

21.

22.

23.

The following table gives the results of series of controlled experiments. Discuss
whether the treatment may be considered to have any positive effect-

Positive No effect Negative

Treatment 9 2 1
Control 3 6 3
12 8 4 =24

[Ans. X = 9367 associated)
Find the value of Chi-Square for the following table-

Class A B C D E
Observed Frequency 8 29 44 15 4
Theoretical Frequency 7 24 328 24 7

In the contingency table, given below, use x~ test to test for independence of hair

colour and eye colour of persons-

Hair Colour Light Dark Total
Eye Colour

Blue 26 9 35
Brown 7 18 25
Total 33 27 60

[Ans. The calculated value of x* = 15 which is much greater than table value which
is 3.84, so that our hypothesis is wrong. We therefore conclude that hair colour and
eye colour are associated.]

Calculate coefficient of contingency among the weight and mentality of 1,000 criminals
from the following table-

Mentality Weight (Lbs) Total
90-120 | 120-130 | 130-140 | 140-150] 150 & above

Normal 50 102 198 210 240 800

Weak 30 38 72 30 30 200

Total 80 140 270 240 270 1,000

[C = 0216;x° = 49.05)

Fe WIS faveraor
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Gehar € | TR W T SAMOET AfT <8 7 F @l B 1 W 1981 V § 1991 9% F SHEE F R
e Tg s W & T § fbeg af &9 99 1955 I1 1987 ¥ foT SEE & A q
AT 1RA & @ T FHY: AUV AR FROE ZR a1 ST el @ | Gifeasta 87 3§ 39 e
TRA e

62 3TN 3 SERUH &1 3td

(Meaning of Interpolation and Extrapolation)

w9 &Y g2 el & raw W R it & gwa & fo, ot form Ofa g, et erfere
ferel ST € A T AT e | e ad s e W W F fow P I @ 9w
ARV Qa1 8 | 39 THR AHId AThS HB FeGAIN A1 A1 (assumptions) F IR T w1
ST € | 374: 98 FE1 T T ¢ 1 M=o 3R sreror Vet iy ¥ e 5o el & smER
T SATHHTH YOI AT ek T bl ST € | S=aTToA 1 WRTaT 39 NI 1 S W e

Interpolation and extrapolation are the techniques of obtaining the most likely estimates

of certain quantity under certain assumptions.

g% WA T (Independent Variable) & % 3T anfera =T (Dependent Variable) # ‘y
Y s fomar Sman 2 |

63 H=gard (Assumptions)

T8 YT AT S TH 2 F A0 AR AR §9 WIS WHRa € | A g
frafafiaa & _ :

(1) % AR} =1 RS WET — ATUTR F qe "l @ 6 ve Ao e § gafud
31 veeh v Aol e o gEd 39 W anfa R |

(2) 92 Ao % el § Tehew 3AR—Hg™ @ — T7 N 71 5l R 5 < fafis weal & we
¥ ueen IAR-9E A6 a1 € | I AR T 1931, 1941, 1951 3 1961 F SHITOAT & ITHX W
T 1956 ) SHEEH IO FAT 98 @ FEA g GrEdr et fE FAe & 31 el o afEe
IAR—4eTd T gL |

(3) UREAT F T (Rate of change) ¥ TEHEAT — T AT & U0 g +ff T=gay &reft
%ﬁﬁﬁ?mﬁﬁﬁﬁﬁ?ﬁﬁmm(regulm),W(uniform) 3w
(genera])%!

(4) T ufifeafe - afe e S ghe 3ywey ¥ 3 fafiw anf ¥ wafia € & 9 9 S
21 5 37 T = wRiEfE & w9m 9 s 99

T g W A e wiee B TeToE § ) e favy Araielt 9T s ifuean
TS IHF T T

6.4 STAUUH 3R FRRUE F1 SEayaehdl

(Necessity of Interpolation and Exlrapolalion)

gifeara sayr 3 37 ffudl & savasar 9gq oifvs A 2 | 3o Fefafad s -

(1)mmmmm(lnadequacyofdata)—Uﬁﬂfﬁﬂﬂﬁﬁ?ﬁﬁw
fony YT GEEAT 9Ed 8 A1 a6 AavEs € v s Suersy g | fg saew i we 2w S
3 R o A1 O Suees A 9 A s Al A o A A ergaiy g € aw =T At ST
TS B S R |

I Wi 1T favaor

NOTES
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FouIa WA fagerior (2) @ B T2 @ I — Foi-FR e AT orEeE ¥ Geftg o € 9 ¢ 5
SR € A1 el SR A T2 A IR E a0 oft 37 Al g0 S ogHm A S gear 2 1 S e
=l F FErEn @ e e F e @ IF A A 93 & it w AR F AR |

() Tl dm % wva & e wis W@ S — SUTH 3R AR F AT 39 90
At FT goar & FafE THF EA R 9 99 999 F A9 F B a9 F R 96E T B
AMETIF B | N 39 F, AW Fh I Sl 747 2, ST €6d 76 A @ | 3 wred, Sty
71 st Y 3 A T T S S & e fordt 3 F ST e T @ @) 39 At
1 ¥4 AEYEF & TR |

(4) I 3R o w@e A searh —<v & Nfde g & foad Asmnet o At e
Tl @ 3 ferv- sarean &1 qge A St 2 | A 6 € T Seee Sk o el 1 S A
ATTF B 2 | 7R 3 fafed g o o 2

(5) SNRY 3R IRl ERET — SAEA 3R I F AT WE ITAE I T
= ot ey F T agd EvEs 2 | SEuIRE (@R 1% foe sfimeayet S 2
YR 71 AT IYeH ST F MUK T O g Heeqyol Ferd Frererd 2 | ‘
(6) FEF — AT I RIToF & g1 &) fafvrst el & forga & o v ariepst & qert
TS & S B |

R ged W foRg W e favamd Tean ST Gahdt ¢ 2

T A&7 FTRATOA 1 & Shael 01 IAH € | 39 SN0 Y| BN & S S
3o 78 2 | IR TR FTAT N GH @ T FB AFAIS 9T NUIRG A et Afepan GO A
21 SR o grgarell & Seor@ fan e @, A 3 @ W SR} % ey § g @) apfora
Tl T Afharan forvarg e o v @ 1 foeg e 76 2 o6 o A e @ ¥ 2 79 fww o
TE AT T gfeshoT Sgqd & B, 5 7 Aot A b SRt @t 1 afe Y ge Aftr s
£ A A0 ged AfavasAg @ A7 | 39 THR 98 FE 1 GHA R A=OWE AR} AR
F e g F GWa searad], Gafia geAei A e # 3fa dfa & qof 39w A

NOTES
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AFEUR IR SRR & dfaar
(Method of Interpolation and Extrapolation)

3} Afiai T S A A ET—
49} ﬁw ffd (Graphic Methods) (II) @rmforia dfaai (Algebraic Method)
(1) TH=X T FAEeE 8T (Method of Fitting a Parabolic Curve)

(2) uRffar 3 fiug fawr @fa
(Finite Differences Method or Binomical Expansion Method)

(3)  geA-mH @) &fF (Newton-Gauss Forward Method)

(@) g niw (FEAR) 8 (Newton—Gauss Backward Method)
(5) Efam ® g7 (Sterling’s Formula)

(6) i %t A (Lagrange’s Method)

3 IR Afedl 1 Wl foa= o s |

6.5 fargiwta TOfd (Graphic Method)

Ig 9gq W A7 2 | 390 YR (Tie) 31 o9 H &R (Horizontal) a1 & W a1 qed
a1 A R 3T (Vertical) 1 Fifeere W gefifa foran amar 2 | 399 Sw= T Fifed &%
fargall 1 Wifera fara 1T 2 | 39 SR g A1 STRIE] &1 b a5 oaT 2 | 3 59 W9 1 e
71 o qea 1 g §1d FC0 QT8 Y OF O T bl AR TIAT AT 2 | & a8 o b
F12d 3,39 forg A & 3N o afas T F AR @i S e | 98 329 A9 Y @ R O
fag W e | 39 fag 1 g @1 Mg @ enfie wow A1 g Al 1 e SeR g 3] W

ErikE cull

Illustration 1. : The following table gives the population of undivided Bengal during
the years 2003 and 2009 in which the figures for 2005 are missing. (Hfarsifsrd sma & 2003

2000 TF 2005 B DEH FH TG A A T D)
Year 2003 2004 2006 2007 2008 2009
Population (in lakhs) 363 391 455 467 501 603
With the help of a graph, find the population for the year 2005.
fat@ =t TerF@ | 2005 F TG HHAQ

Solution —

680

640

600

520
180
140

423
400

360
False Base Line

0

2003 2004 2005 2006 2007 2008 2009

F=17 Wit Frsetwor
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e Vi1 farweror IR fagtE T 4 2005 ¥ ©h o Y Wi T S SeEr ) p fag o st
R, d R e o T T T TN 423 (€)W AT 2, 30: 2005 F SHEGAT F I
423 TG ARG W@ |

NOTES
6.6 Wﬁ'ﬁﬂw m(Algebraic Method)

(l)mﬁm'&ﬁ(Melhod of Fitting a Parabolic Curve) I8 &fd 39 AI=a1 W
i 2 f 3 vg Al I w99y R o oW o uw e SR F e wa & A Sud wefed
T 9e Avht F gew I R o g €

ST AT TR & faw 39 A 1 530 39 ergemrafi #§ foran S wehar @ ot g
T g § R T A

39 95 % foe e g 1 9a dra e

y=afbx+cx2+dx3+ex4._ ...... nx"

39 93 ¥x’ %1 @7 9 (Independent Variable) 3Ty Y ‘x’ T 3 7ear 3G F14
(Function) ¥ TAT 2 1 ‘2’ ‘b’ ‘c’,'d’ 3N ‘e’ 39l € (Constants) § F< 10 F 2 | THE o
(Parabolic Curve) 6! THIaR0T & era ¥ =1 s1a1 € 1 36 §F & ¥4 1 G0 I8 & T
? T A T e & e ve 91 € SER TF Ok FH (1) F TR 6 Tl g3 S S =i |
I 597 & 91 v 5 & @ 4 9 (Power) A1 I F1 T4 FT A

IMustration 2: The following table gives the cube of the items. Find out cube of 2.5
(Fr= ot 3 wdt a1 oL R R 1 2.5 e 96 FR-

Size of Item (T%) 1 2 3 4

Cube Value (57 &) 1 8 27 64

Solution — ¥ Se6W0 § A 4 4 €, 37: 3 Ths Jeh dlel GI H1 4N & S 39 THK
%—y=a+bx+cx2+dx3
Size of Item Deviation from Common factor Cube Value

(x) 25 47

1 —1.5 ~3 1

2 —0.5 —1 8

2.5 0 0 Yo
3 +0.5 +1 27
4 +1.5 +3 64
0 3y 3 el B o B o A Bt ) e 29 3
1 =a+b(=3)+c(3)°+d(3)°
or 1 =a-3b+9%-27d . . ()
8 =a+b(-1) +c(-1)° +d (-1’
or 8 =a-b+c¢c-4 L L (1)
Y =a+ b+ c( +d©
or wo=a (iii)
178 27 =a+b(D)+c@ +d@




or 2l=a+b+c+d L. L (iv) I IR ferwervor
64 =a+b@3 +c@’+dE°
or 64 =a+ 3b +9 + 27b e e V) NOTES
Adding Equation (i) and (iv) we have,
65 =2+ 18c¢ L. .. (vi)
Adding Equation (ii) and (iv) we have ,
35 =2a+2 (vii)

Multiplying Equation (vii) by 9, we have
315 = 18a + 18¢ o . (viii)

Subtracting Equation No. (vi) from (viii), we have

250 =16a (ix)
250
or a= 6 = 15.625

Substituting the above value of ‘a’ in equation (iii) we have
yO0 = a or y0 = 15.625
Hence cube value of 2.5 is 15.625.

Ilustration 3. The following table gives the census of population of an Indian State
in 2006, 2007, 2008, and 2009.

(Pt et 3 RE Tsg SO & ?)

Estimate the population of the state in 2009, aking your method clear— (2009 ¥ s
T TSI H IAE TAEA)

Year 2006 2007 2008 2010

Population 2,797 2,935 3,047 3354

(In thousands)

Solution— Estimate of the census of population in 2009 by fitling a parabolic curve -

Year 2006 2007 2008 2009 2010
Deviation from 2009 (x) -23 -13 -3 0 +7
Population (In thousands) 2,197 2,935 3,047 Yo 3354

Since the known values are four, we will take parabola of the 3rd order, 1e.,
y —a+bx+od +dd

Substituting the different values of x and y, we get the following equations—

2797 = a — 23b + 529 ¢ — 12167d ST (1)

2935 = a—13b + 169 ¢ —2197d ... .. (i1)

3047 =a—-3b + 9%-2d L. L (1)
w=a L (1v)

) 179

3354 a+7b+49c¢c + 3434 ..

il
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To find out the values of ‘yo’ which will give the estimated population of the state in
2009, we proceed as follows—

Multiplying (i), (ii) and (v) by 3 and the (iii) by 23, 13 and 7, we get

8391 = 3a — 69 + 1587¢ —36501d ... . (vi)
8805 = 3a — 3% + 507c — 6591d = ... ... (vi1)
10062 = 3a + 21b + 147 ¢ + 1029d ... ... (viii)
70081 = 23a — 69b + 207c — 621d e (ix)
39611 = 13a — 3% + 117¢c — 351d .o ... (x)
21320 = 7a — 21b + 63 ¢ —189d e o (xi)
Substracting (vi) from (ix) and (vii) from (x),
61690 = 20a — 1380c + 35880d ... ... (xi1)
30806 = 10a —3%c + 6240d B (xiii)
Adding (viii) and (x) ,
31391 = 10a + 210c + 840d (xiv)
Multiplying (xii) and (xiii) by 7 and (xiv) by 46 and 13,
431830 = 140a — 9660c + 251160 e . (xv)
215642 = 70a — 2730c + 43680d e o (xvi)
1443986 = 460a +9660c + 38640d e . (xvii)
408083 = 130a + 2730c + 10920d [ (xviii)
Adding (xv) and (xvii), and (xvi) and (xviii)
1875816 = 600a + 289800d .. ... (xix)
623725 = 200a + S3600d (xx)
Multiplying (xix) by 13 and (xx) by 69,
24385608 = 7800a + 3767400d L. ... (xd)
43037025 = 13800a + 3767400d . L. (xai)

Substracting (xa) from (xxii)
18651417 = 6000a

, - 18651417
T 6000

or yo = 3108.5695

or = 3108.5595

(Population for 2009 in thousands.)

IHustration 4. : Estimate annual sales of pencils for 2005 from the following records

of wholesale merchants (91 samikal & = & A 2005 & fou Tiffs faska 1 3R FGQ)

Year 2002 2003 2004 2006 2007

Sale of Pencils 25 30 40 55 60

(in lakhs of dozens)

Solution : Since the known values are five, an equation of the parabola of the 4th
order will be taken, as

2 3 4
y =a+ bx +cx” + dx + ex



Now —
Year 2002 2003 2004 2005 2006 2007
Deviations from —-10 -6 -2 0 +2 +6
2005 or-5 -3 —1 0 +1 +3
(x)
y 25 30 40 yo 55 60
(Sale of Pencils
Substituting the given values of x and y, we get the following equations—
25 =a-5b + 25¢—-125d + 625%¢ ... 6)]
30 =a-3b +9%-2d+ 8 ... (i1)
400 =a-b+c-d+e .. (111)
yo=a . (iv)
55 =a+b+c+d+e L. v)
o 60 =a+3b + 9 +2/d +8le ... (vi)
Multiplying (v) by 5 and 3,
275 =5a + 5b + 5¢c + 5d + 5e (viy)
165 =32 +3b +3c+3d+3 ... (vin)
Adding (1) with (vii) with (ii) with (viii), we get
300 = 6a + 30c—120d + 630e ... (x)
195 =4da + 12c—-24d + 84 . ... (x)
Multiplying (x) by 5,
975 = 20a + 60c - 120d + 420e ... (xi)
Subtracting (ix) from (x1),
675 =14a+30c-210e L. (xdi)
Adding (ii) with (vi) and (iii) with (v),
9 =2a+ 18 + 162¢ L. (i)
95 =2a+2c+2 e (xav)
Multiplying (xiv) by 9 and 15,
85 = 18a + 18c + 18 . (xv)
1425 = 30a + 30c-30e (xv1)
Subtracting (xiii) from (xv) and (xii) by (xvi)
765 =16a + 144e¢ L (xvii)
750 =16a + 240e . (xvii1)
Multiplying (xvii) by 5 and (xviii) by 3,
3825 =80a-720e (xix)
2250 =48a + T20e . (xx)

Adding (xix) and (x)
6075 = 128 a

I=IR - HifeTaia fawawor
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6075
or a= 128 = 47.46

or y0 = 47.46 (Lakhs dozens of Pencils)

39 T 1 G 9T QY F8 8 FF 9 I 1 GEAT e Al ® O GieRor agd 79 S 8
¢ T G B T ST @ | WSO B 9 SHR o 1 987 FSA ¢ | 3a: 39 A7 F 3@
T orEerel ¥ F TfeT FafE W St G w9 & | My ¢f® ¥ @ 7z Ofq wakm 2 Jife
Tg & FFR HI Gad At ¥ G F S gt 2 |

6.7 URTHarR a1 fgue fawmr Ofd

(Finite Differences Method or Binomial Expansion Method)

T G W EA 2 TN URAR (finite) R F SMER W fRar R | 76 fiwe A
(Binomial Theorem) W amfia &fa & |

79 Afd 1 T e sraenalt F @ @ wFar @ —
i uft WA 71— f4EIR (Equal class—interval) aTeft 2 |
i, - foR § @ o Tt fordt WE g Y 9 R R |

T8 f ST § W Q) S —
R B e Sl A g R —
x 10 20 30 40 50
y 4 5 6 272 8

sl o0 Aot T A 10 D) & aed R SN ¢ H qed (40) o e y @
e @ &¢1 R, 98 A ari—fIRm & @ o w1 } | 39 YR g8 Ofd 96 g 1 gahdt @ el
T T2 F d1d F A= U= 8 A I A A bl Uh 1@ &1 I0TIH A ARIOA FET 8

g Ofd &1 SR 39 = @ Fs @ i N’ o 99@ 31T (Leading difference) I 8111 |
T T g P SR W R S gehdr 8-

y-1"=0

Ifn=4; (-1 =y—dys+6y2—4y1+y=0

Ifn=25; (y—l)5 =ys—~5y4+10y3 —10y2+5y1 —yo =0

T YR 3y AT aQTn 1A & | 3 AW qod S, TR0 RO, TEU AT, Sl
HUTTT, YraaT g 3R 361 NR 21 Sl @ | 39 Ofd & fawqa Sfeear i saR -

i.WﬂT—I@(x)%@?ﬁmm,x],xz,m ............ aﬁmaﬁmwﬁh
WW%IWW,W@HM@)%F@%W, yi, Y2, Y3 ... 3N Ghdt &1 A R ST
21 3 dhare A A U 3grd Aw 2

i, y % @Y 919 969 81 € 364 4 % 9@ 3 (Leading difference) F I (0) THT
ST R 1 Afz 5 92 1 & A WIHal Y@ 3 Y Q0 | 36 G 3 THX & —

Ano=0

‘v & 34 1 gl i ger 2 R |

iii; ST~ e 1 T & ATHR TG 3= T YA WA gL 3GH fFue- faer Ffafiad
T % ¥ 5§ for@ smam -

Ay =(y-1" =0

1+n{n—12 n—2_n(n—1)(n—2)yn_3

. D_ n—
sy oW 1x2 7 1x2x%x3




Ry FI@qEs @ — I AT fayeraor

S
=0-D = |
_S 1561 52 5(5-1)(5-2) s5-3 NOTES
y oo 1x2 7 Ix2x3
LSG=DE=2(53) 5
1xX2X3%x4

56152 (5-3)(5-9) s—s -0
1XxX2x3x4x%5

=y5—5y4+10y3—10y2+5y1—y0=0
T G 1 37 W THY T (Powers) &I ST IqHF (subscript) & &9 ¥ ¥
iv. feue farar &1 ST affid wey Sifeet 2 | 38 Fiaen # W fafd 39 56 8-
(31 forg Y@ 3R & fo fug fam &1 &, 180 39 %9 & y & fa@n smam it s
FH 8 y F UG T Th BT HQ A AT A= F y© 3 9 | A
5 4 3 2 1 0
Y, Y. Y, Y, Y, ¥
(@) M9H y G BT, AT ZTeT, fRT ST STl g7 ST 36 NN A=) a9 o
fer@ s -
+y, -y, + ¥, -y Y, =Y
(@) fafeR y’s F 3iFHS [0 (numerical coefficients) I8 FFR FFIA SR —
T Y for@ ST 91l y 1 O 1aﬁﬂﬂ|3n%ﬁmz%yswuvﬁwm%m
T A F1 3940 R S -
(ﬁ@éyaﬂqm) X (fI5d y &1 396 a1 914 )
= ﬁ@éyﬁﬁﬁqﬁ’lﬁ
I FeTeRu B et TUTF 3§ TR Fishoii-
s 1x5 4 5x43 10x3 2 10x2 1_5x1yo

1y == 5y 3 Y 1Y <
=y _syt 10y - 10y + Sy —yY =0
F9 faue-fawam 39 waK 31d e -
T e b Tfewe—famm
& gEn
2 (y—1)2=0 ¥ — 2y! +y0 0
3 (y—1%=0 Y -3y +3y' -y’ =0
4 (y-1'=0 y'—ay + 6 —dy' +y° =0
> (y—1°=0 . y - Syt +10y° —10y* + Sy’ =y’ =0
6 (y-1%=0 ¥ 6y + 157" — 209 + 15y — 6y' +y0 = 0
7 (v—1)7=0 y—7y +21y5—35y +35y3—21y2+7y—y0 0
smfafEa serewn g 78 dfa we | Smai-

Illustration 5. Using any interpolation method, find out the likely Index Number for

2007 from the following table 2007 % faw ¥wifaa féwie wa Ffow 1)y
Year 2005 2006 2007 2008 2009
Index No. 100 107 y, 157 212 @ F Biutidfi>—




FeETa WiFEHSIT favevor Year(x) 2005 2006 2007 2008 2009
Index No. (y) 100 yo 107yr e 157y3 212 ya
NOTES Hence, the equation will be
5-1)* =0
39 GHI 1 fIR 39 YR 8 —
~ 4(4-1) _4(d-1)(4-2)
ya= A1t TRV 1x2x3 473
44-H1(4-2)4-3)
+ 4=

Tx2x3xa Ve+=0

or ya—4ys + 6y —4y1 + yo =0

By substituting values, we get
212 — (4 X 157) + 6y2 — (4 X 107) + 100 = 0

or 212 — 628 + 6y, — 428 + 100 = 0
or  6ys= — 212 + 628 — 100 + 428
or 6yr = 1056 — 312 or 6 y2 =744
or y2 =124

Index Number for 2007 will be 124.
Illustration 6. Obtain the missing figure in the following table — (=1 GRuit 7 @ i

e HfD) —

Value of Chi-Square at 1% Level of Significance.

Degrees of freedom 9Chi-Square
1 6.64 Yo
2 9.21 v1
3 11.34 y2
4 13.28 y3
5 Ya
6 16.81 ys
7 18.48 6
8 20.07 y7
9 21.67 8

Solution — Since the known quantities are eight, the eighth leading difference will

be zero.
(y-1° =0
or ys — 8y7 + 28ys — S56ys + T0ys — 56y3 + 28y> — 8y; + yo =0
Substituting the given values, we get
2167 — (8 x 20.07) + (28 X 18.48) — (56 x 16.81) + 10y
— (56 X 13.28) + (28 x 11.34) — (8 X 9.21) + 6.64 = 0

or 2167 - 160.56 + 517.44 - 94136 + 70 ys

184 — 74368 + 317.52 - T3.68 + 6.64 = 0




or T0ys = 160.56 — 21.67 — 517.44 + 941.36 + 743.68
— 317.52 + 73.68 ~ 6.64
or 70ys = 105601 or y4 = 15.09

Thus the interpolated value of Chi-Square at 1% level of significance for 5 degrees
of freedom is 15.09.

Z\m“ﬁ(’ﬁm unknown values) — WWW—@%WW'@T 3t enf
Tt 3 S rgrd el I IO FHAT &Y A ) GHR FARY S € | N9, TG el B G F
TR TG 3T B Y AR fgue— ferare feran S 2 1 €, 39 five frear &) fR @ feraet
Wyﬁﬁm(Subscripl or power)ﬁlﬁﬁﬁﬂﬁ%lﬁ@ﬁﬁf%m‘ﬂylm
& IR |1, TH GG W FR R S 2, 9 A oo FHieRr Q w7 94 @ T @ AN
@Wﬁm@ﬁmﬂé%lﬁﬂmﬁﬁmwﬁmmmwﬁmm
€ | 7e frfafad Serer grn @ fFar SRm-

Nlustration 7. Interpolate the missing figures in the following table— (Fmfafaa aron
7 {a GEaT AT H0

Year Acres in Millions
2000 76.6
2001 : 78.7
2002 L.
2003 71.7
2004 . 78.7.. -
2005 )

2006 80.6
2007 77.6
2008 78.7

Solution— 39 5% 7 2) a1 &1 SAUTOH ST & 4d: Th ot & 3yf= w2 1 B fean
SR aife AT Hedt F O ST 9 |

Year Acres in Millions
2000 76.6 Yo
2001 78.7 Vi
2002 s y2
2003 77.7 V3
2004 78.7 V4
2005 T, s
2006 80.6 ¥6
2007 716 7
2008 78.7 ¥8
74 ¥y 8 e ) geile 39 YER a i -

(1) (y - l)8 = yg — 8y7 + 28y — 56 ys + T0ys — S6y3 + 28y, — 8y; + Yo =0
() (y—1) =y7— Tys + 2lys — 3Sya + 35y3 — 21y2 + 731 — yo = 0

FeT WiRsgatr favervor
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By substituting values, we have

787 — (8 X 77.6) + (28 X 80.6) — S6ys + (70 X 78.7)

—(56 X 77.7) + 28y2 — (8 X 78.7) + 76.6 =0 @)
77.6 — (7 X 80.6) + 21ys — (35 X 78.7) + (35 X 71.7)
— 21y, + (7 X 187) — 76.6 =0 (ii)
or — S6ys + 28y, + 7921.1 — 5601.6 =0 (ii)
21ys — 21y + 3348 — 3395.3 =0 (v)
or — 56ys + 28y, =-2319.5 )
21y’ — 21y* = +47.3 (vi)
Multiplying (v) by 3 and (vi) by 4, we get
— 168ys + 84y, =- 6958.5 (vil)
84ys — 84y, =189.2 (vii)
Adding (vii) and (viil) we get
~84ys = — 67693 or ys = %‘33 = 806

Substituting the value of ‘ys’ in equation (v) we get,

(= 56 x 80.6) + 28y, = — 2319.5

or - 45136 + 28y, = — 2319.5
or 28y = 45316 - 23195
or Wy; = 2194.1
194.1
or y2="50" = 783

Hence, the Acres in Millions in 2002 = 783 in 1990= 80.6

Iustration 8. The following table gives the population of Indore at the time of the

Jast six censuses — (4B 6 AT H ?ﬁTﬁWﬂTK’T 33‘ %) -

Years 1951, 1961, 1971, 1981, 1991, 2001

Population 75401, 82984, 86686, 44947, 93091, 1,27,327
Estimate the population for 2011. [2011 I SHHEAT &1 3AM FH

Solution— ST SfiFel 5§ S F 1951 ¥ 1971 7% (A 3 @ & S 1981 § 48
THEH & & dl @ AN R 1991 H G U 78 9 @1 3 2011 Bl SEEA F ATHA A §
7d 1981 FI FEE F1 AACT AETTF & Fifh g0 Al § g8 sderar v @ f& doi o
IRad THEY BT F1feT |

1981 F feu =IO (Interpolation for 1981)

Year Population
1951 75,401 yo
1961 82,984 y
1971 86,686y
1981 22?2 y3
1991 93,091 y4

2001 1,27,327 ys



Equation will be

(y— 1)5 orys — 5ys + 10ys — 10y2 + S5y; — yo =0
Substituting the values, we have
127327 — (5 % 93091) + 10y3 — (10 x 86686) + (5 x 82984) — 75401 = 0
or 127327 — 465455 + 10y3 — 866860 + 414920 — 75401 = 0
or 10ys = — 127327 + 465455 + 866860 — 414920 + 75401
or 10y3 = 865469 or y3 = 86547.

TH TN T 1981 ! STHHEHT 86,547 AR G 2011 1 T 1 ATAH 1 5w A

A SR —
Year Population
1951 ' 75,401 yg
1961 82,984y
1971 86,686 y2
1981 86,547 y3
1991 93,091 y4
2001 1,27,327 ys
2011 2 ¥

Since the known figures are six, the equation will be
-1 = 0or ys— 6ys+ 15ys — 20y + 15y2 — 6y1 + 6y0 = 0
Substituting the values, we have
Yo — (6 X 127327) + (15 x 93091) — (20 X 86547)
+ (15 x 86686) — (6 x 82984) + 75401 = 0

or y6 — 763962 + 1396365 — 1730940 + 1300290 — 497904 + 75401=0
or yo = 763962 — 1396365 + 1730940 — 1300290 + 497904 — 75401 =0

or y6 = 2992806 — 2772056 or y6 = 220750.
Hence, the population estimate for 2011 will be 220750.

-l off T 2001 ¥ A § qHES g€ A § 2011 F TGE & o 5gd w91 fean

| 39 Y 9 3T, T 2001 F FAEEH B 9 F06 o frar o ot 2 |

6.8 e & YT F= {fd

(Newton’s Method of Advancing Differences)

Wﬂﬁaﬁfmﬁfﬁ%%mﬁﬁaﬂﬁndemndem variable) A 3T ¥ Tedl 3
3t 3R Aft & TN F OO T GAlH A W A @ | IO 1 gz § 4z ot Afa ¥

39 Ofd # Fr=fafas fARwa € —
(1)  =e Ofd fZ92 ™7 (Binomial Theorem) T MU ¢ |
(2) 39 0f4 Y A I SR F1 ATHH AT T HHAT € |
(3) 39 OfF 1 380 GHA =T S Sl aret Aot § e srar @1
(4) 39 OfF F1 AT Grad: 300 & SfEas et B 3 T S e g S R )

(5) zEAfa Ay F g F1 wH R FrehTen Sl R S 39 W1 39 3 o

3G T % fIFHIE ST € 5 7% o 3N Fad & T2 A4 @ I |

Feoav giiEeia fveror
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(6) 3R e & AT TR 3T e q o qog # e § | 3T Feed W9 9 (+)
3t %ot () o=t 1 A o oar @ —

(7) 39 Of T Ao AR aRIA % fore e g T R S @ —
x(x—l)Atz)_i_ﬂx—l)(x—Z)Ag

yx=yo+xA(l)+

1x2 1x2x3
XE=DE-2)(x-3) .4
+ Tx2x3x4 Ay ... . and so on.

il

where, ‘yxX

“A" = Differences between the adjoining years

Figure to be interpolated. y, = Value of the year of origin.

= (Item of interpolation ) — (Item of origin )
Distance between two adjoining items

Table showing finie or Advancing Differences

Finiter of Advancing Differences

First - Second " Third Fourth
X Y Differences Differences Differences Differences
Al A? A3 At

Xo Yo
x1{y1 [vi—Yo| &l
x2 | 2 |v2-vi| al |al-ad] Al
x| ys |-z | a) (aboal| a? | af-a| A

3
X | v4 lya—y3 A} A} — Ad A% AS - A A} AT - A3l At
<RI I IS ragE W fe wifew 1 AfE o s A oo ¥ e @ 8 A1 9 & wa
aratt o 3fe & I
Hlustration 9. The following table shows the expectation of life at different ages.

You are required to find out the expectation of life at the age of 16. (fAf¥A 3mg W SieA
JAET A &S 2 1 16 T F Y WS- A I R : —

Age in years Expectation of life
10 35
15 33
20 29
25 27
30 22
35 20

. Age of interpolation — Ageof origin_ 16 —10 6
o= : £¢ 0 = =2=12
Solution — Age distance between adjoining ages 5 5

Age in | Expectation | First Diff. | Second Difl | Third Diff. Fourth Diff.| Fifth Diff. A?
Year 5| in life Al A? A3 A?
10 xp 35y
15 x3 33y -248 .
0% | 2y — 44l ~ 2Af +44A3 | -9Ad + 20 A3
4
25% | 27y3 24} +2 A} —5a1 | t114
30 x4 22 y4 —5A} —3A% +6 A3
35 xs 20 ys -2} + 343




Application of formula —

x(x—-1) xx—-1D(x-2) 1 2)(x—3
1x2 Ag+ 1x2x3 A3+ 5 1>32Lx33<(7)

xL 1)(x—2)(x—-3)(x—4)
1X2X3%x4X%S5S

yx = y0+xA(1)+

where, ‘yx’* = The figure to be interpolated As = Differences

. Age of interpolation — Age of origin _
~ Age distance between adjoining ages

35+(1.2x_2)+ﬂ1-2_—lx_2+1.2(1.2_1)@_2)x4

=12

yx=

1X2x%x3
Jl2a2-1n@a2-2@12-3) 9
1xXx2%x3x%x4
Ll202-1)(12-2)(12-3)(12-4)
1x2Xx3x4x5
24 -192
—35+(—2.4)+(2 x—z) ( c ><4)
3456 ~.96768
(T x9) + (T x0)

=35 - 24 — 24 —128 —.1296 —.1613 = 3194 .

Hlustration 10. : (Interpolation in a frequency Distribution)

From the following data, estimate the number of persons earning wages between 60

and 70 rupees (60 ¥ 70 &. % d A5Gy WA arelt # g o)

Wages (in Rs.) A No. of Persons (in thousands)
Below 40 250
40—-60 120
60—80 100
80-100 70
100-120 50
Solution— fafsaa 3vit & wdwaw smgfa = ¥94t ngfa ¥ = YR sgar Sam-
Wages (Rs.) No. of Persons (Thousands)
Below 40 250
’ 60 370
80 470
100 540
120 590
No. of First Diff. Second Diff. | Third Diff. | Fourth Diff.
Wages in Rs. |” Persons in Al A? A3 oAt
Thousands
Below 40 | xo 250 yo + 120 A)
"60 | x| 30 |y + 100 Al ~ 20 Af
"8 | x 470 2 —30A] - 1043
100 | x| S0 oyl T mA% o F10A +20 Af
" 120 x4 590 ya + 50 A3

et Gilsms1T faveuor
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T wifea@ faveraor _ Wages below 70 — Wages below 40 70 — 40
x= Wage distance 20 20

Newton’s Formula —

NOTES x(x—1) A2+ x(x—1) (x—2)

1x2 0 1x2x3

x(x—l)(x—Z)lx—B)
1xXx2x3x%x4

250 + (15 x 120) + 23 =D o g

1x2
15(15—1)(15—2)
1X2x%x3
15(15—1)(15—2)(15 3)
_ 1x2x3x4
250 + 180 - 7.5 + .625 +.469 = 4236

2.3 yo+xA(1)+

- 10

. The number of persons getting wages below seventy is 423.6 thousands.

Hence, the number of persons getting wages between Rs. 60 and Rs. 70 is 423.6
—370=53.6 thousands.

Illustration 11. If Ly represents the numbers living at age x in a life table, find as
accurately as the data will permit, Ly for values of x=35, 42 and 47, give Lo =512; L3g
=439; 4o =346; Lso =243.

Solution —
. - 1 2 3
Age in years | Nos. of living A A A
20 x, 512 v, T3 A,
30 x; 439 y; -93 Ay ~20 Al
40 x3 346 y2 ~103 A} 10A7 | +1042
50 x3 243 y3
Age of Interpolation — Age of origin
X = - ——
Age distance between adjoining ages
L 35-20 . L 42-20 , 47 20 oo
= (1) 0 =15 (11) 0 - 22 (1) =27

Newton’s Formulae —

x(x=1) o XEx-1)x=2) ,
1x2 A°+ 1x2%x3

: _ ~ 15(15-1) LS5 -1)(15-2)
(i) Yo = 5124+ 1S (= T3) + =5 X~ 20 + e

= 512 — 1095 — 7.50 — 625 = 394 (L3s)

: 22(2-1) 22(22-1)(22-2)
Ly =512 +22(—73) + %2 X 0+ 1%2 %3 x 10

= 512 — 160.6 — 264 + .88 = 326

B B 2727-1) TQRI-1)(27-2)
(i) L= S12+27(=73) + 5 S0 20 +2 TR

190 = 512 — 1971 — 459 + 5355 = 374

yx=yo+xA(1)+

(1)




Illustration 12. Extrapolate the population of a town for 1986 from the following data
about its population during the previous four censuses—(1986 & STTHEAT i STRITUAT HIFQ) |

Census year 1951, 1961, 1971, 1981
Population in thousands : 473, 468, 454, 484
Solution —
Year Population Al A? A3
1951 X0 473 Yo| —5A} ~9A§ | +53A3
1961 X1 468 y1
1971 x2 454 " 1441 |+ 444t
1981 X3 484 va| *+304}
_ Year of Extrapolation — Year of Origin _ 1986 — 1951 _ 35 _ 3.5
B Time distance 10 T 10
Newton’s formula — ’
JE8 —1)(x=2)
Yx —yo+XAo+ +A 1X2X3
~ L 35(35- L3535-1)(35-2)
=437+ (35x ~5) + 1x2 X Ix2x3 X 53
= 473 - 175 - 39375 + 115937 = 532.062 .

Hlustration 13. (Newton’s formula for having a group)
Given the population of a town in three ten-year age-groups. It is required to estimate
the number of people in 20-25 and 25-30 age-groups separately.

Age group 10-20 20-30 3040
Population : 14,500 fo, 15420 fy , 13,500 f>

Solution- YA T A & W F fqY = ¥ F G F1 wfaqwied fofar 2 1 39 g3 F ol
34 < quTg arg ol B SHEEn AeE e wifee S 39 ol & ufed oK ae ¥ g2y ¥ AR 3 we
adfg arg i & faqrfo & @ (fa 3 f1b) | T8 G 39 TFL L -

fla——{f1+-(fo—f2)} fib=f; —fia

where, fo = number in the preceding ten year age group.

fi = number in the ten year age group to be broken into two equal

groups of fia and fib.

f, = number inthe succeeding ten year age group.

Hence, fia (20 — 25)~—{15420+ (14500 — 13500)}

| ot

(15420 + 125) = 7773 f1b (25 - 30) = f; — fia

2
= 15420 - 7773 = 7647 .

6.9 g2 I (mcﬁ) fa (Newton-Gauss Forward Method)

g AF =1 T a2 Feat St 3 S SACTR ) IR A den vt % 7 & @) ik A
F @R Fod F1 A A1 91— [ G 8 | 38 G 2 —

g zA“ gx+1)§x—1}Ayl

Yo =0+ xA o+ 1x2x3

Lx+1m—lux——2)A Yoo

1x2x3x4

Feerav wifemaw faveraor

NOTES

191



eI GG fagetaor T 'y G I 9T e AT 2 S RO ¥ F yd ARy ¥ e
A TR TS F WA AW y ;0 ypo IR forer S @ ARy o 0 & AR arelt gealt ¥
'y 1, yo, y3 NS foram s € 1 gt

NOTES
(AT TRt HE) — (AT aredt 78 % et e et /)
* = i
3G G F 39 TR R forar 1 wawar @ —
yemyorxnlyr XD gl g L ICE1) O
I O

Ilustration 14. Estimate the value of 'y’ if x is 3.75 from the following table— (7= ‘
TRoRt A 'y’ W qe P A x=3.75 2)

X : 2.5 3.0 35 4.0 4.5 5.0,
y : 24.145, 22.043 20.225 18.644 17262 16.047
Solution —
x y Aly A’y Ay Aty
25| 24145 | y2 [—2102] Aly, X
Al yo1 +.248 A y-2
3.0 | 22043 |y |-1.818| T A2
ATyo | 4237 | O TN a7 | p3y,
35]20225 | y, |—1.581f Aly, A%yo
+.199 — 038 3 +.009 | A? y_o
40 | 18.644 —1381] 1 A2 ATY-1 cT
: : y1 : Ay y1
+.167 032 | +.006 | 4
45117262 | , | -1215 A”yo y-1
50| 16017 |
_375-35 _ 25 _
45-35 5 ’
. x(x—1 !x+1)x§x—l)
The Formula is : y,=yo+xAlyo+Jlx—22A2y—1+ 1x2%3 A3y—1
4 (x+1)x(x—1)gx—4LZA4y_2
1xXx2x3x%x4
Substituting the values, we get
B B S5(5-1 (54+41)5(5-1)
yx = 20.225 + (.5 % 1‘58)+{ T ><.237}+{ %253 }
(5+1DS(5S—1(5-2)
x(_.o38)+{ EETY x‘009}

= 20225 - 7905 —-.029625 + 002375 + .0001206 =19.407 Approx.
Hence the value of y when x is 3.75 = 19.407.

6.10 E;Zq—ﬂm ﬁ?ﬁ'ﬂ"ﬂﬁ i”gi (Newton—Gauss Backward Method)

39 Ot AT 39 G9G a1 ST @ Safe ST=0ToA F S arelt dwer 3on § afam am i
TS | 39 g3 @ s ot R S 3fud frar @ sEfE qed @ et @ it fwan gum @
192 g% fore Py g 1 A A 3—



http:table-(f.rg

Al x(x+1) 2 x+Dx(x—1) .3
e e S T Rk e s 5 5 B
Xx+Dx(x—-1)(x—-2) ,4
+ -
Txzx3x4 002

TG & ‘o’ JGUITA dret TS % a8 TS 1 504 TA1 2 | 'y | F e arelt Gt
& W AWMy, , y .o 3T @ v B 3y, 3 1 areft G & 9 ‘y 17 o (3R smawa s
EEVEES
_ (STOTA At #R F A A ARl A) ~ (SO aTeft 7)
X =

Illustration 15. Estimate the value of y when x = 22 from the following data (7=

fofed g A y #1 g Frafae afe x = 22°9)

X — S 10 15 20 25 3{
y - 25 c7) 40 47 55 64
Solution —
X y A A? A3 A*
5 X—4 25 y—-4 7 A]y_4 ,
1(5) o 33 - E;/ Ay +11 & y=s —22 Asy_4 4 A1
X-2 y-2 Aly, | U A%y | T2 A%y Aty _3
20| 4, a1 L, |8 +1] 0 | A3 -2
y Aly_ A%y Ay-2
25 4, 55, |9 A A
A"y—1
30 X41 64 y+1 A yo y
_25-3 _2_
25-20 5
1 -1 x(x+1),2 -1 x(x+Dxx-1) ,3 -2
e = Yo — -——=-A ~
o = yo—xh 1x2 7 ix2x3 &Y
404+ 4+ 1)(4)(4—
:55_(.4Xg)_‘(2—12><1_( 1)(6)( 1)

55-32 + 28-0 = 5208

Il

6.11 WA =1 G (Sterling’s Formula)

[ed T w1 G A4, 98 g3 o 30 guy ITY A1 @ T AT<RA drelt TEar ol
¥ qe 1 2 9 a7l FadR wnE & | 3uH A fre TR R -

AMy-1+ A X x(x2— 12
b :yo+x_1y_12_m+_zz,32y_l+<_61

3 3
ANy 2+A"y-1 x2 2 20 .4
— + = —1YA y_o. ...
X 2 24(X ) Y-2

INustration 16. — Use the sterling’s formula, interpolate the value of y when x = '15,
(RFET WE 1AM Ay el A A x = 15 9)
x- 10 12 14 16 18 20

y- 50 60 75 95 120 150

It Wil faveior
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TR TGS faeraor Solution —
x y Al A? A?
NOTES
10] x2]5 y |10 |a'ys 5 | A%y, 0 | A*y_;
2| xq]6 y |15 |aly, 5 | A%y, 0o | A%y,
14 x |75 y |20 | aly, 5 | A%y, o | A%y,
16 | x+1{ 95 ye1| 25 | Alyn s | A%y
18 | x42| 120 ys2| 30 | Alysa
20 x+3 | 150  y+3

X =T33 =379
1 1 2 2 2 3 3
3 xANy1+Ay, x 2 x(x’ =1 Aya2+Ay
yx—yo+——2 +-2-Ay_1+ 6 X 5
2 2 2
15+ 20 gS! S5 -1% _0+0
=75+ 5—/——
75 5 > + 5 X5+ > X 5

=75 + 875 + 625 + 0 = 84.375.

6.12 T;ﬁ?f &1 dfa (Lagrange’s Method)

39 O &1 sfaures 59 & sfag oy =t i 7eieg 3 A | g€ dfa gdss g st
21 39F g e 3of § oo o aRITUA TRE © | 9 AEYESE A6 ¢ f% S0 wHE a
ferare &t €21 | ST i Gfal 1 Seorw fepar e @ S Sret T ¥ faheg 3w Ofa & fad W
13 Hen T 2 ) g gF P R @ -

A e
T S
RS (XEX—_x):)))(g - 2; gz——xz) ---------- ()(22_ ir"))fn)
PSR
. (x—xo)(x—x1)) (x —x2) ... (x —x, — 1)

(o — x0) (n —x1) (X —x2) ... .. (n —x, — 1)

where, x = the figure for which interpolation is to be done x,,x1,x2,x3 etc. and
Yo, ¥1,¥2,y3 elc are the variables of x and y series respectively.

INlustration 17 - In the following table ‘h’ is the height above sea-level and ‘p’ the
barometric pressure

Calculate ‘p” when h = 5280

h =0, 4763, 6942, 10593
p = 27, 25, 23, 20
Solution - '
Height above Sea level Baromeltric Pressure
0 Xo 27Ty
4763 x 25 »
6942 x; 23 ¥2

194 10593 x3 20 y3



x = 5280, the height above sea level for which the barometric pressure has to be eI WifGAHI fergeisor

interpolated.
Applying the Lagrange’s Formula, we get NOTES
(5280 — 4763) (5280 — 6942) (5280 — 10593) .
(0 — 4763) (0 — 6942) (0 — 10593)
25 (5280 — 0) (5280 — 6942) (5280 — 10593)
(4763 — Q) (4763 — 6942) (4763 — 10593)

(5280 — 0) (5280 — 4763) (5280 — 10593)
(6942 — 0) (6942 — 4763) (6942 — 10593)

(5280 — 0) (5280 — 4763) (5280 — 6942)
(10593 — 0) (10593 — 4763) (10593 — 6942)
(517) (= 1662) (= 5313) . (5280) (= 1662) (= 5313)

Y = 27

23

20

O Y = 21 4763) (= 6942) (= 10593) (4763) (— 2179) (= 5830)
53 (5280) (517) (= 5313) " | (5280) (S17) (= 1662)
(6942) (2179) (= 3651) (10593) (5830) (3651)

ory, =353 + 1923 + 634 402 = 248,

.. The estimated Barometric pressure when the height above sea level is 5280 = 24.8

llustration 18 — The observed values of a function are respectively 168, 120 72 and
63 at four positions 3, 7, 9 and 10 of the independent variable. What is the best estimate
you can give of the value of the function at the position 6 of the independent variable.

Solution -
Independent variable Function
3 Xo 168  y,
6 X ?
7 X 120y
9 X2 72y
10 x3 63 y3

Applying Lagrange’s Formula, we have

6-7(6-9)(6-10) N

BG-7"3-9@CB-10

6 —3)(6-9)(6-10) . (6—3)(6—7)(6—10)

7-3(7-9((7-10) O-3)(9-7010-9)
6-3)(6-7(06-9)

(10 - 3) (10 — 7) (10 — 9)

g CDEDED | B (=3 (=)

ye = 1168

120

+ 63

or BT B TH =6 () (@) (— 2) (- 3)
(3) (= 1) (~ 4) 3) (= (~3)
TPy Yoo m
or ye=12 + 180-72 + 27 or  y. = 147

Nustration 19 — The following are the marks obtained by 65 students in Statistics in
1991 M.Com (Final) examination of a certain university (@& favafaanes &l wHaFH. wian A

gifead) famg & 65 o1 % Wish 39 TEH E ) -
Marks out of 100 More than 25 36 45 55 70

No. of Students 65 63 40 18 7 195
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Find out the number of students who secured first class marks in Statistics. 99 it

TR a1t & §E qaesy |

Solution - first class marks means 60% or more. So we have to interpolate the number
of students who secured 60 marks or more than 60 marks. As the marks are not given in
fractions, we may interpolate from the given data, the number of students who secured more
than 59 marks.

Marks out of 100 Number of Students
Marks more than 25% x, 65 yo

Marks more than 36% x; 63 y;

Marks more than 45% x; 40 y;

Marks more than 55% x3 18 y3

Marks more than 70% x4 7 ya

x = 59, correspbnding to which the value of y has to be interpolated.
Applying Lagrange’s Formula, we get.
(59 — 36) (59 — 45) (59 — 55) (59 — 70)
(25 — 36) (25 — 45) (25— 55) (25 = 70)
(59 — 25) (39 — 45) (59 — 55) (59 — 70)
(36 — 25) (36 — 45) (36 — 55) (36 —.70)
+ 40 (59 — 25) (59 — 36) (59 — 55) (59 ~ 70)
(45 — 25) (45 — 36) (45 — 55) (45 — 70)
(59 — 25) (59 — 36) (59 — 45) (59 — 70)
(55 — 25) (55 — 36) (55 — 45) (55 - 70)
(59 — 25) (59 — 36) (59 — 45) (59 — 55)
(70 — 25) (70 — 36) (70 — 45) (70 — 55)
(23) (A4 4) (- 11) 4 633N A9 @) (=11
(= 11) (= 20) (= 30) (= 45) (A1) (=9) (= 19) (— 34)
(34) 23) @) (= 11) (34)(23) (14) (= 11)
"R @ 1025 " 60 9) 10) (- 15)
L 183 @)AY (1) 5 (34 (23) (A4) (4)
(30) (19) (10) (= 15) (45) (34) (25) (15)
or Y= -31+ 206-306 + 254 + .5 or yx = 128 or 13.

Y = 65

+ 63

+ 18

+ 7

or yr =65

Therefore, the cstimated number of students who secured First Class-marks in

Statistics n 13.
lustration 20 — Estimate the population for 1997 from the following table. (=1 @Ruit
¥ 1997 F} SHE FI IATAA AMEA)
Year 1971 x, 1981 x; 1986 x2 1991 x3
Population in lakhs 22 v, 31 y; 37 y2 44 y3
x = 1947
Applying Lagrange’s Formula, we get
(1997 — 1981) (1997 — 1986) (1997 — 1991)
¥x = 220507 T 1081) (1971 = 1986) (1971 — 1991
(1997 — 1971) (1997 — 1986) (1997 — 1991)
(1981 — 1971) (1981 — 1986) (1981 — 1991)

+ 31



or Ye =

I

or Ve

(1997 — 1971) (1997 — 1981) (1997 — 1991)
(1986 — 1971) (1986 — 1981) (1986 — 1991)
(1997 — 1971) (1997 — 1981) (1997 — 1986)
(1991 — 1971) (1991 — 1981) (1991 — 1986)

+ 37

+ 44

1) (A ©) |, 42011 (6)

(= 10) (- 15) (= 20) (10) (= 5) (= 10)

26)(16)(6) . ,, (26) (16) (11)
e Es T e an e

- 774 + 10639 - 246.27 + 201.34 Yr = 53.72 Lakhs

Therefore, the population for 1997 will be 53.69 lakhs.

Comparative Study of the Methods of Interpolation

Method

Cases in which Remarks

applicable

(i) Graphic Method

(i) Fitting the parabolic

Curve :
(iii) Lagrange’s Formula
(iv) Binominal Expansion

Method

(v) Newton’s Formula

All (i) Gives idea of the function.
(General assumptions of no (i) Easy in application.
abnormality and similar rate of | (iii) Requires graphical skill. Different

change.) persons may find different results.
All May require lengthy calculations.
All Though easier to apply but

somelimes may prove cumbersome.
Values to be found, together Perhaps the easiest to appfy

with those given are placed at
equal intervals of the indepen-
dent variable

Given values are place Tairly easy.
at equal intervals. Value to

be found at unequal Intervel.

2. faue @fd ) sgwd fafEw)

..................................................................................................
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6.13 GO

e %3 91 o I 3T W BN € T ferdlt w o & oS I7cied 7 Q) o Yt yRfvfa

¥ Iqctey el TR M=OA fofy & grr 9 & iee W T 1 T ¢ | I HiFST
areq { Afea & 999 & U @t Siers] 7 A e S Gehdl 2 |

6.14 JIETaet AT Iehil

6.15 A q¥H

S Il W (Important Questions)
1.

‘FOUR T ARE § 3 W FIN | Giferey e ¥ e smavadar 3

- ST & Giww faaea SN

Explain clearly the difference between ‘Interpolation’ and ‘Extrapolation’. Discuss
briefly their necessity and usefulness in statistical studies.

AU FA A R araaral &1 e @A gedr 8 2
What are the assumptions underlying interpolation ?

T AR % FQ RmoE, STt arermor =Y STRTaT @ fadea Fifa ) Wmaﬁﬁfw
Afeal s @ € 2
Describe the usefulness of Interpolation and Extrapolation for a businessman. What

are the various methods of Interpolation ?

TR0 &1 & 2 F qalqura § g YR =1 @ 2 3¢t S e e fs 3 anforss
3itc 3@ F forg e 3T B ¥ 2
What is interpolation ? How does it differ from forecasting ? Explain giving examples,

how these are useful in commerce and industry ?

TF A F o9 WEE S ST Y H R < Qferdl Gy o S ik 3
TRfefad @ s & @ Swrg Sif o sQs 4f 3fe w9 T B w1 g @ 2
Describe briefly any three methods of estimating a missing figure 1n a series giving
the circumstances in which each of them can be most suitably used and the

assumptions made therein.

g T ¥ (Short Answer Type Questions)

1.

SO [ AT FT AN 2 2
What do you mean by interpolation.

ATEMUE ¥ A9 77 G € 2

What do you understand by Extrapolation.
FATTA ) - 9 fafear &2 _

What are the different methods for mterpolation.

T T FARIOE H T TR S |

Explain clearly the difference between interpolation and extrapolation.

AU F ATa¥gehal &1 GiyQ fae=m ifad |

Discuss briefly the interpolation of necessity.



aﬁﬁﬁ SFH (Objective Type Questions)

1.

T ¢ TR <t i et -

EQ @@ @ IR ® v
IRTOA i Afs i o T 2

(3) Fret fagia (@) fgve fawr ®) e GEIPE]
S QY AW I P ATIOF HEAT & A GrlHor 8 &

@A @ IR” @ @
A wREE fopw 2w % Frared -

(3) %™ @) i ® ¥ @® fgm

FA- 1. (30),2. (30),3. ®),4. ()

6.16 HTaIEh Y94

1.

Interpolate the missing figure by the graphic method.
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008

No. of Factories : 27 29 32 57 112 130 ? 140 146
A Life Assurance Company advertises the following immediate life annuities per 100

pounds paid :
Age in Year : 50 60 65 70
Annuity in (Ibs)  : 6/5 8/6 9/18 122

By graphic mean (or otherwise) estimate the corresponding values for age 62 and 67
years. '

[Convert Annuities in shillings and then plot the figures — (i) 8/16, (i) 10/12]

The following gives the sales of a concern for the following years :

Year : 1990 1995 2000 2005 2010

Sales of Cloth : 125 163 204 238 282

(Lakhs of metres)

Assuming the conditions to be the same, estimate the sales for the year 1940.

[380 Lakhs of yds.]

Interpolate the missing figure m the following table with the help of a suitable formula :

X : 2000 2001 2002 2003 2004 2005 2006

y : 1331 1728 2197 ? 3375 4096 4913

[Binomial Method — 2744]

Estimale the missing in the following table :

X : 1 2 3 4 5 6 7

y : 2 4 8 ? 32 o4 128

[Binomial Method - 16]

Discuss briefly the nature and suitability of the chief methods of interpolation.
Estimate the annual sales of cloth for 2008 from the following data :

Year : 2005 2006 2007 2008 2009

Sales of Cloth : 250 285 328 ? 444
[Binomial Method — 380.5]

Foar wifaaia favrsor
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7.

10.

11.

12.

13.

14.

-

The following values are given in a table :

X : 1 2 3 4 5

y : 2,16,000 2,26,981 ? 2,50,047 2,62,144

Using any suitable algebraic method, find the value of y for x = 3

[y = 2,38,328]

State carefully any two methods of interpolation and use one of them to find the
value of y when x = 5, from the following set of values

x 2 3 4 6 7

y : 1 5 13 61 125

[Binomial Method — 28.6 or 29]

Obtain by graphical method the missing figure in the following table of 5% values of
chi—square and check the result by an algebraic method :

Degrees of freedom : 2 3 4 5 6 7
Chi-square (5%) : 599 782 949 7 1259 14.07
(Binomial Method - 11.09)

The followmng table gives the age—composition of post—graduate students on an
Evening College:
Age (years) : 15-17 17-19 19-21 21-23 23-25 25-27

No. of Students : 18 25 33 ? 56 59
Interpolate the most likely number of students of 21-23 age-group.
[Binomial Method- 44.4 or 44]
Find out the missing values in the following :
X 5 10 15 20 25 30
y : 7 ? 13 15 ? 25
(Binomial Method -10.87; 18.47)
Estimate the production for the years 1995 and 2005 with the help of the following

table :
Year : 1980 1985 1990 1995 2000 2005 2010

Production (Lakh tons) 200 220 260 ? 350 ? 430
[Binomial Method-306 and 390 Lakh tons]

The table below gives the expectations of life at different ages:

Ages 40 45 60

Expectations 30 36 48

Find the expectation at the age of 55.

[Ans. 41.25 Parabolic Method]

From the following table, estimate by using Newton’s formula the premium payable

at the age of 22 years.
Preminm Table to secure Rs. 100

Age Years Premium
20 25
25 28
30 32
35 37
40 43.50
45 5225

[Ans. 26 Approx.]



15.

16.

17.

18.

19.

From the following data, f{ind the number of studeuts who obtaincd Icss than 45 marks:

Marks No. of Students
30-40 31
40-50 42
50-60 51
60-70 35
70-80 31

(Ans. 48, Newton’s Method )
Following are the marks obtained by 492 candidates in a certain examination:

Candidates
Not more than 40 marks 212
» » 45 ,, , 296
» » 50,, : 368
.. SS, ' 429
" » 60 ,, 460
» » 65, 481
» " 70 ,, 490
» ” 75, 492

Find out the number of candidates who secured more than 42 but not more than 45

marks.

[Ans. 40, Newton’s Method]

Estimate by Newton's method of interpolation the expectation of life at age 22 from the
following data stating the assumption underlying the formula used by you :

Age in years 10 15 20 25 30 35
Expectation of 354 322 291 260 231 204
life (years)

[Ans. 27.88 yrs.]
Using Newton's formula for interpolation estimate the population of Agra for the

years 1976 :

Year 1961 1971 1981 1991 2001
Population 98,754 1,32,285 1,68,076 1,95,690 2,46,050
[Ans. 1, 51, 519]

Estimate the number of persons having incomes between 1,000 and 1,500 in the table

given below in the groups A and B.

Income No.of persons No. of persons
(in Rs) (Group A) (Group B)
Below 500 6,000 : 5,000
500-1000 4,250 4,500
1000-2000 3,600 4,800
2000-3000 1,500 2,200
30004000 650 1,500

[Ans. Group A = 2141, Group B = 2844, Newton's Method]

IR TIEASIT v
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20.

21.

22.

24.

25.

26.

Find out from the following data the number of workers earning Rs. 24 or more but
less than Rs. 25.

Earning less than 20 25 30 35 40

Number of workers 296 599 804 918 966

[Ans. 53, Newton’s Method]

State Newton’s formula for interpolation for equal intervals and the assumption
underlying it? Use it to find the annual net premium at the age of 25 from the table
given gelow :

Age 20 24 28 32

Annual Net Premium ~ 0.01427 0.01581 0.01772 0.01996
[Ans. 0.01625)

The following table relates to weekly cmnings of a number of workers in a certain -
manufacturing concern : i
Earnings (in Rs) Up to Rs. 10 20 30 40 S0 60

No. of workers 50 150 300 500 700 800
Interpolate the number of workers earning between Rs. 25 and Rs. 35.

(178, Newton’s Method)

The following figures showing the relationship between the amount of manure used
and the yield per acre of rice were supplied by a research institute after several years

of experimentation:
Amount of manure per acre (Tons) 0 10 20 30
Yield of rice per acre (Mds.) o 15 17 18

Obtain by using a suitable interpolation formula, the yield of rice per acre

corresponding to 5 and 15 tons of manure per acre.
[Ans. 13 and 16.25 mds., Newton’s Method]

Interpolate the probable number of persons earning between Rs. 20 and Rs. 25 from

the following figures :

Income in Rs. Less then 10 10-20 20-30 3040 40-50
No. of persons 150 170 200 250 180
[Ans. 91, Newton’ s Method]

Use some appropriate interpolation method and reconstruct the following frequency

table with the intervals halved :
X 0-2 24 4-6
Frequency 35 52 84

[Hint —Convert into cumulative frequency table and apply Newton’s Method. Ans.
= Frequency for 0—1, 2-3 and 5-6 would be 21, 22 and 38 respectively.]

The length of the day was 12 hours on March 19th, 14hrs. on April 18th and 15hrs.
40 minutes on May 18th required an approximate value of (a) the length of the day
on May 3rd (b) the mean length of the day during the period March 19th May 18th.

[Ans. (a) 14 Hrs. 53 minutes (b) 13.9 Hrs.]



29.

31

32.

33.

Given logio 654 = 2.8156; logio 658 = 2.8182
log10 659 = 2.8189; logip 661 = 2.8202
Find Log 10 656
[Ans. 2.8168]
The following table gives the population of Indore City at the time of last six censuses—
1901 99,880
1911 57,285
1921 1,07,948
1931 1,47,100
1941 2,03,695
1951 3,10,859

Estimate the population for 1961.
[Ans. 531. 859 after interpolation for 1911 as well, because there is sudden fall in that
year.) )
Extrapolate the population of a town for 1966 from following data about its population
during the previous four censues;

Census year Population in thousands
1931 473
1941 468
1951 454
1961 484

[Ans. 532. App. Lagrange’s Method]

Explain the methods used in forecasting the growth the population. The population
of a certain town is given below in the years mentioned. Estimate it for the year 1957.

Year 1921 1931 1941 1947 1951
Population 22,000 27,000 34,000 39,000 42,000
[Ans. 44560, Lagrange’ s Method]

In the following table ‘b’ is the height above sea level and p the barometric pressure.
Calculate p when h = 5280.

h =0 4763, 6942, 10,593
p =27 25, 23, 20.
[Ans. 24.8 Lagrange’ s formula]

The observed value of function are respectively 168, 120, 72 & 63 al the four positions
3,7, 9 & and 10 of the independent variable. What is the best estimate you can given
of the function at the position 6 of the independent variable ?

[Ans 147. Lagrange’ s formula method]

Determine by Lagrange's formula the percenlage number of criminals under years
35 -

Age under 25 years 25 30 40 50

% number of criminals. 52 673 84.1 944

[Ans. 77.4%] or

FeaT QRS fawetvor
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35.

37.

38.

39.

41.

Determine the percentage number for criminals under 35 Yrs.

Age © 025 25-30 30-40 40-50
% No. of Criminals : 52.0 153 16.8 10.3
[Ans. 77.4%)

Estimate the probable number of persons earning between Rs. 30 and Rs. 40 from
the following:

Income (Rs.) 1520 20-30 3045 4555 5570

No. of persons 73 97 110 180 140

[Ans. 53, Lagrange’ s Method]

What do you understand by Interpolation and Extrapolation? What are their use?
The following table gives the nq;mal weights of babies during the first twelve months
of life: .

Age (in months) 0 2 5 8 10 12

Weights (in Ibs.) 15/2 41/4 15 16 18 21

Estimate the weight of the baby at the age of 7 months.

[Amns. 15.66 1bs., Lagrange’s Method]

Estimate the population of ‘City of Tay for the year 1939 from the following census

figures:
Year 1901 1511 1921 1931 1941 1951
Population (*000) 12 15 20 27 39 52

[Ans. 33.125, Newton Gauss Backward Method]

Interpolate the missing figures :

Year 1951 1952 1953 1954 1955 1956 1957 1958
Salesin  10% 18 25 % 35 37 45
(000 Rs.) [1952 = 11.3; 1955 = 31.4]

The age of mothers and number of average children born per mother are given in
the following table, Find out the unknown value :-
Age of months (yrs.) : 15-19 20-24 25-29 30-34 35-39 40-44

No. of children born : (-7 21 3.5 ? 5.7 58
[4.8]

Estimate the expectation of life at the age of 22 from the following data-
Age (yrs) : 15 20 25 30 35
Expectation of life (yr) : 322 29.1 26.0 231 204
[27.84 yrs] [M.A. Agra, 1984]

Find out the value of sin52’, using a suitable method of interpolation, if-
sin 45° = 0.7071; sin 55° = 0.8192; sin 50°= 0.8660 sin 52° = 0.7880.

Find out the missing value-

X : 0 3 6 9
y : 30 ? 80 120
[50]
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7.1 F&EAT
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72 $5-WSH aiflehur (Classification according to Dichotomy)

Tg YRV F7HT (Simple Classification) Tt Fearar & | 399 afiers] & 7ol o0
%t 3yrkafa o1 erquRRefa & U arifaa fomar Siar @ | 395 hadd & a1 (classes) 79 8-

() ffémm o7 it S9fEfd T w2

@) fAfema o it aruRafd T w2

1 it & A7 gl & qUeR A @ | foran S aen W gfam # gfe ¥ e ke
o1 1 I9feafd @ oufafd & omur wt Ry T it A Wl Hahd et (Simple notations) ¥
= AT A4 STIH Ted1 & | WOE: O 1 3uREfd F A 92 31l (Capital Letters) A,
B,C,Wﬁﬁﬁﬁmﬁ%ﬁﬁﬁm (Small Letters) a, b, ¢, 3N &I @0 far s

R | 3R et i A S F & o fren % smuR Wi FEn A @ I Ry
ek fordr SIAT—

H GET ( N)
l
W!(:) Fﬁl(a)
| | } | }
e (4B) 0T (4b) e faR
(aB) (ab)

73 Gha A& 3R ol o=l & 31k

(Meaning of Notations and Class-symbols)

(1) &I T (Positive Attribute)— Ta—fAf¥=d o1 &t 3ufeafq F Geha ot &, ‘B,
‘C’ 32 A = fn a1 @ 1 A @ F 3@ o Y suftefd At } @ S wTers @ sigam @
(Positive Class) &9 € | & 911 &2 37& q &4 &, 99-4, 4B, ABC anf2 |

(2) SIS TOT (Negative Attribute)— Ta-Ff¥=a o1 i srquftafy H Th AT “a,
b, o, 3NfE Y = fHar S @ ) afe a A w1 %S 0 A @ 98 Roers W fadm
ET’T(Ncgative Class)ﬁam% | ¥ 1l B ol gRT R S € ﬁh‘:_a, ab, abc AfE |

(3) TEI &1 A (Combination of Attributes—faf%= 0 59 T W14 fied € @@
o & A FEd € | S AN F R Serer # G (4) 3 wE (B) F A (A4B), T R
¥R (Ab); S-weR ¥ R (oB) 3 ot Freer & R’ ( ob) & @M fora T 1 g TR
FEAT R ISl &R B Nﬂﬁﬁﬁé—ﬂﬁa’ﬁ%, aﬁqﬂﬁa’f@omra:yclass)%'ﬁﬁ
:

(4) F-IgM (Class—Frequency)— f&dt af # fFa v ¥ 39 wg-dem @ i amqfa
e ¥ 3 % T F R I AT (Letter) 3 oS ¥ fo@a € | qqar 3rd 39 00 Y W@
arell F FE AW 2 | 3 A I F G e $ odiqe wegd Ry s 9 F e
F TH FA € |

(5) i H WM (Number of Classes) — 71 F T&a1 o0 F F&q T 9 Breft 2
T O ¥ ST G Frifeaer Y ¥ 2 @t & ol e w4 i A N F AR v g
T ¢ | 4% e qis ¥ e fora 9w i

(A) TF U & FITHE & YR T NH %A FI A (Frequency of the first orden—

W A ) (3



(B) 21 Tt & FrifeRter o AR W fedta s Ft AR (Frequency of the second order) IR Wi fargeiaor

) (AB) (i)  (aB)

(i) (Ab) (iv) (ab) NOTES
(C) @7 T F grifetor F STYR W AT 565 H MG (Frequency of the third orden —

()  (ABC) (v)  (Abo)

(i) (ABc) (vi)  (abC)

(ili) (AbC) (vii)  (aBe)

(iv) (aBC) (vi) (abc)

(6) WY (Universe) — W &I Hel T G Feclldl 2 | 39! =6 F F o) G
&R N’ &1 XA e Srar @ | i ol @ g & SR W IR e weER Y w e sar 8-
® T 0 F NGR W TS0 H -

N = (A) + (a)
i D U ¥ MR W wifeo §-
N = (AB) + (Ab) + (aB) + (ab)
@) @9 T & AR W FiEI0r -
N =(ABC) + (AbC) + (ABc) + (Abc)
+ (aBC) + (aBc) + (abC) + (abc)

T =9 T e wy 3 weiia fmn s asar 2-
)
L
| o
() (a)
| |
I | l 1
(4B) (4b) (aB) (ab)
| | I l | l | [
(4BC) (ABc) (4bC) (Abc) (aBC) (aBc) (abC) (abc)
aifeam i amgfmaT (Ultimate class frequencies) 1 3TTeT0 ERT - NahR T9ETE1 1 Hehall
3 _ .
Order 0 N
Order 1 (A) (B) (©)
(a) (b) (c)
Order 2 (AB) (BC) (AC)
(Ab) (Bc) (aC)
(aB) (bC) (Ac)
(ab) (be) (ac)
Order 3 (ABQC) (aBC)
(ABc¢) (aBc)
(Abc) (abC)
(AbC) (abc)
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mailto:f.lyf(1f@\1

@ = (@B + @b (b) = b+ @b) T ST fagei

@B = @- @b s (@) = (b) - (ab)
L @ = (@-@B L @) = by-b) NOTES
Qe Y&y F FRer gew qan iR faat aor e faat 9t deneit &1 9m ga 3w (N) &
ST B, -

N = (AB) + (Ab) + (aB) + (ab)
Tt s A o A e § of Sie-were 9N ari- gl o # S Wbl € |
30% foe ope w0 ¥ Fafafad Frell %1 wem fFan s 2-
) fFeht wh 9 i Tt o, 3ER 3 w9 F ghfves 3i- sl S Sige Aem #t
ST WEHt R | 39 TFL 99 7 (order) F B A7 AR (A), G %7 (second  order) F &
A afrEl F1 SISHF A F T GEA @ 0 98 Tohamr () freme 2, i (A) = (AB)
+ (Ab) | 39 fore 78 = 1@ @ o for GFareR 3 Mg w1 Feh @ 98 A1 AR U 1 foran
SR e TEU eha e (B) AT (C) U I §AT q9T ORI o) HITedh 70 o &9 3 for@n s
| §9 YK —

(A) = (AB) + (Ab) . (AB) =(A)-(Ab);  (Ab) = (A)-(AB)
(@) = (@B) + (ab) -~ (aB) = (a) - (ab); (ab) =(a) - (aB)

(B) = (AB) + (aB) -~ (AB) =(B)-(aB); (aB) = (B) - (AB)
(b) = (Ab) + (ab) -~ (Ab) =(b) - (ab); (ab) =(b) - (Ab),

I Foam @ ol areft @i arafl R e ¥ o ey e 51w R, SR—
78 Fr A 1ol arelt at-emgfvEl 9t feafa & oft @ fear S g @, -

(AB) = (ABC) + (ABc); - (ABC) = (AB) - (ABc) ;
(ABc) = (AB) - (ABC)
(Ab) = (ADbC) + (Abc); (AbC) = (Ab) - (Abc) ;
(Abc) = (Ab) — (AbC)
(aB) = (aBC) + (aBc); (aBC) = (aB) - (aBc) ;
(aBc) = (aB) - (aBC)
(ab) = (abC) + (abc); (abC) = (ab) — (abc) ;

(abc) = (ab) — (abC)
@) 9 TN ATl Wy ¥, WgH FH (First orden) F T a1 3gfd (A) T A F I AW
Tt argfrEl @ A A @ R GRS (A) T S 2, -
(A) = (ABC) + (ABc) + (AbC) + (Abc)
(B) = (ABC) + (ABc) + (aBC) + (aBc)
(C) = (ABC) + (aBC) + (AbC) + (abC)
7% i e i & & 3T (Corollary) 2 |
3) AR et 3ifem anf- safal Arem & @ I wh Ffed 3 vt gl Aem o
& st gt sifem at- gl N Ao TR T N) FEE 3G F T L
& TUT (Two attributes) —
N =(AB) + (Ab) + (aB) + (ab)
(A) = (AB) + (AD) ; (a) = (aB) + (ab)
(B) = (AB) + (aB); (b) = (Ab) + (ab)
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= Tt (Three attributes)
N = (ABC) + (ABc) + (AbC) + (aBC) + (Abc) + (abC) (aBc) +(abc)
(AB) = (ABC) + (ABc) ; (BC) = (ABC) + (aBC)
(AC) = (ABC) + (AbC)
(Ab) = (AbC) + (Abc); (bC) = (AbC) + (aBC)
(aC) = (aBc) + (Abc)
(aB) = (aBC) + (aBc); (bC) = (AbC) + (abC);
(aC) = (aBC) +(abC)
(ab) = (abC) + (abc); (bc) = (Abc) + (abc);
(ac) = (aBc) + (abc)
(A) = (AB) + (Ab) (B) = (BC) +(Bc;
O =Ko + (a0
T (A) = (AQ) + (AQ); (B) = (AB) + (aB);

(C) = (BC) + (bC)
lustration 1. Given the following ultimate class—frequencies, find the frequencies

of positive and negative classes and the total number of observations— (aifem ot sngfeat
T TS T ZWEH 1 H gieaT a9 F GEA 19 Fir)—

(AB) = 125 (Ab) = 60
(aB) = 100 (ab) = 35

Solution :—

(AB) (aB) (B)
(Ab) (ab) (b)
(A) (a) (N)

N = (A) + (a) (b) = (Ab) + (ab)
= (AB) + (Ab) + (aB) + (ab) =60 + 35
=125 + 60 + 100 + 35 =95
= 320

(A) = (AB) + (Ab) (B) = (AB) + (aB)
=125 + 60 = 125 + 100
= 185 = 225

(a) = (aB) + (ab)
=100 + 35
= 135

Hlustration 2. Given the following table, calculate the frequencies of the remaining

classes (F=fafiad ol § 9w ani &1 gfar Ferfaw —

A) = 25 (AB) = 15

(B) = 20 Ny = 50

Solution—'ﬁ’gmﬁ?ﬁﬁq@%%ﬂﬁﬁaﬂﬁg—
(@); (b); (Ab); (aB); (ab)



Now

(@ = (N)-(A) (b) = (N)-(B)
= 50-25 = 50-20
= 25 = 30

(Ab) = (A) - (AB) (aB) = (B) - (AB)

=25-15 = 20 -15
=10 =5

(ab) = (a) - (aB)
= (N) - (A) - {(B) - (AB) }
= 50 - 25-{20~15}

50-25-5=20

Iustration 3. A number of labourers in a factory were examined for the presence

or absence of certain defects of which three chief descriptions were noted—
A — Physical weakness
B - Nervous signs.

C — Mental dullness.

Given the following ultimate frequencies, find the frequencies of the positive classes

including the whole number of observations— N — (Fafafaa sifm ol gl A e e
Tt &t sngfear @91 Ha e fAwfew) -

(ABC)= 175 (aBC) = 98
(ABc¢) = 310 (aBc) = 702
(AbC) = 106 (abC) = 74
(Abc) = 489 (abc) = 8415

Solution — The positive classes including the whole pumber of observations are —
(N), (A), (B), (C), (AB), (AC), (BC), (ABC)
Now
(N) = (ABC) + ( ABc) + (AbC) + (aBC) + (abC) + (aBc) +
(Abc) +(abc)

=75 + 310 + 106 + 98 + 74 + 702 + 489 + 8415 = 10,269

(A) = (ABC) + (ABc) + (AbC) + (Abc)
— 75 4310 + 106 + 489 = 980.

(B) = (ABC) + (ABc) + (aBC) + (aBc)
=75+ 310 + 98 + 702 = 1185.
(C) = (ABC) + (AbC) + (aBC) +( abC)
=75 + 106 + 98 + 74 = 353.
(AB) = (ABC) + (ABc)
= 75 + 310 = 385.
(AC) = (ABC) + (AbC) (BC) = (ABC) + (aBC)
=75+ 106 =4+ 75 + 98
= 181. = 173.
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Foaw Wi faweror Note : The frequency of any first order class is given by the total of second order
frequencies, the class—symbols for which contain the same letter; similarly the
frequency of any second order class can be given by the total of third order

NOTES .
frequencies and so on.
llustration 4. Given the following frequencies of the positive classes, find out all the
class—frequencies (GT¢TH Tt it f aﬂqﬁﬁﬁ ¥ oy gt a7t ;b quﬁﬂff o) —
N = 12,000 (AB) = 453
(A) =977 (AC) = 284
(B) = 1,185 (BC) = 250
(©) = 5% (ABC) = 127
Solution— The frequencies for the following classes are to be found out—
(a), (b), (c), (Ab), (aB), (ab), (Ac), (aC), (ac), (Bc), (bC), (be), (Abc), (ABo),
(aBC), (AbC), (abC), (aBc), (abC___), (abc).
Now,
(a =N-(A) (b) =N-(B) (9 =N-(O
= 12,000 — 977 = 12,000 — 1,185 = 12,000 — 596
= 11,023. = 10,815. = 11,404.
(ABc) = (AB) — (ABC) (AbC) = (AC) - (ABC)
= 453 — 127 = 284 — 127
= 326. . = 157.
(aBC) = (BC) — (ABC) (Abc¢) = (Ab)— (AbC)
= 250 — 127 = (A) — (AB) — (AbC)
=123. = 977 - 453 - 157
= 367.
(aBc) = (aB) — (aBC) (abC) = (bC) - (AbC)
= (B) — (AB) — (aBO) = (C) — (BC) — (AbC)
= 1,185 — 453 — 123 = 596 ~ 250 - 157
= 0609. = 189
(Ab) = (A) — (AB) (aB) = (B)— (AB)
= 977 — 453 = 1,185 — 453
= 524. = 732
(Ac) = (A) — (AQ) (aC) = (O— (AQ)
= 977 — 284 = 596 — 284
= 693. = 321
(Be) = (B) — (BO) .+ (bC) = (O)- (BO)
= 1,185 — 250 = 596 — 250
= 935, = 346.
(abc) = (ab) — (abC)
= (b) — (Ab) - (abC)
21z = N — (B) - {(A) — (AB) } — (abC)




= 12,000 — 1,185 — {977 — 453} — (189) FoT FfGaEIT farwetaor
= 12,000 — 1,185 — 524 — 189
= 12,000 — 1,898

NOTES
= 10,102.
(ab) = (abC) + (abc) (ac) = (aBc) + (abc)
= 189 + 10,102 = 609 + 10,102
= 10,291. = 10,711
(bc) = (Abc) + (abc)
= 367 + 10,102
= 10,469
Hlustration 5— Arrange the following figures in a nine—square table and find out
the unknown class—frequencies. (F/e TSl 1 9 WM FTch ARl #§ SATeRT or9iq a1t smgfrl
[EEAGINE
Intelligent fathers and their intelligent sons = 248
Dull fathers and their intelligent sons = 2
Intelligent fathers and their dull sons = 81
Dull fathers and their dull sons = 579
Solution — Taking, Intelligence in fathers = A, and intelligence in sons = B, we
have—
(AB) = 248; (aB) = 92; (Ab) = 81; (ab) = 579.
These figures will be arranged in the nine—square table as under —
A a N
B (AB) (aB) (B)
248 92 340
b (Ah) (ab) (b)
81 579 660
N[ ™ (@ ™)
329 671 1,000
Intelligent fathers (A) = 329
Dull fathers (a) =067
Intelligent sons (B) =340
Dull sons (b) = 660
Total number (N) = 1000
lustration 6— After an air—raid, survey was made of the local hospital specially
reserved for those injured in the raid. These were 1200 beds in all. 600 patients were found
to have fractured their arms, legs and skulls as a result of the bombing. There were 50
patients who had no injury over their body but were admitted only to provide speedy
recovery from the shock of the raid. Patients with fractured arms has a majority of 192
over those with no arm—injury. The number of patients who had escaped head injury was
270. There were 36 patients with a fractured arm but had fortunately no injury in their
legs. Similarly there were 204 patients with a fractured leg but without any head injury.
The majority of those with a fractured leg over those without injury to their legs was 620.
213
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Solution — Let ‘A’ stand for injury to arm and ‘a’ non—injury.
‘B’ stand for injury to leg and ‘b’ for non—injury.
‘C’ stand for injury to skull and ‘c’ for non injury.

Then the above data can be stated as—

N = 1200 (c) =270
(ABC) = 600 (Ab) = 36
(abc) = 50 (Bc) =204
A)-@) = 192 (B) - (b) = 620.

We have to find out the remaining ultimate class—frequencies (ABc), (AbC), (Abc),
(aBC), (aBc), (abC). In order to find them out, we have to first calculate the frequencies

of positive classes—
(A), (B), (C), (AB), (AC), (BC).

(i) First order frequencies—

N = (A) + (a) = 1200
A) - (@ = 192
2 (A) = 1392
Or (A = 696 (Number of persons with fractured arms.)
N= (B) + (b) = 1200
(B) — (b) = 620
2 (B) = 1820
Or (B) = 910 .(Number' of persons with fractured legs.)
© - N -(c)
= 1200 - 270

930. (Number of persons with fractured skulls.)

(ii) Second order frequencies —

(AB)

(A) — (Ab)
696 — 36

= 660 (No. of persons with fractured arms and legs.)
(BC) = (B) — (Be)

= 10 — 204

= 706 (No. of persons with fractured legs and skulls.)

(AC) = (C) ~ (aC)
= (C) - {(aBC) + (abC) }
= (C) — [(aBC) + {(ab) - (abc) } |
= (C) - [(aBC) + {(b) - (Ab) - (abc) } |
= (C) - [(aBC) +{ (N) - (B) - (Ab) - (abc) } ]
= (C)- [{(BC) - (ABC)} + {(N) - (B) - (Ab) - (ac)}]
= (C) -(BC) + (ABC) - (N) + (B) + (Ab) + (abc)
=930 - 706 + 600 -1200 + 910 + 36 + 50

= 620 (No. of persons with fractured arms and skulls)



(iii) Ultimate class—frequencies —
(ABc) = (AB) — (ABC)
= 660 — 600 = 60 (No. of persons with fractured
arms and legs but not skull.)
(AbC) = (AC) — (ABC)
620 —600 = 20 (No. of persons with fractured
arms and skull but not legs)

(aBC) = (BC) - (ABC)
706 - 600 = 106 (No. of persons with fractured

legs and skull but not arms.)

il

(aBe) = (aB) — (aBC)
= (B) — (AB) — (aBC)
910 — 660 —106

I

144 (No. of persons with fractured

legs but not arms and skulls.)

(Abc) = (Ab) — (AbC)
= (A) — (AB) — (AbC)
= 696 — 660 -20
= 16 (No. of persons with fractured
arms but not legs and skulls.)
(abC) = (bC) — (AbC)
= (O) - (BO) — (AbC)
= 930 — 706 —20
= 204 (No. of persons with fractured

skulls but not arms and legs.)

Illustration 7. In a free vote in the House of Commons 600 members voted, 300
government members representing English Constituencies (including Welsh) voted in favour
of the motion. 25 opposition members representing Scotlish Constituencies voted against
motion. The government majority among those who voted was 96. 135 of the members
voting represented Scottish Constituencies; 18 government members voted against lhe
motion. The motionavas carried by 310 votes. 102 members of Scottish Constituency voted

in favour of the motion.
Analyse the voting according to the Nationality of the Conslituencies and party.
Solutien: Denoting
(i)  The government and opposition parties by ‘A" and ‘a’;
(i)  Voting for and against the motion by ‘B’ and ‘b’;
(i) English and Scottish members by ‘C’ and ‘c’.
The given data are
N = 600; (ABC) = 300; (abc) = 25; (A) - (a) = 96;
(c) = 135, (Ab) = 18; ( Bc) = 102
(B) - (b) = 310

Foa WA faveryar
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To find out, Ultimate class—frequencies —

(@) (A) + (a)= 600 i) (B) + (b) =600

(A) - (a) = 96 (B) — (b) =310
2(A) = 696 .. 2(B) =910
(A) = 348. . (B) =455
(i) (C) =N - (9
= 600 — 135
= 465.

(iv) (AB) = (A)- (Ab) = 348 — 18 = 330.
(v) (BC) = (B)— (Bc) = 455 - 102 = 353,
(vi)  We also have,
(ab) = (bc) — (Abc) = () — (Be)— [(Ab)—"(AbO)]
() — (Bc) — (A) + (AB) + (AC)— (ABC)
25 = 135 — 102 — 348 + 330 +(AC) —300
or (AC) = 135 — 102 — 348 + 330— 300 - 25

or (AC) = 310
Now, the fruquencies of the Ultimate classes will be calculated as under—

6)] (ABC) = 330 (given)

(i)  (ABc) = (AB) - (ABC) = 330 - 300 = 30
(iii) (AbC) = (AC) - (ABC) = 310 — 300 = 10
(ivy (aBC) = (BC) - (ABC) = 353 -300 = 53

(v) (Abc) = (Ab)-(AbC) =18-10 =38
(vi)  (aBc) = (aB) - (aBC)
= (B) — (AB) — (aBC) = 455 — 330 — 53 = 72
(vi)) (abC) = (bC) — (AbC)
(C) - (BC) — (ADC)
465 — 353 — 10 = 102
(vii) (abc) = 25 (given)

ustration 8. A University result consists of three attributes, rest of which is divisible

into two parts. What are the different class frequencies obtainable?

At a competitive examination at which 600 graduates appeared, boys outnumbered
girls by 96. Those qualifying for interview exceeded in number those failing to qualify by
310. The number of science graduate boys interviewed was 300, while among the Arts
graduate girls there were 25 who failed to qualify for interview. Altogether there were only
135 Arts graduates and 33 among them failed to qualify. Boys who failed to qualify
mumbered 18. Find (a) the number of boys who qualified for inrerview, (b) the total number
of science graduate boys appearing and (c) the number of science graduate girls who

qualified.



Solution - Let
‘A stand for Boys and ‘a’ for girls.

‘B’ stand for those who qualified for interview and ‘b’ for those
who failed to qualify.

‘C’  stand for science graduates and ‘c’ for arts graduates.
The given data are:
N =600; (A)-(a) = 9%; (B)- (b) =310; (ABC) = 300
= (abc) = 25; (c) = 135 (be) = 33; (Ab) = 18.
To find — (i) AB (i) AC (iii) aBC.

Now,
(1) (A) - (@)= % 2 ®-() =310
(A) + (a) = 600 (B) + (b) = 600
2 (A) = 696 - 2 (B) = 910
(A) = 248 (B) = 455
?3) (C) = N-(c) = 600 — 135 = 465.
(i) (AB) = (A)-(Ab)
= 348 - 18 = 330.
(i) (AC) = (ABC) + (AbC)
= (ABC) + (Ab) - (Abc)
= (ABC) + [(Ab) - {(bc) - (abc) } ]
= (ABC) + (Ab) — (bc) + (abc)
=300 + 18-33 + 25 = 310.
(i) (aBC) = (BC) - (ABC) = (C) ~ (bC) - (ABC)
= (C) - [(b) - (bc)] - (ABC)
= 465 - [145 - 33] - 300 = 53.

Nustration 9. Measurements are made on a thousand husbands and a thousand
wives. If the measurements of the husbands exceed the measurements of the wives in 789
cases for one measurement, in 741 cases for another, and in 690 cases [or both
measurements. In how many cases will both measurements on the wife exceed the
measurements on the husband.

Solution — Let ‘A’ stand for the cases in which measurements of husbands exceed
the measurements by the wives in one measurement and ‘B’ for those in the other
measurement.

N = 1000, (A) = 789; (B) = 741;  (AB) = 690.

We have to find out the frequencies of (ab)

(ab) = (a) - (aB)
= 1000 - 789 — 741 + 650 = 160

Il

(N)-(A)-(B) + AB

Thus the number of cases in which both measurements on the wife exceed the

measurements on the husbands is 160.
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o AR Taweaor Mlustration 10. There were 400 students in the B.Com. class of a university. Their
results in the various terminal examinations are given below—

NOTES I Terminal  passed 180
11 » » passed 140
III " ” passed 180

60  passed in all terminals;

80 failed in all the three;

400 passed in the Ist and IInd terminals and failed in the I1Ird;

70  failed in the Ist and IInd terminals and passed in the IIIrd;

Find out how many students passed atleast two examinations. |

Solution — Let, Success in Ist Terminal be denoted by ‘A’ and failure by ‘a’
Success in IInd Termisal be denoted by ‘B’ and failure by ‘b’
Success in IIIrd Terminal be denoted by ‘C’ and failure by ‘c’

Then, the given data are :

N = 400 (ABC) = 60
(A) = 180 (abc) = 80
(B) = 140 (ABc) = 40
€) =180 (abC) = 70

We have—‘t.o find out the values of,
(ABC) + (ABc) + (AbC) + (aBCQC)
Now. (aBQC) = (aC) — (abC)
= (€) - (AC) — (abC)
= (C) — {(ABC) + (AbC) } — (abC)
= (C) —(ABC) — (AbC) — (abC)
(AbC) = ( AC) — (ABC) = (ABC) + (AbC) — (ABC)
Hence, (aBC) + (AbC)
= (C) — (ABC) — (AbC) — (abC) + (ABC) + (AbC}—(ABC)
= (C) — (ABC) — (abC) = 180 — 60 —70 = 50
Hence, (ABC) + (ABc) + (aBC) + (AbC)
=60 +40 + 50 = 150
The number of students passing atleast in two examinations is 150.
This illustration can also be solved in the following manner—
Now, (aBC) + (ABC) + (AbC) + (abC) = C
(C) - (ABC) - (abC)
180 - 60 — 70 = 50

(aBC) + (AbC)

Il

It

(ABC) + (ABc) + (aBC) + (ADbC)
218 60 + 40 + 50 = 150




7.5 Gkl &l TN (Consistency of Data)

IR IE ATAAT ST G & o6 Gewforg it 1 aefieneor foret oft o & Sre T %
YT T 34T 1T 8 | 9% OPWE ® Fp avitegd el A Ayyfe & S o 3 ST S1avas |
3} Iyl & a@ F & wHhdl € —

(1) @ A | g R F IR 93 I — Fi-FN Y@ A R 6 A F@
v Tt &t engfeEt & AT (Se) @ It @ fheg emafval et @ ) Seewnd, R i =t
SEEAT 1000 ® ol 200 WER 3800 e € AfeT 3 e 240 3 760 forw A S @
qﬁmﬁm(Consistency)%,mzwﬁmﬂw T T AR

(2) A A T — AT 3 T A ot oy At @ ) At R SRt & A st e
B I ok 39 TR @ AT - I Iere W 270 3R Frer 770 e B 9 ek
% AT 1040 B ST | T8 WRA: IS T 2 T TE o 1 @A ot 7 R | A Wi emia
A T A e @ ol 3 engfy woners & W R )

3d: - gt @ G ¥ R @ oevas v g% ® 5 R R fam (Ultimate)
- i 1 o0 FONEE @ | o9: AfE o < g8 - gt § wnfa F 9 e @ @ e
Faa Hfan &t AgRET 1 Ao W qe 3@ o =GMed 6 I B Homers A 8 2 | Al B
FOTHSF & A G o A ¥ 1 Al Yar 3 & O gt A wnfe A 2 )

& o WA Ft ngfEl gers At § | U W9 G0 @ 91" & & fae fie
=1 8 fera ST Webal 2
(A) TS O ¥ IMUR W Fifwor A-

0) (A) < 0, otherwise (A) will be negative.

(1) (A) # N, otherwise (a) will be negative.
(B) 2 YOI ¥ AR W aiietor H-

(i) (AB) <« 0, otherwise (AB) will be negative.

(iv) (AB) < (A), otberwise (Ab) will be negative, because
(B) = (AB) + (Ab)

W] (AB) ¥ (B) otherwise (aB) will be negative because
(B) = (AB) + (aB)

v) (AB) # (A) + (B) - N, otherwise (ab) will be negative
because (ab) = (a) - (aB)

or (ab) = N-(A)-(B) + (AB)
or - (AB) = N -(A)- (B) - (ab)

or (AB) = -N + (A) + (B) + (ab)
or (AB) = (A) + (B) =N + (ab)

(C) @1 Ui ¥ AR W Ffaw § -
(vii) (ABC) ¢ 0. otherwise (ABC) will be negative.
(viii) (ABC) ¢ (AB) + (AC) - (A), otherwise (Abc) will be negative,
because (Abc) = (Ab) - (AbC)
or (Abc) (A) - (AB) - (AC) + (ABC)
or - (ABC) = +(A) - (AB) - (AC) - (Abc)
(ABC) (AB) + (AC) - (A) + (Abc)
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A W14 fawenaor (ix) (ABC) 4 (AB) + (BC) - (B), otherwise (aBc) will be negative.
(x) (ABC) 4 (AC) + (BC) - (C), otherwise (abC) will be negative.

NOTES (xi) (ABC) 3% (AB) otherwise (ABc) will be negative.

(xii) (ABC) % (ACQ), otherwise (AbC) will be negative.

(xdii)) (ABC) 3 (BC) otherwise (aBC) will be negative.

(xv) (ABC) 3 (AB) + (BC) + (AC)-(A)-(B)-(O) + N,
otherwise (abc) will be negative.

because (abc) = (ab) - (abC)

or (abc) = (a) - (aB) - {(bC) - (AbC)}
or (abc) = (a) - (aB) — (bC) + (AbC)
or (abc) = N - (A) - (B) + (AB) - (C) + (BC) + (AC) - (ABC)
or (ACB). = N - (A)—(B) + (AB)-(C) + (BO) + (AQ)- (abe)

Now if (ABC) is more than the above, it is obvious that (abc) will be negative.
(xv) (AB) + (AC) + (BO)4 (A) + (B) + (C) - (N)
(xi) (AB) + (AC) - (BC) 3 (A)
(xvii) (AB) - (AC) + (BC) = (B)
(xviii) ~(AB) + (AC) + (BC) 3 (O)
37h B fa%, " 3  should not be greater than & 2ife & a1 91fF0)
. ‘q’ = should 'r'idt be less than (} &1 & 21 91fgQ)
llustration 11. — The following data are given in a report —
(N) = 1000, (AB) = 200, (Ab) = 350, (aB) = 500
Show that there must be a misprint or mistake of some sort.
Solution — There is nothing obviously wrong with the figures. Yet, they are certainly
inconsistent.
(ab) = (a) - (aB) ~ N - (A) - (aB)
= N - {(AB) + (Ab)} - (aB) =.{200 + 350} - 500
.= 1000 ~ 550 —500 = =50
Fiifs a1l gl FoTES T B Gl 2, TWIAT fad gU FHS & fHdl 5o R ryfg 3w
el =ty |
Hlustration 12. - 1f (A) = 50, (B) = 60, (C) = 80, (AB) = 35, (AC) = 45 and
(BC) = 42, find the greatest and least possible value of (ABC)

4l

Il

Solution -
(ABC)4 0
(ABC)d (AB) + (AC) - (A) =35+ 45-50 = 30
(ABC)4 (AB) + (BC) - (B) =35+ 42-60 = 17
(ABC)4 (BC) + (AC) - (C) =42 +45-80 =7

Therefore, the least value of (ABC) = 30
220 (ABC) % (AB) = 35




(ABC) % (AC) = 45

(ABC) % (BC) = 42
Hence the greatest value of (ABC) = 45

Iustration 13. - If in a collection of house actually invaded by small pox, 70 percent
of the inhabitants are attacked and 85% have been vaccinated. What is the lowest percentage
of the vaccinated that must have been attacked.

Solution — Writing ‘A’ to denote inhabitants invaded by small pox, ‘B’ to denote those
vaccinated, the data are :
(A) = 70, (B) = 85, N = 100

First we find the lowest value of (AB),
(AB) 40
(AB) 4 (A) + (B)-N
4 70 + 85 -100
4 55
The lowest value of (AB) = 55

Hence the lowest percentage of inhabitants vaccinated which have been attacked

_ AB) =
= B) x 100 35 x 100
= 64.7%

Ilustration 14. — In a very hotly fought battle 70% atleast of the combatants lost an
eye, 75% atleast lost an ear, 80% atleast lost an arm and 85% atleast lost a leg. How many

atleast must have lost all four.
Solution — Let (N) = 100; (A), (B), (C) and (D) denote respectively losing an eye,
an arm and a leg. Then (A) = 70, (B) = 75, (C) = 80, (D) = 85.
We have to find out (ABCD)
(ABCD) 4(A)+ (B)+ (C) + (D)-(n-1)N
4 (A) + (B) + (O + (D)~ (4= DN
<470 +75 + 80 + 85-3x100
<310 - 300
<10
Hence atleast 10% lost all the four.
Ilustration 15. - To investigate the association between eye-colour of husband and

eye-colour of wife, the following data are available -
414

Il

Husbands with light eyes and wives with not Light eyes
Husbands with not light eyes and wives with light eyes = 260
Husbands with not light eyes and wives with not light eyes = 238

Husbands with light eyes = 400

Do you find any inconsistency in the data ?
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et Wi ety Solution — Denoting ‘A husbands with light eyes.
‘a’ husbands with not light eyes.
NOTES ‘B’ wives with light eyes.
‘b’ wives with not light eyes

The given data are —

(Ab) = 414, (aB) = 260, (ab) = 238 and (A) = 400
From the abhove

(AB) = (A) — (Ab) = 400 - 414 = 14
Hence, the given data are inconsistent.

Hlustration 16. — The following is a summary of the statistical features of a census
of ration — cards. '

Item No. Category Total No. of Cards.
1. The whole census 1000
2 Permanent residents 510
3. Males 490
4, Consumers of rice 427
5. Permanent male residents ‘ | 189
6. Consumers of rice among permanent residents 140
7. Male consuming rice 97

Show that the entry against item No. 7 is inconsistent with the entries against the
previous items viz. 1, 2, 3, 4, 5 and 6 taken together.

Solution — Denote permanent residents by ‘A, males by ‘B’ consumers of rice by ‘C’.
The given data then are —

N = 1000, (A) =510, (B) = 490, (C) = 427, (AB) = 189, (AC) = 140, (BC) =
97. Now according to the conditions of consistency.

AB + AC + BC < (A) + (B) + (C)-N
189 + 140 + 97 < 510 + 490 + 427 - 1000
426 < 427, which is pot true.
Hence, there is some inconsistency in the data.
or
(BC) 4 (A) + (B) + (C) - N - (AB) - (AC)
<4 510 + 490 + 427 — 1000 - 189 - 140
98.
The given value of (BC) 1s 97 which is less than 98. Hence it can be said that the

entry against item No. 7 1s inconsistent with the entries against all the previous items, namely
1, 2, 3, 4, 5 and 6 taken together.
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Illustration 17. — 1000 persons of London were asked by a B.B.C. investigator to give
the nationality of the music they liked. He returns the following data :

570 liked English; 650 liked French; 480 liked German,;
440 liked English and French; 360 liked French and German
& 240 liked English and German;
125 liked all the three.
Show that the information as it stands must be incorrect
Solution : Denoting
Persons who liked music of English nationality by ‘A,
Person who liked music of French nationality by ‘B’
Persons who liked music of German nationality by ‘C’.
The given data are :
N = 1000; (AB) = 440; (A) = 570; (B) = 650; (C) = 480; (AC) = 240;
(BC) = 360; (ABC) = 125
According to the conditions of consistency.
(ABC) 4 (AB) + (BC) - (B)

<4 440 + 360 - 650

4 150
As per the data given the value of (ABC) is 125 which is less than 150. Hence the

information is incorrect.
Hlustration 18. —

(i) It is found out from a report on Consumers Test that out of 500 persons who were
investigated, 410 liked A—quality, 380 liked B—Quality and 270 liked both the qualities. Is

the given data inconsistent ?

(ii) The following are the actual frequencies given in a report. Show that there is a
mistake or misprint in it and probably the statement that (BC) = 85 is not true-

N = 1,000; (A) = 510; (B) = 490; (C) = 427; (AB) = 189; (AC) = 140
and (BC) = 85
Solution — (i) Assuming - Liking A — quality = A
Liking B — quality = B
The given class frequencies are -
N = 500; (A) 410; (B) = 380; (AB) = 270

If any of the uhliimate class — frequencies is negative, the given information will be

inconsistent.
(Ab) = (A) - (AB) = 410 - 270 = 140
(aB) = (B) - (AB) = 380 - 270 = 110
(ab) = (a) - (aB) or N - (A) - {(B) - (AB)}

500 - 410 ~ {380 — 270} = -20

The frequency of (ab) is ~20 which is negative; hence the given data is inconsistent
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(ii) According to the condition of consistency —
(AB) + (AC) + (BO) <4  (A) + (BYO) - N
189 + 140 + (BC) 4 510 + 490 + 427 - 1000
(BC) + 329 4 427

(BC) < 427 - 329 or 98
But, the given frequency of (BC) is 85 which is less than 98. Therefore the given data
are inconsistent and the class — frequency of (BC) is not true.

7.6 WvATEET fag 3R sTmvrET
(Theory of Probability and Expectation)

Mﬁmﬁﬁ(SampleMethod)ﬂﬁmﬁaﬁ?ﬁ@% Mﬁﬁmmﬁél
398 geyrET faga 1 o S g3 ® | §OIEAT (Probability) #1314 B @ feet ot wew &
Hfed 89 1 Y Frery 3 I SR o | AfE U e %3 R Y i & Wahdl ¢ ok 7'
fifyea 71 2 fop e fove WR 91 Q1 39 g & AT THR Y ufed A7 1 GIE 34 HEE
7 2t R o fo webre € ) Sereeond A et Tope W 100 =5t € o 60 T S 40 el €1

uﬁmlmﬁamm(x,ottery)wh%amw%wmﬁw% sl

mﬁ?%wqﬁﬁmi‘%zﬁwﬁmwmmwmaﬁmw%
M 9 W(Expeclation)%xw = 12 aft oK el & W 9w S e

%xzo =8 Bl | 39 ST, Fol ST i ST WA YOIl H AT { O Fh 1 1 Sl

2 | U o ST S FAE T Seiid @ 1 afe &9 9rw & T &) shel A @ A 9 1w
Wﬂﬁmﬁwﬁ%ﬁﬁmw%ﬁmﬁ%aﬁr%w%ﬁﬂﬁ

21 afg 39 ¥R 100 IR Y91 fFn S @ @ 9E ) arrsimé—leoo = 25 @t |

37 fRH) T S WOITEAT 1 39 YR ATeH fRan s @

Number of favourable cases
Number of Cases (Total)

The Probability of (A) attribute is ﬂ%l

. . . (B
The Probability of (B) attribute is ﬁﬁ)_

The Probabiity of (A) and (B) = %l X ﬁ%)_

The Expectation of the two attributes will be

@ B _ ) x @)
N N N

7.7 ’Iﬂﬁ &l Wa=dl (Independence of Attributes)

o fohedl QO A gTER g A R Al 3 U ) SEAd dEd 20 3 O A A /@
HATOTF TRY BT © R A 8 ROIeTs | ¥ 39 uRkfefa  drar @, wafs feit @l & anafas amaf
a9 &) areE % U A 2 1 3 e gl g e fREn S e @ -

(A) and (B) are independent if (AB) = ﬂ%@-j)




(A) and (b) are independent if (ab) = DX @)

N
(a) and (B) are independent if (aB) = Q%@l
(a) and (b) are independent if (ab) = %ﬂ

lllustration 19 — Show whether A and B are independent in the following case—~
N =150, (A) =50, (B) = 60, (AB) = 20
Solution —

Expectation of (AB) = (A);(B) = 501>5<060 =20

The actual observation is equal to the expectation. Therefore, A and B are

independent.
llustration 20 — Let the actual observation be as follows —

People vaccinated but not attacked by Small pox (AB) = 60
People not vaccinated and not attacked by Smallpox (aB) = 204
People vaccinated and attacked by Smallpox (Ab) = 80
People not vaccinated and attacked by Smallpox (ab) =27

It is required to find whether attributes A and B are independent.
Solution — According to the criterion, (A) and (B) are independent only when,
(AB) x (ab) = Ab x (aB)
60 x 272 = 80 x 204
16320 = 16320
A and B are independent.

Hlustration 21. — In a population of 200 students the number of married is 80. Out
of 60 students who failed, 24 belonged to the married group. It is required to find out
whether the attributes of marriage and failure are independent.

Solution : Let, married = (A) = 80
Failure = (B) = 60
(AB) = 24
) _(A)x(B) _ 80x60 4800
Expectation of (AB) = N = 20 = 200 = 24

Hence A and B independent.

7.8 [UL-HW- (Association of Attributes)

Tifer § G99 e o ad 3w gmny e ¥ i 9 2w e A 3B @
gty 9 © afe 9 &9 9% U WY A 2, fobeq wifemst ¥ X A e wifemd ¥ A4 sk
‘B ¥ vt gy W SR SEfE F GRS 3w ¥ oY U 91g Yhe 9 iR At A wag A d
3(: 919 P13 < 07 G sTsat W Afue IHISAl H U WY 3Sufedd A Aqutdq & orvar U &
s a1 <Et & emufefy o @9 ud 9 @ Q1 U ANy ¥ gEiud Feelld & | 39 YER
O ) YR F € Gehell 2 |

(1) gATHS (Positive), (2) ®oTHS (Negative)
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(1) &% U (Positive Association) — 919 QI T[0T HT9-HT9 39fedd 41 Aqufeaa
2 A T G T T 2 | S Srearg SN e g T 21T § Fits st
ST 9T SeS] W@e 3R T Jorary 997 T W WY-919 92 91 ¥ | afe arfas sgha
Tt e ¥ o & @ T - I S R | S0 g §9 3§ e SR e 9 g o

Association is positive, if

AB > (A);gBZ

(2) FOTEIE TUI-TA=4 (Negative Association) — STo T aw%s@?twgﬁsm ITF B @
T QM O & KT O B 2, S 3T WA el 3 AT F RO - e
A1 2 | EeEsE awEE § gfg % @ A0 F At @ | 3fe aratas emafy ot F enviar
% At } A FOTeHF O-TF B @ 39 ‘Dissociation’ i Fed & | G I FHR = AT o
el @ -

Association is negative, if

(aB) < A1 xB) = B
Illustration 22.
Given (A) = 40 B) =230
(AB) = 20 N = 100

Study the association between ‘A’ and ‘B’; ‘a’ and ‘b’; ‘A’ and ‘b’ ‘@’ and ‘B’.

Solution — We can represent the given data in the shape of a table and obtain the

frequencies of missing classes.

(AB) (aB) (B)
20 10 30
(Ab) (ab) (b)
20 50 70
(A) (a) (N)
40 60 100

The above values are observed or actual values. We can now calculate the expected

values —
_(Ax(B) 40x30
(AB) = N T o100 12 Positively Associated
_(ayx () 60x70 _
(ab) = I = 70 " 42
(Ab) = (A) x () _ 40X _
N 100 Negatively Associated
(aB)_(a)x(B)_60><3O_18 L
= N = 100 or Dissociated
lllustration 23. — In an anti-malaria campaign in a certain area, quinine was

administered to 812 persons out of a total population of 3,248.

The number of fever cases is shown below —

Treatment Fever No-fever
Quinine 20 792
No-quinine 220 2216

Discuss the usefulness of quinine in checking malaria.


http:II1QFf'i'.ld

Solution — Denoting A for quinine treatment
‘a’ for No quinine treatment
‘B’ for No attack of treatment
‘b’ for attack of fever
Then- (AB) = 79 2 (Ab) =20
(aB) = 2216  (ab) = 220

To test association,

(AB) x (ab) = (Ab) X (aB)
(792) x (220) = (20) X (2216)
174240 > 44320

Hence there is positive association between A and B. It means quinine is helpful in
checking Malaria.

oL R 9 g e e fr S e S -

Attributes Independence Positive Dissociation or
Association Negative Association
AandB(AB):ﬁ’i)%(lﬁ AB>Q2;</JEZ AB((A);(B)
Aandb(Ab):ﬁ%@l Ab>£f_1%@ Ab((A);(b)
aandB(aB):Q)%gl aB>M:/B ab<£—u—la:,B
aandb(ab)z.ﬁg%@l ab>—(£)%@l ab < a;(/b

7.9 TOI-H¥~¥ TUTeh (Coefficient of Association)

39U O A Faer Q) o0 F T R A AE - FE A G @ ) 39 A oY 9% T
2, ¥ A€ T S FAT | -9 5E G qF 2, 98 99 F F A . g X o-aey
forey g fean @ -

Q = (AB) (ab) — (Ab) (aB)
" (AB) (ab) + (A4b) (aB)

T G U G + 1 AR - 1% e F A @ | suan e Sl feia ¥ we-weew
Ft ifq € o @1 AfE TU-EE TS + 1 3 @ (i e oA 8 e, 4 1 3
@ R AR At o o A g T A A R 1 IR @ ‘Q F ad o wew i
(Coefficient of Association) a2

1llustration 24. : Calculate the coefficient of association between extravagance in

fathers and sons from the following data—

Extravagant fathers with extravagant sons 327
Extravagant fathers with miserly sons 545
Miserly fathers with extravagant sons 741

Miserly fathers with miserly sons 235
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e Wi ferveiaor Solution ~  Let, Extravagant father be denoted as A
Miserly father g " ‘a’

NOTES Extravagant sons 7 ‘B’
Miserly sons " " b

The given data are —
(AB) = 327, (Ab) = 545, (aB) = 741, (ab) = 235
Now, applying yule’s formula to find Coefficient Association —

_ (AB) (ab) — (Ab) (aB) _ (327) (235) — (545) (741)
~ (AB) (ab) + (Ab) (aB) ~ (327) (235) + (545) (741)
_ (76845) — (403845) _ — 327000

T (76845) + (403845) 480690

There 1s a negative association between extravagance in father and sons.

Q

Illustration 25 — In a case-test in-which 135 candidates were examined or proficiency
in English and Economics. It was discovered that 75 students failed in English, 90 failed in “
Economics and 50 failed in both. Find if there is any association between failing in English
and also state the magnitude of association.

Solution — If we express the above data by symnbols the figures will appear as follows—

Failing in English A =175
7 ? Economics (B) = 90

? both (AB) = 50
Total No. of Candidates (N) =135

The magnitude of the association is measured by —

(AB) (ab) — (Ab) (aB)
(AB) (ab) + (Ab) (aB)

From the given data, we have to find out the ultimate class-frequencies required in

Q =

the above formula -

(@) = N-(A) () = N-(B)
= 135-175 =135 -90
= 60 = 45

(aB) = (B) - (AB) (Ab) = (A) - (AB)
~ 90 - 50 =75-50
= 40 = 25

(ab) = (a) - (aB)
=60-40 =20

Substituting the above values in the formula, We get,

0 = (50) x (20) — (25) x (40)
©(50) % (20) + (25) x (40)
_(1000) —(1000) 0
©(1000) + (1000) 2000

Therefore, failure in English and Economics are completely independent of each

=0
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Illustration 26. — From the table given below, compare the intensity of association
between literacy and unemployment among males in urbran areas with that in the rural

areas -

(N) (A) (B) (AB)
Urban (lakhs) 25 10 5 3
Rural (lakhs) 200 40 12 4

Solution : For comparing the intensity of association, coefficient of association should
be calculated -

_ (4B) (ab) — (AD) (aB)

Q= (AB) (ab) + (Ab) (aB)
Urban Areas — (Ab) = (A) - (AB) =10-3 =7
(aB) = (B) - (AB) =5-3 =2
(ab) = (a) - (aB) = N - (A) - (aB)

Il

25-10-2 = 13
Q = BxW)-NHx@ _39-14
T X1+ (xR 39+14
25

=S =an
Rural Areas — (Ab)= (A) - (AB) =40-4 = 36
(aB) = (B) - (AB) =12-4=28
(ab) = (a) - (@B)- -~ = N-(A) - (aB)
=200-40-38 = 152

(4) X (152) = (36) X (8)

Q = @)% (152) + (36) X (8)
608 — 288
= w08 T omg = 0357

Therefore, coefficient of Association between A and B for urban areas is more than

that of rural areas.

Illustration 27. — Can vaccination be regarded as a preventive measure for Small pox

from the data given below ?
'Of 1482 persons, in a locality exposed to small pox, 368 in all were attacked.’
‘Of 1482 persons, 343 had been vaccinated and of these only 35 were attacked.’
Solution - Let,
‘A’ be the attribute of vaccination and ‘@’ that of non-vaccination.
‘B’ be the attribute of exemption from attack of small pox and
‘b’ that of attack of small pox.
Given data are -
N = 1482; (A) = 343; (b) = 368; (Ab) = 35;
From the above,
(AB)
(a)

343 -35 = 308
1482 - 343 = 1139

(A) - (Ab)
N -(A)

i
I
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(aB) = (B) - (AB) = N-(b) - (AB)

1482 — 368 - 308 = 806

Now, percentage of vaccinated who were not attacked.
. (4B) 308
.. X100 = ——— % 100 = 0%
Y@y 343 o

and percentage of not vaccinated who were not attacked.

. (aB) 806

€. X = —X =7

e ) 100 1139 100 1%

A comparison of the two percentages reveal that vaccination and exemption from
attack are positively associated. Hence vaccination may be regarded preventive measure for
small pox.

INustration 28 — In a diphtheria epidemic, out of 254 children who were not protected
against it, 20 suffered and 12 of them died. But out of 294 children to whom triple—-antigen
was injected, 6 suffered and only one died.

Do you find any association between (a) innoculation and suffering from diphtheria,
(b) innoculation and mortality among children who suffered from it ?

Solution : (a) Denoting
Innoculation by (A), absence of it by ‘a’ infection by ‘B’ and absence of it by ‘b’. The

given data are —

(A) = 294; (a) = 254; = (aB) = 20; (AB) = 6
(Ab) = (A) - (AB) =294-6 = 288;
(ab) = (a) - (aB) =254-20 = 234

Substituting values in Yule’s formula

Q = (AB) (ab) — (Ab) (aB) _ (6 x 234) — (288 x 20)
(AB) (ab) + (Ab) (aB) (6 X 234) + (288 x 20)
1404 — 5760 ©  — 4356
1404 + 5700 7164
Thus, the coefficient of association between inoculation and contracting the disease
1s — 0.6.

(b) If ‘A’ and ‘a’ denote vaccination and its absence respectively, amongst those who

= 0.6

contacted the discase and ‘B’ and ‘b’ represent death and recovery respectively, the given

data are -
A) =6, (a) =20
(AB) = 17, (aB) = 12
The values of
(Ab) = (A) - (AB) =6-1=35
(ab) = (a) - (aB) =20-12 =38

Substituting the values in Yule’s formula of Coefficient of association, we get,

COX@E) - () x(12) _ 8-60 =52
T Xx@)+ () x(12)  8+60 68

Thus, coefficient of association between inoculation and mortality among persons

Q

who contacted disease 1s — 0.76.



FuR-gerT (Sfawe)  Ofd & Towey

(Association by Method of Comparison of Proportions)
39 fF ¥ SR &Y Ol & 3AR 9T & Wi Frewredt s § -

TEAB A AN [ﬁ%xwo] 9T A B F a A %XIOO] AT &% O
AT T - & frak fn osmer @1 3R yfawd SO & A O
(Independence) BT 2 1 AfE A § B F1 3qUd a § B & o7 ¥ AfeF arar 2 @1 A 3k B &

g T[0T R Al @ | 39! favda feafiy @ @ a- o dar ?

Tharerdl & ®Y 7 gk fafv g feg o € -
B ¥ A 3Ra N aqum A& B 3R b ¥ IR fresd
(AB) - (@B) “B) _ (b)
7 X 100 @ x 100 ) x 100 ®) x 100 N EIGE
(4B) (aB) (4B) (4b) .
A X 100 > @ x 100 ) % 100 > ®) X 100 gqTHE (Positive)
“B) (aB) (4B) (4b) -
) X 100 > @ x 100 ) % 100 < ®) X 100 RS (Negative)

INustration 29 — In a district of India; out of 70,000 literates 500 were criminals and
out of 9,30,000 illiterates, 15,000 were criminals. Do you find any association between
literacy and criminality from these figures ?

Solution — Representing illiteracy by A and Crimipality by B, we find the following
class — frequencies— ‘

(a) = 70,000; (aB) = 500; (A) = 9,30,000, (AB) = 15,000

Therefore, the percentage ratio of criminals among illiterates

_ UB)  gg = 12000 = 169
= Sy X 100 = 55 000 X 100 = L6%

The percentage ratio of criminals among literates

_ (@B - 20 -
=@ 100 = 55000 X 100 = 071%

Hcnee, there is positive association, between illitcracy and criminality because

(4B) (aB)
(4) x 100 > @ x 100

AT Uk (Coeflicient of Colligation)
q@ 3 - & 1Y F (A0 O o G 1 o A R} | ge e R 2

_ gAb)gaB)
'~V (@B) ab)

14+ \/ (4b) (aB)

Coefficient of colligation or Y45=

(AB) (ab)
TOF R O (Q,5) AT AP Ol (Y05) § FrAfefEa g @ -
Oup = 2Y
P TIY

SRR o, qeATE T O A A R S e )
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7.10 ATTITH TUI-W=H (Partial Association)

oY, AT R Y A TFRF AN E -

(1) oo - (Total Association)

(2)  3fif¥r T (Partial Association)

ol TG A BT @ St 98 U GHg § Wl 9 & o ag feret R o e
T 2l & | AT Oy $ e ¥ O-wey Iy A @ A I W R et e
TOE AT R 1S, o T W A ey 0 gy e R fobeg I e W fat et o |
% FO % forwsh T ‘3 Sl T QAT A 1 Iend, A A (A) AW ITF A gfF (B) A -
TATOTE OISR QAT SIS ¢ | SRIT 98 PR Feer @t @ R A% 9 ¥ 399 ¥
Wmﬁ%lﬁﬁ%ﬁﬁﬁéunwmraﬂted ﬁmmmﬁlwmmm%ﬁm
T ) N Aol g1 9 Fafta i (C)  waferd @ ot o T 38 WRe A @A ¥ ) 4 (A)
3 (B) H S orEET € feEE A R 98 T A W (C) F UF -G A F w0 R
39-999 (Sub-Universe) ‘C’ ¥ ‘A 3 ‘B’ % Tu-Um=-g &1 if¥reh -9 &4 ¢ |

‘A SR B 9y Sifue UrgE @) A 39 SeoE W &Y § F 1 9, 1=6ifE S
& W 'C’ F o wE o, avaE A9 @ % 9 3 AW ‘D’ 3K ‘B’ enfk % faw W W)

iy To-TE Fren @ oft 98 fafe R 1wl o & R R 1 IR a9
R fF 9@ & % @H AR e @ faeer A R 1 HEE e S sufefa ) e ok egufafa @
‘¢ % w9 Y wefia aa € 1| 38 o om g7 &1 A @ -

'C A SR B T W O
(ABC) (abC) = (4bC) (aBC)
(ABC) (abC) + (4bC) (aBO)
‘@ B A AR B @ e O —
_ (ABc) (abc) = (Abc) (aBc)
Qe) = ZBg) (abz) + (Abc) (aBe)

QO =

7.11 WHTHS OT-H¥ (Illusory Association)

UG g S Q) T & g R arafas S F SR A @, TATS -9 8
? | SR NIV U 1 Ieord A Y T8 W fFA T 9 @ foh A § SAiferen (o
N I wgel gy w9 far s gehar 2 1 ge e wmaress eom g fre ¥ R e A
%1 Frarel gU R ged &

(1) Znfers TU-TEE BN W WO O-AEY WA o - e TO-Ee & A W3
wepel 7 foren s ol Y IO % e @ e § R W 9

(2) A 01 % YR A afeAfoa TE o W B - Al o i S-S v A G o |
A Trd TEa & S 2 etk 3 W To-wee qoid: aHTEE @ e @ |

(3) TS 61 FONETE AR FOTRHES &1 GAIS TH o — 59 Y1 T0-H-9 ) HOTF
mwmwﬁmmﬁmaﬁaﬁ%ﬂ%mml

(4) 2 wagi ¥ faqfia o1 - TEY A W IASY HA F1 01 - FEH HAA A1 TG A T |

(5) & W A A UF F @A Ui F) AR g F IoF WA U - g F g F el
HTA T 6 H7H T |

THTGTE T[OT-GRH, (- 3felT] g7} & [0 HEg T Wie AR, Aee g4 1 gaird, o
forar & rTE, O @ feTen S S wag e F FAOT @ Feher 2 |




Illustration 30 - Explain clearly what you understand by association and illusory
association ?

In a state with a total population of 70,000 adults; 34,000 are males and out of a total
of 6,000 graduates, 700 are females. OQut of 1,200 graduate employees of the state 200 are
females. Is there any sex bias in education among people ? The state holds that no distinction
is made in appointment in respect of sex. How far is their claim substantiated by the data
given above ?

Solution — The percentage of males who are graduates is

5300 X 100
34,000
The percentage of females who are graduates is

700 x 100
36,000

The above percentages clearly show that there is a sex bias in education. A larger

= 116% approx
= 2% approx

percentage of males than females get education.
700 X 1200
BTk |
6,000 400
The actual number is 200 which shows that there is a bias in favour of females.

7.12 TUI-TEY d91 g G

(Association of Attributes and Correlation)

o EE 3R Ge-Tg 3 3 Al waEd 3R 5 Al g @ fga e o
feparm ST 2 —
HUMHAT (Similariry)

(1) A wgRi ¥ o - AT & AT o Q) SR S A S 2

(2) TS IR OIS ~ Al & JTY A1 ) SR T HO TR X1 ¢ 1 ] A6
F A e R+ 1 o 1% A A

(3) W WM (Relative Measure) — a1 & 519 Gria € | 3: feet ot o 3ot F o9 @
AR GO F S Tl &
JAYHET (Dissimilarity)

(1) fafom anari @ Afordl & fawe — QA1 Ol & e fafae et W e s
F SR 2 | To-ETEE 3 A T % ST T A1 @ 3 GR-gray § 7 TE F e R
ST R |

(2) ol ) Iuferfa st Fgafefs - UG e TG O @ Sfedfa S srpefeafa
?ﬁwﬁwmwﬁm%mm-mmm%muﬂﬁﬁsﬁwﬁfﬁmﬁ?ﬁ

| ‘

(3) AforEi & Fem - O-gE GEE: U & A % Ay gt & o | wiem e
ST @ 3R We-gE <) ARl & e Frewrer S @ )

(d) Fg 3R AU o T € Aol & fafi= g § e s e @ e wepd &
it e s wehdT § foq Fe-wre < STl % dfra @ fFaeren st R

(5) TOR ¥ TR - TU-TEA U i ] T U Fi SR el 21T € | 3
9 g f A R

(6) T TR FT & A - TI-TEY T I F F @ & A A 2 fopg wewrr
T 3 Afel A FrTen s gehdl @ )

FoaTT WA 1T frveraor
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1.

2. %ﬁ;ﬁ;g;ﬁﬁffffI:Zﬁﬁﬁﬁﬁ:fff:fﬁffﬁ:ﬁﬁfﬁﬁfIﬁﬁffﬁffﬁﬁfﬁﬁfﬁffﬁfﬁiﬁfﬁﬁfﬁﬁfﬁﬁﬁffffff
3' %;ﬁéﬁ;;g;%;;ilﬁﬁfﬁfffﬁﬁfﬁﬁﬁﬁfﬁﬁﬁﬁIﬁffﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁiﬁﬁﬁﬁIﬁﬁﬁfiffﬁfﬁffﬁﬁfﬁfﬁ
— S

7.15 AT Y9+

?ﬁéﬁ'&a’ TH (Long answer type question)

1.

TU-EEY N 3T 91 G9Fd © 2 39S Suteafq argan erqufeafa @ fee s faaftor e
ST & 2

What do you understand by Association of Attributes? How is its existence or
non-existence determined?

-y 3N We-GE F Ve W HAC | S o7 g F faar ol 38% ged W
R T grfery |

Distinguish between Association and Correlation. Also throw light on the concept of
Partial-Association and its importance.

e o, AT A T g ot e | 39 affefagt @ aua i s e
YA foan ST Afed | ST ST HITEW W HAe

Distinguish between correlation, regression and association and describe the

situations in which each of these should be used. Illustrate you answer with examples.



4, T T T A B F IV A Gl THGT B BRI H R H ) Fel IR fargetaor

State the criteria for consistency of data collected for studying association of two

attributes. NOTES
5. YO RN Y A R 9eed € 2 fafee o % ora avifed weet @t favagaa (@)
ST 3T FY 2

What do you understand by association of attributes? How will you examine the
consistency of data classified according to different attributes.

6.  3fis wiferd F favawo ¥ 10 Ty U & 37T W feoo fefag

Write a note on the use of Coefficient of association in analysing economic-statistics.
7. ESH-SHAT ) FE-aT S 22 W G F R T GG DA @ qEhE
TG AEYTF 2 ?
What is the Chi-Square test of goodness of fit? What precautions are necessary in
using this test?
8.  frfafad w dfta feoroft fafae-
Write short-notes on the following-
i Hif¥r 07 T4 (Partial Association)
. oIS 0T {969 (Ilusory Association)
i, @He] # WA (Consistency of data)
iv.  3faw =i smgfeal (Ultimate class-frequencies)
v.  d{EYd U (Coefficient of Colligation)
vi.  Tre 9t srefeeRdr TUIE (Coefficient of mean Square Contingency)
vii. Y-S (Tschuprow’s Coefficient)
viil. U2 & HUEF (Yate’s correlation’s)
ix. Y YRee9AT (Null Hypothesis)
X. Ed=A919 (Degrees of freedom)
oY I I (Sort Answer Type Quetions)
1. T e Y 3T g 22
What do you understand by Association of attributes?
2. U Y S w8 TEeg i 9T W Fifd |
Distinguish between Association and corraelation.
3. T wE A Y R |

How would yon calculate Association Attributes.?

4. ATl 0 g g 0 F o fafe @ ao FE

Explain one method of finding association betweel two attributes.

aza,ﬁ% YH- (Objective Type Questions)
1. T W TN o Sfage e b 2

(3) fRer, @ & fads, @ g4, @ F2 |
2. AN o gy % gt R e @
(30 8, )7, @) 4, (@101
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3.

T3-S arffencor ¥ foRad i 219 R

(30 4, @ 3, @2, @6 1
fafir=r o & T & SMER W A SR 9 R S R-
(30) T 71 F AR T, (o) Q) 1l & STUR T,
(|) € 7O F AR W, () 3WrE ot |

EFR-1)F, QA3 7

7.16 ATTRINS I94 -

1.

3.

4.

The following the number of boys obsered with certain classes of defects amongst a
number of school children. A’ denotes development defects,'B’nerve signs and ‘C’

low nutrition.

(ABC) = 149;(ABc) = 738;(AbC) = 225;(aBC) = 204;(Abc) = 1,196; (aBc) =
1,762;(abC) = 171;(abc) = 21,842

Find the frequencies of the positive classes.

(N) = 26287,(A) = 2308,(B) 2583, (C) = 749,(AB) = 887,(AC) = 374, and (BC)
= 353)

Given the following positive class-frequencies, find all the ultimate class-frequencies-
N = 10Q00; (A) = 877; (B) = 1086; (C) = 286;

(AB) = 338;(AC) = 143; (BC) = 135; (ABC) = 57.

[(ABC) = 57; (ABc) = 281; (AbC) = 86;(aBC) = 78;(Abc) = 453; (aBc) = 670,
(abC) = 65; (abc) = 8310]

Out of 818 inhabitants of a locality, 279 were inoculated against cholera, 3 of whom

were attacked.
The total number of persons exempt from attack of cholera was 749.

Arrange the information in a nine-square table and obtain the following

class-frequencies-

@) Number of persons not inoculated;

(i)  Number of persons attacked,

(1)  Number of persons moculated and not attacked;

(iv)  Number of persons not inoculated but exempt from attack;
(v)  Number of persons not moculated and attacked;

[(1) 539, (i) 69, (1) 276, (iv) 473, (v) 66]

At an examination at with 600 candidates appeared, boys outnumbered girls by 16%.
Also those passing the examination exceed in number those failing by 310. The
numbers of successful boys choosing science subjects was 300 while among the girls
offering Arts subjects there were 25 failures. Altogether only 135 offered Arts and
33 among them failed. Boys failing in the examination numbered 18. Obtain all the

class frequencies.

[(A) = 348, (AB) = 330, (aB) = 125, (ABC) = 330, (Abc) = 8



10.

(a) = 252, (AC) = 310, (aC) = 155, (AbC) = 10, (abc) = 25
(B) = 455, (BC) = 353, (bC) = 112, (aBC) = 53, N = 600
(b) = 145, (Ab) = 18, (ab) = 127, (abC) 102,

(C) = 465, (Ac) = 38, (ac) = 97, (aBc) = 30,

(¢) = 135, (BC) = 102, (bc) = 33, (aBc) = 72)

100 Students took three examinations, 40 passed the first, 39 passed the second, and
48 passed the third. 10 passed all three, 21 failed all three, 9 passed the first two and
failed the third and 19 failed the first two and passed the third. Find how many
children passed at least two examinations.

Three aptitude tests A,B,C, were given to 200 apprentice trainees. from amongst them
80 passed test A, 78 passed test B and 96 passed the third test while 20 passed all
three tests,42 failed the three, 18 passed A and B but failed C, and 38 failed A and
B but passed the third. Determine (1) how many trainees passed atleast two of the
three tests and (i) whether the performances in tests A and B are associated.

((i) 76; (ii) Yes, positively associated as (AB))
Given the following positive class frequencies, find all the ultimate class-frequencies:-

N = 23713, (A) = 1618; (B) = 2015; (C) = 770; (AB) = 587; (BC) = 428; (AC)

— 335; (ABC) = 156.

i

[(ABC = 156 given), (ABc) = 431, (AbC) = 179, (aBC) = 272, (Abc) = 582,
(aBc) = 1156, (abC) = 163, (abc) = 20504]

(a) Given the following frequencies of the positive classes, find the frequencies of the

ultimate classes:-

(A) = 40; (B) = 60; (AB) = 30; N = 130.

(b) Fxamine whether A and B are independent in the following case-
(A) = 490; (AB) = 294; (a) = 560, (aB) = 380;

[(Ab) = 10; (ab) = 60; (aB) = 30]; (b) A and B are not independent.]

What do you understand by ‘Consistence of Data’? Do you find any inconsistency in
the following data made available for investigation the eye colour of brothers and

sisters?

Brothers with lights eyes and Sisters with not light eyes = 414
Brothers with not light eyes and Sisters with light eyes =260
Brothers with light eyes = 400

(AB = -14, Hence data are inconsistent)

In a markel survey relation to consumer preferences for tea, coffee and milk, the
following information about 2000 persons was obtained-1040 liked- taa, 620 liked
coffee; 940 liked milk; 160 liked tea and coffee; 300 liked tea and milk; 170 liked
coffee and milk; 50 liked all the three. Show that the information as it stands must

be ncorrect.

[Incorrect; (ABC) + (AB) + (AC) + (BC) - (A) - (B) - (C) + N]

FeIT WifaE I frversor

NOTES

237



Fem Gifeaa T fasewor

NOTES

238

11.

12.

14,

15.

16.

17.

18

A market investigator returns the following data of 1000 people consulted-400 liked
chocolates; 390 liked toffee; 480 liked lemon drops; 380 liked chocolates and toffees;
350 liked chocolates and lemon drops; 370 liked toffee and lemon drops.

Show that the information as it stands must be incorrect.

[(AB) + (BC) - (AC) (B)]

In a college, 50% of students are boys; 60% of the students are above 18 years and
80% receive scholarship. 35% of the students are boys above 18 years of age. 45%
are boys receving scholership and 42% are above 18 years and recieve scholarship.
Determine the limits (lowest and highest), of the proportion of boys above 18 years
who are in receipt of scholarships

(limits 30% and 32%)

In a very hotly fought battle-

70% at least of the combatants lost an eye; 75% at least an ear, 80% at least a leg
and 85% at least an arm. What percentage at least lgst all four?

(10%)

(1) If there are 144 A’s and 384 B’s in 1024 observations. How many AB’s will there
be A & B being independent?

(i1) If the As are 60% of the whole number of observations what must be the
percentage of AB’s in order that we may conclude that A and B are independent?

() 54(i) 21%]

Qut of 900 persons 300 were literate and 400 had travelled beyond the limits of their
district; 200 of the literates were among those who had travelled. Is there any relation
between travelling and literacy?

(Q = + 06)

In the study of aggregates having different attributes how would you determine
whether the attributes are mutually independent or are associated in some way?
1660 candidates appeared for a competitive examination. 422 were successful, 256
bad attended a Coaching class and of these 150 came out successful. Estimate the
utility of the Coaching class.

(% of success among those attending the class = 89.8%

¥ 3 3y oy not a“endlng 31 91 33 1 » 1 N N ;19.4% Q — +.7]

Hence coaching class 1s useful.)

Can vaccination be regarded as a preventive measure of small pox from the data
given below? “Of 1482 persons in a locality exposcd to small pox, 368 in all were
attacked. Of 1482 persons 343 had been vaccinated and of these only 35 were
attacked.

(Ans. = + 0.573, percentage = 89.8%; 70.8%)

Explain the method of finding association between two attributes. Out of 70,000
literates in a particular district of India, number of criminals was 590. Out of 930
thousand of illiterates in the same district number of criminals was 15,000. On the

basis of these figures do you find any assocition between illiteracy and criminality?

(And (i) Illiterate Criminals = 16% (i1) L iterate Crim nals = 0.7%)



19.

21.

22.

23.

24.

The male population of a town is 250 lakhs. The number of Literate males is 50 lakhs
and the total number of male criminals is 36 thousand. The number of Literate male
criminals is 2 thousand. Do you find any association between literacy and criminality?
(Ans. Q = -0.6)

750 candidates appeared and 470 passed in an examination, 365 attended classes and
51 of them failed. Prove the utility of the classes.

(Ans. Pass percentage of those who attended classes = 86.6: who did not attend
classes = 13.4)

An investigation was carried out to determine whether there is any association
between the eye-colour of parents and the eye-colour of children.

The eye colours were noted in the case of a random sample of 1,000 fathers and their
eldest sons. In 471 cases both fathers and sons hadlight eyes, in 230 cases both had
dark eye, in 148 cases the fathers were dark-eyed and sons light-eyed and all
remaining cases the sons were dark-eyed and the fathers were light eyed.

Determine whether eye color in fathers and in sons is associated or independent.(Ans.
Associated)

In a certain investigation carried on with regard to 500 graduates and 1,500
non-graduates, it was found that the number of employed graduates was 450 while
the number of unemployed non-graduates was 300. In the second investigation, 5,000
cases were examined. The number of non-graduates was 3,000 and the number of
employed non-graduates was 2,500. the number of graduates who were found to be
employed was 1,600.

Calculate the coefficient of association between graduation and employment in both
the investigations.
(Ans. Q(1) = + 38 and Q(2) = -.11)

Calculate the Coefficient of Association between Intelligence in father and sons from

the following data:

Intelligent fathers with intelligent sons 248
Intelligent fathers with dull sons 81
Dull fathers with intelligent sons 92
Dull fathers with dull sons 579

(Ans. Q = + 0.9)

Calculate the Coefficient of Association between extravagance in fathers and sons

from the following data:

Extravagant fathers with extravagant sons 327
Extravagent fathers with miserfy sons 545
Miserly fathers with extravagant sons 751
Miserly fathers with miserly sons 235

(Ans. Q = -0.68)
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27.

Find out the Coefficient of Association between the type pf training and success in
teaching from the following table. Also find coefficient of contingency:

Institution Successful Unsuccessful Total
Teacher’s College S8 42 100
University 49 51 100
Total 107 93 200

(Ans. Q = +0.185; C = 0.09; X2 = 1.628)

What do you understand by ‘Contingency’? In an investigation into the health and
nutrition of certain children (between the ages of one and five years) two groups of
childern were compared, one belonging to the well-to-do class, 125 in number, and
the other belonging to the poor class, 124 in number. The following results were -

obtained:
poor children well-to-do children
(%) (%)
Below normal weight 75 23
Above normal weight 5 42

Find the Coefficient of Association between the weight of the children and their
parents financial condition.
(Ans.Q = + 0.93)

The following table shows the distribution of the temper in pairs of sisters in an

exhaustive school inquiry:

Second First Sister Total
Sister Good Sullen
natured
Good 1,040 180 1,220
natured 160 120 280
Sullen
Total 1,200 300 1,500

Trace the association, if any, in the distribution of tempers in first and second sisters.
(Ans. Q = + 0.62)

A census revealed following figures of the blind and the insane in two age groups in

a certain population:

Age-group Age-group
(15-25 years) (Over 26 years.)
Total population 2,70,000 1,60,200
No.of blinds ' 1,000 2,000
No. of insanes 6,000 1,000
No.of insanes among the blinds 19 9

(a) Obtain a measurc of association between blindness and insanity in each of the

two age groups.



29.

31.

32.

(b) Do you consider that blindness and insanity are associated or dissociated with
each other in the two age groups or more in one-age proup than in other?

(Q for First = — 0.07 and Q for Second = — 0.16. There is greater degree of
dissociation in over 25 years age group)

(a) How would you distinguish between ‘association’ and ‘correlation’ as the terms
are used in statistics?

(b) From the figures given in the following table, compare the association between
literacy and unemployment in the rurel and urban areas, and give reasons for the
difference, if any:

Urban Rural
Total Adult males 25 lakhs 200  lakhs
Literate ” 10 40 ”
Unemployed ” 5 ? 12 ?
Literate and unemployed males 3 i 4 ”

(Ans. Urban Q = +.47; Rural Q = + 35)
The following table gives the number of literates and criminals in three cities:

Kanpur Allahabad Agra

Total Number (in thousands) 244 184 230
Literates () 40 47 33
Literate Criminals (in hand) 3 2 o 2
Mliterate : () 40 20 24

Compare the degree of association between criminality and illiteracy in each of the
three towas.
[Ans. Q. (Kanpur) = + 45; Allahabad = +.55; Agra = +.34]

The following table gives the number of persons suffering from certain infirmities in
Burma 1n 2001 :

Sex Total in Insanes Deaf Deaf Mutes and
Lakhs Mutes Insanes
Males 260 12,650 21,301 545
Females 241 9,055 14,136 317

Trace the association between insanity and deaf muteness for males and females
separately.
(Ans. Q of Males = + 0,965 and Females = + 0.968)

In an anti-malaria campaign in a certain area, quinine was administered to 812

persons out of a total population of 3248. The number of fever cases is as below:

Treatment * Fever No fever
Quinine 20 792
No Quinine 220 2216

Discuss the usefulness of quinine in checking Malaria.

(Ans. Q = -.59)
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ot WA v 33.  What is partial association of the attributes of a group of population? Of the 60,000
persons in a town, 10,000 are literate. The total number of unemployed persons is
540 of whom 35 are literate. Is there any association between literacy and
NOTES
employment?
(Ans. Q = + 48)

34. The male population of Orissa is 250 lakhs. The number of literate males is 20 lakhs
and the total number of male criminals is 2,000 of whom 100 are literate. Do you
find any association between literacy and criminality?

(Ans. Q = + 48)

35. In a state with a total population of 70,000 adults, 34,000 are males and out of a total
of 6,000 graduates, 700 are females. Out of 1,200 graduate employees of the state.
200 are females. Is there any sex-bias in education among the people. The state holds
that no distinction is made in appointments in respect of sex. How far is their claim —

substantiated by the data given above?

Perceny of Male graduates = 156%
? Female = 1.94%
Graduate males Employed = 18.86%
? Females ” = 28.51%

36. A study was made about the studying habits of students of a certain university and
the following summary is given at one place in the report of the students surveyed,
75% were from well-to-do families, 55% were boys and 69% were irregular in their -
studies. Qut of the irregular ones, 50% were boys and 2/3 were from well-to-do
families. The percentage of irregular boys from well-to-do families was 8. 1s there
any inconsistency in the data?
Give proof for your answer.
[Ans. There is inconsistency]

37.  From the following find whether blindness and baldness are associated-

Total Population 1,62,64,000
Number of bald headed 24,441
Number of blind 7,623
Number of bald headed blind 221

[Ans. There Is positive association because cxpected frequencies of (AB) are less
than the actual.]

38. The following summary appears in a report on a survey covering 1,000 fields. Find

out if the dala are consistent.

Manured fields 510
Irrigated fieldst 490
Fields growing improved varieties 427
Fields both irrigated and manured 189
Fields both manured and growing improved varieties 140
Fields both irrigated and growing improved varieties 85

242 [There is consistency)



39.

Following information relates to literacy and unemployment among 500 persons. Find
out coefficient of association between literacy and unemployment and conclude from
it-

Illiterate unemployed 220
Literate employed 20
Illiterate employed 180
[Q = + .532]

Trace the association between darkness of eye colour of fathers and sons from the

following figures-

Fathers with dark eyes and sons with dark eyes 50
Fathers with dark eyes but sons with not dark eyes 79
Fathers with not dark eyes but sons with dark eyes 89

Fathers with not dark eyes and sons with not dark eyes 782

[Q = + .695]
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1 FATEA & 4G & FH T |

2. drgm favem i fafa— fafaat 51 39 @
3. FATTT @6 GE-Hay § $dl bl olid b |

4. NG TN F AR W A K Gl |
8.1 Y&IGAl

2 21 R Hfae ve ST Sl WER gafud §— 997 3 30 gl W s YH STed 8 7
afe 7, Q) @ IV AT 1 Ghdl @ ? U8 NI AN AT § 33 §ehd & | o8, @ g% I fena
I o1 U IFH b god S8 & 9 2 {5 F fafra § feadt gfg ¥ fea aifae @y
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£ 3 3T FaT 7% TE & ? AH I FAGTEA & AW g et dn @

82 WAtQTHA o1 3a1d g gfRwml

Tifeat 3§ ST F T4 & 3 st e & 2 faRy Ao @ wdgy fayenues
e o | 9 3R fi i G 3 SeRal (heights) 1 2regad faan @) 3= 2@ 5 g
ST A 5 FEHE Aad FHar F A2 iy 39 faar F g7 9 39 oK for foar F @
9 famy ¥ | 39 v, fm 3 Saed & ena (@ § SuEyl AGd § afas frae &t ¥ 3|
244 safd F TATHA A7 I9F FE Fed ¢ |










wor faf Svges 771 8, Fiifes fafem safwal g Fe e - @ wedt 21 o el FoE RIS e
Tafe-yeitTT St & SR R 3 Y@rel S @i S e

AT WIehIor (Regression Equation) : NOTES

AT Y@ ) S €9 3 % o 3 sdtere gfteRer % w9 § faar 91 g @
T Tl Q) At ¥ | 3 TR W1 A FdeT gfteer 8

(1)) X Fy WA FHEH (Regression equation of X on y) —

(c—ax) =rg (y—ay)

x—x) =r 5,0~ Y)
(i) ‘y & 'x W N G (Regression equation of y on x) —

G-@) = r2@-a)
or
6= =rge=3
Ife ¥ v F1 YT FI9 H 96 & A Y9 G0 F AR 'y ged 9 FE 8 @
Foetar Qeilertor &1 s &t | 3 wetEl § e STy @ o ' 3y Sl % Sid (Average)
YA

IMustration 1 — Find the most likely price in Mumbai corresponding to the price of
Rs. 70 at Kolkata from the following data —

STl § AT T (Average Price at Kolkata) 65
gag ¥ WEr T (Average Price at Mumbai) 67
FAFE &1 TA fa=el (Standard Deviation of Kolkata) 2.5
gﬁ§ 1 yAm faaeA (Standard Deviation of Mumbai) 3.5

Coefficient of Correlation is + .8, between the two prices of the commodity in the

two towns. (@F1 AT ¥ W& Ye¥ U 0.8 ?)

Solution — Let ‘y’ stand for Kolkata and ‘¥’ for Mumbai. Hence, we are two calculate

the regression of x on y according 1o the following equation.

-5 =rg -9
or T -67) = +0.8;—:§(y—65)
or (x - 67) = 1.12 (y — 65)
or x—-67) = 112y - 728
or (x - 67) = (112 70) — 72.8
or x = 784728+ 67
or x =726

Thus the most likely price at Mumbai is Rs. 72.6 when the corresponding price al
Kolkata 1s Rs. 70.
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lNlustration 2 — Given the following data, calculate the expected value of y when x

is 12. (Frfafes wHet ¥ y &1 Gwifaq goa Frfem afg x = 12 @)

X y
Average (GHT=IT ATE) : 8
Standard Deviation (419 fa=eld) : 4 3

Coefficient of Correlation between x andy = + .99
(x Ty A U8 G V)

Solution —
Regression of y on x
- G,
G-y =rg@-%
or y~—15) =.99><%(x—8)
or (y—15) = 7425(x - 8)
or y— 15 = 7425 — 5.94
or (y—15) = .7425% 12594
or y =891-594+15 = 17.97

A x Wy F TATT THE T FFN Y b I wF R
a'ay=a+bx Wﬁ‘a"ﬁ‘b’wqﬂﬁfﬂ'ﬂﬁ(Normal Equalion)mwmﬂﬁgﬁl
fore & — -

() Sy =na+bIx

(ii) St =aSx+bTx

39 A 'y @ F1 T Gt S TN o1 gEd 2 )

8.5 ST TUuTeh (Coefficient of Regression)

S o aeTran S g9 2, ST G (Regression Equation) @ Srf-4d 1 S
¥ oren & w9 8 eqd A 9@ € 91 A e W IR A € 1 3% g1 98 WE 2l & (6 U
T30t # 39% WA | 1 ard fame F g 3 g@d I 20N § 35 Areg A fora faaed drar
2 | YA U e SaT @ foh U 9 vt ¥ v 12 & wREdq d gud ve vl ¥ e aRad
B | G SR AT g Q) 8§ SE NET A AT U o B 24 3R Prefafad
T3 GRI 1 AT ST @ -

(i) % B 'y WA TOE (Regression Coefficient of x on y)—

(i) ‘y ¥ W T 0 (Regression Coefficient of y on x)—

g,
-,
bxy—ra:

gfe 379 AT FAGTHA TR F UARA FiehToI IR TEH et faa TR @ ge-gre
O 19 & ST ) $EH qA 3T TR A



Illustration 3 — Given the following data, calculate Regression Coefficient of x on I WIS Ferveteor
y and of y on x — (FrafafEs ot @ y W aemfa x 791 x T 3AERA y F JATHEA o

feRtfag)— NOTES
X y
Average : 8 15
Standard Dewviation : 4 3

Coefficient of Correlation between x andy = + 99
Solution—

(1)  Regression coefficient of x on y — (i) Regression Coefficient of y on x

bxy =rg—; byx =r§§
— 99133 ~ 99x.75
~ 1.3167 = 7425
¥ x = 13167y ailt y = .7425x
70 g e g 6 'y W 1 wiEdd @ A x § 13167 F A F wh F1 FEd
Yy & 7425 F1 vfEdT @
T Ui F R ¥ We-Ge T U 59 FHR AT S HhAT 2
r = Vb Xbp) — VASTETXTAS) = 9

39 7el 9% Ts 2 2 & QA1 SAwwH OS] & R 1 ¥ el TE e aifew | afe
7g 1 Y e gon A Fe-EEY U A T Y e dm, AR qe weE ¢

Iz Feel TATTHA U Fee @) @ Ye-Gad T Feen 1 sTavashal T8 Wdt ¢ | 98
fi7er g3 & qerFal A Frewren o1 Wk €

() « &'y W FAETH U (Regression Coefficient of x on y)

bxy :i_;yz .

(i) Y & 'x W THWEA TG (Regression Cocfficient of y on x) -
byx =§—iyz

where,
Xxy :xﬁyﬁmﬁmw%mmﬁmﬂm—
Ty = ‘y v vl % wEC A ¥ 19 faEad F & @ A
$xt = Ye AR & g qrea ¥ g7 faaerd & ant @ )

Nlustration 4 — Calculate Regression Cocfficients from the following data (fF=fafaEd

grel A Sl NArTTHA T 19 S0 —
X : 1 2 3 4 5
y : 1 4 9 16 25

249
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Solution—
X-series Y-series
deviations deviations y2 Xy
m) from Mean X2 m2 from Mean
3 ™ i1
1 -2 4 1 -10 100 20
2 -1 1 4 -7 49 7
3 0 0 9 -2 4 0
4 +1 1 16 +5 25 5
5 42 4 25 +14 196 28 |
15 10 55 374 60 |
(i)  Regression Coefficient of x on y — (ii) Regression Coefficient of y on x
_2xy _Zxy
by = §y7 byx = 2 X
_ 60 -_ 60
T 374 T 10
= 0.16 =6

&gUfa (Shortcut Method) — 3TU IETE0T § W17 G Yuish 4 § FataTH T[ureh T
A FIA ST b © | Af% ATen 1 QUiss & A 9 Q) Bl A urs Frre § sfers 1 W@
o AT S0 FAT @ W =fee | ofa F e g o d -
()  Regression Coefficient of x ony ~
dedy—l—z,ﬂ:—z—‘dXJ

2

Zdzy—g—z—':z)-

bxy

(i)  Regression Coefficient of y on x —

dedy—[ZdXXEQJ

n

5 2y Ea0)
n
S . 4 B A0 ¥ 37 G 10 T fern S WA 210

byx =

8.6 WA 1 WA faWH (Standard Error of the Estimate)

7G9N S g1 ¢ % & 78 e o) B weed Y@  ®9 § yEd W & fae ol 9d
(Dependent Variable) F g A 91 T (Method of Least Squares) U 14 fFa I
¥ ol 99 & 39 SR el T el § okt areafas gedl § AT T8 wehaT @ | 39 N S A
A 2 I AR H A FITH Fed § | 3 ¥ FW & feaw Bt g & T fehan s @ —

o sV

N
1.2
(i) sy =V [&)’_L] .
N
where, “Sy” and “Sx” = Standard Error of Estimate

xand y = Actual value of x and y

Estimated value of x and y

x' and yl

N Number of items.



INustration 5§ — Compute the Standard Error of Estimate for the Illustration No. 4
(3T . 4 F AT SgaF F1 919 999 919 R 1)
Solution — (i) Calculation of Regression Equation of y on x by the Method of Least

Squares—
X y xy x? Y
1 1 1 1 1
2 4 8 4 16
3 9 27 9 81
4 16 64 16 256
5 25 125 25 625
15 55 225 55 979
Substituting the above values in the two normal equations —
2y =na+bZx L. (1)
Zxy =aZx+bsd . 2
we get,
55 = 5(a) + b (15)
or 55 =5+1% . (1)
and 225 = a (15) + b (55)
or 225=15% +5% L. (i1)
Multiplying equation (i) by 3, we have
165 = 15a +45 L. (u1)

Subtracting equation (i) from equation (ii), we have,
60 = 10D
or b =6
Substituting the value of ‘b’ in equation (i), we have,
55 = 5a + 15%6
or 55 =5+ %
or 55—90 = 5a
or a = —17

Substituting the above values in the Regression equation of y on x : viz.

y =a-+bx

we get,
y = =7+ 6x

3 1 FFR A 'y & TG I 19 B G ¢ |

If x =1 y = -1

X =2 y =5
x =3 y =11
x =4 y =17
x =5 y =123

JFeo wifes i farveraor
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—

(ii)  Calculation of Standard Error of Estimate —

[ X y y1 (Estimated y-yl (y - yl)2
Value of y)
| 1 1 -1 2 4
2 4 5 -1 1
3 9 11 -2 4
4 16 17 -1 1
b) 25 23 2 4
N =$§ 14

Sy = V{ ] (14] V8 = 167

Illustration 6 — A regression equation explaining the average relationship between
the dividend per share and the price per share in 1990 for 100 corporations was,

y = Rs. 549 + 1214

Estimate the value of a share of stock which pays a dividend of Rs. 5 per share. The -
Standard error of the estimate.

(Sy) is = Rs. 4.5
Solution — y = Rs. 549 + 12.14x
= Rs. 549 + 1214 X 5 = Rs. 66.19

(i) There is 68.3% chance that its values will be (Rs. 66.19 = 1 x 4.58y) 1.e. 70.69 and

Rs. 61.69 _ '
(i)  There is 95.4% chance that its value will be Rs. 66.19 + 2 x 4.5 i.e. Rs. 75.19 and
Rs. 57.19
(i)  There is 99.7% chance that its value will be Rs. 66.19 = 3 x 4.5 1e. Rs. 79.69 and
Rs. 52.69.
Tllustration 7 — (a) Given
X-series y-Series
Mean (§9I0¢ A199) : 18 100
Standard Derivation (919 fa=re) : 14 20

Coefficient of Correlationbetween x and y = +0.8

(x 99T y & A4 He-Ha Y TUI)

Find the most probable of y if x is 70 and most probable value of x if y 1s 90. (y &I
i qeg frafae afe x = 70 @ w91 x F gvifaq 97 frarfae afg y = 90 A)

(b) If two regression Coefficient are 0.8 and 0.6, what would be the value of the
Coefficient of Correlation. (g 1 ST U 0.8 997 0.6 & O Te-He'™ TUfF =1 Q1N 2)

Solution —
(a) (i) Regressionofxony (1)  Regression of y on x
x-x) = -y v - —r—(x—i)
or (x — 18) =08x——(y—100) or (y—100)=.8><ﬁ(70—18)
or (x—18) = .56 (90 — 100) or (y ~100) =1.143(52)
or (x—18) = .56 x — 10 or y =100 +1.143 (52)


http:Rs.52.69
http:Rs.57.19
http:Rs.61.69

x = 18-56 =159.436
= 124
(b) r = Vb xby)]
r = V[(08X06)] = 0.69
Ilustration 8 — In a partially destroyed Laboratory-record of an analysis of

correlation data the following results only are legible —

Variance of x= 9

Regression cquations are

(1) & — 10y = — 66 (i) 40x — 18y = 214

What are the (a) Mean Values of x and y, (b) Coefficient of Correlation between x
and y (c) the o of y.

SAfYF ®7 ¥ T U T FATEH & Rere ¥ W@ G99 Wi & favayer gaqt Frafafad
Frrepd & Iyeey ¥

x 1 fa=to qmiE = 9

AT HIEH;

() &—10 = —66 (i)  40x — 18y = 214
AT RIS (1) x T y F FHQ A1

(i) x 991y &% T=I WG 649 U (i) y @1 S fawed

Solution — (a) Calculation of Mean Values of x and y —

& — 10 = —-66 - .. (i)
A — 18 =214 (i?)
Multiplying equation (i) by 5, we have,
A — S50y = -330 . (iii)
Dcducting (iu) from (1), we have,
32y = 544
y = 53;424 = 17
Substituting the value of y in equation (i), we have,
& — 10 x 17 = —66
or 8 = —66+ 170
or & = 104 or x = 13,
Mean of x = 13, Meanofy = 17

(b) Coefficient of correlation between x and y —
ro= Vibxyx byr)
The value of bxy and byx will be found out as under—
From the first equation, we get, |
10y = &+ 66
y = & +66 or byx = 8
From the second equation, we gel,
4x = 18y + 214

Feaay ifeTET faeaor

NOTES

253


mailto:f.:1I'''1fci1f@ct

FR qifETETT faviwor

NOTES

254

x = .45 + 535 or bxyy = .45
Hence, r = V(bxy X byx) = V(45X 8) = V(360) = 0.6

(¢)  Calculation of o of y—
Variance  or oy = 9 or

Regression coefficient of x on y—

b =r-— = 45
Xy 3
3
or = 63)' = .45
or 6X3 = 45xo0
or 1.8 = 450,
1.8
or g, = 45 = 4

Hlustration 9 — For certain data y = 1.3x and x = 0.7y are the regression lines.
Compute the Coefficient of Correlation between x and y. (fF Toat ¥ forg y = 13x 99T x
= 0.7y 2 SerqTHT Y@ € | x 99 y % 5 Ye G O & 0T i)

Solution — y = 13X or byx
x =0 or bxy

Viby X bxy) = V(13X 0.7)

r

=13
= 0.7

Hustration 10— (General) Write down the two regression equation associated with

the following pairs of values —

(x) : 152 114 138 154 144 153 141 117 136 154

) 193 300 414 594 676 549 320 483 481 659

IR gl & & LA ¥ Fafyd Q TAemE gHie T3 |

Solution — Calculation of the Regression Coefficients :

X Y dxdy

x dx(130) d’x y dy(so0) | d’y
152 +22 484 193 -307 94249 ~6754
114 -16 256 300 =200 40000 +3200
138 +8 64 414 -86 7396 ~688
154 +24 576 594 +94 8836 + 2256
144 +14 196 676 +176 30976 +2464
153 +23 529 549 +49 2401 +1127
141 +11 121 320 -180 32400 -1980
117 -13 169 483 -17 289 +221
136 +6 36 481 -19 361 -114
154 +24 576 659 +159 25281 +2816 |

+103 3007 | -331 2,42,189 3548 |
Regression Coefficient of x on y, or
i S de dy (Z dx ;( )3 dL’]
bxy =r = 5

(e ) =
’ Zdzy—L—XL:



3548 (103x(—331)) FoT AT

10
= ]
(—331)
_ 3548 +3409.3 _ 69573 _ 0.03
242189 — 10956.1 T 2312329 ’

Similarly, Regression Coefficient of y on x or
% drdy — (Z & XX gzl

byx = ray = L
=rg = 5
zas- S
3548 — (103 x (=221
_ 10 69573
3007 — LB
: 10
Axorx=x+2:n£ Ay or y=y+2—-:z
g 4 103 _ _ - 331 _
=130 + 10 = 1403 = 500 + 10 = 466.9
Substituting the above values in the following regression equation of x on 'y
(x=X) =by(y—)y)
(x— 1043) = 03 (y — 466.9)
x = .03y - 14.007 + 1403
x = 03+ 126293

Similarly, the regression €quation of y on x is

¢-y) =bx@x—x
(y — 466.9) = 3.575 (x — 140.3)
y = 3.57% + 4669 — 501.57
y = 3.57% — 34.67
Thus, the two regression equation that may be associated with the given pairs of
values are —

x = 03y + 126.293
y = 3.57% - 3467

IHustration 11— Given,
x = 8%, y= 8% o, =3
Find out (1) o, (u) r.
Solution — From the given data

85

Regression of x ony or bxy = 7~ =
A
o
Regression of y on x or byx = r=> = 89

Substituting these values in the following formula

r = V(bxy x byx) 255
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we gel, r — V(85 x 89) = V(7565 =
Similarly, r=2=28
y
or 850, =rxo
FX o,
or Oy = —8‘3—
87 %3

INustration 12. The following table gives the ages of husbands and wives for 50 newly
married couples. Find the two regression lines. Also estimate (a) the age of husband when
wife is 20 and (b) age of wife when husband is 30.

frefafaa aifae § 50 Tafaafed TufvEl & org 99 ofFe fad gu €1 A S
mﬁmﬁmaﬂrmm(x)wﬁaﬁmmq#aﬁangzoaé@rwm)wﬁaﬁarrg
Safs ofd £ oy 30 9§ 2

Age of wives Age of husbands (HeefleUeeW keder DeeUeg)

(uferai &t ) 20-25 25-30 30-35 Total
16-20 9 14 - 23
20-24 6 11 3 20
24-28 - - 7 7
Total 15 25 10 50
Solution —

Age of husbands (x) -
Ages of wives 2025 | 25-30 | 30-35 | )
o 25 27.5 325 | Total | fdy | fdy | fdxdy
-5 0 +5 M
1620 | 18 4 |20 0 - 2 1 92 | 368 | 180
9 14
180 0
2024 | 22 0 o 0 0 20 0 0 0
6 11 3
0 0 0
2428 | 26 +4 - - 20 7 28 | 112 | 140
7
| 140
| Total 15 25 10 S0 | -64 | 480 | 320
(£)
fdx 75 |0 50 25
| fa’x 375 | 0 250 625
| fdxdy 180 | o 140 20 B
6) Actual Means :
X y
_ 7.
ay =X+ Eﬁﬂ a, = x+ —LX
~25 ~64
_ i =22 4 ——
275+ 2+

22 - 128 = 20.72

Il
)
~
n

!
o
n

I



(i) Regression Coefficients : FeeT WIRABIT Faveraor

xXony: yonx:
Zfde X Zfdy fdx X X NOTES
zfdxay—[ . ] Zfdxay—(——[—n&]
byy = z[!:2 byx = 3 fan?
Zfdzy— n Z'fdzx—-L'LLn
320_(—25x—64 320_g—25x—64)
~ 50 ~ 50
= ) = )
s _ (=6 s (=25
50 50
320-32 288 320—32 288

= 0.47

0.7 =

= 480 - 8192 39808 625 — 125 6125

(i) CoefTicient or Correlation (r) :
Vbxy X byx

V0.7 x 047 = v0.329

T

0.57

Il
Il

(iv)  Regression equation of x on y :

@x-Xx) =by(y-y)
(x~27) = 07(y—20.72)
(x—27) = 07y — 14.504

x = 07y —14.504 + 27
x = 07y + 12.496

x = 07 %20+ 12496
x = 14 + 12.496

x = 26.496

ard: Ufd ®) 3G 26.5 TR FERE Tofl H g 20 T 2

(v)  Regression equation of y on x :

-y =bx@x-x)

(v —20.72) = 047 (x — 27)

(v — 20.72) = 0.47x — 12.69
y = 047x — 12,69 + 20.72
y = 047x+803
y = 047 x 30 +8.03
y = 1410 + 8.03
y = 2213

R T H oy 2213 ¥ A wafH Ui A g 30 @ 2|

Hlustration 13 : The following regressi(‘)n equations were obtained in a certain
investigation. Find the mean of x and y and coefficient of correlation.

(it oram & Frafefaa G 1< g1 x 997 y &1 FHI AT G 6 WA q O
frepifera 1)

x =1913 - 087 257



o IR farvetaor y = 1164 — 0.50x
Solution :
NOTES Mean of x and y
x+08% = 19.13 Y
05x+y =164 .. (i)

Multiplying (1) equation by 2, we have
x+2 =2328 .. (iii)
Substracting equation (iii) from (i) we have

113 = 415

415
y = 13 = 3.67

Now Substituting the value of y in equation (i)

We get,
0.5c + 3.67 = 11.64
or 05x = 11.64 - 3.67
or 0% =797
or x = ZO% = 1594
Hence Mean of x . = 15.94 and that of y = 3.67

CoefTicient of Correlation (r) :
From the two equations given, we can note that
bxy = —087 and byx = —-05
Hence, ro= \/m
= V-087x - 05
= — V435
= — 0.66

As the two regression coefficients are negative the coelficient of correlation is also

negative.

TG T
1. Yo favee § 3T &1 gEEd @ |

............................................................................................................................
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8.7 fa=vor @ AUl (Ratio of Variation)

W4: 9 T TeARral % e faeRur 1 UM AT 184 € | R o Je I 9 6 R 0w
ot 3 wftad=r sk gwdt Aoht & wRad= § w1 U R | 3 U 1 IREdd 19 @ @ gFh F1 9REd
1% 1 $H-81 9777 2 1 39 e, Frerur 1 aqum anfaa Ao (y) § wam Sod (x) F g § e
me A vfava faaerl = we A 2 [Ratio of Variation is the average ratio of the
percentage deviations from the mean in the relative (y) as compared with those in the subject
(x)] Fo=T 1 U GR-HT ok 1 IIMNF (Corollary) BT 2 | T8 Yo R 5 2 =t § qof
Fe-T=y 2 o QAT it 1 AT SA-I1d FAF 7 @1 | fF=wor & orura 8§ 89 54t &1 srergq
A | 9% AHTT FTH IS R | I, b SFN-SATIRY I8 T Bl Ieh 2T @ o6 o
* W feray @ afe 9 § 10% 3 FH 2 |
faeror &1 U 7@ & @t fafat

fereror 1 aqua 9T w0 i < fafar ¥

(1) Tfordra fafe (Mathematical Method),

(2) fag 1@ fafe (Graphic method) |
) o fafa L

7a fafyy A fgeror % ST &) GO R & forn e R e vedt €

(i) wvEm gt fifyea S fos -G Sof & s9m o fed anfem @1 S | 39 Soft @
TH A 39q § frad A Aren rarfaes fa=eor e | 39 e 9 3uE 1 & qer § we
FH A |

(ii) a3 3nfara Afrat w1 wHER e frfe |

(iii) 37 wredt ¥ It Aforat F gt 1 fa=e (deviation) 1@T- 3 frafa |

(iv) 1 Ao & 5AF 12 & ATawa forerert Preriferd | 399 feu e g3 1 s B @ —

éx]OO
a

(v) P Aoft & el wT F wfavd faged § yue Svit & 39E g At Sfavd fagen
I I THT TH6S (HIAD |

(vi) 37 Y%l & Q1 § 92l & Ll F1 T F 9 S | 4 A6 fa=ior 7 Sy
2T |

lllustration 14— From the following data ascertain the ratio variation between the

sales and profits.

Year D 1998 1999 2000 2001 2002 2003
Sales (Lakhs) : 72 84 66 60 48 4?2
Profits (Lakhs) : 42 52 48 46 30 28
“Year : 2004 2005 2006 2007 2008 2009
Sales (Lakhs) : 54 63 51 57 69 54

Profit (Lakhs) : 36 38 34 42 44 40

FeTA WIEEEIT faveor
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Solution —
(Sales) X-series (Profits) Y-series Ratio
Year Sales dx dx % Profits | dy dy |(dy %/
X (60) y 40) | (%) | dx %
1998 72 12 12/60 x 100 = 20 42 +2 6 0.25
1999 84 +24 24/60 % 100 = 40 52 +12 30 0.75
2000 66 +6 6/60 x 100 = 100 48 +8 20 2.00
2001 60 0 —12/60 X 100 = -20 46 +6 15 0
2004 | s | 6 | P00 TN 36 | 4 0 | 100
2005 | 63 | +3 /60 X 100 = +5| 39 | 5 | s |_100
2006 | 51 | -9 =360 X 100 = 151 34 | 6 | _15 | 1.00
2007 | 57 -3 -3/60 x 100 = 5| 42 | +2 | +5 [-1.00
2008 69 +9 | 9/60 x 100 = +15 44 +4 +10 |- 0.67
2009 54 -6 —-6/60 X 100 = -10 40 0 0 0
ay%
. . . A% 592
Ratio of Variation = ~N -1 - 0.494

Thus for a deviation of one unit in x-series, there is on an average a deviation of

0.494 in y-series.

2 ﬁg}@'&ﬁfﬁ (Graphic Method)

Te-fordT, S gt St enfée grenet ¥ gEfyd 4t €, s Frafid T8 A €)1
yftfeafa & faenor 1 squm wford fafa @ g F00 I9gw 7€ @) g9 faQudta fafa sifus
I ¢ 1 39 fafe F e ot sifew meeT ¥ 1 3 fafe e R ) et §—

(1) A Aot F TR e Fefere |

(2) At AforEl F T A Y ATIR AR I TIF [ F Sfav@ 7 a8 wdifed |

(3) Y9 SN T IET |9, 34tq Hfe-34 (axs of y) T WG Ff )

(4) n1fra SRt 1 Afes =19 Aalq [ (axis of x) W eI B )

(5) T Frdwies & fae T A9 F emER W fagiE @ W sifed Hifee

(6) T TS AIaH ITGehal 1 @1 Gt | 39 @1 & @i ¥ 98 W @ 99 fE ow
q% TVE B T oMY ik fartar Y AR 3N oY gl A & 1 var » A AW F fag
gaTgIYE @] & T g W el 991 3 TEr 9 e @ @ e =i |

M= fagE &1 arereA

(1) Ffe 21 St & faereor o € § A 3, @ sifRd fagta wh e & w9 0 @
QA1 8 b wr-dee g

(2) Iz Y &g AT erfeht ot S5 3 B A yATHS T-HET Ay 2 )

(3) afe Y a1¢ @t ¥ erfedt AR A ST FH A, A HEF -Gy & |

(4) 3z S AT § ww @ eeua F uREd A 2, A Fe Y@ ouR Y A 450 F By
AT 8 SR | afe warA Ao § e Sl 1 enen e # oT aife At R A1 7@ 07 45°
¥ 3y a9 TGV FH BT R |

(5) e @1 gAH fawer var § foat gF aht, §e-dee 39 € FH &



foarur & sum @1
T 3% (axis of y) WHE g (A) A Ao ) 39 fag A Forerewr T ok O Y @ity |
el ek Y@ foer W@ w9 X (B), Tl ¥ Yo (axis of x) W (C) GiTed | 3, AB 3kt
BC ! g HIY ST | AB & H19 % BC % |19 7 177 2 AR | ForToher feror 1 ST sIqeird |

Ilustration 15— Show Ratio of Variation graphically from the following —

X-Series 12 20 18 25 18 13 12 17 26 39 = 200
Y-Series 140 180 180 190 210 190 160 180 250 320 = 2000
Solution.
X Index of x (20 = 100) y Index of y 200 = 100)
12 60 140 70
20 100 180 90
18 90 180 90
25 125 190 95
18 90 . 210 105
18 65 190 95
12 60 160 80
17 85 180 90
26 130 250 125
39 195 320 160
200 2000 |
a = 200 a = 200 ]

wﬁ@aaﬁa@ﬁmﬁ;(l).%mﬁmm%ﬁz“r%ﬁrﬁ%m-ﬁéa%maﬁw
3 ge-HeY ¢ |
(2) 9% TR AT 1 A1 ot 914 fRA1 S G 2

210
; I BC 13
190 Ratio of Variation = AB"15
= 0.86
170
& O
150 A e
b z 2
5 < ‘@‘9
%130 S oS,
N4 kY
110 '
A B
90
7
0 mRaa
1 L
HHHHHC
50 70 90 110 130 150 170 190
Y-Senes

@) Faatu & Ui &1 A1y oft g6 g ¥ R S g € |
(4) 3wy Avi ¥ fd i g @ anfra AR F ST qE o ¥ A S

I TiRT=s 1T Frvemor
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T AT TOreRT I AT Hh WHIOT F w9 N @ fd1 I 2 S 39 Ty F FoR WifeTETT Frseraur
gaten 7 el foa ST 2 | 39 O S MR T 9T HI 39 SR A

Regression equation of x; on x2 and x3 NOTES
xx = a3+ bnzx2+ bizaxs

@B =x—bnix2—bix;
JifPrs TR Waq U@l qdAr Aifwe WAWWE Uikl ¥ AT (Relation between Partial
Correlation Coefficient and Partial Regression Coefficients):-
9 YR TR WY O (ryp) QT ST OB & TUAHH B FIgS BT 2, I TER
Y WEST U (r23) QAT AT FATGTHA UMb & T[UHES H1 Fieel &l @ -
rizz = Ybiaz X bais A s =bi2a X bus

Ilustration 16: Find the multiple linear Regression equation of x1 on x2 and x3 from
the data relating to three Variables given below :-

X1 : 11 17 26 28 31 35 41 49 63 69
X2 : 2 4 6 5 8 7 10 11 13 14
X3 : 2 3 4 5 6 7 9 10 11 13

Solution: The regression equation of x; on x; and x3 is
x1 = a1+ b1a3zxz + bizzx3

The Values of the Constants a1.23, b123 and b3 are obtained by solving the following

three normal equations:
2x
ZX1 X2

2
2Zx1x3 = @13 2x3 + byp3 Zxpx3 + b1z 2x3

Nayyn + b123 Zxp + b3 2x3

2
@123 Zxz + b123 Xx2 + b132 Zxax3

x] x2 x3 x1x2 x3x1 x2x3 x5 x4 Y
11 2 2 22 22 4 4 4 121
17 4 3 68 51 12 16 9 289
26 6 4 156 104 24 36 16 676
28 5 5 140 140 25 25 25 784
31 8 6 248 186 48 64 36 961
35 7 7 245 225 49 49 49 1225
41 10 9 410 369 90 100 81 1681
49 11 10 539 490 110 121 100 2401
63 13 11 819 693 143 169 121 3969
69 14 13 966 897 182 196 169 4761
370 80 70 3,613 3,197 687 780 610 16,868
Substituting the values in the normal equations :
10a13 + 80b123+ 70by3r = 370 (l)
80a)23 + 780 byz3 + 687b132 = 3,613 (i)
70a; 3+ 687b123 + 610by3; = 3,197 (UI)

Dividing each equation by the coefficient of bi23, we get
4625 .. @iv)
4632 )

Il

125 a1 7m + bias + 875b132
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102a1 3 + b1z3 + 888b13x =464 L (w)
Subtracting equation, (iv) from (v) and (v) from (vi), we have
-022a13 + 006132 =007 .. (vii)
—001la13+ .007by32 =022 .. (viii)
Multiplying (vii) and (viii) by 1,000 we get
-2ayn+6biz2 =7 L. (ix)
—aipz+7biz2 =22 L. (%)

Solving these equations, we get
ay;n = 0.561; b12z = 1.735 and b132 = 3223

Hence, the required equation is

x1 = 0.561 + 1.735x2 + 3.223 x3
Ilustration 17: The following inforn;alion about a trivariate population is known :-
oy=3;or,=4ando3 =5 rp =0.40;r3 = 0.60 and r;2 = 0.70
Determine the regression equation of x; on x; and x3
Solution: Regression equation of x; on x2 and x3 is

x1 = a+bi2sxz+ bizaxs

If the Variables x), x> and x3 are measured as deviations from their respective means,
‘a’ will be zero. So, let us assume x3 x; and x3 represent deviations from means. Now the
regression equation of x; on xz and x3 is-

bi2zxz + b3 2x3

i

X

riz —rn3ras « gy
[

bi123
1—rx

070 - 060x040 3
= T=(0.40); X 4= 0.41

b rn3—rnexXrs % (o]
132 = ————r— —
1—rn %2

0.60 — (0.70 x 0.40)
1 — (0.40)°

. Required regression equation is

3
s = 0.228

x; = 041x; +0.228x3

Mustration 18: Given the following data, Calculate the expected value of x3 when
x; = 58 and xp = 52.5;

Xy = 55.95; gy = 2.26‘, ra = 0.578
X7 = 5148; o> =439, ri3=0.581
x3 = 56.03; o3 =441, rpn=0974

Solution :
The Multiple regression equation of x3 on x; and xz is

X312 = a3z + bz v b1 x2

Now,



n3—rnne 03 _ 0581 (0.974 X 0.578) 441

1—rs a1 1—(0.578)° 2.26
_ 0581 —0.563 A4 0018
1- 0334 226  0.666

I3 rn3ne 03 0.974 — (0.581 x 0.578) % 441

b312

X 1.95 = 0.053

b — —_— =

21 1-r, @2 1— (0.578)° 439
097410336 0638 B
= o X 1005 = T2 X 1005 = 0963

a1z =x3—x1bn2—bin1xz
56.03 — (0.053 x 55.95) — (0.963 — 51.48)
= 348

Substituting the values in the equation No. (i), we get

| X312 = 348 + (0.053 X 58) + (0963 X 52.5) = 57.11
N T
1. e & aqum 30 6 # fafe @ dfwa o agmy

.............................................................................................................................

3. T faar %) s s ?

............................................................................................................................

8.10 Y1

Y G i I7a § AT 3G SAEeE ST @ | 39 A o qar
IF TER & 7] F A foe 1 gk € | Sdamea favermo sefa qor dtm ) a9 e 2l
WE AT T F T VA @1 2 1. TS U G A, 2. W U Agin S |
FTTTe YT 21 et € wd Wl Y@ &) g ¥ Wi S gendt 8- 1. 5 g fafd qar s
qEitERw 3 R | e fafl S A€ @ it aed) ) W i @ e @ era: Tt fafa gdtgme
iR ¥ AR G E 39 W@ B EiEr 5 gehdr 2 | '

8.11 YIZTaell A1 Viadehsil
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8.12 A qH

aﬁ I T+ (Long Answer Type Questions)

1.

‘ST A F9 I 2?2 A KT e & fee wme: 2 sdenE Yarsi w1 A
T} Sy 8 ?

What is meant by ‘Regression’. Why should there be in general, two lines of regression
for each bivariate-distribution.

SArqEA-fER F SHTE HifT | 78 ¥ gmy § fag s e €2

Explain the concept of Regression. How does it differ from Correlation?

‘ST # gfeaT 2 | s g @ w4 A ¥ 2 e otk § ad o @
T Y & w2 2

Define ‘Regression’. Why are there two regression lines? Under what conditions can
there be only one regression line? ‘

e W, WA a9 T sum &t Wﬂaﬁaﬁmmaﬁraﬁ%mm%"
89 T 39 I TqesY |

Explain the concepts of Correlation, regression and ratio of variation and state their
utility in the field of economic enquiries.

e Wy Ul A SATTEA Tl 7 Y GHARY | ST Gt &) ) 8 wifed) 2
Explain the meaning of Correlation Coefficient and regression coefficient. Why
should there be two equations?

g 3?1')@ ¥ (Short Answer Type Questions)

1.

ST | e e R 2

What is meant by Regression?

ST Y & = At ¥ 2

Why are there two regression lines?

AT FHERT 3 BT aifed |

Why should there be two equations?

T TN I 37 FHARY |

Explain the meaning of regression coefficient.
Yo g faew F =re # |

Explain the concept of Regression.

a@ﬁs W (Objective Type Questions)

1.

T %1 A0 gayen e fEan-

(@) =, @) a4, @) e, (®) ez |

T ol ST @1 S A 2

(3) T, @ @ i, @) § g, Q) e |

A SATqTE TOTR I Y SIS 81 W HeEay Ui -

(3N) RUTHE, (@) gITHE, @) ¥, (%) 34 |

2 =0 F1 g § el T WA @1 it et

@)r =0, @Hr = +1, @r = -1, @r = +191-1

[FR- 1. ®),2. (@),3. @),4. ]
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1.

You are given the following results for the heights (x) and weights (y) of 1000 workers
of a factory.

Mean Height (ax) = 68.0 inches; and = 2.5 inches
Mean Weight x(y) = 150.0 lbs; and = 20 lbs.
Coefficient of Correlation = +0.60

Estimate from the above data (i) the height of a particular factory worker whose
weight is 200 Ibs. (ii) The weight of a particular factory worker who is 5 feet tall.

[71.75 inches and 111.6 lbs]
The following data are given for marks in subjects A and B in a certain examination —
Mean Marks in A = 39.5
Mean Marks in B = 47.5

SD.inA =108

SD.inB = 163
Coefficient of Correlation between A and B = +042
Draw the two lines of regression and explain why there are two equations of
regression. Also give the expectations of Marks in subject B for candidate who
secured 50 marks in subject A.
[Ans. 54.325, Equation are (i) y — 47.5 = .63 (x— 39.5) (ii) x — 39.5 = 27 (y - 47.5)
The following table gives the frequency according to age groups of marks obtained
by 5 students in an intelligence test —

Age in Years
Test Marks Total
19 20 21 22 23
10-20 4 4 2 1 1 12
20-40 3 5 4 2 2 16
40-60 3 6 8 5 3 25
60-80 - 4 6 8 4 22
Total 10 19 20 16 10 75

Calculate the Coefficient of Correlation between age and intellegence.

[r = 35]

Calculate Regression equation from the following data—
Mean height =50.07 inches

Mean age =9.98 yrs.

S.D. of height =5.26 inches

S.D. of age =2.59 yrs.

Coefficient of Correlation = +(0.898

[x = 1797y + 3214;y = .442x - 12.21]

Joadt WifGasIT frseyor
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10.

11.

Given the following data. calculate the expected value of y and x is 12.

X Y
Average 7.6 14.8
Standard Deviation 36 25
[r = +099]
[Ans. 17.825]

The ages of husband and wife in a community were found to have a Correlation
Coefficient equal to +0.8; the average ages of husband and wife were 25 and 22
years and their standard deviation 4 and 5 years respectively. Draw the two line of
regression and estimate the expected age of husband when the wife’s age is 12 years
and the expected age of wife when husband’s age is 33 years.

[Ans. Husband’s age 18.60, wife’s age 30 years]

Determine the Equation of the straight line which best fits the following data—

X : 10 12 13 16 17 20 25
Y : 19 22 24 27 29 33 37
[Ans. xony = x = 8124 - 6.013; yonx = y = 1213 x + 7.705]

From the following data, find the probable yield when rainfall is 29 inches - Mean
rainfall -25 inches, Mean Production -40 units per acre. Coefficient of Correlation
between rainfall and production -8; S.D. of rainfall -3 inches; S.D. of production -6

units.
[46.4 units]
Given the following data for two tests —
History (x) English (y)
x =75 y =170
0 =6 g, =8
[r = +0.72]

(a) Work out the two regression equations.

(b) Predict the probably grade in English of a student whose histroy marks are 65.
[y = 96x -2, x = 54y + 37.2; 604]

Find out Coefficient of Correlation and regression equation —

X : 1 2 3 4 5 6 7

y : 9 8 10 12 11 13 14

Also find estimated value of y when x = 6.2

[r = 9,y =929 + 7.248; x = -929 - 6.219; y = 13.04]

Calculate Coefficient of Correlation and obtain the lines of regression for the

following data—

T x : 1 2 3 4 5 6 7 8 9

y : 9 8 10 12 11 13 14 16 15
Obtain an estimate of y which should correspond on the average to x = 6.2.
[Aps. r = +.95, Regression equation y on x = 95x + 7.25]

[Regression equation x on 'y = 95y — 6.4; y = 13.14]



12.

13.

14.

15.

16.

The following marks have been obtained by a class of students in Statistics (Out of
100).

Paper 1 8 45 55 56 S8 60 65 68 70 75 8
Paper 11 82 56 50 48 60 62 64 65 70 74 90

Compute the Coefficient of Correlation for the above data. Find the lines of
regression and examine the relationship.

[r = 491,y = 99% + .9,x = 85y + 955, PE. = 0.45]

Recorded data showing the test scores made by salesman on an intelligence test and
their weekly sales is given in the following.

Salesman A B C D E F G H 1 J
Test Scores 40 70 50 60 80 50 90 90 60 60
Sales in 25 60 45 50 45 20 55 30 45 30
’000 units

Calculate the regression line of sales on test score and estimate the most probable
weekly sales volume if a salesman makes a score of 70.

What will be the sampling error of your estimate?
[Ans. bxy = .66,y = 5.65]
2 O
Vet -r2sg)

Sampling Error = B + 88

Heights of fathers and sons are given in inches —

Height of father 65 66 67 67 68 69 Tr 73

Height of son 67 68 64 68 72 70 69 70

From the two lines of Regression, calculate the expected average height of the son
when the height of the father is 67.5 inches.

[Ans. = 68.18 inches]
If the mean and S.D. of three variables are as follows :

X1 X2 X3
Mean 28.02 491 594
S.D. 4,42 1.10 85
and of rj2 = 80,r3 = — * 56 and r3; = — 40. Find the plane of regression of X 1

on X2 and X 3.

(b) Calculate R2123  in the above example deriving the formula you use.
Interpret the result.

(a) Distinguish between * Multiple” and “Partial” correlations, in the case of
three variables. Write down the formula for them.

(b) X1, Xz X3 are three variables measured from their means with
N = 10;2X|2= 90;2X22= 160;ZX32=40;

SX1X2=60;2X2X3=60;ZX3X;=40

Calculatc ry2.3 and R231.

Feam Wif I favehyor
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FoaT Wifeaw i faretor 17.  Calculate coefficient of linear multiple correlation of X3 on X; and Xz from the
following data. Also find 1123, r132 and rz3)

NOTES X 3 5 6 8 12 14
X2 16 10 7 4 3 2
X3 90 72 54 42 30 12
[Ans. r123  =0.5950, r132 =- 0.8995]
18.  Obtain the best rule for predicting X1 in terms of Xz and X3, given the following
Data:
Observation No. 1 2 3 4 5 6 7
Variable X . 5 3 2 4 3 1 8
Variable X3 : 2. 4 2 2 3 2 4
Variable X3 ;21 21 15 17 20 13 32
19.  Calculate (a) R3.12 (b) R1.23 (c) R2.13 from the following data:
X1 =68 X2 =170 X3 = 74
s1 =10 s2 = .80 53 = .90
riz =.60 ri3 = .70 3 = .65
[Ans. (a) 7567, (b) 7255, (c) . 6810]
AU A @Y S L
Test your Progress
270
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(STATISTICAL DECISION THEORY)
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92 frieR % sEawomd
93 i %} wRemed
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96  wifawar 1 fraro
97 friggy

98 frfga v & 7@
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9.10 YRSEG AT TG
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9.13 fRarHS T

9.0 IFI

34 THTE H G F $ 12 AT 39 A7y A T o
1. i & ad 9 3! SEERon @ 919 /)
2. frol fagra & gt 1 Aol o w0 |
3. Tl agen & a1 9@ A

9.1 W&TEAT

fofe ye=a %1 529 811 2, U6 Naue v e nfafafaal wd & ot F g @ wa
? | 9% Haq A Sfkan & W19 G @t @ | 918 g8 ol &7 (Ei S 8, A 3R a6 8
=g TEAT STA1 8, At Frafor oo shear g1 fraito st @ oean seiEl € oud, 994 @ fgfe
a1 @ T Fad fofad g @ A wft 5 F g B | 39 YR Pl g ymwa e @
AT R | S -9 WTE GieX UWh.5 3 a1 @ FF “Ua soas A g9 0 o § g folaa &
T SR

fiufeR &1 39 (Meaning of Decision Making)— fvam & fafis vat &t samem &1 &
ﬁﬁ“ﬁ?w?ﬂaﬁmwaIﬁl’uf'q(Dccision)Wﬁﬂﬁléﬁ?‘ﬂﬁ‘dccidcs’ﬁ'ﬁ
2, foaa wifice ord a1e1 21 2 1 39 R Fofg 39 fased] 9 aifed & € wd 34 fased] S
sraifad 8 8, % 9 Fed F1 HH H1 R | A w9 5 o fafy= fasedi § 3 walfus suges
e 1 99 F1 2 | FRF o gagTg sigar I F A o 3 a8 e ol o ged
T, 7@ Frw 2 Fr Fo gl 3 worg ) frolg o # i & v qfenfia R R 1 gav 3 FR
? f “frota fafem frscti % v s @ 3 17
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9.2 futam i Wm (Concept of Decision Making)

frota B qer a1 favgeRg 7 AT OF NiRAT F © F ST O 7 e R 1 3 S shE
& &7 1 € wew a1 et ?, A Ay e & Frgarelt 3 o yes-yue 1 59 an i @
Ft ot S faf= sraemonst % w9 § iafya g | 79 79 @ @R frefafad €

1. UMfae Wfshat FEROT (Mental Process Concept)— 39 faaR & F9 Nfag Segeme
N . T TR IFA A | ITh IR Foofe o wfen whear R, R Brofa & aren o wfwss -
&1 IYANT e fadehyel TF ThETd Fofg ofer @ | 9 wadr 3faq wd it faer ? wifE freed
N A, w8 @ @fd frd frareaan o g framd wftrss Q@ @aifed 9t S S

2. 999 I@ARON (Selection Concept)— IfF¥w ‘cﬁ'(th AR NFERaTg i
fergrt = fAoiaA & Sheret S5 ke deh & W o o | 39 SqaR 94 frofa s o At
2 ITFN M T & FE T Rrebedl & weg gorT e S fawen 1 99 ST ot € | o
wrealt 3 WA ¥ w1 W A F I @ e a Al d@ ¥

3. waen FaRu J@ERN (Problem Solving Concept)— € U &@mHifad 6 ¢ & 13 ot )
foroty e <11 ST @, Fifeh <hi¢ o evdl @ U 9 9ATAE F & fore o shwan &1 3y@m
€ S T & Thd1 & | 37 Y FreRe munen § qer w9 § FoRE § o # 3R @ | 3t
S TrEn 18 2 @ Fole @1 9w @ 96 Iear 2

4. Waq Wikt JF@ERON (Continuity Process Concept)— FURA #1830 YR &1 &1 T8l
e o 1 QU 33N U fATaA QU g, 9% O U Waq Je a1t 9T 2l € | Jg e 9 gue fon
ST ® fo6 A sy &1 997 b Frolgd o @ W1 @ | 9 gEeen wifd @ it e 1 9
FOH AT WS B HE WA a1 R, (ot @ sqaa a1 2, 249 F HHRa Fear 8, drars T
e g @ R il i Sweeifadl S frde St @, 51 Sare F1 faem o watar s
R 7R W R Fom-me w0 g Brota sfrn ¥ it Y 9n 31 o ol s e
EEEICE D

5. ITFAES AR (Objective Concept)—aﬁ’éwﬁﬁﬁﬂ"} st & it g e ReF &
foT € Xar @ A1 Yoy dl 1S wid PR wa U @ 7€ wehar | Frotem whran %1 & stva wwd frafon
F A} TEE I T WG9 F IUE o, faheq A AT NfE A 2 | WwEdan FokA &
RV TFRTETH A4 2, A F9-F57 397 TFReTF Nt D GH 8 |

6. Y9 TrdrA f@ IFIRON (Conscious Human Activity Concept)— FHISH F T8
I TG ¢ Al OF A 39 ey Wi &7 Fdio w2 @ gaar @ Af Frofaa § sfw, so w s
Ft wrafae R ¥ e Sl @ 2 39 3¢ §od Ae ogw ¥ @ e a8 | afz A 5ig gual
a2 & ST uE faotes fewmea @ S | er: Frolas o Se e At 2

7. FEEEM 1 IR (Commitment Concept)— 5t ¥a9 g7 symgA i3 fofa e |
2 9 9 39 Folagar Fd e S0 % AT qees 2 @ el ae aeeEed 38 weg O
7 Far A 21 Fofad & garg Fofa A aren aades & ST @ R 9 of S A A
AT A1 R | T8 IFERN Fiotashdl ) IWwEaE F A § I G 2 | ’

8. TYUEM F JAFGRO (Universality Concept)— Y9 fFdl ot @t &1 & 91 9 i
T 21 1 HEA g1 e N 38 S 7 Pty ofayg o1 vedl € ofd: Frofas sa @1 e Smarten
| 43 7 Fad IO, YEY U6 T qF dfeh TAF i, GG Ud &1 O geF HoteE ¥ it
A 2 37 FrofaR wF wdeATa foER wd Sr@ETon 2 |

Fifae %% fagm fofgs @@ yow # @13 9 o 98 9ed Hifs 3 At s
(Synonymous)@f‘{ﬁqﬁa'fﬁ%l




9.3 fruta =i qﬁﬂTqTq (Definitions of Decision Making)

7% fa2e U ® 6 Frofem 13 a2 a1 fyggaeq 7 9 o wHfes Wi wa gaq Thararg
Bt ? TafeTe 3 aRwIfird T ot o Siew i R, Af g8 fagl 3 Pl #) oY A%
gftfirg ferar 3 S fosy seR R

1. ¥ U< HY F AAR “FroRm @ ord faddt v =afe F afess o fRd gmfa sear
AT ¥ 7% ¥ Frafwr ¥ e S 21

feouh: 7% witam Frofe & ae o va wedf 3 oo o1 I et @ S Frofe 3 @
ad R We T w2 ]

2. F2A @ AW F ATER, ‘P et e 1 w01  fafu faaedt | @ fet ww
T IR IO AN &1 =T e g 17

3. IR ¥ F IR, Eaay fofg 9 fofg 89 ¥ O w39 W@ S feae g
foraYem, Wea, FaEl & o, Frdym, frreror, Ta-sda otk sfafafua § § et @& & v fad
s E

[fewut : A i gefy frofaa & suw ot el & @1 sga a2, AfE 3
forole o Foroar 91 T T fpar T 2 )

4. IR AR W F ATER, “Foig feret ATEUS F AR W ) gd @ A Afas gewifaa
foepeat § } forell W &1 g AT AR |

5. Y-rrdug ¥ AT, “FviE U@ S W R fe e ue aifeem @ g R
ﬁwﬁwm%%mﬁ%ﬁﬁw&ww%ﬁ@%@wmmﬁfmm%
foe 997 os weITad faded) o A fear mar @1

[feauht : @fa &0 3 A Frofaa ¥ Faa D el FF AW FF T I Wi = e €,
AT do-wreivg X Fofae F 39 Teqel # gen R S onfl 9% wWe A R TR 4 R |
i R, e F1 Sfaffae SO A § 3k faswed) § F A F TG FT 307 ]

6. UA T F AR, “FulaT TS AAGE 51 1 98 3% g ¢ Tel wEfe
for 9, PR, wTaT e Fea & G Bt 2 |

7. WA ¥ agEw, “Frotaa 9z w1 R R us saues el el qen Sl wOOEER & @
Far 21

[(feomait : 3 21 wRoal § wh o fag el A we fRan R e 3 ol Y omfes e
fgd IM, faR, W & @ea @ Siier ® 9¢) uem 3 30w v S fefi fha @ W e
frerd g% TEe A TEA TR )

8. Wferere @i 3 AW, “ e ue e, fafir= fatvemmd aareaerarail, gamt o st
F quFR @ fAfvEda, Ifeea ogar Fel a6 fgawyia # feafa § fedt @ & wfa
FEEEAl H 37 Far 21

(feoqoht - e w3 Frofea Y ehrwm qofer em & F1 ¥ F ) A0 Y R &
ST, HT F N TEEEd e F e uforr § whet 38 qular wer & )

fota F o7 ug wfommwat #t fa= yvaTd 3Ha! UE 3 Ud eyl gitiTet 39 g ¥ &
Gﬂ?ﬁﬁﬁ%:

9. et gfrwmy - “fAuia Sag F o FPRAR e arelt shwar ? fye et ot goen %
FieM ¥ S g0 39cTed Frehedl W Y 90 1 TG Ok ATY AeF T Tg a9 ITH F i e
1 Thea @Y 9 I TS GHE & Fem & e o-aR flg @fa e e aedasa #
o1fty fea S @ 17
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9.4 fauiem & wgror = fagreamy

(Essentials or Characteristics of Decision-Making)

federqet frole 97 & fo amavass dran @ fo6 frofa <) st 9 3% wet ot @ Tt
1 9 91 | o ol 3 e w9 Y fre fadiard o s ¥

(1) Foiam w ifem s 8 (Decision is the Last Process)— 191 @1 Samg ol qehqul
T e faar-famdt % e R S gren 1 @ @ o 30 P shwer w1 @ fofw
o F a1 uiomm g @ | 96 eRony fafee genfa st W E ah faar e w0
TYET T A @ | S Fota, S 6 @ sifsam s At 2, 9% aifges favem, fercfafeE
3T fashedl % qorias 9 TTYRues 3ergT i frerd 2t 2 | '

2) ol wafem =afa faaea 2 (Decision is a Best Selected Alternative)—ﬁ“h@%f
I g % Ty o fawet A7 ¥ | 39 fyhedl &1 399 3YRFd Td 399 3 2 Al ST .
¥ w=d ¥ qerTers faveror S @t & 2R aiferer wrt qen wafoml @ Syafey a0 At 71 F
Y 9 THUM dret ey S 99 fo6a1 ST @ | 3rqua ol g1 71 o waiaw oy o & S @
A e TN ¥eH FW AT AT FH § 9 SRS A1 21 ‘

(3) FrofR TeRIeTe U9 RIS B WahdT @ (Decision might be Positive and Negative)—
ferd o ol Fofdl o 9o @ weTee raie SeheTE BT SR AR § | 3 ARES o & 6
T et a1 I W A B AT FO F 0T GHERES AT ¢ 3N I IR R T FA @
AT B T 7 A F G TR A4 R | F AR TS ot @ gem F) 9 & fag
WU E

(4) Frofm grem @ |rem @ A1 A GEfEd g 2 (A Decision May Relate to the End
or Means or Both)- Foid 1 we-y qrem-areg 41 ¥ & Yehell @ | Fo wRFafadl & firofa e
&1 Fd F41 ¢ 2R o aRfrafadl § are 1) {59 wRfeafadt § v foan @ ¢ o 3 e fd &
TR F AIFGH F@ Bl & A 30 frolg e w1 S wa ok &2 A e & gee aee
e 21 A @R ww

(5) Fruizm siferesR ol @ (Decision Making Shows Rights)— Fofa &= 9g guifar € fe
ool % r frofg R ¥ fog vaia efear € | frel Gred & ofesrt % wwrdor & 3R 1
I fafyea e s & o o sl gra forg e a1 fooly feran s wea 21

(6) TrotE Teheq &1 Wi BT 8 (Decision Making is an Indicator of a Commitment)-
S99 g1 forel oft s 1 ol foran e & 9 39 S 9o Hhew & dids dvaT @ foras haraad
¥q ayfes 1 dafos o 0 A T

(7) fadrgi # WSt (Advice of Specialist)- 3fe Fa9 41 wengA fordt Sfeet goe &
faotam 3 1 omesia 41 TS ud & ) o Fatwg fava F faeel @ wmdt o @ gwa




............................................................................................................................
............................................................................................................................

3. fivigw & aa fafae)
............................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................

............................................................................................................................

u’rﬁmaﬁa ﬁ'Uh fﬂm (Statistical Decision Analysis)

gifegstg frotg fageryo o ? fage eraia wdars folg fkan freif &0 & Sl Q s
YRl & Wra-ure Sifaehar gedt #1 Wit fean st ? | 3@ frofg fas (Decision Theory)
T8 «ff S SR

wiferaty frofg faveor %1 emes qud o wRomml & gwiy areft wrei 31 frofa gref
Ted & | 5w Frofg fpanalt & orgeha 1 SNavaear Hegd B ¢ a9 3@ faveiyo ¥ frofa-ger & wr
R St 2 ) Frofa-ge 3 e faeey & e o @ 1 3TE fear s @ ot 3 fasey & 9
Y gefad weaiel & STArEret g/ [ fhar ST @ | 39 YN, O Ivren ¥ fR & e
fra gadt 3 3R Y@ 3 W e 99 F awe foar e )

frofar-ga & emaa orgar 97 39 ferrg Y e ear @, =T fla 9 @ 1 3 ot § R} Frepedt
I W g9 ¥ Fraer) arell wrand gEted fases § 93 R 91w aenfag see et
qftomat Y sefiE F €

Frota-aron (Decision-Table)

fort Fmiolt -t Y Frrot o R ff ford) fafere 3re &1 frmtor fpar SiTg et 38 9K
A Tl Fw | 39 YR B & g § S wonfag frola e 3

1. e, 2. i
T 9 fefa & "1 & g § 9 wenfad @l § e & aed 8-
1. 9 (Low), 2. WM (Moderate), 3. 3= (High),
39 B9 9% ITUN T Fofg-amo i fi= ®9@n FaR 1 gaha &
TR feafa-ain & 99 aonfad @
frorg feman T frafa
S, f M | s, IR AT | S5 39 A1
D, fmim
D, fwtor & 0 0 0

9.5 WRUN § Ho" TEAT (Keep the Values in Table)

3 &9 gren 4 gt B W@ | Y qed Frofg R & | snfas sfort (gval W) & w9
S 2 =T | N Fop afe e @ Frsfon 7 fepar S A snffies wfomT ¥ (Zero) AW
st aom R feafa 3o ot A, 3890 F1 T 7 gga, Fifer Fo A& fera I 24

NOTES
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oy wifET firgehror T TER, I IAE AR A S & A8 AN Ay e B v & A Iear @ | swhie e
‘Pt =" arett ggd iRk ¥ ¥ e oifd K wEa § |

GRUlt & 59 Ui H T A & I g7 gl genel 9T famme e 2 | 5 R af
A Frer @ A g I PR 91 @1 3,00,000 T Aft Sl W S A < ¥ g A
50,000 . T /I Ft T F Y& A1 2,50,000 T WM | 34« TH T e B Gron ¥ @ G 2

NOTES

9.6 WTfaamdr &1 fAgior (Determination of Probability)

wifersrg firofg faveur 3§ siiear ged o onfé aftomsi, 31 1 Wit fear S e
gufer enfée st & are &9 &S w1 feafa 3 fae sfaerar @1 Frafer 01 | qdadl eEr &
3R g HAT i fafr= 8 @ qmelt F nfasar 39 TR 8-

foret AT @ qen - 0.20
THR A1 F T - 050
3= q & g A - 0.30
a9 3 N SRRl K fawar f) fr aroi § wefi 8-
e uftom 3k wifaesar
faora fean feafq fogfq feafq
s, f= 3@ S, WM H1 S5 3= =
(P = 0.20) (P = 0.50) (P = 0.30)
Rs. Rs. Rs.
D, frmiu —30,00,000 50,000 2,50,000
D, frafo 3@ 0 0 0

sl FeIfee Favia fofar & foe wenferd wifie qoa (EMV) freifta @ @i gt forg
forar &1 Wea F 1 G | IHF FAT g9 AFE H GERT o TR -

EMV (D)) =0.20 (-3,00,000) +0.50 (50,000) +0.30 (2,50,000) = 40,000 ¥.

EMV (Dy) =020 (0) + 0.50 (0) + 0.30 (0)= 0 %.

Ivaesy Frofa franall & feu yonfea difte qedl ¥ qoreTs Sadia § o Jdd @ 6
wads Pty p, & asid D, 1 2, fog el e 98 A4 o =ifen for foxt fafere Pofg fefa &
fery watay fpar & ergpfa N & w1 @ 1 S fo 6 See ¥ 9% wede R fE F e A @
fegfa § sifaesar 0.20 ¥ T ) | 39 g, Fifegwa g favemy & orid gass fofg ik
F 99 T8 ARARA TE a1 5 vds Py @ @ 2, R R gq e @ fe A o el
strea snfle TomT F STTEean fow @ AR A I 2 )

9.7 ﬁvh-_c!&:l (Decision-Tree)

I foly feafa 1 afe fmfo w0 srafq e fofa faan amn R a fadg &t 9ren sfed
T St 2, i wam Foly o W aavas @ il @ fF 39% | are geifad TR &
amaTe wT 3k R e ol o Snd ) 39 e & e ) v @ited (1) 190 Yefba fEa
21

2776







FooI AGAR I fEveTor g} | 9el Seora @ f6 IAR @) fafed R S wE EMV & e ok Sse-wdy i
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¥ ffT EMV 3 T 39 SR 3 T R-
EMV = 0.70 (1,40,000) + 030 (-2,00,000) = 38,000 .
EMV = 040 (5,00,000) + 0.60 (-1,00,000) = 1,40,000 %.
1. SeaE W Pmi, S senfyg wifte 7o 1,40,000 €. 2, Sk
2. Ty P, ST senfy Hifses 99 50,000 .2 |
e T T F TS R ¥ qre se-eqdra Pty 7 WA Foka e 81

St b Y@ 3 wefdd @ for faepfia =€t 01 ot Pre-wada Foreion &1 St et 33 % SR 39%
fere Sret 4T (H) F1 ¥4 fopan wan 2 '

TR 7 R G & T wem Py fag W IaK @ fasfea $0 ¥ 999 1 38,000 5.
weaifer A qed 3 fasfd T8 S0 91 999 F0 WY wifses oo 3yeed ? | I, gatew -
Frofer foberm Saae Y faeefad ot @ | 369 a1, af 3TE Y SrheraTql ek fihar ST d12,00,000
. @ T A | gefae wda i 7 @ 6 3w &1 gwemgds fae fe s okt sswi
frmior Fr4 fea e |

9.8 faota= e & ad (Ingredients of Decision Problem)

fiyofam woe & @ Frfofad @

(1) 3¥¥ & TR0 (Determination of Objectives)- ol & ¥ @l &1 g4 fraRw
v € | Fotas & g sen el W anarfa @ ¥ | Froty o, faota ) e @, S8
faota 7 @ a1 aenfeefs Sram @ o fofta shea & @ o € AfeT g wft (d-Frvifia svwdi W
e & B

(2) fabedt @ FA (Identification of Alternatives)- Fofa @3 & fofu wwen @ wafya
fafir=1 faeredl 9 @I q41 3% qEIES F AEVF 2| Fofa 9 ) fefd sa= & @@ ot e,
SafF THE @ gEted T A Aes fawey 3a & | 9fe S T 39 SFR F @ 6 36 ' &
fere 1§ faeeq Sveres & A& @ @ Frofy =& foran s wan @ )

(3) "o &1 G@FAH (Estimation of Events)- Wral g2l o1 fotae 9T wften sv1ma wgar
R, FifF et v fafe=t ared wiwdl (anfhen, Qs TR, Toifad a1 dete) F §a &
FRO FFE Bt § | 34d: Froitae & fu 98 snavas 2 6 30 fafi fased aon faeedi & 991 A
gt faf et geelt #t s @1 afe foies fafy= geaai @ qaigem T8 & g
2 A R FIEE ¥ gEad N Wi 9oy tedt 2

(4) faaedi F IURGA F W (Evaluation of Alternatives)- TR 3nfae sRfeafast §
IUrEal F A9 F U & THR H HEAT H1 T oA v - -

(a) ST 74 (Monetary Value),

(b) STATAI 4= (Utility Value) |

frofer 3 foru faehedl & Surd@ar &) A9 far ST S9vas ¢ |

(5) fauia amm@Ra (Decision Environment)- fofadal #1 fofa e sqesa gemai E

| s w Faoe sftfeafadl @) @9 9l § a@ier st gFa -

(i) Ffeaaar 1 fegfa § f979 (Decision making under certainty)
(i) ifafrgaa 1 feafq § fola (Decision making under uncertainity)
(iti) Sf@m i feafa o faokr (Decision making under risk)



T AT A 9 VRl T oY 9§ e ¢-

(1) F@ T @ (Acts or Alternatives)- frofaeral 1 Sueew fafu=r faey 1 &
Fea €1 3 faaedl ¥ Q Froigwdl & SHerad fades 1 A9 FO 841 & | & v we)
fafor=T Taeredl 3 THsg I Fret Fee @ = fapar o W -

a = (@1,a2,a3, ... @)

(2) % (Events or States of Nature)- gl 50 et Fer 3 foe ford 7 forofy =
TR ¢ wet 9T N 2ar ] S frofaesal Y ggw A @ A 2 1 orafq Proeredl @1 3 w R
et Forsor 7€ @ar | 3R @ weAd #ed € | fafi wesll & ueag 9 B YeR ¥ 2w
feram o7 e - _
E = |E1,Ey E;, ... En
qr
S = (51,5253 o Sm)
(3) Wit (Pay-Off)- fasedl qar ge1ell % €A @ s Jifes 7 “Pay-Off” Feem @ |
s it il o aifess o0 R fowe 9@ Fofas g0 9 R fasey w§ T geei
& Gam W fasie e @ ) fafe st g werel gt wiRtadl <) gl w9 § i SeR Sed
e T wehan 21 ‘

Acts
Events ay ar as a,
E; On 012 Oi Osn
E> O2) On (075 O,
E3 031 O3 O3 03,
Em Oml Om2 O,,,} ..... Om,,

(4) fawea @ (Opportunity Loss or Regret)- fF® ge1 § wafuq faf fased 1 @
frotoredl 1 wafem faeheq I O @ | 1Y &1 g8 Wi ) Aoyt @ § g8 ofifeafy & gatm
fased 7 T ¥ IR0 B T 2, Faew @mT WA @l Feemd & | fadey @M # A §)
oA A & e s v Ft galfos wiw J 39 T2 ¥ gafyq fawedt t wfaat 1 v fea
S # )

fafeaam & fwfd ¥ Aol (Decision Making Under Certainty)- fAf¥aaar & feafa 3
Foofearal @ fFrofg wrat @it gead 39erey A4t ¥ ag1 98 wiasg ) gens & @ A ot i F
qElHA = gEa ¢ | Fvigdt g qre adar @ 6 s ol & fau o @ 9o awfga
fafeaaar & foafa & fola R 91 wq@ oot P &

1. 3CT-eT faveryor (Input-output Analysis)

2. ArTa-ay faverm (Cost Profit Analysis)

3. YT Y@-g daATe (Inventory Control Method)
4. Y@ FAE (Linear Programming)

ot GifeH®ia faveryor
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aftfyeaa & feafa 3 fla (Decision Under Uncertainty)- fofaet & ur faofa ofifefa
¥ A A FE TIN vy 7€ 2 | 39 Reafa § w7 gl @ wfaewar ff e A9 = whar ¢ | W
FeTRN & B8 4 sherd o T @an @ g Frofasdt 9 Sfid @y S 0 H B e
72 arar | Frofarat 3 feafa 3 frowy ot salfedt § feelt oft & 9 7o o

(1) Afeaam ¥ Afaaaq FAE (Maximax Criterion)- STETREAT W YT 30 HAIE &
IR W oy e aren Froes s fawey & fow aifusan siia &1 frofe awar @ @ fee sw
foered 1 19 HTa1 @ ! JorTeTs ghe J waifas Mifa & | 7% w19 39 99 3G o Gl
R, Safs frotael faehes F 99 F TROTHEEY 89 aTell 71 & ge7 F0 @ Rafa d @)

(2) g A HfgwHan FWA (Maxi-Min Criterion)- T8 F Frwmart fofasat 2 s
frgread § ¥ 4 T & i R | 59 G F ot folget ¥R fashey ¥ gad MIfE &
T Al R Y1 37 A A ¥ 39 foebeq 1 g T ¢, v watfees Wit @

3 mﬁw(ﬁmmmm) (Mini-Max Regret Criterion)- 39 Hl
F aria fafa fasedt Tt faser @M Ft vt 4 ¥ Py waifyes faaey @m #t arme &
AT A1 R T I FFeT F1 G HAT @ Tl faed @ AN A 8 |

(4) FIMER) OIS FHHE (Coefficient of Optimism Criterion-Hurwitz Criterion)- 98
faga ATETe 9 FrremEE) fagr #1 a9 @ o rerETe) 1T W anreiia R | 39 faera &
faures gfad (Hurwitz) © | $9% T[0T &1 o4 0 991 1 & 7&4 81 | ia: e Fofas
¥ fau e e (o) F A T (1) 797 e Fremard frotas § fa wfas e (@) 71 9F
Y (0) B R | G forias 39 A1 6T % qeA 3T SEre Tolies el e @ | Ui
frator 3 a1 fiae 39 faeey &1 g7 00, fas fau wfaw o9 &1 7o gaites 1 "
WM F g (Value Based on Hurwitz Criterion) F1 SR firebrenn s gt @ |

H(a)) = faFe9 a; 9 fgdan ifd x (a) +
faeq g ¥ =A@ MA@ x (1 ~ @)
or
(¢) (Maximum) + (1 - @) (Minimum)

(5) aHfeR @ fafir (Jacob Bernoulli Method)- 8 Ofd 1 wai 39 gwa fokar St 2, Siafs
Tz AN & fog F1E #0780 @ 6 e o s F wed 1 Yomw TRl Y afes @1 39 TR
TS o1 F ¥ F fo g il fraffa # S @ 1 Serer & oo

M@ F feafa § fofa (Decision Making Under Risk)- 3 ufifegfaal § foftaes =
fiofar ofifeafirdt % a8 qof S @ 78 A @ v 98 qd arE F e @ wrE genet
TFgFaT Y & G 7 TFE 811 € | ISRy T Geu AR et o 1 fosht o fae smew
Sfirq 1 TTE R | G ) Fha ¥ Ava R | o: Afe e 9 € foren it @ A 9% A & S
71 fipt 9 ge W A9 ved & 1 SR o1 qd ava & e W e wi A A o
(Relative Frequencies) & S §ehdl @ | §0 FIT &1 GRetsh &1 gt sfaw &) feafa o frofa
F fafv= fafedl a1 w8 ¢ o 1 g 2 |

sy &Y fafr o wifdesar & ggrar ¥ for om
(Decision Making Under Uncertainty with the use of Probabilities)
(i) Wiy Hifzes oM FAA (Expected Monetary Value Criterion or EMV)- froe

it werall ¥ wafa wfaEaiel 1 ¥9 8 T S 1iEE 99 6 (EMV) $ AR |
frroly fovan 1 W 2 | 39 fafy 3 srarta Froae oy qd e 1 wleon g fafy= wened =



ok
RSN

SFAERAT SaT T & et Fore Fafe ferapedt pvreeit srafiera s 019 o URher 7 O ot Werqan S WifeRRiT e

A F@ -
EMV = Zn:p,'O,'i=P1 On + P02+ ... + P, O,
i€
T w0 FWE (Y F e F AR W FOiEs 39 faged g w8
ST STy Aifss 9 (EMYV) waifes o |

(i) wenfyr fasea =M | & (Expected Opportunity Loss Criterion EOL)-
T foheq 1T AT HE1ET (EOL) Fef¥ia Aifss HA #4018 F1 Jeiens w9 2 | TS Fed
& feu g fshey @0 1 ST Y Frpreft STt @ o YR Sreanfve Hifsh 5 1 R ST

¥ |

EOL = zn:PiRli=P1Ri1+PzR;2+ ..... + P, R,
=1
Sfe fasheq @ ArTg FHIA ¥ AT W Ailas 1 39 faceer # TG H wie,
foret stenfyra faere T a1f =gAaw &

Ty faees @t 9t &) 8d § o) fF sifyean org 3§ | arafas a9 $ee ¥ 9% a9
AR

qui g S STV 96 (Expected Value of Perfect Information EVPI)- q0 §=A1 &1
Y e (EVPIYaR 7 & o Profas afes qa id &0 % foe o9 & a6 2 |
Y1 F FeAterd 7 F 10 F SR A F S bl 2-

(1) Expected Value With Perfect Information
= [Best outcome for 1st event X Probability of 1st event] +
[Best outcome for 2nd event X Probability of 2nd event] +
[Best outcome for nth event X Probabiltity of nth event]

(u) EVPl = Expected value with perfect Information - EMV of optimal act.

fersh w9 | JAFAT T | GAlgd Feg F o sty faved @ arma ot gof e
YA ed FEamd ¢ |

‘a’ %1 Taulg fagm (Bayesian Decision Theory)- 391 fawqa a3 sifasar faer< erearg
B a1 9 2 ) el A fo g9 & Far @ fF Sfasa & T fre 93 g F o e e

Frequency of an Qutcome
Total Number of Events

W Ud TGeE WA (Marginal and Joint probability) -39 faeqd faator st sifaehdr
faera ¥ 3maa e ol g0 2 | Wi faveiny fafy % ER Afics 313 &1 1949 30 99y
foa S =few, 99 e fo Afaftes 3o & 99 90 W D @ 970 Yniyd a1y 39 356 & 9
faea W &R arell Soqrfya ifa & aifee a1 Fuet R |

#fe 'pr Al sard & A 9N F NFFEHA R 1P’ IR F 49 I [WAG D AT T
YT 1L 3 IFE & 7 fTH1 @R aret e & @

PUPYz (I -P)(L)

Or

74
=TT
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FeR HRABI Foweror 3rgTq AR 13 1 T9T 39 WA T FoFaT 1 6T 5 76 7 36 A9 ST 1 A1 b

IL
(P) WIP+IL§3WW@€TI

NOTES Illustration 1. The management of a company is faced with the problem of choosing

one of the two products for manufacturing, The probability matrix after market survey for

282

the two products was as follows:

wof Nature - Good Fair Poor
| Acts
Product ‘A 0.75 0.15 0.10
Product ‘B’ 0.60 0.30 0.10

The profits that the management can make for different levels of market acceptability

of the products are as follows :

Profits (in Rs. if market is)

State of Nature- Good Fair Poor
| Acts

Product ‘A 35,000 15,000 5,000

Product ‘B’ 50,000 20,000 (-)3,000

You have to calculate expected value from choice of either of the products.

Solution,

Let us put the above information in'a pay-off matrix with probabilities associated with

the state of nature.

Market Conditions Good Fair Poor
Strategy
Product ‘A Probability 0.75 0.15 0.10
Profit (Rs.) | 35,000 | 15,000 5,000
Product ‘B’ Probability 0.60 0.30 0.10
Profit (Rs.) | 50,000 | 20,000 | (-)3,000

The expected values of the two stragegies are :

Product A : (35,000) (0.75) + (15,000) (0.15) + (5,000) (0.10) = Rs. 29,000

Product B : (50,000) (0.60) + (20,000) (0.30) + (-3,000) (0.10) = Rs. 35,700

The expected pay-off for product B is more and therefore it is preferred.

Mustration 2. A boy purchases a news magazine for Rs. 3 and sells it for Rs. 5 per

news magazine. He can return the unsold stock for Re. 1.00 per magazine. Past records of '

sales are as follows :

Sales of Magazine | 20

21 22

Probability

0.05 | 017

23 24
0.30

25 | 26 |

0.18

0.04 |

0.03

Find the ordering quantity for optimal solution.

Solution.

Firstly the conditional pay-off and than expected monetary value (EMV) will be
calculated. Calculation of EMV and conditional pay-off is like this :




Pay off Table (Value in Rs.)
Events P Acts
20 21 22 23 24 25 26
20 0.03 40 38 36 34 32 30 28
21 0.05 40 42 40 38 36 34 32
22 0.17 40 42 44 42 40 38 36
23 0.23 40 42 44 46 44 42 40
24 0.30 40 42 44 46 48 46 44
25 0.18 40 42 44 46 48 50 48
26 0.04 40 42 44 46 48 50 50
EMYV 40 41.74 | 43.56 | 4456 | 44.64 | 43.52 | 41.60
Calculation of Conditional pay-off
Ordered Demand Profit on Loss on Not Conditional
Units Sale (in (Rs.) | Sold Goods Profit
(in Rs.)
20 20 40 - 40
21 20 40 2 38
21 42 — 42
22 20 40 4 36
21 42 2 40
2 44 — 44
23 20 40 6 34
21 42 4 38
22 44 2 4?2
23 46 46

Similarly other conditional pay-off may be calculated.
Calculation (EMV) Expected Monetary Value
EMV

Act

20> 40 X 0.03+40 x 0.05+ 40 x 0.17+ 40 x 0.23 + 40 x 0.30 + 40 X 0.18
+40 < 0.04 =40

21> 38 X 0.03 + 42 x 0.05 + 42 X 0.17 + 42 x 023 + 42 x 0.30 + 42 x 0.18
- +42% 004 = 41.74

22536 X 003 +40x 0.05+44x 017+44 x 023+ 44 x 0.30 + 44 x 0.18
+ 44 x 0.04 =43.56

23534 % 0.03+38x005+42x017+46X%X023+46%x 03+ 46%x0.18
+ 46 x 0.04

44 - 32 % 003 +36x 0.05+40% 017+ 44 x 023+ 48 x 0.3 + 48 x 0.18
+ 48 x 0.04

and similar other values will be calculated for Act 25 and 26.

il

44.56

44.64

Decision. EMV (44.64) is geatest for the Act 24. Therefore for optunum solution 24

magazines should be ordered.

Ilustration 3. Under an employment promotion programme it is proposed to allow

sale of newspapers on the buses during off-peak hours.

The vendor can purchase the newspapers at a special concessional rate of 0.25 paisa
per copy againsl the sclling price of 40 paise. Any unsold copics are however, a dead loss.

FeaT WilGHH1 fargeor

NOTES
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A vendor has estimated the following probability distribution for the number of copies

demanded :

Number of Copies

15

16

17

18

19

20

Probability

0.04

0.19

0.33

0.26

0.11

0.07

How many copies should be ordered so that his expected profits will be maximum?

Solution.

The vender does not purchase less than 15 copies or more than 20 copies. His profit

is determined by the demand (D) and the number of copies purchased (P). Whan the

demand is more than the number of copies purchased by him profit will be:

Rs. 040 x P-Rs. 025 x P

profit is:

)

When the demand is less or equal to the number of copies purchased by him his

Rs. 040 x D - Rs. 025 X P -...(i1)
From above equation (i) and (ii),we can construct the pay-off Table
P 15 16 17 18 19 20
D

15 225 2.00 1.75 1.50 1.25 1.00

16 2.25 2.40 2.15 1.90 1.65 1.40

17 225 © 240 2.55 2.30 2.05 1.80

18 2.25 2.40 2.55 2.70 2.45 2.20

19 225 240 2.55 2770 2.85 2.60

20 2.25 2.40 2.55 2.70 2.85 3.00
EMV 225 238 2.44 237 2.19 1.97

Calculation of Expected Profits

Act

15 = (225 x 0.04) + (2.25 x 0.19) + (2.25 x 0.33) + (2.25 x 0.26)

16 = (2 x 0.04) + (2.4 X 0.19) + (2.4 x 0.33) + (2.4 X 0.26)

17 = (1.75 x 0.04) + (2.15 X 0.19) + (2.55 x 0.33) + (2.55 X 0.26)

18 = (1.5 x 0.04) + (1.90 x 0.19) + (2.30 x 0.33) + (2.70 X 0.26)

19 = (1.25 x 0.04) + (1.65 X 0.19) + (2.05 X 0.33) + (2.45 x 0.26)

20 = (1.00 % 0.04) + (1.40 x 0.19) + (1.80 x 0.33) + (2.20 X 0.26)

+ (2,55 x 0.11) + (255 x 0.07) =2.44

+ (225 X 0.11) + (225 X 0.7) = 2.25

+ (24 % 0.11) + (2.4 X 0.07) = 2.38

+ (270 x 0.11) + (2.70 x 0.07) = 2.37

+ (285 % 0.11) + (2.85 X 0.07) = 2.19

+ (2.60 x 0.11) + (3.00 x 0.07) =1.97

Decision. It is clear from thc above calculations that the expected profit is maximum

in the third action i.e., 17. Hence he should order 17 copies in order to maximise his profits.




Illustration 4. Calculate the expected monetary value (EMV) of the three conditions
with prior probabilities and pay-offs indicated therein:

Events Probability Acts
A1 Az A3
E; 0.1 25 -10 -125
E> 0.7 400 440 400
E;3 0.2 650 740 750
Solution.
Computation of Expected Monetary Values
Events | Probability Acts
Ay Az Az
Eq 01 25x01=25 -10x01=-10 —125x 01 = -125
E; 0.7 400 x 0.7 = 280 400 x 0.7 = 308 . 400 x 0.7 =280
E3 02 650 x 0.2 = 130 740 x 0.2 = 148 750 X 0.2 = 150
Total 1.00 4125 455.0 417.5

The highest expected value of pay-off is from Act A

T I

............................................................................................................................
............................................................................................................................

............................................................................................................................

3. Yofmamfoe F:re?

............................................................................................................................

9.9 TV

fofem aaaIfa® Y9 &1 MUK ard 2 I b wifemsiy fagrl 9 a9 | 3naiia g
| ey g T fafateaT v s fole % e W@ #a @ ud 98 & 4q S @A ar
SieRa1 2 | Foreh 3iaTa od U ST TUR X1, WA a8, Aifa Frafwon sl &1 99, Frgfe
ud FIEH } GEfea oy THR * Fd ol A @ dva da 2

9.10 ITeETael AT Yisddhasit

IR QITSIT faversor

NOTES
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9.11 AN HH

I FT W= (Long answer type questions)

1.

gt frly fagr &= @ 2 fola yafawr @t fdean it

What is statistical decision theory? Disens decisin environment.

TOTEAT 1 STAT A e g ATfegaar Ft srae # fofg o7 1t fafi= fafdt &1 s
) :
Describe the various methods of decision making under uncertainly without use of
probobility.

Y 317 Aifers St e ¥ e aifae @t yfafedt &6 se R s #t St €2

How can entries in a Regret table be derived from a pay-off table?

oy FIUT W (Short answer type Questions)

1

giferesa fra fagr @ 2 2

What is statistical decision Theory?
Y 3% qun fde 7 2

What are pay-offs and Regrets?
frofer g8 = 22

What is Decision tree?

EMV & 933 |

Explain EMV.

9.12 HTAgI & T

1.

T FG A, B, C a97 411 Wd e P, Q, R &I Sifadl == € 7 €-
Pay-offs of three acts A, B, C and states of nature P, Q, R are given below :
wiftdal (Pay-offs) (in Rupees)

A fFam (Acts)
(State of Nature) A B C
P -35 120 =100
Q 250 -350 200
R 550 650 700

T SEEmal F MAEHA FAY: 0.5, 0.1 997 0.4 & | 3T SATeFe) F A T Wi
Ted UROR AR q91 g f T30 ok F-6 foran S galan A1 & g 91 gehal @ 2

The probabilities of the states of nature are 0.5, 0.1 and 0.4 respectively. Tabulate the
Expected Monetary Values for the above data and state which can be chosen as the

best act?

(3 Jeaier mifie gou ww

i e b
A B C
P ~175 60 50
Q 25 35 20
R 220 260 280
EMV 2275 285 250

AR EMV, 601 A % e 2, od: ffar A gated 2 1)




2. fr=fafad sifa-3mege @ faar St FoTH WifeaB I farsaor

Wihd AT | Migsan Ha T e
AR T S | 100 FH2A F AR | 200 IFEA F faEw NOTES
1 A 0.2 3,500 4,500 6,000
sitga wi 03 3,500 4,500 3,500
e =i 0.5 3,500 3,500 2,000

. @ . HER 1 I7ET W g TN 375 Fd g |

Given the following pay-off matrix :

State of Nature | Probability Act or Action
Do not Expand| Expand 100 Expand 200
units units
Hight Demand 0.2 3,500 4,500 6,000
Medium Demand 03 3,500 4,500 3,500
Low Demand 0.5 3,500 3500 2,000

Using EMV criterion decide the best act.
[3¥R: AfgHa (3,500 12,200 3,250) = 12,200.
100 3578 1 TR ST G %01 Fd 2
3. P aweit 3 9 frmal 4, A, 4, 79 TG TGS E,, By, E; $ 3-371% few ¢ 1w
el Ft Wifaward F9W: 0.1 , 0.7 797 0.2 ¢ | GATHTEINT GRON SR 9471 G I9H

o FaRT:
-3 [rei
Wghd raeen f
Al Az A3
E; 25 -10 -125
Ey 400 440 400
Es 650 740 750
4. Given is the following pay-off matrix:
State of Nature Probability Decision
Do not Expand 200 A Expand 400
Expand Rs. | units-(Rs.) units (Rs.)
Hight Demand 04 2,500 3,500 5,000
Medium Demand 0.4 2,500 3,500 2,500
Low Demand 0.2 2,500 1,500 1,000

What should be the decision if we use (i) EMV criterion,(ii) The minimax criterion,

and (iii) the maximax criterion?

5. The probalility of the demand for lorries for hiring on any day in a given district is
as follows:

Number of Lorries Demanded 0 1 2. 3 4 q

Probability 0.1 02 | 03 04 02 |

Lorries have a fixed of Rs.90 each a day to keep and daily hire charge (net of variable
costs of running) is 200. If the lorry-hire company owns four lorries, what is its daily
expectation? If the lorry-hire company is about to go into business and currently has

no lorries, how many lorries should it buy? 281



Feav TGRSR favar

() Marketing staff of a certain industrial organization has submitted the following
pay-off table, giving profits in million rupees, concerning a certain proposal depending

upon the rate of technological advance in the next three years:

NOTES
Decision
Technological advance Accept Reject
Much 2 3
Little 5 2
None -1 4

The probabilities are 0.2, 0.5 and 0.3 for Much, Little and none technological advance
respectively. What decision should be taken?

(1) It is known that 40% of the students in a certain college are girls and 50% of
the students are above the median height. If % of the boys are above the median

height, what is the probabilit); that a randomly selected student who is below the - -
median height is a girl ? (Answer the problem preparing a joint probability table).

7. A management is faced with the problem of choosing one of the products for
manufacturing. The potential demand for each product may turn out to be good,
moderate or poor. The probabilities for each of the states of nature were estimated

as follows:
Product Nature of Demand
Good Moderate Poor
X 0.70 0.20 0.10
Y 0.50 0.30 0.20
z 0.40 0.50 0.10

The estimated profit or loss under the thr

ee stales may be taken together as:

Rs Rs. Rs.
X 30,000 20,000 10,000
Y 60,000 30,000 20,000
z 40,000 10,000 -15,000 (loss)

Prepare the expected value teble, and advise the management about the choice of

product.

A Newpaper distributor assigns probabilities to the demand for a magazine as follows:

Copies Probability
1 0.4
2 03
3 0.2
4 ] 0.1

A copy of the magazine sells for Rs.7 and costs Rs. 6. What can be the maximum
possible expected monetary value (EMV) if the distributor can return unsold copies
for Rs.5 each?

[Ans. If the distributor can return back unsold copies for Rs.5 each, the maximum
288 possible EMV is Rs.1.20.]




10.

1L

12.

A group of students raises money each year by selling Souvenirs outside the stadium
after a criket match between Teams A and B. They can buy any of the three different
types of Souvenirs from a supplier. Their conditional pay-off table is as under:

:q

m
|
- L100
(i) Construct the opportunity loss table.

(ii) Which type of Souvenir should the students buy if probability of Team A’s winning
is 0.67

(i1) Find out the cost of uncertamty.

The conditional pay-offs in rupees for each action-event combination are as under:

Types of Souvenir
1 Il (
1,200 800
2.50 700

Team A wins Rs.
Team B wins Rs.

Event Action o
1 | 2 3 4
~ Rupees

A 4 2 7 8
B 0 6 3 5
C -5 9 2 -3
D 3 1 4 5
E . 6 6 3 3

(1) Which is the best action in accordance with the maximum criterion?

(11) Which is the best action in accordance with EMV criterion, presur'ning all events
have equal probabilities of occurrences.

A management is faced with the problem of choosing one of the three products for
manufacturing. The potcntial demand for each product may turn out to be good. fair
or poor. The probabilities for each type of demand were estimated as follow:

Product [ Type of Demand J
Good Fair Poor
A 075 0.15 0.10
B 0.60 0.30 0.10
C 0.50 0.30 0.20

The estimated profit of loss under the three states of demand in respect of each
product may be taken as:

. Rs. J. _Rs Rs.
A 35,000 15,000 5000
B 50,000 20,000 loss or 3,000
C 60,000 30,000 20,000

Prepare the expected value table and advice the management about the choice of the

product.

Pay-offs of three Acts A, B and C the states of nature P.Q.R. are given below:

State of Nature Pay-offs (Rupees)
A B C
P -35 120 -100
Q 250 -350 200
R 550 650 700

The probabilities of the states of nature are 0.5, 0.1 and 0.4 respectively. Tabulate the
expected monetory value for the above data and state which can be chosen as the
best act.

F= wifEasi fayea

NOTES
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