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MEASURES OF DISPERSION

Introduction:

Dispersion is defined as deviation or scattering of values from their central values i.e,
average (Mean, Median or Mode but preferably Mean or Median). In other words, dispersion
measures the degree or extent to which the values of a variable deviate from its average.

Two distributions may have:

I. Same central tendency and same dispersion

ii. Different central tendency but same dispersion

iii. Same central tendency but different dispersion

iv. Different central tendency and different dispersion

Definition: The degree to which numerical data tend to spread about an average value is
called variation or dispersion or spread of the data.

The measures of dispersion in common use are:
(i) Range

(if) Mean Deviation

(iii) Standard Deviation

(I) RANGE: Calculation of Range:

For ungrouped data:
Range = Highest Value — Lowest Value. i.e, (H—L).

For grouped frequency distribution:
Range = Upper boundary of last class — Lower boundary of 1%class

Problem1: Compute the range for the following observation 15, 20, 25, 25, 30, 35.
Solution: Range = Largest value — Smallest value
i.e., 35-15=20

Problem 2: The following table gives the daily sales (Rs.) of two firms A and B for five
days.

Firm A 5050 5025 4950 4835 5140
Firm B 4900 3100 2200 1800 13000

Solution: The sales of both the firms in average are same but distribution pattern is not
similar. There is a great amount of variation in the daily sales of the firm B than that of the
firm A

Range of sales of firm A = Greatest value — Smallest value = 5140-4835=305

Range of sales of firm B = Greatest value — Smallest value = 13000-1800=11200



MEAN DEVIATION:

Mean deviation is defined as arithmetic average of absolute values of the deviations
of the variates measured from an average (median, mode or mean).

The absolute value of the deviation denoted by | deviation | is the numerical value of
the deviation with positive sign.
Note: Mean deviation can be similarly calculated by taking deviations from the median or
mode.

Mean Deviation from Mean of an Ungrouped Data:

absolute value of the deviation of the variate x; from x ..

n p—

Z‘Xi - x‘

. Mean deviation = ==+
n

Problem 1: Calculate the mean deviation of the variates 40, 62, 54, 68, 76 from A.M

Solution: AM = x = 40+62+554+68+76 _ 320

n _ 5
Z‘xi —x‘ Z|X‘ —60)
.. Mean deviation = = ==t c =

|40 —60] +|62 - 60| + |54 — 60| + |68 — 60| + |76 — 60|
5

=60

=52/5=10.4
Problem 2: Find the mean deviation from the mean for the following data: 38, 70, 48,
40, 42, 55, 63, 46, 54, 44.

. - 38+70+48+40+42+55+63+46+54+44 500
Solution: Mean x= 10 = 0 =

10 _
PR
Mean deviation from the mean = 'ﬂT:

50

[38—50| + |70 — 50| + [48 — 50| + |40 — 50| + |42 — 50| + [55 — 50| + |63 — 50| + |46 — 50| + [54 — 50| + |44 — 50|
10

=84/10=8.4

Problem 3: Find the mean deviation from the median for the data 34, 66, 30, 38, 44, 50,
40, 60, 42, 51.
Solution : Arranging the data in ascending order, we have :

30, 34, 38, 40, 42, 44, 50, 51, 60, 66 (n=10 terms)



N th n th
(2) term+[2+1) term
Now Median (M) = )

= (42+44)12 = 43,

10

Sx, — Median]  Jx, - 43
i=1

i=1

.. Mean deviation from the median = 10 10

30— 43 +[34 — 43 +[38 — 43+ [40 — 43 + |42 — 43 +|44 — 43 +|50 — 43 +[51— 43 + |60 — 43| +|66 — 43
10

=87/10=8.7

Mean Deviation for a Grouped Data:

We know that data can be arranged as a frequency distribution in two ways
(i) Discrete Frequency Distribution and
(if) Continuous Frequency Distribution

Mean Deviation from mean for Discrete Frequency Distribution:
Let x1,X2........ Xn be the midvalues of n class intervals with frequencies f1,f> . _f,ofa

frequency distribution. Let x be the arithmetic mean of the distribution. Let |x - x| be the

absolute value of the deviation of the midvalue x; from the arithmetic mean x
Then the mean deviation about the arithmetic mean

5 gfi‘xi X

‘xi—i‘fﬁ‘xi—>_<‘f2+‘xi—>_<‘f3+ ....... +‘xi—>_<

f+f,+ f . +f - Zn:fi
i=1
Sihd
- i:1Twherez fi=N
i=1

Problem 1: Find the mean deviation about the mean for the following data
Xi 2 5 7 8 10 35
fi 6 8 10 6 8 2

Solution : we will tabulate the values as follows:

Xi fi Xi fi IXi- X|=|xi- 8] | |xi- x|fi
2 6 12 6 36
5 8 40 3 24
7 10 70 1 10
8 6 48 0 0
10 8 80 2 16




Thus A.M=X =

.. Mean deviation = -

35 2 70 27 54
> fi=N=40 | >xfi=320 140
D> X 320
====8
> f 40
S ffx -
= =140/40 = 3.5

>t

i=1

Problem 2: Find the mean deviation about the median for the following data

Xi

6

9

3

12

15

13

21

22

fi

4

5

3

2

5

4

4

3

Solution :Given observations in ascending order to get the table as follows:

Xi 3 6 9 12 | 13 | 156 | 21 | 22
fi 3 4 5 2 4 5 4 3
Here N= 30
~. Median is the mean of 15" and 16" observation which is equal to 13.
Now we tabulate the absolute values of the deviations.
xi — med|=| 10 7 4 1 0 2 8 9
Xi - 13|
i 3 4 5 2 4 5 4 3
fi |xi — med| 30 28 20 2 0 10 32 27
Thus )’ fi |xi — median| = 149
8
f.|x. — Median
. Mean deviation from the median = Z f, 30
Problem 3: Find the mean deviation about the mean for the following data
Xi 5 10 15 20 25
fi 7 4 6 3 5
Solution:
Mean=14;
Mean deviation about the mean= 6.32
Problem 4: Find the mean deviation from median for the following data
Xi 6 7 8 9 10 11 12
fi 3 6 9 13 8 5 4

Solution : Median=9;
Mean deviation about the median = 1.25




Mean Deviation from mean for Continuous Frequency Distribution: A continuous frequency
distribution is a series in which the data is classified into different class intervals along with
respective frequency. We calculate the A.M. of a continuous frequency distribute, we take x;
as the mid value of the class interval.

Problem 1:The following table gives the sales of 100 companies. Find the mean deviation
from the mean.

Sales in thousands 40-50 50-60 60-70 70-80 80-90 90-100
Number of companies 5 15 25 30 20 5
Solution: we construct the following table for the given data
Sales Number of | Midpoint of X; fi IXi - X| IXi - x| fi
companies fi | the class x;
40-50 5 45 225 26 130
50-60 15 55 825 16 240
60-70 25 65 1625 6 150
70-80 30 75 2250 4 120
80-90 20 85 1700 14 280
90-100 5 95 475 24 120
2fi=N= 2xifi = >Ixi- x| fi
100 7100 =1040
Now x = 2 fx _ 7100 =71

>, 100
3 fx -
i=1

Mean Deviation from mean="——=———=1040/40 = 10.4
f

2
Problem 2:Find the mean deviation of the following frequency distribution:

Class Interval 0-4 4-8 8-12 12-16 16-20 20-40

Frequency 8 12 35 25 13 7

Solution : Mean = 11.76; mean deviation = 4.176

Step Deviation Method (Short Cut method) :

Suppose in the given data the midpoints of the class intervals x; and their associated
frequencies are numerically large. Then the computations become tedious (too large).

To avoid large calculations, we take an assumed mean a which lies in the middle or
close to it in the data and take the deviations of the mid points xi from this assumed mean.
This is equal to shifting the origin from 0 to assumed mean on the number line.

Again, if there is a common factor of all the deviations, we divide them by their
common factor (h) to further simplify the deviations. These are known as Step Deviations.

With the assumed mean ‘a’ and a common factor h we define a new variable,

o _ fd.
d = th a.Then AM. = x:(%]h




Problem 1: Find the mean deviation about the mean for the following data

Classes | 0-100 | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | 600-700 | 700-800
Freq. 4 8 9 10 7 5 4 3
Solution : Assumed mean a = 350
Classes Mid Frequency(fi) di fidi Xi - X| Xi - x| fi
values(xi)

0-100 50 4 -3 -12 308 1232
100-200 150 8 -2 -16 208 1664
200-300 250 9 -1 -9 108 972
300-400 350 10 0 0 8 80
400-500 450 7 1 7 92 644
500-600 550 5 2 10 192 960
600-700 650 4 3 12 290 1168
700-800 750 3 4 12 392 1176

50 4 7896
g =X —assumed mean _ x;—a _ ¥ —350
' class size h 100
_ Z f.d 4
Now x=a+— z x class size =350 + %0 x100 =358
>t
Mean Deviation from mean="——= 7896 / 50 = 157.92
>
Problem 2: Find the mean deviation about the mean for the following data
Classes | 0-10 10-20 | 20-30 | 30-40 | 40-50
Freq. 5 8 15 16 6
Solution :
Classes Mid Frequency(fi) di fidi IXi - X| Xi - X |fi
values(x)
0-10 5 5 -2 -10 22 110

10-20 15 8 -1 -8 12 96

20-30 25 15 0 0 2 30

30-40 35 16 1 16 8 128

40-50 45 6 2 12 18 108

50 10 472

_ f.d: X —X X —27
Now x=a+Z i h=25+2010=27and 22 =2

Do 50 h 10




Mean Deviation from mean="——7——

S ffx -
i=1

>t

i
i=1

=472/50=9.44

Problem 3: Find the mean deviation from median for the following data

Ageof | 20-25 | 25-30 | 30-35 | 3540 | 40-45 | 4550 | 50-55 | 55-60
workers
No. of 120 125 175 160 150 140 100 30
workers
Solution : we form the following table for the given data
Classes Mid Frequency(fi) | Cumulative | |x;- x| = Xi-375 | |xi- x|fi
points(x;) frequency
(c.f)
20-25 22.5 120 120 15 1800
25-30 27.5 125 245 10 1250
30-35 325 175 420 5 875
35-40 37.5 160 580 0 0
40-45 42.5 150 730 5 750
45-50 47.5 140 870 10 1400
50-55 525 100 970 15 1500
55-60 57.5 30 1000 20 600
N=1000 8175
Here N /2 =1000/ 2 = 500.
The C.f. just greater than N / 2 is 580. i = 5 (length of class interval)
The corresponding class interval is 35 — 40. This is the median class
N
. e 500— 420
. Median (M) =1+ Xi=35+———-X5=35+25=375
8 f .
izﬂ: i[X; — Median| e
.. Mean deviation from the median = Z f, 1000
Problem 4: Find the mean deviation from median for the following data
Wages/week | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80
Rs.
No. (of ) 120 125 175 160 150 140 100
workers

Solution : Here N/2=30 ; Median = 45 ;
Mean deviation from median = 11.33
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ts ABLC inauc)

uﬂa, ezclugbive evients

[: pRos) =pee) _ptenB7]

2 +pm plad)

4 NGB aE hae everds -then —fhe I:m:bOHfffg gﬁ H‘zp}fm'fg Ef event
A has al:m’adﬂ hf:pend . Tt 7% denoted
p(Ba) = FLNB) tf piA) +0 (or) 20-
PRl
" p(Hg) = _ptanB) & p(8)>0-
p(R)

pea) - PLBA)

9 AadB ore any mw p(AnB)= 5. BN,
= ) P
PM:__ Frem ~the definition ” grﬂ Grditional FTEmbtftfy

plae) = , i plB) Fo-
=7 P(ANB)= p(aip)-PB)-

P(&#R) = J:(g)g),rﬁ PEN) +0-

= p(Ang) = pa)-plamn). |

P (k)
[5)

wr

|FoL "0’ elements Ah, 0y, . -

*Nutc' Suppase L Fhree events ABEC —Fthen p(ANBNC) = = pone) |

P(Dnc')- po) - p(¢/p)
= plane)-p(C¢/ana)
= pLA)-plew).p(Clane) .

An-then p(ANRD - 00R) = pmn PFe/n) ﬂ"%m

() ppns -

'gr

|
.—sk|

Ahi) |

™

[

Problems:

ALALALAA

A Card i drawn from a well Shuptled [ack of Cavol$. what i% e

probability Hhat it is either @ Spade o an acc-

Let 's'be @ “ample space _{3 Jhe Sdmple events (n)= 52

Let- A’ derote +Hhe event of gelting a spack ard B derote event of

acﬂmg an ace .

Tren AUB = The event gp
Anp = The event of 8&&?“&

, pAnB)= Fg

ﬂ‘ﬂma a qﬂ:f o7 an acc.
o spade and an ace .

3

)= 4
peA) = 1 PlBIF oL

#

| blad ball:

|
}
|

Determine (11 (BRI (ity p(Alee) - ard B ave events wfth P(R)= ),

By odithon -+hca1¢m.
prave) = PEA}-I'PLG')-PCAnﬁ)

=13 4 L
52 51 5%
= 16
52
(AUB) = A
P bl -

and 3 white balls . A ball f5 dyaun

'il‘ a"!’ccﬂ & black
4 elther aﬁw_‘en or

N ba;j Contains
i5 +he P”"'bﬂb‘mﬁ Hat fE T

al rondom . whot

event of ael.hrg green ball .
i ball .

Lek A ke the
B be the eventof 85&103 a blac
mEal Spumple Apace (81 = h+6+7=17
nls) = e, =11
=} pa) =_'5$ ; P(Eﬂfﬁ _
PLAURB Y= PLAY +PB) —plang)

= G _p = to .
T&f*ﬁo &

PLBY=Yy + PLAUB)=Ya .
Given pea =4, pledz L paver=g

NI, PLAUBY = pLa)+PIB) - PLANE)
PlANB)= PA) +p(B) — PHOB)

Scanned with CamScanner



# |

SIS, s O R [,
| peang) = 4 +5L-1 =L
b praw = B0 - b
PAY 3
i = |1-ple) = J—_L:_3_.
PB)= I-P L= 2
p(NB) = p(AnB) g plAn pCA) —p(ANB) . 3'—-%_ ) 3"""-::/
PB) 1-p(8) ) EARE
S i PA)=3f, p(B)= I3, PLANB) = Yy .TTRen +Tnd
c
&) paC) ity peat) Ut pave) (W) p(aCust) W) PLATPES)
W0y pCANB) (vil) pLANEL).
= = -5 =5
=-i‘, W prA)= 1-pY = -5 =2
ity peed) = 1-p(8) = |_-§- B .% .
(ff1} plAvB)= PLAYTP(B) —plANG) = %*%'L = 3"; [ (rosfzaShec
(Anaf- pSuat
(W) p(atysc)= pL cAPeI]= 1—PLANE) = - :% vg’ |
(V) pernec) = p[(ae¥] = I=PCACB) = I~ 5 =13
(v) p(Ank) = P(B)—pANG)= L-L=3
i ¢y = pA) —pANPBI=3 _ 1 _ 1
(vii) p(angt) = P P Zelod ’
ES 1y Students 8o Qre Atudging Mathemnlits, ho ve Studging
' physics and 30 Qe Studyin Hathemalis and pha'ﬁit.'ﬂ.?ﬁ-ﬂ- Studeal
| 14 cheen at 7Mandom-Find probability “hat the Sfufient ;
(t) srudaf."na Maths or Phﬁﬁi'(ﬁ Cit) Students 5{'(&15?{)5 Teither malh) |
fom) phﬂslc%- |
Sl Let A be Hhe event Hob the Student Studying Maths.
& A= ,_a;q
e
| ‘g be —the event dhat e Stedent Wn? P’y"f‘s-
f i P[B]: 40
| 150 it
| Let ANB be -he event Jhat the student Mdﬂfng both Maths
| physics -
: soptane)= 2
150

“The P‘robubﬂ?fg Jhat ~the  Students ajfu_da.?ng taths or physics

prB) = P(A'!+P(&')-P[MBJ

—8 o B9 _3
50 T1s0 P Isv T w5

in tther arabhsnor
(22 “TRe Pqubabfl?ha' Jphat —+he Students study (? el

physcs 3
piipe)= P [Cavef] = I—pave) =1-3

=2,
5

i one Card i6 drawn Prom a pack of 52 Cards each of the 52 Cavds
| ‘bing  Gqualty Uy 5 . chnion ¥ fid e prebibiin of
| (¢) The Cord §s either ved o7 ki

(i1) e Card 5 drawn meither red L a kfna‘

!@’ Let ‘A" be Hhe cevent thab o kfng #4 choun frem pack of Cards.

plAE= .g.:

1 ack Cards .
Lot B e, eatont ek g ded P clnman from pak of s

piel= 2&
51

| TRe probabily ok e Card 94 citer ved 07 o t?n@
plave) = P{A1+pts‘)-ptane)

=A 4L a6 _
=2 +?£ 0
& B B
52
(7r) The probabiliry ~that +he Card is either ed mor a king
POEneS) = p((puB)) = I—plhus) =J-§591_-_ 2 =4

hree Students A,8,c Qre in Tunnin vace, A ard B have +he
e babitily ;ﬂ m‘imirﬁ aml each 5 bl as mcﬁ bt 05 T
el P'mbabrb‘? Hat B or € wins .
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|
|
|
l |
l
|
!
|

<ol

|
|
|
|
|
|
|

| “dhe percen t'c:ﬂc

Gven ~Hak |, PAI=P(B),
a2pear =pcc) —@

W-KT  Sample gpace g'ﬂ Tace  S= AUBUC
Pls) =P ltwsuc)

Here AB.C aTe Hu_hm.mﬂ exclusive Cyvents

F(M-rpfe)ﬂ?(c): I %
P(AY 4 pLAYH 2PN =]
Lplal=) =y plar=

) P(B):J‘f_ El Pft):_j'_. i

L
5

 TTRe pmbabih'ty thot B o7 ¢ wins = PlBuUC} {

= p(B)+Pplc) —PEn)

= ¥ |
=g by

=3

,J.r

[From acftﬂ 3 mews papevdl A B.C are b
bd 20+, B i5 ~ead b? s 12 is read bﬁ 14y,
qead h g-j.,bol—h A ad ¢ are Tead by 5/
, 7ead b
yead b‘d e Cl-nd ol -theee A8 C are d
9 the population +hat 7ead al leagk one paer .

publtshed « A I5 mead
both A and B and
both 8 and C QT2
2+, , whati%

Gjver pem = 2., Ple)= L, peer=tb and pmns):% J
) o L AABNe) - 2
PLANC) = , plenc? T:} . P (AN =

. ProvBuc ) = pta)FPe) +Pe) —PlAne) —pLBNC) —PEANC)

+peAnBL )
= 20 416 1y 8 5 4 2
(] ({an] 1ep 1en 160 16D D
35
oD

= T
Pr'ff.&’nf_'ﬂajc _pﬁ the pgpu,!_u,blm ot vead abfcast one

heT = .—:E Y 100 = 35,
R D

<o

S Lel a die be aolted ard A=51.350 B ;95.’: ard €= ‘59-5“?»59 i

the evenls aasoaled with —he Tandem (_"llr)l‘?fﬂ‘j(_'!‘.r i

. =l N
Now, pLid= _é_ ,p(n:GL,P[a) _’E»L , plu)= J{’_.pcsa. rpled=g.

1
8y . P(BnA) _ p(123) o W
P[ﬂ.) plR) PlRas) Lagrh E
VO T I e R e
P8 T a4

WY prgn)= 2l S p(PI)= 1 PIoR) = 1 P(B) =T -

ot C 2
() 5 P(%).
P = 1-pA) = 1—.82 = %

P(B)= 1-p(B)= (-L =

P(-;-i i |- ptAvg) pthnB) _ 1-[ptwr+pe)-ptane)]
I—FEB) p{s{’l) |"Pf3}
| IR s A N
| —__-li—— = ;.
(ngﬂuxﬁpumlﬁnﬁfmm)

o). PEE)
P[ac) peec)

. pLa®) 1-p(A)

(peiretse Brdepsndent elens: (s epooement)
n,e.c ave events %- a “ample SPace 5y 'I'h'Fﬂ Qre Zafd o be
: Fa};uaiﬁc fﬂdﬂFEﬂdfﬂt f
plANBI = P(A) . pra) | P(Bre)= p(B)-P(e)

|

|

|

I P{nﬂf-) = P[ﬂ) Pfc’] when Pfﬁ):#o, PE&)FD; P(C')‘:FO'
poimoise dspendent events {1ithout Replaerment):

LN CACAA A

T A B are Said 4o be d,l,,,,,amt- events . Tren
PCAnG) = PIA)-P(BR)  (07) PLEIP(B/A).

; =
©f Pla)=3 ,ple®) =3 and pLAns) =L ) Hhen Find 1) Py §P&)

Pleeany] _ 1—ptau) _ [ +ged]
3
T

i1

3
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Gn @ certain town 4o/ have brown hair, 25/ have brown Cpes § 157
both. browm hair g byown €ses. A peton 15 seletted ot Tandom
from “the town .

T) TF he has byowon haiv | what15 +He P'Tobabi[t‘}av Hhat he has baown
eae{: algo?
)Ty he has hagon eﬁq’ debermine e me!nbn{md Hhat- he st
have bopwn hain -

% he has brown bois, Jhen e p pacsability fpar he bas bacncye
a0, p(en)= P;:;?’? = (__s ) - o375

IED-) |

@ % hue fias binwuen i e y Hhen Hhe WMMH +hat he doesmet |
have bhown bain 15.

05 _ 15
P(h) - £ P(fne) _ p@)—pe®) T oL
f’(n) Pin) _?'.5: |
Lo

- —the oorker's in a—fm-ra only 50 oecetved Bomoub:
e necetviog —the boress oy, O Bitied . ohat-i5 Fhe Pmbn}xh}b(
—:r am:ﬂ_mrd-u selrilrdl  wWdikey whibe Steilted g S\CCEL\.M‘? bonus
Let ‘A" be 4he eévent —that wdkevs ~eceived Bonub,
) = 5ol S0
Let™®' be 4he event Hhat Hhe woTKEY [
P(ﬁfn‘] = 2o = 03
Hhat @ Pcﬁm ;

4 ekilled .

; g ceevied -
ik Jtccci\""a
e p:wbcbth*gj
F[Mg) P(m pLem)
- (ps)0-3)

=015, ‘

f

BAYES THEOREM !

Statement: E; &, - -
) it 5 Ofd A

~ive eventd Huch-hat plEg) >0 (tz1,2,.--,P)m @ samfe 5pa

iy cuH okber event in '5° fnt?‘fﬁﬁ‘hng with every g-

R oy o he events ¢f EEyr- - &y, Where PLEN.HED, -

- plén) ord f’.’“feJ,Pfﬂ’Eﬂ,-P{%g], 1P (e ave bnown —then

"Eﬂ are '

PP
P[-f[/}\'): :(Q'] P( II€I)
ZPE@): pPle)
| (or)
| Suppd'ie (S AP exclusive evthgfa &erb’ﬂf‘FﬂU

event
' | § Zuchdhat pLER)¥0. [=1)2, - -+ and A s Gny avbitramy
o 'S’ Auch4hat PIMZ0. ond -AC‘U £, . TRen Conditional P'mbar'x&?

o & gven WPA) e C2r2, - o TS eual 10
pleji= P(HE)-PEA)

2 e pea?
ralion with oy one of

the eve:-»g

(te, A Can oceur l'n any (ombit

E|1E;u L] ‘E‘ﬂ-) .
preof -
oy arnutul
Let Epps- - -FEnbe ™™ ally
vent4 -
enclustve € s e
an il

‘ Letb A" be -
Given +hat, AC (Y, £

. UEn) E-Bcp,:} enA=8]-

te, Ac(UGUE: -
| 8, ACan be written a5 A= An (€UEVE; - il Y -
| A= (anc)u(nne;)u(nngg . U(ANEn).
‘ tey aistaibutive 190
i P"’"‘=Pi(ma)u(m€z')u L .ulane)y
' . HplAnen |

=p(ARENTPANE) + -
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n i | 5 . (
8= & oo T s , P

;, | L|5n a bott fackory machines 'A.B,c amanufacture 20/ ,307., 501 of +he
PA) = r_’f_' P(E)- p(HE) —O . : total of theiv cutput and &4 J-I-dnd 2. are dCfedfve. A bolt 15 draon

ot mardom and —found to be degective . what i$-the probability —thak itis
manufattured machines A,Bard e}
Suppe -the probability Hbar +Hhe bolt wos marugadured by

% pla= —fm-f,— :f:

we have from the dtéfnfhmﬁﬁ fﬁ’mﬁﬁ"mﬁf ¢ b?f
Plang) = p(g)-p(He) —® Sol
P(ANE) = pcm): p(&/n) —O

machine A

€ I ine B 15
FCQ}’}\): LE’?_:)I_)- == ! wa}:nbiﬁ}y —hat 4he bolt was ananupadured bz{ smachin€
Subsh‘m!ﬁa D§e i B weger . Ple): 20 =2

ba armachine Ci5

Pmbabitérﬂ Adhat the bolt 104 ananupactured

S |
| Suppaie e probability—Hat Hhe bolt dracen 15 depecdive i P(D).
| _lhat a depecive kbolt i5 chrawn From Hhe  kolks

. p(Her)
pleyn) = PP

e ved -
. —Hence p0 | fRe porobabili
! . "rrn w ved A =p(Dl) = £ =06,

- | emnupaau by i o]

i : ; e hine B=pPDB)
’ !.me paobabiliy dhat the depedive bot S fremn mrac mes
| i

E ::-m.’_ P.xcbabiluy ~tHrat-the dcﬁcdﬁfr. bolt 5 -J:rnq': arachine ¢ = p(0e)

=2 =g.2]"
| 1or

.r_l P’lObabi“hJ— —+hat the bolt wohich .’5 d_e_b_etﬁ_ve_ Wndtdw?‘f’d
from A 5 p(AlD) 53’ Bnge'é +heorem
P(AD) = P(AYP(ofn)

G
PCA) PR} + P(8)- p(D/a)+p(e) - P(Ok)

-+ (006) L
| | = Tl e
i " p(efp) = —;’—;
| § prde) = &
|

T
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2| A busine4syman 80:6 o hotels XY, T, 204, 5oL, 3o, gf-lhe Line
q‘c-sl;.:d[‘vd.au Tt i5  kmow 4hat 5L, 4/ ,BY. of Hhe Tooms 0 X,¥,Z .
hotels hove faully plumbings . what i5 the powbability +hat busines-
-man's awom hwcna 4@115 lbtumb:‘ng 4 %I(?ne_dh Ihote;l z'9
‘ii-l Let ~the pmbabiliﬁeas gﬁ busine4y #mn Cc}oina +p hotels %Y,z be
meal::e(vaﬁ-pm,pw)}p(ﬂ.m
px) = % =Z  pty)=2-5 Pyl
Let £ be fhe event +hat +he hotel veom hasg fautty plumbing - Tien.

| +he Pmoh‘lbiliﬁe'ﬁ Haat- hatels X.¥,7 have -ﬁnul@ Fiumbfnﬁ Are
e B L, 2 .
' plEK) = E—;%,P[ﬁ’ﬂ-%::'—g  P(e) =8 =2

The l‘):'mbabi{i 4hat the business nan's eom having —ﬁau!lg pfuh'blz?

1 5 O'S'ﬁiﬂﬂcd 4o hotel T = P[_E_] = P(Z)P[qz,'} |
|
|
|

)

L TEEEERAS
PEIPELR) +PY)-PLer +Ple)-pE/X)

= a_ |
==k =
- o 25
B J.ogogd
o e %'25"' o 20
= 4

3. Supphe 5 men b of i and 95 — out of 10,000 ave Colour |
blind . -A Color blind person i4 chaSen at qandom. what i +he
p.:wl:abitifﬁ of Hhe person being a male (-Assume rmole and fepale
-ts be in egual mumbers) |

@":m’n ~that 5 aren our q_ wp ard 25 woroen ot 57;2 10000 Qve
Cefd blind +

A coleuy blind perbon 14 chdben at random .

The pacbabt ufa ~+hak the  Chodien person i4 arale= p[f"n‘):.;ﬁ_
e prokability ~Hhat the Chodden pevson i -fewale =p(W1= L .
Let B oepresent @ blind person. Then i
B, =5 - poc
P(8/m) 2 = 005

-
| PP = =

R .
< @ © 0005,

e [powbability —that +he Chod’;en_llx'rﬁo;l p5 mmale 05 given by
pm
p(r) - plem) - P
pir) - p(Bfm) + p (07 P(B/W)

- 0-05% 05 . -
- ] = L -
m.cﬁxa-_‘i)'i‘(ﬂ-’;)(ﬂ 0825)

@ -Abaﬂn Contains 2 white and 3 ved kballs and @ B Contains
& white and 5 ved balls. one ball % dvaun ar wandom from |
ore g -Hhe bogs and It i3 fourd o be ed. Find ke paobability
| Huak —the red balt drawn i% —from bﬂﬁ 3.

Let A and B denote +re events of &tech‘nﬁ bad A ord bﬂ@ 8

[ mtﬁFtc l‘i\r‘ehd :

11

|
1
L ;pe): 3

“mcn pa) =
| ket R denote 4he cvent of d'raww'r? a dra aed bail -

%-Having Aeleted ba(? A, the ,‘::.nobabuuy to draw a red ball fromA
W plre- 2
‘ one of —the kall i elected ab vandom and from tt a ball (3

| drawmn at aandern -

(Tt i5 fourd t0 be Ted. Then he paobabiliky —hat Hhe Seteded l:nﬂ
' 5 B=p(BR)= P8 . P(R/8)
| PYV-P(R/g) PLED P(R/B)
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e S R A Al o T | o O e L S

i - SET S
é‘ Tn a -1Cac£-a'ra-,machhe A produces 40 . of the outpat ard wachine
B poacluces 6o . on +he Qverage,q items tn loo paoduced by 4
Oe defective Qnd | item in 250 preduced
drawn at vandem -Lrem a d“a"é aukput is defe

pnobabswg-nlhatft wns popduced by AKB?

B is depective - Nn item
chive - What 15 the

cutpat produced by A= 40].
S pA)= 04
outpat produced by B~ 60
s p(Bl)=06 el
Po/a) = poobability hat Ttems preduced %ﬁ 1’; e dfl"ef @
1 plofE): " g s 4:;

- 3 A
. the bt 18 produced by
|!_, . P(ND'):P-;{QHJ?W-H “thet
s Hepedive
on ®0-007 it

(m) % plok) - =
= 3 a 8- 00dt)

i P{mP(R’n'Lr'P(ﬁ')'F[e@ (o-wnovoc"o‘?‘fﬂ'“

If,u:l F[B}D’J =04

(i) Continuous Random variable

Randorn variables :
A A AL A A A A
A real variable X whde value [8 determined bg “+he outcome of
@ randbm exferiment i Caited @ random vaviable .
(ov)
Rardom variable (4 any -function Hat a&siﬁn«s with o mumeleal

value to each pdwible outcome.
Example:
LN A

B Samfnb space Covvesponding @ tossing of two Coins .
when two Colrs ave tosted , 145 cuttomes or <ample foints Canbe
(Ha),CHT) LU (T,T) e, S=3HH AT TR 7Y, After dhe performorxe
of the E*Pf"‘fment,c.:\e Counk e number of tails and dencte it ‘3‘3 X,
The fiast outcome pH bas o tail , So X =0 .
Sfmfia'rL(zf X=1, denoke -the cuttorres HT or TH amd X2, depresents

I dhe ouwtcome T
:. pﬂbabucrav _9[1 g;mng zcvo heads 15 Yy [P(l’:o‘JJ

| PLx=1] =2/y
Plx=23= "y .

| Now the probabiliry distribution of 4he andom variable 'x' 5 givenby | &

1%}26 g Rarclom variables:
MMM A AA_A

Ranchm variable 15 gf fwo i[5
(}) migerete  Random vaviable
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|

|
() Discrete Randem varviable:
[ AL AL AN AN A A A
A aqondem vaviable X which Can toke only @ Linife number af.
s Ccalted a difcrele Tandm)

disorete vales Inan interval _o; domaln
variable -

Ex: ). Nowf children fn o fomiy.
%P customeTs who visit a bank C!'u'rfng
sn —three to%ES of a coin.

2. e 0 Qnd 5.‘«5 hotrr,
3. The mo-of head
1. e 'm_a:F Student

4 obtained
4 [n aclam.

@& continuous Rardom variable !
MN\_/U\MA/VWMA-M"
5 ContinuodSly ic,

A sandbm variable x twhich Can take value
which tokes all jdnible values in o 5w¢n tnterval 15 Calred @

Continuous ~ondom variable -

l':ﬁ'n\"} |
o : ib| |
A Conbinuous wandom variable 15 onc which bakes an infinite o-of PO le |

voles -
F: rEQAUT 5.

% continupus wandom vaviobles are uﬁur:tﬂa emEnks
|Ex: 1. e amount of Jul.f«r tn an ovange .
! 2 . The heaghr,aae § weight of o fperson. -
3. presure , volume .

Labili i bri bution Hunckion.:
/Pm.q"/—i/\_/\_,-uﬁ-\ 2fft‘r’l‘“5uji—“ reiiA

Let % be a @andm Vowiable . Then +he probability istribedion
| function Qusoclated with X 1% detined og “he probability +hat te

ouk-Come QJ‘ an g-;_'bgqi_rnﬁﬂ!‘ will be one of The MCM "FGTCAJ"JIIE'J} |

(5147, TER .

Discrete probability Distribukion. ((probability Mass tunction) R
Mﬂ\M' ¥ M,\N\/‘\/\N P ,H

Let 'X' be a diterete Tonchm variable with Po';‘.‘a?bfe ocbcomey

(Values)  with heir  Corresponding probamffa. pea), PC%3) , - - +Pl%)
hen px=r) = ) for 2128 - - % coled the e
weass furction - of the rvandom voriable %' i (¢ cols3hies HheBl7g
b

paopenties -

) Pz »o ¥ 02 PP (mon -ve)
t=12,3, . - - (mtal pmobab?ifﬂj.

) zpex) =1,

exectain o, vorres o Sonderd chveten o 2PEECY
PR L S A Ay T A

disbribution :
A A
Expectation: Suppde Q Tandom vaviable ' Qssumes the vBLLES
B . s
Ty Ky 1. 7- bve Pﬂabﬂb”ﬂ"“ Py, pla), - - - L) JThRen

ctxy ts clebinesl

expectation 1) expected volue of x dercted by
;aé the Sum of paodudts of diferent values of X and e
ECquE6PﬂTldir>ﬂ

Ip«obabttfﬁcﬁ i

E(X):IZ? P,
=
ngEagd—Vo.ﬂflt‘.’ %ﬂ O-ﬂd {umﬁoq 8(-;) Q\)f

L-€:,

i
]
i
| dn aene'ro..l , Hhe
a 7andorn vaTiable X % defined as

E[ﬁmj = ?_ P gea).

an : .
ﬁmfﬁ.ﬁ The mnean volue o of Hhe discrete clistribution function

5?’3 a't\ffl'l bH K= Fpi% = ZRY; = E(x) E ;éﬁ:!]

Zpy

Variance: re Vaviante T of he ditcrele olestribulion
- : L
Jurction tﬁﬂumb " Zvar[x]= E[X-E(X)J-ﬂel

I lo) [z €[x-pJL g x‘)—-[féf)]ﬂ

i
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Standard. Deviation:
I, A

Tt 5 the podltive “Lguone sk of e vaviance

300 = T < e

= J E[%- E[r]\]".

RKesults on Expectation:
]fWWM

# E[x+k]=EXI+x 5 K is a ConStant.

# E[xx]= Ket  »
J-as gf[ax+b] = a-Ex]+b; a § b ave (enstants.
% ECaxby])s a eBx)+bEGT. |
’*‘ E[x-%] =0 |

Elx+v] = E[x]+EDY]
- E[xy] = E[*¥J-El¥] ; x §y awe Independent variabies .

ke % %

variance of Constant {5 Zzew. b€, V(K10

® v [e4k] = v(x) . . |
I.'*. v [ax4b] =d vx).

s oo n, et |
x and vy awe two discrete nandem variables then |
ECxsy) = ECO+EQ) paovided EC) § ELr) exist:

‘P_m,,e; Let %' be @ aandom vaviable ﬁgrrng'-fhe values o, % %,
e e ad
with -the C‘owe»spmdr"g paokabiléties p(a,),PEsd, - - «PHa) . !

Let 'y' be g aandom vaviable taking -the vatues gy |
with he corresponding pavbabilities plg),peps), - -+ <+ Plgn) '
Then [ﬂ deptnition Etx}:rzl; % P;

lS.‘:-a.bEmr: T
At

Ey)- ¢
(Y)J;'i-d‘,!}

Sl NS R e ey N ’
Let Bs= P(x=%; n Y= @ s

LECY) = 2T (%t B, (%)

1=l 3:[

m ™ n m

=2 Tap+rfyp
=t §=y =g gm0 W
n m mn n

= !
= ‘[sf? PTJ] +j§ d; [f‘, F:i_‘l

m

La)
= Z o ot Bl
o G PEN T L 4 Pd)
SE(xY) = EGO+ ECY

Product thesrem on Expectation:
T N oSN AL SN AN

Statement: Tf X and y ave teoo Endcperdfnt' wvandom vayiables
b e

then E(xy)= E(X)-E(Y).
m; Let % be a wondom variable toking —he valtes T JENE
in —the Cp'r'rfﬁr)ofld?nﬁ Pmoknbm.'.fe—s P, plny) . . Cplm) |
Let v ke Q vandbm varioble -taking the alues Gt ol
[ in the COT"fﬂ'SPﬁrrdrnﬁ pachakilities PP - Plga).

. n n 1
By clejinition , E = y Pl =
i Qepintti =) = L p) ;o Q) J,J::r i)

E(xY) :E{ E ('XEEL’] P%d;) .
2 [211 % p{m] [}t': ﬁ;ﬂﬂﬂ]

j ExY) = £(x) E(Y) -
*§ T %' 5 a discrete vandom Variable ond k' i5 a ConStant,
?EhCn V(x+K) = V(X).
m Let V=x+k —(@)
Then E(¥)= E(x+E) = EX)+HK . — ()
O-B) gives, y-£ly)= ¥-E)

s hokh sidles, ece a«%mtah:ﬁ‘ expectulion
.2 ;f 7 i both Sid

€ [Y-EWT = % ~ECT 2y W{yI=v{x) = V(XK “v(x)
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il S, ...

BN SeS

S B WEE _SENE B B 5T SR e

g

T ‘x'is a discrete vandom variable, then i
wheve. V(X)i5 a variance %f X and a,b are Constants

prc:

Let y=ax+b — @
Tren E(V)= Q. E(X)+b —@E)
0-0 ,gves. y-€0) =a[x-e0)] |
Sqm_,,g,a and mnrﬁ Cxpectalion of both Sides

E[y-£] = a"ef x-—-‘-(xJ}J"
ie, v za v

"“’ejd— |

mea lem?:

AN
Let x derote —he mumber of heat tn o y,,alrc tosy of sfair
Coin%. DeteTmine i) p(x<2) Lidp (1¢xs39),
Aistribution 5

w0 bablli HHa HH
ok w HHHT
x [oli o ]3]s AL
HT HH: i
ESERANAC AR LT
= ¥z TTTT
1) plx<a) = pe¥ =07 PO P r;
=kt % bl 1.
THTT |
f) plicag3sd= plx=D+ PE=3) S |
HTTT 1
=6+t THTH |
e HTHT I
=10 £, HTTH !
€ "t T HHE -
HHTT

N @0 dice Qre —thvown. Lek X asshn to each point (ak) in S thefy)

2 The Lotal voof Cases Gre 6x6 (ov)6 =36,

b =max (a,b).Find +he P'rub!-

3123454

tts mumbers £, X(a
15 Q vandom Variable ith X($)=
—Jhe dlistribution

i
- ki l?fH distribubion. X
Also Find -he mean and Varionce of

(or)
A andom variable X has the —Kotmu:'frﬁ chstributton?

* i 2 | 3 a] 98
1 B
o | |22 2] 3]

Find a)the mean b)variance CIP(i<x<6).

ThRe mnaxtimum mumbey Could be 1,2,3,4,5,6.
f.e, X(s)= % (a,b). = wazx (ab). i
C2,1),(2,29,(2:3) L02,47,(2/51,02/8)
(3,1,€3,2).(3,3), (3,155, (36)
Ui"".fUhi'lema‘lfhﬂ-f);wsj'm"d
5,0, (5,1 ,w.aﬁ,rs,ua,fs.s).ti&)
Cs.n1.{5»),(5»3:,&4),@,51,(&6)

[T’ 4bis Case , Sample Space S =

oy  maximum 1, favourable Case 15 ore Case C11).
&. P(l'.l:. P(X:‘!) = PCI"]:EGI:'.
|[For maximum 2. (x=2)= 3 .
Steet G RLT e
’ = p(¥=37:=5
¥ef- pat=p ET3

Pla) = p(X=4) :31;
Pf5]:P(x:5'):j_

i 36

rx;. (6) = L =1
[=1 plé) = plx=6) .-EJG_

. TRe qzqnemd ryrolxabimy iseribution 15

x=% ! o |3 | 4|5]|6
- = 5 21
plx=2)=pa) +* }% £ '3;;' 2 3;‘
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= st 3 2 d+5 4 e
Mea: % 2%, =l 2 2 + 5 G = Bl
Gl e = e %12 55+336+’f36 zr,+ 3% 3
= by
<] [ 1 L L=
: 2 - il s 3 1
Variance ¢ E] RE—H =500t 20y 5{3”315(")%*3%[53,}

2
4 (6 — O™

= 9912

=)

when a pain of faia dice i5 thaown once. Determire the
iit) varianie

|'f] Discvete p.:wbabﬂ?ly destribubion 1) E_xpectaﬁm -
hl when tup dice Qre ~thvown , total mumbeT -‘-f oukeomes 16 6=2
(0, (b2, (632, (04),01:5),0:6)
L2y, (1), (30,020, (252026
(31, (3,21, (3:3),(34), (351036
Corot, Chpnd, (a3, L0t (3050, C6)
i L5.0), £5:20,(5%) (5 455158

! G, (6,2, C63), (612,651 L66)

g

|

| G —bis Case, Sample Space § =

Lher In S, Ahen -the Sp_m;ﬂe space 5=%01234,506%,

i Pl= P(K:lj‘—'g"lj plyl= P(x:q')z‘aie

| plzy= plx=22 :_-3‘3:_ ch‘;;;:-(x:ﬁ):é
! - -
[PC3)= Plx=3)2L PCed=pX=6) = 3¢
Y 3¢
Tre p.mba},zma drstribubion 14
5 |6
| T ELE BT
1 q |+ | 53 |—
t) ExPecmﬁm:an.—‘EP[’—!;
e, 0= LA 45. 9 437 1. 5 +53 0L
)= lige s 4T thig 19 185
lovr) H = q—é =2.52%8

Let X derote the piinfaum of —He two atibers hat afpean |

Y e vandem variable X assigns +he aDinimumm of {5 mam.

A WS M O e k-
L 3
(iit) variance Zpt —p

92—
| 3 il
=1 4+ 1.9+ ,.t(,-_r—__.ﬂs.-[ J
% f'f‘sé ‘l'f’sé ETS 2 =

fe., o= 1913

A aandom vaviable X has-the -fa-‘-’mﬁnﬁ Pﬂaba.bei'fg Junction:

|

valuate  pOx<8), px=6), plocx<s) and

i) E
Plosx £4)

Lol +he minimum value qﬂ K and

E} Determine K
i) 'F plxskr >4
() Determine —he clistaibution Junction o X
Wl (vi) variancc

Mean

Soi: [{)Since 2 pe) = 1, we have
= L =

|
T e e
' K4 2K 2K + BKHE+ 2 TR K =]
| = a9kl =o
i€, (k-1 (¥+1)=0
! _ . ke o (Since prx)=0.% k-1
| et - b >

| i B .. . . px=5)
' el e 4 1N 01)

= (o-4)+1[o-p)+2co-n-r3iﬂ-f}+£°"3,'+2‘°")
= o8l
P(X26) = B 1—p(x<6)= 1-0-81 =019
Plocxes) = plx=1+ Plx=2)+ p(x=3) +P(¥=4)
= (o-1+ 200+ 2¢0.-N 430N

-8
PlosR &) = pOx=0) +-pC %=1t plx=2)+ -

..+ Plx=5).

o+ (o) +2lon) +2001) +3(0:1)

B8(01? =06 -

"

W
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lit) e wequived minimum value of K is obtained a5 belap.
plxgly= p(x=0) tPCX=N
= 04K =1Ja =0
prxer)= [plx=0)4plx=1) +POt=]tp"
Al =3 -03
POxg3) = [plxzo) +poe=n +pix =] +P0=3)

= 0-3+40-2
=05
PO<y) = p(xg3)+plx=g4) = 0-5—&.% - 0.5+03 =08 >o-5=—.,1_

- e aminimum value of Kk fé which plrck) >1 15 k=4

W) The distribution function of ¥ is given by he Jollowing tabic:

* - PE) F QL) = pix¢X)
frumulalive 0-¢ gof . Rv)
[1] U 7]
! 01 k=L o
2 0> 3K=2 =03
3 o2 Bk = & =06
4 03 8K = _% =0§
0-01 _ S _
5 BRAK -—IE‘S‘O'GI
0-02- @3,
[4 BKAZK = i =083
1 014 Griok’= 1

1 .
Mean p:f_Zu R = 1(0.) +2 (0294 3(02)+ 1 (0-3)+ 5 (0O) +

E(0:02)+F(017) .
= 366
\ 2 L
Vasiante ¢= ED PIQQ -K
L=

= (04124 (02) (4) + (an)ﬁ)ﬂ&&)tr&? + (o-m&),«.(a_o,m)
+ o-1#)(49)

= B.4044,

5.| The Pmbabiﬁfﬁ dlistribution -function qf a variable X 5 be)

¥ 4 B i 2 3 4 5 6
Pk sk sk K k. nke I3k

(i) pind plxeq) GO plx 5, p(3<X 26)

&) -Find k "
anini MUM vialtg ‘—’f g 4o Hhat P(xs:}

i) pohat sl e —Hhe

331
: - 16 , p(x25) = 24 ,p(3ixs6) = =
|Eans: K=y pOX<4? = 33 E #q -

. ; i
ptxg2) y03 =rThe aoinimum value of k‘%&ﬂJ-

3 ftems 15 Sleded at wandom from @ box containi-

[ Samr‘:vl'e' Qf eIPech‘d'

|- 1o ttews of which 4 are clepective , Find te
! of defeddive ftems ?

S0 -tRe packability of defective ¢ pek=2
| Mumbex sf {tems Chaden, m=3
| . Et('be':'tEd number %ﬂ defective 5 E(O)= p=np =3(Z) =2

| = |

1| A Sample of 4 ftems 6 Seiecred ot aandom faom @ box
l Containing 12 ftems of which @r 5 ae defective. Find the expected

| mumbey  E %(_‘ defective [tems:
|

. feems
.__‘Sfi:; Let x clenote the axarmber of defacbve {temd amﬁ 4

| daun from 1 Ttens .

Obviuu‘ﬁ[ﬂ x Can take +he valucs 0,1:2,3,07 4
No-a:F 800‘;[ ftems= Y.

| Noof defeciive ftems=5 § m=4

| TR babitity of defedd il

| e paobabitity of fedive o5 p- £,

| TRe ex};ed'cd no.gf cefective is EWX) =H =np

| N

| a’!(%)
i = I 6e6

Scanned with CamScanner



MWD X A L —

o N o

—— B e B B & I8 B
8.| Fnom a lok o o items ('on-'.‘ﬂfm'fﬁ 3 defectves , . Sampie of 4 Ttems [ Continuous M babtléty olistribulbion ;

é4 cnaum ab vandam Lek the onndom vaniable x derote the mumbey |
of defective ftems Tn-the Sample. Fiod the poobabilty distribution %bﬂ Density function: Lt 'x* e o, Continuios
of X when He Sample 15 docwn without meplatement . by iax:'nﬁ ol petole. values tn the il
i‘i‘—' X Can take +he values 0,1,2 or 3 | e, agxgh +hen Joor = plx=x) 5 defined as Pmbuﬁqd dcrrsﬂy
Ejiven total m.%{ {ftems = i0 [ r:rwach'nn of x If It sakishies -the —.foliaang pookerties .
| b 0
No-of good frems =% I (O pearse yoxer (O [fende=i  (on) [ Sedt=
g | ! £
No-gf defective Items =3. [i[F:'iJ‘mc paskability pte) ts glven by PE) = [ Jarde.
-1 - Y L) s
plszods pime dsfestvete 1. o L (Complai gertiotir Finolen of 4 Guuinds Specbn Yar A
,% € 7 .' - A O A A A A . =
P(x=1)= p(1defective § 3 :.d ftemd) = _ﬁ- % | TRe cumulabive Tigtrcbution ~function o Simply Hhe distribution
= =4 :
q ; | [function of a Contirugus sandom variable X {5 denoted by Fa)
=2) = " LEEms) |
FRmies papges ] ngj L - ftl:(‘h = '% land 5 defined o o0
* . ! FOX) = p(x<x) = f—,chd-x .
—o0

Plx=3) = p(3defective g1 amd item) |
2= 3% ® '@:} [ I' .
= Thus F (a a;ueg, +he pmbabawb, —fhat -the value g the variable X

5.
E" |
IQ:'-I Wit be <7
. The pmobal—.i[.‘ry distrtbution of sundom Vaxable x 5 ag
| P?wpe-rtic—:; af F(x):
(A AL A A A

—fottows :
f ) 0LFx) <1, ca <t

, w | alt]l=2]3] '
3
| - 1 . ] : ] Td! 3_%7 10 Pz £m030 , s that FEx) 15 o 'fm—d:c'reaéing -function.
ifr) F(#et)=0 )1 pteo) =
_TV} Plagxgb) =aj:b{md1 =F(b) - Flay.

‘ IMCa’ﬁuﬂ?ﬁ of Central Tcndm%{ ~or Gnbinuous probabits
| rﬂfétﬁbuﬁon: ,3’
| . on ’Yelblﬂcflﬁ R bf]' £ () dg % bd 1 and the Sﬂmma-tl'aq

| | |
| |
’ I | over 't b('f t’nre{fmb‘an over ~the Spcc:‘fﬁ:cf varge of +the variale
/ [ X In -the —fdmulae %C P’Dhabilifbt distribulion .
' Lee ) be he pootability clensity Junction of a rand,

Vwaﬁfe X. Then
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i) Mean:
I

Mean of a distribution i% gven by p=€x- J-,[ oy .
9 x 16 deficed from ato b then p= epo- fat:l'md'r.
i) median:
L W ™
Medlian 5 -fhe point which clhivides ~the entine deig' clistatn-
-tion Ints two €qual pants.
T xis depined faom Q@ to b and vis +he aedcan -then

Mo b
J-;Fmdar z J‘Imdir -}L .&[v?rﬁ fit n,ucdebnednn.

M
L) Mode :

Mode 5 he value of g for which f(x)i8 maxtmum .
Mode s +hus amen bd $'27:0 and L"2)20 for acxch.

) Vaviance:

o

n. ‘301
o= J (x-p) fe) ol (7)o = f’" T dg —
-l i
| &tﬁom that~ Hhe vaniate x 15 defi ned from atvb. l
b
| Then j{q-p) Sty d vy = f P Frooln — "
i
V) Mean deviation:
q ﬁm“w\—/\o;\ I ‘
f l-p] L oot) dot . : |
—o0

Froblems ! @

P W L
@ A vandom vaviable x hos +he folowing function ;

g 3 4 5 & g
po : g " SR £r FKHE
{) find 4he value of Kk  (I0) Evaluatt p(x<e),P(¥2€)

(L) Evaluals P{ocxca),
%Ll 94 'x't5 @ vondom voricble,Hhen Zp() =

TPy = 04K 42K yex 3kl FHe = |

=7 QKg}qK-] =0

! = K= ﬂ = 0102 (ﬂm'rbd) [H >0 £ Tf k(s -rrﬁafv.g)
' p<o] .
1) P(x¢67= p¥=0)4PLx=1)+Plx =3) +PX =) +pix=5) 44 =0.81¢.

| P(X26) = 1-pP(x<6)=1-081¢ = 0184
iiu] P(o<x<5) = Ky2k+2K = 5k =5(0.102) ~0-51
|
2% a vardem vaviable has +he pcu.oba.bd:rg Cﬁnéu{? ) ax
|’F(” = )2 rd o find the pacbabilities +hat fe wfy
0 £ x<o
take m a volue ()behoeen jand 3 i) gneater than g.5

Sotl § The F"‘”bﬂhmﬂ thal & vamable the vanaly talces a val
1%
“:\/w land 3 4 al\:en ba -

v pligxss)- J.;(-l) ol = jJ g
26 M dy — ~IA 43
1 1[__‘%:‘ l =-[eiey]

I
u].'ﬁ: f = ‘_1 ‘_6
| paobabili Pﬁ that a vaxiable takes a vage cc’wea-!'l’r

(Repeatrd )

-J-ho.n 05 {4

0
Plx 2059 ;J:F(*t)uh( =-j2521o‘x = g [
a5 05 ‘J

= ._[e—ao_é.,J: (2_'-
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pcqobab‘.l(rﬂ dwﬁfl‘a' ~funckon o_f a Tandom vazriable x 15

for= i,r, Siant, -y 0ga g

2
0 , elsewhere |

Efnd the mmean ,mpde and medion of +he distribubion and al4
find the pzobabzh‘:y between o and T, .

o0
L D) Mean of —the distribution :j £y ol

Sot:
—o0
o ™ o
= fﬁfo)dlavjlx.i..ﬁr'n'xdx-t * (o) du
— ol
o
T w
i 2?;_j % §inx olx
[

| ) ) o -
] _._-['-xce'n+ rnx]a

I

2
=k
Moole 14 +he value Q,g o -ﬁo:-which. flx) i Tra L LMLt

now Fla) = L cdt .

L fx) to be '\ﬂm:‘t_rfum,{ex}:o

; . =TT
f.e, Cdx =0 v RS

Hewn— | atmt . AF =1 ,£'r=-t<co .
£ = ;Sl-‘d A 5 ! =
(1) Lo, anQALMUT cli"JL:T'"_'

sence £ .
. Mode ofthe diAtribution i% 8:.@0 ba

i
T -

ai?

g

" Median of-+he distribution = 3

THus Mean =Moole -median =T

)

[ é Sinnd= "I’ CCo‘J‘I')a
0

. m

iv) plocxe Zl= f—F(w)d'l:
]

A (Conbintous vandsm vardable hob the pmabcxbiiil‘g dinsdz

Sunction fa) = Z( k€M fh 130,250
0 , Otherwise
) vasdance .

“Dlermine 1) k1) Mean

1) Since Hhe otal Porabab.fb’? i3 unily .we have

o)
'-f-,f-i-“md:tzj
—0

| ) o
| = jﬂ-d't zjmgkidz =
| —e0

0

of AN A
= k[g,e'“dx:; _—_x,t['x%-q--%ﬁ:
o
[1]

.: - 1.
i = k[p-0)» [DF;{;)J =] (o7) k=2
[ Now £{x) becomes

Fe = (M e™ s fa 220, 250

|
| 0

Lit)gy veclion of -he olistaibation i5 ¥, TN ; othertoise o
H b 1 I i) Mean o t 5 2 AL = o 2 A%
I_Fﬁ'_ld‘l' = J—F{'ﬂ.’}dﬂ. =S | | ’ H:. J' W'Fh) da = ﬁo doc + f(}\.,qg ay = £J)q; e (!1'»(,
a A —@ s
l ie MI ind = f.n‘-'- ginot d1 = '1I__ i ' i L M M
| " J‘i Spt= ) = | :a‘[& £ e +1-_.j
| % 4 | | TR
/ . L giptda = ._'.,u:c 991" f' - 7\1[( - ')-—fﬂ-ﬂ—z‘—
/, Solvirg I z 2 || | 0-0+0 Aﬂ-)J
| H —1 CedsM- =2 =2y -thM= ) | “
] 1) = 4 =r = x Y
{ = B = 2 e * =y CdHH=D l
i: = H:'!T,";. : l\\' = S —
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|
L) varitance of +Hhe ctrsrribu&'«m,o—":]@x'%gm}di-f_ﬁ*
—0
oL
f-C.,U—_. )‘“ A" ,I-—?l“ldz__ i
A’)«-
il |
?\)‘
f di“?. |
|
A =AY 0o
A 5o g B8 o BTN
= 9 [ = 3. o +6th)‘3 rénq ) |
= AL
A fﬂw]_%. |
i ‘
z'l-

@ FOL 4he ConHnous ‘b\nababl,t,_fg Funchion fixy - L !
Az0, fed frk e

fi)Mean i) variance |
Ei’ms:

FL .
k=3, Mean -3 »Variance oL 37, i

=
O j.% +te Junctien defrined by Lo - J 0,2

i a probab.
1% (2243) 25 %<
t!;-bu densi 3 o, 1t
unchon ? Do
d { Fird the P C-"ﬂ-h Al ik o vancobt I""b‘

|_[.‘.{1]| ab cﬁr?‘:\-t? —Junction win £all i

-im"i {) Fon alr points a4 in -0 <o <0, fi01=p and . I

A

n the {nteryal Leag3 |

3

pel 2- 4 f=e)
-£!J Sfryda= jg. da +II-% (ox+3)dx -g-fa,dx
—_— 5 4_ I

=%[’,ﬁ (.}.")}3&);'] '

&
wL et Ce-u)t3e-2] =L ae]ey,

Hence fin) (5 @ P.nobabchﬂg dané('fy Sunditn .
It) The pmabah}.._t‘? diat HE denéﬁfg will fall n the Interyad

2.47¢s,

Sot:|

| Determine @ifta) (i) k

il BREFE E B/ANED TN LA R

tl) The Pmabo.biﬂ!y ~that  the d@n’Sd& Sl falt Tn Fhe {nterval @F(

25%£3 15
3 ; 3 ' " +37(j5
pl2sxg3) = }j’-F(-x}dm =L J’(n+37 da :lé_E'( 2 ) J

18
] -
-\'3_|5+3}' 4

a
A Conbinuous owndom Vasiable X hag -he distri balion
o, x<!
ke (a-1)%,ip 1angs
| ;if %»3.
tiii) Mean.

funclion F(21) =

W) We khow Hhat foo = 4
= [Fexa] .

0/if A<
Ak (2113, if 1% <3
0 ; it xr3.

it Stace  toral pmombumd i unirg,uc have

3 E]
J'-f—(x} de =jzie, 4—k13(1—|75dx = 4k [{i;'_ﬂj =
] ! :

) -f{'x]:

=7 le(ie-01 =1
e 3
= ] wfo0d = f-x.4k('x—|33d1

—p0 ]
< e [ Gt o
4 20 !

= 4k [.Lz{;stﬁ—ifol ~,§(5’53]
+0
=4K 19 — 2%
(o4

A’(w][ S

=L
(oT) T

ti) tean gﬁ %
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@ For -be Coptinuous smndom variable x  twhdg pmcbab'cil%—,
. c;{cnﬁi%. funclion 8iw_‘n b;{ L) __{C‘I(J—'x}-‘ ff 0grgn where
| Q0 ; Otherwise
|l e - ~
| €85 a temstont. Find ¢, Mean and vaniance of ¥.

iE-Ans: c=3 ,Ew=p=1, VOO =g A
| 2

5

|
T . b < "
@ W PJIDIMJJ(,{J_L;. ddhib% iln(‘f.'!t}ﬂ 'JE('I} pf @ Conbimuoys qandom
Vamiable ps g el ;
€ 5 given béf oo ke ! il BN e

Voniance gf‘ “he distribubion and afss
ek ~Hhe vamials lies bin

0§y
;_S__g[ Given ey g

=LA L ey

Find the pmchnh{fifg

ol
we have R e
—[o_“) - L2t xco, €™

’X)ulc-l':f-éx‘)
i-e, k-—mld o o & =
i é L] = k[‘_{g'g(ﬂdi-rgéwd-xj
L 2]
= kK L - e 0 =
[—z’f a'x+afc.= dm]-; =y Kf(ei&*(:‘?,-—rjow]ﬂ

=r KGO+ (071} x:iL
Hence '.F('X'): k‘.:-u‘ -:.Lé-llf ’
2

o0 o)
Mean of —he dlistribution = [*ftodz =L & ™oy -
00 —od
[ Tn reﬂ-mm\{ 5
Vi 5 5 o an odd func)
uante e~ (uc—,u)"ﬁf()dm :[ gL é—{'xld,‘
— e & s
:lrw WG il °?f-—m s ol 15 an even
= ; e S Emt T o
5]
=}ra‘f'c'xd1=[q°".§_1—'n € 42 & =9
-1 ] =l Ja
| a L’:‘Iﬂ oc A<y, I
[Plosasyy = 1 pfopmy 5 gl _ ) 0=
:F ‘z.a{ € ol ""-:I,i gé'lch -:.:'E(r—e )= 0.498 tneax

4 |

UNIT=T1¢

[obab méi Distributions
I powkabitity Ristribubion

2. Bisnpmial DiskribuHon
3. poi4son Ristribution

h. Normal distribubion

5. propertes
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Binomial Distribution ' @
AANANNANAA

. Binomial distribution %5 a discrete distribution- Tt wag
‘r’,ntTGdLlCEd. l:ﬁ James Befrno_uli h —the 3(607’ 19%0 .

Keginction :
NSNS | ‘ iy
A yandom vauable ‘v has Binomiod didtribution 7L ik apumy

, - R =) |
]mﬁd non —ve wies and Jlf paobab&l% distibulion p(X

{

P(X:'J() o ﬂc Px-fzmﬂx}‘x:oilrgi. T 1 ;q,'-'-'l""Pg’
5 3 1 .

E*;PE're m,p Qe Called Fa?lameteﬂ;-
Assumptions (o7) Conditions (o) postulates

i
i
i

P T W W e AN A SN : . .memt_
[ f ] Y e

e ger e Binomial Distribution undeT +he —.}‘otmﬁ wperi

| Condibiony -

P/ 3 /]
5 Catted ab | SUCCESS

El. Each tral hos on(ﬂ 4106 pdaﬁiblcr cttome
|
1.
{

tery “pALURE”
2. No-gf trials'w IS Finile -

3 The trials Qrve ?ndeFf’rxienb +o0 each Ofther.

b= P‘mwﬁ? o Success ‘nl s Constant n Cach trial.
| ible outCoes: heads 07 tads .

Po‘x&i ble outCames: g

—

e

'E’f_:h A Con o has mfﬁ"&oo pd%
and -lxdr.ina a test Ccould have €0

e s A —— e

poss o1 Fail -
2. T a mew dmg t5 intraduced t¢ care a disease,it either

cures the disease (it's Suaemput) or it doesn't CUTC Ehe |,

dizease ((t's Lalure

Sy Lottera_’cichet:-
H. Resut of @7 exam ( paxs ot Hail ).

e
ey

it i
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|
|
|
|
|
|
|
|
|
E

|
| TRe Binomial Pawhabdata‘y clistribution 15 given by

N

| vexiance of Binomial distribubion

A

Altevnatr motalion:

——

P(X:m):f:(m) = {qh Pﬂ' ?ﬂﬂ ;=012 . .. ;n 1 Q:J-P

0, dlheawise .

anﬁ‘slzan{*& of Bromial distyibukion.:
A A NP A AN

Mean of —the Biomial distribubion !

F("‘) -,-tIP'L -1 JA0, 4,2, .M 5‘?:]-—1(3.
or.'n—’x

o
L E ()2
| Meon of X, pu =E(XI= Z : .t e -Phg C. Et=Z ;br-xz]

=047 + I-'”CI.P.c; I_'.Q"n(' .P’.]Z"""

s & -}—-n"‘"’c Pl‘)qrn—n
=npg™ 4 Wity P B e +m-p".

=op [+ (0-0pg - - i

o L [ uvsin binormial Hhedier ] .

=np(qp) b 9 |

=l . p-,vuv—_-,] |
rJ- = 'nP |

T
Variance, vexy = E(x*)-(EC0T

= z:t"ch‘I -

Ve = Z [T LR ]

[mcx‘ Px- ‘i"x_][ﬂd—r} -|-1:] g

= % “czpq,in 'If'l-!')-f- 2: "":.,P {‘ X —p 3= ]I\.
= '2“&P1?:”+H'SP{’3+3MQP"‘%+ +*l;,“MP—m»pl

R TR R

=% mn-np [ A g (- Y

3 _n-3 n}} =
_->[ __C_”__'lpi" .f.swfaq_ . n-0P - -

AP

(bﬂ ginomial TheoTem)

= n(ﬂ-r)p"'(%+!’7ﬂ—1+f1’“"

n

o-np 07 pop— @p)”
@p=nfanp- TP
mp(-p)

mpe,

. variante of ~he Binamial distribution = AMPY -

n

"

e (r_iw:ncm'|bl diﬁt?’ib‘-’ Heorl :

i
Hode g y
J e A TR A AN,

P,

Mode a)[' +he binomial distribubion s +he value %L‘ o al which

) hast mnaximum vValot .

Hode = fnl‘ca'rnl Fm}: 9,[ ('B-H}P, ;'_F (m;'#.g Tk m'ml‘%g-r‘
(ip ard (40 p-r, if (+1p 15 an Tateger .

Recurrernce relalitn —for Binomial distibubion:

lmmfwmwmvm

(x+17= (D=2
P (2+179

px'}
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-‘; fna S?"'at‘l E? v .fodﬁ. ,an even mMumber (an occur m@
Ol A fair coin 15 tossed Siz times - Find 4he poobabilily of getting o 3 eupaur o 6 . Fus

l Lous beads P

il . p= Pmol:nbdlﬁg 4 occurence of an even mumber in one -Hhrowd
2‘ b= Pmotnbllﬂﬂ gﬁ &]ﬂng a head = !,

\ 9= pmuba,bw%v of mbaa&fra a head = ',

q.nd 'n::;,-x:;i;

e 1
[2] 7

= Mo-gf Lrials =6
) plazLy=1-
i) plag 3 = pla=0)1tPL=N +pcx =2)+pl1=3)
= G (P % (L () + (T (S
- (%)G[F-Mw%gz + A0 |
3 a&

_ (_laE iRt
= (&) [f+6+ra‘+:1oj A i

we know ot plx) =", - p'*.cf“"_

- pn = &, (@A _a
i 41 21

146
(2) = é‘%--:ﬂ-'l?}lf—l,_

@ Ten coins are +hrowen Simultanecusly . Find the p:robﬂfi&‘lif o
! acﬂﬂ‘ng at teast 1) Seven beads (i1 51 heads

S b= powbobility of selting @ head =12

2 = pockablty of iy

! = 2l _pems .
q = probability of ot getting @ head =k 2 A
t] ] 0 pla=h) = &, (L'(4)= 5 - oomy.

ETF: pmbabi.tifﬁ o a;&ma ‘T heads In o thow 4‘ 10 coln 5 if) Pz = |- plx=0T) = I~ chf‘i')rw[—if
| PO poa= B G L™ 5 manis i, |

’

B UL RS el

. = 1= (3
i:) pawkability of gelfing arleast Seven heacts (5 given by plx=1) - By 4 s
'I- - P{X='n ’T’ch:e) _,.p(x:‘?}-f-P(x:Jal, % : ] o G
B T the frebabilitg o .
vaTpnd oy 1By 1ALy + ' f{)m | k4 Y adefetne tue is oz ,-Find (i3 mea

| = M, () () + % () (5)+"% ('@ % | tie) standard deviation foy the distribution  of botes g :m-m-

= i fi o 40
!| 510 [ 0(-__' +I008 * IOCﬁ-'(- IQ:M:I ' 2l Given m= 460 (p=02. C.g = I-p=1-02-08

| -
= -z’ﬁ [120 +45 +1041 ] ' b S e

iJf_J S = 1'1‘1’31{ = JBotosT _—-15:-:‘5 [%@J ‘

|
|
| =_—=_ =0.171%. 5)| @ - bocbabidibs  ae
| 26 ' ©) gpte prebabilly of o defedive put 15 Yo, Find ;
@i A die is thrown & Hmes. Tf (jtlﬁ"ﬁ an even mumber 5 Q Sucess | [ ©) TR wcan (ie) The Nt By e shioesbitin o ok
= | 3 f8ri bt -
i-ﬁfnd the kanh'!ih‘c’a g}" () ok least one Success (0] x3 Succps l = o Guo. of clepectfiy,
Ui )4 Succesdes. 'CTN-':' Giver N=640, pP= The pmobab;hﬁj 4 a defectve Folf = Vg

9= /g

SdEmp = &40 - 8o g Variance = mg.= BO(‘%’) =15.
e
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@ TTRe ‘mean and variante %’a, binomial distri bution  are 4 and 4 r
3 |
rrespe:.t‘m,d . Find plxx1),
S| Mean of the bimomial distribution =4 . b6, P =4 <]
& variance gr Jhe bivomial distribution :_jL, e, npy :{13-_ —0
@"f'CD(ji\rcﬁ. wpa _ (4f5) _ /
np e
.1—

9= § p=1-9=2%
Faoom O: =4 =4 i

P (7:.‘} 13

T POXZ) = 1 —p(xar) =) —p(x=0) = _ Eto Po_q’s- _ "—(:T{]G
@l an eight thraws of a die 5 ov € (5 Consideud = 7706,
a Success. Hod the meon sumber of Success and Stondarnd
devialon .

Sl p = TRe pmgl:ﬂbd-tla of Suceess = —'g-r—é— N
g = The poobanlity of Jeibar = I—p= I~
n= Na-g][’ throws =6 -

. Mean =mp=8(3)=%
Veriance =mpg = (np1g = B( 5) :% .

lenee Standand deviabion = Variare :J;: 5% i

@ tubof B famitict hth 5 chibiren €ach, hay many woutd o

expear to have (@) 3 koys (k) 5‘3‘/!.!/ Cc) either o or 3 boys

d) atleast one hcz.j_'? HAssume  equal pmm&ﬁes far mb,/, and ?-qg,.

p=The powtabilily of each bag =
No-_oJ’ chidren, n=5
5
The pD B me):"'l‘m-Pq%w = f'cm (i"j”{‘;?) .:v:_ 0;'—55&
'bm—fam%

&

\

@) PO Lops) =PO=N=p3)= L Xy = 5. per faml.

T TAT ST =

| Thus & 8mo famidiyy the P:mbahidj 9’{’ m.%c—famiﬂg’ fnl!fna

L T -

3 boys = ..I%(sw).-:so Jamiiyy eZ]

|

b) P(s 81,.]_.") = p(mo bmp‘) = Pln=0) = plo) = "—5 5% :_-;L‘ pex

| Thus & g familiy “he probabily o w.of fomilig baw.a?
i Sairla = E‘-; (8o0) =25 —familiy-

!:C') Pleither 2 or 3&743‘5) = Pla=2) +pm=3) - ,bf2)+,b(3)

| = :
| = —31_;: Q':. +:!L5'5‘:3
= =3 Pt'r'f .
—8-" am:(ﬁ .
Expected 0.8 famifies with 207 3’3‘”‘3’"—'-85—'&600)
4) Platleasr e boy) =P(=1) = sw familiy
=I-H==0)
= ;..-.L s o
22 az -
. expecred 0.9 Jamilies with attease one bog=3leg,,

Al e b2 =115,
@. aut gf_‘ go familiy it 4 childen each how rany famili

: would be  expeded —to fave (a) 2 by and 2 galy (b)atienst e by
i_*: o uzea ! mic;) abmdt o ol Astame equal poobabilities -fd
| B0y ¢ ?

! ZCL‘L{' o Eﬂ’mﬁ preduced from a —Fachra ave defectve.Find the
Pmlnb{[f}a dhat tna Sample 9 s chdhen cu’lfmrdom.

() mene 15 defeckive (i) one i3 deteeive (itd p{|<1<4—)_

;Q-d":' probabilify of defadtve ttems =P Qc-ﬁ_:(i'z,g Coacon.
P'Cb"'b““'ff g;‘rmdef’ecﬂtf prems == 1P

-rotal q'\ogf ftems, m=5.

A .
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Tota! mo.g° Ttems , =5

= p(o)

= & (02f (0 87

— (og)=03271

% (02)' (081"
5(0-2)(0-4-0%)
04096 .

tfr) chbabilil-a of 1| defective item =pl1) =

n

1

i) plicx<q)= p(2) +p3)
=5 (027> (082 + 5¢, (o 2 083"
= (027(o8]" [ 10(08) +0(02) )

= 0.0256 [8+2]
= 0.256 .

d ey destribubion

istributi he fatowing frequency

@\ fit o Bimomial Aisgbribution to ﬂs._._-_;-all d
! x 'l | @ 35 % = |
_"______———-—--_-_-_'_._'_ |
| T s A ® & © |
| fim 2 P

! Y b e
S - =fi=ew

trigls =6 ard N = totad —r'rfqu?nf?
95 +iog+ 174 +1e+60+24 535 _o.645

‘ . Meon = 'Z-l}')l‘ Pl o e R
I )
[ : d;émbuhm :ﬂ‘\P

ial
Now oean of “the binomt
fe, mp=6p =2:675
2.695 - 0.446. ard gz I-p = I-0-446 20554

. p= g .
Hence the binomial distribution +p ke fitted 5 .
b, (0554)(0446)

260 {9.554+a-446f = 9.00[50-554)"+ i
+ 6 (0-554)4(5,444,)+ G +6c;, (o 44%)

cos2+36. 42+ 128 15132
t0 the meoTest

N(g+p)=

= 5,qg2 +27192 +56:18 +
ar B2 "‘l'DUndEd of f
mamnbews,

cies C

d I o
The cz'xc.h: reque 7 s bl

| tnteger 4o geb expede

T T T e ey e

) Penbabé[i? ok mone 16 defective ;Pmobabiiilg $ o defeckve &mi

CERT AW N L

. The Successve lerms In -the ewaﬁiOn 8iv'c m:czpecta{@

or thedetical -['-req_uencieé which aTe
T 0 i & 3 4 5 6
£ 2 55 5 98 6 4
=
26
EzFeaL:ﬂd g ‘wa b €
Thedetical
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poisson Distribution
AN AN N,

poisson distribution was discovered é:av the Hrerch mathemakitian

V]
: °n 1837
“simeon Renis po:éﬁon in 18

The Poi&ﬁmd?‘_’)kribuﬁor)' “Can be derived a5 a limih‘na Case 9{1 +he.

ihq conditions .
Binomial 'Difnt‘rébuﬁon urder the foiiowmg '

i

(i) P the pmbakih‘fg g —the occuTence of the event i% ve'rg Small .

(i) = is very very Lawﬁe ,where M &5 Dumber of trials . i€, N—7r0

(itt) np i3 a finite quanfira ; Saﬂ mp=2, then A (5 Catted the /pammetjcv of
+he pd"fm distribution

Detinition "

P Ve W e N, . . i )
A «andom variable X i3 2aid to -follows O Por350n distribution f ('t

QssuUmES inﬁ 'rmﬂneaatfve values and its pmobabilt'la denf;ifa Lunction
i5 qgiven
g o e

]DC'JL,'A’) & ‘P(x:‘x) = %0
0 ; OthevwrHe .

;1:0,!,’2,51_ s

Heve A»o is Called +he pavameter of the distribubtion .

; E:\:amPlt*S Qf_ poisson Distribution :
; AN AN ANAANA

t) The mnumber gﬁ Pe'rfaonb born blind pev bea'r n a la'ﬁe C?t&r.
i) The mo.of Covs F]«Sﬁiﬂga Ce tain Pnint in one minute
i) The ﬂo-q_f, P.:nfnhnﬂ anistakes pev Fn@c iIn a [a,ﬁ: tetk .

ConStants ‘-’ﬁ Por‘.ssm Distribution
ANNANAALT ANAAAL ASAANANAANAL

.| The Mean of the FoiSSm Distribubion
NN AN,

A TN A
0 00 =2 L 00 _
Fean = g(x) --IZ T-plx) = = 1 = A =7 R-E)'_ﬁ_:é')ozo X
-0 | A=D pd) A=0 2(x-1)! A=p (A-1)1
[reoey] =82 A
3:0 H!
JeME AL
g ¢
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2 AR
).EA-C)\ [3‘2::0 a] = J
=X (=mp) [-_ve_"‘=°?f' Loy L +L+ .
n=p =) }

TRus Hhe parameter A is —Hhe

Saince, i Distribukion 2
N o P s

ke
Vi) = E o) — [E0o]

"

$ Lpe) =7
A*=0

?"I
tx-1!

=&t { oZo' E:;HH!]
A=l
o0
{ x|
r:_"-i
o0

A ?"I i
e B T
{ 'Iz:_)_ (x-23! €=t

e

&l

(=131

3wk
A= =)

2
=

= Ea[
H:D

o8
= AN [

e
g

zz0 r!

\
m M
3:0 a'

il 1 2.
- .:"-‘A-c)‘.fc’).}. Pl

2
Ynrithmetic Mean” of
el

[-a=

T
s @+

+ =
==l

z+] o

i

LA

e Phiszn disti bjﬁ'ﬂ’_l

meon of P‘DJ

]
2

—A

g

?\‘I

z il
A=t ('1"-"!

X
S }ﬁa’”
(-1

v 2
c:c_m} ) .

i (Puttin(? 2 ,z=2-1")

S0l

=

®'. 2.f of the ftem5 of a faco

Thus vatiante =A U

Herce the Voniance of the diStribution = mcan of the distribution = A

; igpribation o=V A .

Further, Standard cleviation of the. Peiaton L .

& : : jor

Mede. of the poisson DISTIREEL, ‘ -

Hode @5 the walue of X for which the ngbabdﬂa P(‘l} i% anaxiroum .

tode of the poisson distribation Lies between (A-1) and X.

{) TP A s an fntcﬂcr “dhen A-l 4 @lasp an l'nL'EgC'r- %o, toe have {-u:d
aimum valued and the distribation i5 bimeolel and the Ewp WOES
are (a-1and 2 tribation 15 Enh:a‘fal

of i clistrt

) 74 A 15 mer an f , the aade o
paat o A

i isson distribubion:

|Recawrence selobon for e PO Al

|

A
= |2~ | pes

T e [

| _ 2 -1 .

i 1) Pl = L FL

i Frmblﬂrwb:

my Qe defective . The ftems ave paded in
| boxes. whak 15 the pocbability Hhat there witt be

]

]

|

() 2 defective feems L) at least thoee defective items in a box of
| o0 items?
I Giiven n=lpo
and b= The mebc.\bili"td of defechve Tkems =92, =0.02

A = Mean vo.of defective ftems in a box of 100 =np=(002) 1op)=2
Since *p'is Small, we may use poisson distribution . prambit.'rg of v’
defeckve fiems ™ g box of oo i
ex 2
x!

Plx=7) = p(1) =

::'?‘,P«'x,
wl T
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e Aucraﬁe. mumbes of acridents on ﬂﬂb'

S

115

U {2 defective If‘cfn&)‘_- = C—_Z ?-a— 2
R PRy min

™

=0 z1a6
() platteast 39 = p(a25) = 1=Lpm=0)pplazi)+ pa==]

=leZ| 20 8l . g%
[o! "'T;"r‘?j:J

Z e 5at

2

=0.3233

on a Mabional h:'ghm
{5 (.8 . Debermine the pfrobabiu'tﬁ frat the M0of acidents are
()atlcatone () OEMeEone

Hean, 2 =18 A Z8 el i
we kave , plx=2) = PEO= ...-‘-1'—-—'-'= __._:_I-—-—-

18_ 01653 = 08347

SI'B(18) =0-4678 |

i = plx=1) = —Plx=0? .
{) platdeast onel =P = oy

it) plar modt one) = Pren = pr=0) +plx=1D =
{5 seleed af Tandom from @ bods (ontaining |

Gample of 3 items :
" F*3 defective . Fnd the eapeded Mo ¢f o |

lo tterms of which 4 ar
fermd? -
~fFie F"Obab'lita o defective 72 P = —% S

Nowgf tems chaben , =3 5l .

B
p=7p = 5(-25"‘-) =5=I1
-rcd Jomnks each - |

Gets Can be f

E(x) =

The C'J.Fcctcd —novgrj defectve 78 -
d uath 25 =0

TE
defective. How U
o (.cr}s-iﬂrrmmt‘ eof |

wireless ks aTe TN

on the overage | Jenk n 500 15
i joints N

E'xtxd‘ﬁd v be free Prom defeckive J0t

10,000 Set®

g gCHREy POk Jpink in sm Joints 5 defective

@
|

) I
prrobability —that o Joint i5 defective = T

No.of <oidered  Joints = 25 =m0

LS

' Mean =Tp= ﬁxéla'n =005 =)

P( 7 depective Soints) = et = Px=D) = éF\\__;P _ _goos
—_ Y

g T R

Honce expee_.tzd rno.%f Seka

SR

frec from depelive Jaingy among loow Sel-

Ties —_-wmx.g‘ﬂ'as:fiﬁfz-zc;

@ @ bank Teceived on -fhe average & bad cheques per day, fird the @

packabililg Abal T will Meceive 4 bad cheques o1 any given day .

e have Plx=x) = d—)-?f
zl

Heve A=G,

=6 .4
P(Xf4j: €6 . _-_-_;5:_4_—_'0.]'33‘?.
4! o

uf:fna recurrence fdimula fird the probabiliies when X=0.1,2.3.4
and 5; if the ooean _(g{f' poisson digtvibubion i3 3.

G]mm meon of the fpoi#on distribubion (3 3
= A=3.

row the 2004500 distribution {4

Prﬁ") =

S pe=0) = =2 5P
0!
BH AqecuTTenle Sormuta .

plat1) = 1—1‘7 pez) = pla+i)= -;_%'—Pf'l?; (3= —@

et

o)

= 00499 -

=7 put %=0 in (@, hen
Pl1d = 5-ple) = o494

pur x=1 In (D, then Pi) = 2 (01494120224,

Similoaly , pla) = 02241, P47 = 0-1681) p(5) = 0-1008.

fit @ poimen distribution £ ~the —fougwfnﬁ dola and Calculadr thy
expedid reguendes .

Here n= total .quuenca =T = 109465422454 = 20D

Hean = %
=

“-Hean o p.p A-og

0+65+0¢4+9+4¢ _

4D

=06)

l22
200
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Hence —Hhe —!-heonhcw' Fraguencies are 8‘\’5’? ba‘ N-P(2), heve 1=0,1,2,3, iy

5 (oér

e, 200. - " | where A=0,1,23 4

4 o 06 —0-6/ 3

Le, 2. €% 50,5%% 617,200 € (0en” , 200€ (0-61)
2! 5'['_ ’

200.6%% (oenh
G

(e, 10867, 66.29,20.22 , 411, 063
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+n 7 ewest fn.tegc'rﬁ,urau-'
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etpedtad f“'requcncﬂ Dy e 2 4 |
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i) pt4) (i) Plxz1) iv) prexeq).
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era _ glar

T e
= A~ a2xr=p

SLA=0 v) 2
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ol
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=2 sty
21 e
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o
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D Plxz))

NORMAL DISTRIBUTION @
, L S L, NP it e
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—ian De- wmoivre (1661-1145)10 1733 ard further  Tefined by french

y katl
Hathermatitian f_a]b[ac.c f|14.'?._.;8‘l1') in 1774 ond frdcpcnd:nig ﬂ—a

LT krowon pmm
fricdrich Caum (1771 —ig557 . Novral digtritation 15 alo ax

Distribation . Noreal distribation 15 o Gontinuous o tri

Fe Normal Distribubon is, thevefore dexived from "ffjc B0 by ‘?’”‘"57'3

e lazge mo-of Cvials fdcteilify
Detinition: A wardem variable X' {5 “aid o have a Newral ﬂﬁtnbuhm i

F— .\ i stripation 15 given
s dnyﬁilﬂ Sunction or Fvoixtbd:la distri ,—‘ (? t:g
: -
2q >0
fe;pe) C § SRRy RNl

e

" iatian X.
wihere pis Ay meang 7 15 the Stonchrd clevi of

|x NDisa th—n:’!irﬂ Cose g‘[ 2.0 under -the ‘fﬂuﬂd?? Condlitiorss:

i) m, the *na-g’{ trials &5 fncbé{nr’t:(d ia?é fe, n—vo,
it) meither P T g i5 verg Amall -

(Constants of Noveal Distriution:
N e et

L. Mean of wrwnim

L i
| Consider —the MNaT Al Dsstﬂ.bu.hon with b, as +he ,bamme!-f-rf |
| _ ) |

o A i
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i
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pim [ =
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|Hem,!.,L:b .

A

= oo [
B‘f.’f definiton , variance = E(x-p) = LJ (x-pifodr .

T et B B RS SSNE T LE R

3 Mode of Noymal Distribution:
WEI_M./\MM

ol ,.
5 =&
dz . [_ ze % g odd -fauxtion and € ik even
~functien]
Oo_rx__"
[+ [e¥au-T]
4]
2| Variance of Nermal Distribution: |
— A
L o =
i e | & B. e ax
—ll
i L .
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&= G}'w " _iul
= - 5 e
V2T
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2 :
= 20 Jeox‘. o ] fntcg"“’:":{ 4 even
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el g ol R 1 Wat
T 3
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. 3=
Henee | variance = o

Tus +he Srardard deviation of the np i5 o .
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% ; " _
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P b B © ¥
o forr
e
O ot 1, we fF
= e )
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T
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I

-fe0 [i- (-
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A _ﬁwm/\w
flj H 13 the median %f—”‘n: ND, wr have

(

Scanned with CamScanner



¥ L (kY M_y (At . )
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Constder | e,
= J e e )cl'l _
—oD
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e
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inhen frem
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AAA AAAA A SAAAA AAANAAA
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the Normal Disaibutio
L T W, T W e L

Erl

Chicy, characteristics of
A N A~ P
{. “The 8

known as &he
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3. Aveq under dhe Tormal Curve Tepresents the total fpopualofic .
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4o wmean ™
distribubon 15 %mmehifaf , S0 moremal cutve 15 animodal { has onty ane

i |:ofn.r}
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Stardlard ‘Norma] Diseribubion: | @
‘\J\—/\M)

r\/\/\A.Nr\/\M/\,

oS i -1 | _
. Fek Normal D{;%hcbuﬁm with mnean =0 and S D(eI=1,758 knotwn

i P m '
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i 0_ 1 a aléo
. on with anean 0 afd sD as l. TRiS (%
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= 9 (drde = 2(p.3413) = 06826,

o
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bability -that the mormal varialE X e
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F’Jwblcms:

T x 15 a mormal variali Wih ™an 30 ard Starchrd deviation 5.

find the paobabtlities that- (r26S xgh0 LD X=45-

Gren -that, = i a movmal voniat with ean p=30 @nd SDERES.

when o=26, #= _&:ﬂ=—-0-3:{r( )
b T 5 ’&:ﬁ

when =40, = TH _ 40-30 _9 =% r-sng)
o &

P Ee0 § B0
S.oplae<x $40) = pro8sz<H)
= Az +AE)

T = Al2) 4+ AEDB)
= 0.43%2 +0-2681

= 0:3653. !
|
when A=45, == LM _ 4530 _z_ =, ("—f"‘tl) |
Ls 5 |
S pxz4s) = plz23)= 0.5~ ACZ) |
= 0§-A3) !
- -5 -0 4IB6T .
= 00013

P d15tfib‘-":'d'
¥ o wdent4 o poTras
Suppde the wmghtb of Boo rale student Find the

(hth mean M= lto pounds and stardard deviakion 1o pound? !
no-af students whdbe we.ahm a
i) Beween (38 and 148 pcundﬁ

given that =140 pounds § @ =10
Dohen %=138, Z= 'x?_g - ra%mo —pr =7 [&.a)

e |
fii) more fhan 152 Poundé.

Poum").

L%
= ) a-H, - g8 08 = g3 C’fﬂ-‘d) oS et sy
o =149 = Ia._-- - —7y of o

e
el

250'8) ¥ A{{’J—r‘ﬂ@_. el =
= A(08) FAFDL)

™
s Zi20 ond Y0 .
.

. plEssx 1487 = pEo2 <
—iaedifar v o)

-+ Plco (fram otoa-)=

0-2881 404793 = 03674

] T4 -the mages of 0 students ave METM :
standand devialion .'5Ea’fuJ hows n-a.na Atuaden E.

Hence —he mo-gf Students whde @eights ave bdween 138 pounds (L)

ard 149 Poundé = 0-3piy N6 P L

¢ = « XM . 5-BO s
i) when % = 152, Z:= _q{i = 10 =12 =1, (Say)

s Pla»182) = pler) = Area 12y = n—fi{;ﬂ::zﬂ)
= p.5- A(Z)) = 0.5 A(M2)
=0.5 — 0-3847 &
z0.152 . =y 0
152 pourds

. ~than
£ Moo studeats wohdie weights  are moTe
= Booxo.nsl =92 .
, distribated with mean 6§
% fhave MAYIES

kﬂ" and

" wal to ehk
) ﬁxcnteT Shan i ka ticy lessthan or Egt 3

{it) Between 65 and 1 ta fnclusive .

= iabl denolE the marses of studenly.
“Heve P68 § w=3. Let the vmioble X o

x-p = 12—6_a.=|-33
b 3

-

t) when ®=12, 2=

o
-]:a(x>17.')—13(z>!-33'} = o5-A(1-33) =05 0-4yo62 =0.0918 -

Mo E,E students idith amove Hhan Zm A 32 kas = Xo w 00918 =28
By=Lh i

5= LY

) ol
Loplxdey) =Pz _133) = 05— A(1-33) =0-5-0.4082 Zbrafe

i) when X=64, z= XZH =
o

| No:gf Student’ have mases lessthan or eel to 64 kﬁ

—Foxo-oneg =28 CO—PPM{MCI‘-ELU )

when %z65, == x_;_?i e E‘-'_T_;G_B, —t ==, fﬁaﬁ)
ll';_é;_ =t = E,_('_‘zﬂﬁ) g
T PUESEXEIN) = pLigcxgt) = Alz) 4+ AlE) = MDHACD
= A0+ AL
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i)

]
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. Requited mo-gf Students = 500 X0-6826 = 205 (approxiralitly)

@ i‘ﬁ' X 5 a morrml Wﬂaﬁ,—fﬁhd the area A

) to the legt of x=-178 Ll)to he 'ric?hr_ojj T=—145.

i) ﬂoﬁfé}acmdfng f ~0-8 <z<k53 Uv) 10 the lejt of z=-252 ard to bhe
-rﬁhtg_‘ Z=189.

[

{) o —+he lejt of Z=-118 ‘
Plr=-118)= Area (frorn oto @) s:‘_.é_l__:l _
— Avea(from oo 118) —x 173 D o
= 05— (04625) (By Symmebiy )
= 0.0315

i)+ -the g of z=-145

Pl un,'-red Hrea, A = Mea.(—!romo foew) - CPRE :‘: ]
+Arer (From o o ~1ys)

{{5& %mmehy")
= 054 04265

) = 0925
) Co*r'ﬂ?épmdifﬁ tn —08 <£zg153

Required Areq, A = Aven. ffrom o -h -08) /\ f
+ea(from g 4o 1153) ‘ ' "Jr‘__

= Area (fom 0 40 08) i
+ hrea Cfam o 1o +53)

1

0-288) + 0-galo
0-1251.

f

i i between  Rg sc. nd RS Ao,000 .
= Area (fom 0 Ho 0] 4 Anea. (frvm 0 To hes) | e e e

-

) tv -the lefb of = =-2:52 and 'ffggf BT

R(-‘Em-md fred = Eﬁ’reau’rﬂm oo o)
— Afea. (from o 4o ~2-52) ]

+ [Aﬂa[_&ﬂ‘mo'{v‘ﬂ)
— Avea (from 010 IM)J

[f5-0- 4941 7] +[os5-2 A664]

- 0.0059 +6:0336
= 00395
) A cales tan offices hos Teferid that e averoge Sales of the

(DY

500 busdness ot e hos to deal with du'ri.r"d Q. gear (s Ks.36.00p
with @ §.p ef 10,000 f\fsbuming “that Hhe spies in Hhese busined
| are ’ncﬂmﬁfz districedsd, L6d .

| ¢

| ) the mumber of kusiness gs Ahe Sales ef which are Rs. 40.000. ]

[I) the fan"n,\.nlam N
of busincss the Sales of which are Likely b 7ange

Lek B ke dhe anean and ¢ the Standard deviatien of the Sales Then
We  Qme ﬁium thot pi= 36000 § o =,000 .

Let the vawiable X denote the Sates in e — {
i O .
| wrhen A= 40000 , Z= _Cp _

: 400:22&036000 a1
1mhcn L= 3pow , z = XM =3°0&3-—36000=_a,6 f
i Iooop i
[ P[X F40000) = 'PC2>0.4_) = prea (from o +oe ) ‘E
— fAvea (from oo 0-¢) :' &
u;nrpﬁ:‘aﬁmﬁz‘fﬁfwgf) Sy ch.?h.?f;iif“ o° b ‘ o

=Ploe<z<04) Rs. qommw - smpx 0-3yyg=17a

= Alfrom 010 0:6) + Alfrom o T 0-¢)

= 0°155G +0.2257

0-381
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<. TTRe Tequired Pe'rcentajc 4’ business = 38104

Lind P( 1%-2] =0.0177
—Hewe !.«L='-’- E; =0

1-99-2
01

when X =1.99,z= = -0

x ’Z'Dl,z—. 201-2 _ 4y
o1
Pl 8001) 2P0l < 2<0: 1)
= Aren from (010 0:1) + Prea frem (oo 0:1)

=2 (0-0398)=00796

Plix-21=0-01) = I— p(1x-21<0-01)
= 1-0.0796
= 0-9204,
Tn o ndmal Bistibubion, 4. of 4he items are under 35 and 59/
aTe
(o7 Find +he mean and 5D of a normal distribubien tn sehich T4

of ol ant undin 35 and 61 axt under £3.

T x is m‘rrm_ﬁfﬁ clistributed with meon 2 and vamance 0., they
3 :

wnder ¢3 . Peermine the mean and  vaxonce of Hhe dostribelien,

when ¥=35, z= ol S L R —0
7= [
when x=g3,z=63-F _ z f‘S“ﬁ) ®
T
From the —f?jru're. we have
'P(ocr_<z|): oys =rZ=1-48
plocz<m) = 0-39 =z, = 1123 (from tabies )
from (@, we have 35K _ g -0
T~
From @, we have 63-H = 123 —®
—
@-3 gves
| 28 _oti = =328 _ _ipaza
| o 271
Forn (3, 35-M = — 148 = -148(10-332) =— 5.3
L= 35153 = 503 ardl variance == 105,75

" T 2 - 27 8
@ o o mowmal distribation 311-of 4he Teenss ane under 45 o 87
= An ’

cow. puer 64 Find the wmean and vamiance of 4he déstribution.

@) he. st ‘cbtained T mathemasiys by 1w students Ls normal

15 - and Standand devialern 1. . Ddermine
{} How many Sludenls ggt Toanky akove g
i) whot was the heghest mozk obtainid by the Lowest iof . of 4he

i) within what Umdy did the widdle of Gov- o e students Eﬁ?‘i”’b'

distribuled with srean

Given wnean, 1= 18y =018 and 5.D., o= Gk 11+ = 01 .
) when A=09,z= %A-H _pf4-p
¢ , —Ffi-_qo_”ﬂ = 1.09 =7 52y )

~flence ~the 04 Students  with waaks above . B 0.1399 x10vp
:Avea= 03621 § 0,5-0.3621 -0.1399

I

Scanned with CamScanner

=319z | |



i1y The 0.1 avea to -the Jeytr of z Correspords to +he
lowest 10+/. of —the Students . (for govy.)

From -F'E?m’e,
04 = 0.5 —01 =0.5— Avea from o 1o Z

.z, = —1.28 (from tables)

Ty g e T o 2070
28 — T —— =7 AL=0-18 — 1-28(011) =0.-6392_

Hence —the biﬁhe{)fr Tnank obtained J_-z,f +the lawest (04. %[’ Studenly
= 0. 6392 X 1000 < 6l +/.

£r) pmiddle 90+/. covvespond tp 009 avea, Jlmvmg 0:05 area on bot,
Bides. Then +he corresponding z's ave 1 1-¢y

[Since if -the orea from o o % i5 ™ R W L
: ! \.~0"1
0-45, then Z=1-64 ] £\
| )
¢ 5 OB N boe
- =l er = Ko o018 | fake
1770
=r X, =018 —1-64 (011 e
' 22

0599 d 59.9¢¢.

and 164y =z, = WM _ o-078
T Tog - T %= 09604 (ov) 9g.04 .

hud —the aniddle q¢ .. have amanks bln & tp gg
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Lstimation
—h Statistes, estimation Tepers to the proCess by wohich one Toakes
batt a Populaﬁan based on ’m-{;o’mnah'oﬂ obtained from
l

fn-be'renCeé (@}
a éample-
Efpmen’ An estimate i5 a

Po[xdar‘\on Paframere'r-
X! Sample mean,X 15 an estimator of fopulation mmeah, pr because
Sample amean ¢, o wmekhod of oletefrminina ~the population anean .

te, T X =30, 30 i5 Called a5 Jhe cstimte of the Poputaﬁon mean and.

<X 15 Called the estismtoT -
A parameter (Can have one or +uwo or mang estinmatoTs .

Stotement wnade 0 Lind an unknowm

Tgpes of estimation:
NN NSNS

%icaltﬂ —there ave too kirds of estimates o determine -the

Statiskic of +he Fopul.ahan pavamei'cfrs 'nameLﬂ,

@) <point Estimation (b) Tnterval E2tmation .

Df an estimate of the Populah‘on parameter 5 8Wm by a Sinﬁle value, +ren
Jhe estimate i5 Catled e point gstimation' of- the paTametc7. But if
ven by two oligfevent valuces

an estimate of & Popatah'on pavametey 5 gi &

between tbich +he Pa'fametcv' oy be considered -to Lie, HheD -
ntevval eﬁtirrnﬁon“o{i e pO'TClmetC'T-
WoksBe -

Cal Cd ()J,U“O
1
: estimatc §5 \

e gy —Ahe befght

'3 aneasuted ab a2 crm , then —the

%[' a Student

Lies petween 154.5 cmb and 1669

i . -

| i moation .
.imeaéu'remcnt ﬂuleé Qa Pmnt est b |
| pur if the he‘:d*: 5 al\/en as Cl3+3.5)Cm5, hen —the Pelg ‘

é e ond the measuvement atveb an

l tn{C'TVo)‘ C,g,ﬂmoﬁof) ,
~The So.mplc mean A i & point estinate of FOPUIOI"OO mean 1, |

E SamPlc vaguonce g5 a Fo‘vnl‘ estimate g} Popu,lahon vasiance %




e of a paTameter 0 (5 a Sinﬁle numerical
e and Serves a5 an

Bfﬁin?l-i’on.' A Poﬂnt' estimal

Value | opich 15 ComPurEd from @ 81\/6(» Sampl
Q’PPmﬁmaﬁm of the wunknown exact valul Q}’ —the. chr.

v o Statbie ) Céb?’maﬁr)g —the
4 Hhet hat)

Pefiniton! A fpoint e &kt 07

{ﬁopulaf’on Pa)mmdt’r 6 and will be demtcd bU

P"roPevh‘cﬁ g_)ﬁ Esbtimabion! A, ecspmator 15 1oL eocfaccth

5 (vead a

+0 eatinmot € the

~ estmoto? 4poud be

clde to the i
popalation patametc? wHhouk €TToT A |

towe volue gﬁ urknown  paTarmeteT

(o7) |
ae volut %ﬁ the %
d estinio” |

|

A @OOd estimatpy % One wbich % clde to the 7
parameteTs 04 posible. Pro{l.??-/\--r(!;he’f ﬁa@@%tcd that o 709

Showld Sokisty the —afottow'mﬁ propertics.

i 3. gfficien o Subficency

I U”biaéedne‘/: ?—'COnéuﬁtCnCa (7 |
Unbiased csinat0T | A Stot A 3

F ’-;' arme €T e
on unbia®ed eslimalo? of the pon

"
3
i

i E (5tan'étic7 = Paframate’l )

G okheT 075, |
.%f the Pam’ametcd-

bes, on unbiaged 5 Lot 0T

—+he

Ce'r‘éiétcr)od: @ on e Amot0T Ea,z’ 8, @Pproacheé
er ob the Zorople SEE tyy neTeses O 2 &,C% |
6 16 a)fbéé nC ¢ !
TAoU0 Y @ of o |
Eﬁﬂ esb 0 ’J‘: 0 0, ab ﬂ)w‘] ’

Pa'ramerefr'Q ’

Pz ConLd tent

—

C e and ¢l

ﬁéamam’r 4 ‘e,o
smator: T we  Consider. ail posible Unbiased estimotsy

P;;mmd:c"r

Mt Cbﬁlucnt‘ € !

! Zﬁfsoro';’ anamebc” 9, 4he ONE with. the 2Zroalledt  Vanance ;s catle ‘.

) l

h;hc arht epicient €4t ot T ‘4 O ‘
(or ")

A 3 » . e
A statistic §, 15 safd tp be a MOTE eppident unbiased estimat? of

A
the P""ﬁmm’rs than +he statitic 8, i
a) 6 and 52 ave both unbiased estimators of 6 i

LY V(B) < V(&) -




| ,;\'u{;tlcicnt E4 Hmator ! @

! f\v’\,/\ /\7'\ /-\/\\ '/‘\¥ YA ATA

An estimator % Said 0 ke suppiuent Hor a parameteT, T4 it |
' Containsd all —he 1”1507""aﬁm % —the ﬁam})’c medaﬂdfnﬁ e Pa'ramel’c’f - *‘

Imteyval ESEmation!

NN NN NN

POint estimates 'm:vmlﬁ Coincide with. quantities et Gre. btended
‘o estinate . & tnstead Q# Pcr‘:nt estimation wheae the quﬂnﬁfa to be
carimated (5 'YcPlaced bd Q 510815 value o better fmﬂ of eatirmaltion

24 fnterval estimation , dbich deteymingsd an intervad n which +the fnﬂdmcm

lies .
Qnteaval estimakes Qave intervals for which one Can be (1-o) 1007/

jConbedent +hat 1he Fo.'namete'f ies under inveﬁblgab'on lces in +HhT5B

| 1 poavll Suchl prtintenvol 15 nown @5 Congidence interval for the

l—o 8L U+e) oo/ ee QJ[ Contidence

Pamame»tc'r with (having )
Corfiderce

Fe +wo end FO’IM’S g,f +he (Congtoence tnterval Qve knowr (%)

‘Heod Vauues ov conftdence Coﬁﬁﬁfdef’tﬁ.

Congidence level olenoted b?f a

when ol=0.05, we have a 95/ Confidence. srterval , and when &=00L

we have 99:/. Conpidence interval -
I,ﬁTSam)ch mean I % an unbiased estimaloy %() FoPu_Lg_Hop Tnean /u

[Stoce ECX) =p].
F)a]ool’ i Ld.' %,;’Xz o L v %y, be @ yandom '_')amPle daawn 'Ieforn aﬁlvcr)

Fopu.lahaﬂ with. "ean p and vedianee o Hen .
%) = E o il Lo o 40y ++ -+ +AD)
E (%) = [m;;:'t] L g (4%
L L ey E@E 4 E®) ]
et AR [:EE)=p]

fe -'T)H - }J-
k0]
Hence +he Sample mean & (4 an unbiased estimatur of the

B



B s 7 T TR A

<

P‘move ~that 407 a random &lmfole _o1£ Sigc Nty At ) taken
from an fognite popuaion $= L 73'(9( 5718 1o upbiased estimoor
O{‘ the Fonamctt:’r v—" bur 1. g (9(.~9() 2 unbsoﬁcd
| DEk (2
P_J%(L Le[- ' e the population mean - Then
2 ) B=12, ., .., D
E () =M and vaY ("27—E[(°("P)J 2 10 4
iabion , then S ’3-’—-2("(2_5{)0_“@
Q‘k \S;be “: (S)amPIC St'anda'rd d.evtahonr n %=
vow, = L 2 (a7 +%7)
n f:] L
— ‘ D 2-
S B o NN i
- E'arl = 7 i?::"x
= TN o amE* =
m n
a)
=1
S Wbcien aed = J
n
2= 2 | 2 % (X— )”
= Tl g =g, (9(["'"‘)" K
1 =
%W

Populohcm mean M

x5 an unbiaged esttmator of ‘P

L 2.
= ol 5"
N
n = 2
P E(sa') - E [ M ___(51-_,_0’"] = E [Z(z;'f'l‘) J__ E(i"f-l)b
m
= Z E(%"H) E (% ’.l)

23
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_+ |
populakion and Sample .' ®

—_— —
—— —— -

popz_d.aﬁon 26, —the Set or Collection or tvtcuilz]v Qﬁ obiects .-,ﬁuéﬂn;,,g,
Popu,lah'on ConHists Qf_ Set4 gﬁ mumbers | aneasurements or observakions

whtch ave Q’j intevest -
i@ft Sige Q’f —the POPulaHOr) N i5 ~the mumber _97[ obiects o7 obée'rvafaﬂ
t5 +the Fop,ua,ﬁon.

population 5 said to be finite (om infinite depcndé/ﬁ on the |
 Sige N bcuﬁ finite oy inpinite.

Stnce tF 756 ‘imF’racHCabIe or uneconomical o7

+imne Conéumifﬁ ‘

1o 5tudd —lhe entiTe Popuzaﬁon, a finite Subset g,f’ —+he popufah‘on, &%
' knownlas Samble is studied - Sige of —+he Sample fg .
denoted bﬂ T Samplmﬁ 8 —the Pmocelx.s __Q[ c/mwinﬁ &ynptezs from

jo- @i\len Fopuhﬁon 4
Example:
i(?);pulaﬂon gf, Undia., Popcdaﬁan g’ﬂ -A-p- Estate [Samlble) ,

(i) E’ﬁmceﬁﬂ Col!cgcé meuﬁniéed tﬁ AICTE, Enﬁmeeﬁrﬁ Co”ede{, affiliatid
-+ anTo (Sample) -

;l_i‘:zcgcz:r;;:j:

| mny30,-the gSamPh‘Jﬁ t5 said to be lmﬁe Smnpferﬁ :
Sradl samF_n'rﬁ,

e —

| G m<a0,the Sumpling 15 Sid to be Swalt Sarpling or exact Sarply
;Conﬁidgnce intenval —for M@ (For la)gc Samf;rleﬁ) .

A (=) 1007 Congidence tnterval -for p 15 given by

f P
9 — v % — i |
B Ttz |
™AXIMUM eryoy _QIZ estimale E with. (t-«) /Jmoba.bdily (%
ven -
3( tﬂ B Zo%_ =

I

S







T —— R TR TR

Rlob:'eméf
required +p estirode an

@ what 7% +he Size of the Smallest Sample
wnknouwn Paopamom tp within @ moxinum €707 Qf 006 with atleast 95/ |
Congtdence

Sl 7
2L 19e e 8¢vc:n L The anaximum €T707, £ = 006

Confidence Llimit = 95/
!

; te, (1-a)ion:]. =5/
:
=7 o) (0D 1o

=y 1-0=0:'95 =yo= 005 =70lfy =0025

. Zoy = "q6
pE
Here 73 i5 mot 8£ven- So we toke p:-j’_- Hubd &:3';'
Hence == [ Zotfy :] o
E
9=
when P 1% unknowm ,Sample Size n= IrL[Z*"/L]
=

2
n= L [""6J BN Ce, 5= 26+
4 | 006

@)t 4 we Con arsert with as5+/. that the maimum ervor %5 0-05 and

p=0.2, find he size of the Sample:
Sl Given P=02, E=0:07
we have &:[—-PZO-S and Zd/l;].qs (-Fo't QS‘/.)

we know +hat goaximum €rvoT, £ = Zo(ﬁ- P&
\) N

=Y 0.05 = ].96 ﬁoa)(o's)
n

= . 0-2%08 X(1-96)*
Y &mple Sige (0'05):9 )

'

n =246

G Assurlng ot =960 1ous o
asbeat with P"Obabf([ 8C Q random Sa,rFIg be taten %
the tTue mean b la 0:95 thak the mean Wil ot digfer~ £

» Poyromn
e d than_5:0 peiiks 3




) 7+ 18 dférred to esttmate -he ean Mumber of bouses of Continuay
| use unbl a Certan ComPuLvl wil] Fimst requive 7TepPALTS . T4 fE Can ke
e be rneeded So that

adsume ol o = 48 houts , bow large a Sampl
ane Wil be oble o osbert with 9o congidence thok the Somple TEAN

if:. ok bﬂ ok mHE 10 houTs -

\g

Dt 5 given +hat-,
E = 10 bouvs
— |:645 (-for 907"

Max i €T707,
ouTS and Zafy =

Vo= 46"’
T el 3
L RS ofy ]: w —'1’69-'5:62
E 10
Hence Sample Stge =62 ;
. e l:hc S ;1_-‘_‘;--:_‘ q_)( nhnuou6 use untll
chine cwfil -Fursr: TequiTe Service. Ty te Can be cgtives
w!u beablc |

e Q Sample 3 ncceted 53 thot one &
. ,6,0,5,5 bg

“’"ﬁ




@| wohar 1% the maXimum eTvoy one (an ©

CLS

|

Sol

a Tandom gam]blz
@ A1 Industrial enginecy sntends o tse —the TEAD of

= A e . - L e A T ey M e
e i S LI o i‘f&'ﬁ»ﬁ" SRS AT RS o ek

|

e f—
J

apeck to make onth Pﬂc;ﬁab

C 1 ”‘) D N J+ j o) 4 WPIE “[‘ (‘”71"(:.‘ NnN= 64 ?‘Q L"l“;\/‘ff_'vu ¢}

‘ (‘O € U’j_" q HE EQan Or 9 yarx on f;a” { ,L V1 \)[—\J ]
/ vt N 17 L 3 “ -
()

9.56 7

the aean of @ Populaﬁbn with T =2

o
Maximam ev70? = E = Zop o=

Zolfy = .eys (90/ ConbidenCC)

. : — |6
g = Standm’d deviation = J{{EZ

‘n:(qL,

6. — 0.329
e oys X - =
. E = |-6k 3

ag07 = 0-329-

o Maxemum €

‘ yiude of asse
Q.F &36 n=150 o esH mate —+the avg'mﬁg "TY)CChaﬂLCaJ af)h{_—u —:fe A r‘,-,:idc'r
i dustry . T4 on the hokis gf; experiente, (?‘
line wdks in a ﬂamﬁe ¢r t':-d ¥ e il o
i Osse thot T =612 Por Such. data , whak
u
Palobabllil‘a 0:99 obout the

Mastirmum gy707 E - |3

TFe mean and the Standand devialion of a,/bo Gn 07 11,795 and

entequal F6L the
osty vespectively . T n =50, 2ind 95+/. Conptdence N

mean -
Here  Mean of Populuhan, p= 1795

Standand deviation _an PoFuiaHon, v = lpo5y
aitIas
Iz <5am7ble 'Siag =50

maxtmum erY0Y = Z, gL 1-96 . (osh - 3899
“hw S
- Confidence nterval = (x-— Zwj, - ﬁ.\;’. ; Y""Z"%:%,f)
= (11795 3839, 11195+ 38499

=(1896,15694 )

i,
S

%
e,
.

3,
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|
Tanclorm “ambple

of 4ize 81 was taken whdde vauan 5208
?Ortr{ mean 74 32, .‘“,r,m,/,!'rugf' 98/ conkidence Intervol
%l Given T =32, n=8), o = 2025 =T =45
= Zajy =233 (fh 987
; - = P ) S
W KT 9g/. Confidence nterval is | X — Zogp o= % Vay
Now, 7

S b5
2D =165
R Yo
”. Conpidence §nterval
:

-—

(32 — 1165, 32+1:165 )

(%0.835, 33.165 )

Avandom  Sample of A items 8 found to have mean 82 and 5.D op

18- Fird +he maximum errsy of estimation ak 95/ confidence interval .
Fiod the Confident Limily Py —+he mean ff T=82

(,\ ’ o ) Qo
if x=35.

Sol gomFIC Sige N-25
'L‘o(/l = 2.06
S = Sl‘anda'rd devialion = 4

Ty a5, = DIp6 AT = [-648
“t W 5

Congident ntervol 9(—-4:,%-% <P < T f:.,%—

= (35—1-648,35+ 1648 )

= (33.352, 36648 )
@‘ A Sample of Il 7ats from @ Centaal Popwatibn had an average blooo!
was;_la of 392 with a 5D of 0.61 . EStimate the 95/. congidince Limily

L& +he mean bloool vischily of +he populalion
500 n=11  ( Sman Sample )

3
n

§= 5D=06l ,%= 392

"Toq,- £ 95/, and ¥ ARl NN v=m_y 2=TElD w5 8iea

Confpdence Uimely one (71.-— t,({’_‘% ,'oi+t—°(,,,_'d—:5.r:>'=43

‘92 —2.23. 3ﬁ' ;3924223 %L
e e R AR vir,




.“— B W AR TR - X = S A I T I N N

: 1

0 0. Sample |
*(\[_)uluﬁ: on S5 D. r;[ .7am.b le @

A SOJ”P’@ oj ./“3156 10 was taken Pram Q. f
l'/.”.'{‘?- 99/ (:'fffp-f.'!fj{j'{‘»((»'

€ Y 70 r

5 0.05. Jtnd the mmaxtmum
5 - gtandand deviation =0:03
% &)m[)lc 8ize n=10

tyy, Sh v=mn-1=10-1=9, 99.). = 3.95

N
S
=g

\

ok S .8 - 345X 0:03 -~ p0325 -

) Vn 5 3
@\"\ The Mean mank n ma,thermlis ?n Common entrace +at  wftl l/aﬂy faorm
[ the mean ook €5 expressed S'ubjechvdg

j(:ar fo 'L};"GQT‘T'{' s voouaton ©
Lo =2 ard Vamionce 5= 5. 16 .

b;; o. normal distribution with m™ean
{)

f‘i([’ Mhat Pmbabilthd Can we a‘bi(?n +o the acual mean mank bcmﬁ same wheat

|between TI-§ and 134 for the meat years test?

;(m Constructed a qs/. Bayestan vl T (o fE the feSES conduued oL
claxs 8£erd5

Ia random Lample _07£ 16D Students Prom +he mnext i’nwmi.ng
ia, meon mMmank o,F To with S D- Qf8-

(et what Po‘:teriov pmobabzuhd Should we 0566(?(1 to the event'g/’ pmt(f}‘

o
=~

\

a
) Here M, = mean =12 and v;-5D=V57 =24 ,n=100.

we have Z= A— 12
2.4
o s By T O IGNE TGl pe 38
2.4
b ent =3 AN T = 13.4—12 —- 05833
= idh

dhe mean mank obtained fn the Common entrace test . Then

et X be
P(-0:083< Z< 0:5833)

Prior PTObabili’y = Pl s Rs 13.4) =
= 0:0319 +0.2190 =0~ 2509

b) Here M 100, X= 10 +05=2 4, Mp=T2,0=8

ey by,
¥ 'P)’)L-e'rio'r mean , P, _ f'nfx Go "+ Mo ia 100(‘10')(2-4.')9'_;.'12 (8)3" gt
ne* +a* T e

poot €710 standard deviation , o7 = [ o @* | (8 (24)
VP =07
NG Vioo@u)+(8" %

. a5 aadcsian interval fa'p' i% gever by Mt Zay, —~10.9 + I-9%6.
=102 Z 1-4874
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v
Statlstlcal Tables : 4 561

t - Critical Values of the t-Distribution with v Degrees of Freedo

Venkatapuram V)
Karakambadi (P
TIRUPATI-517 520

tad

& N % (oS
. . b 7 - : = : /
v | 040 0.30 020 - 015 0.10 0.05 0.025 MS’-‘ — -
1 | 0.325 0.727 1.376 1.963 3.078 6314 12.706 2rE21° 7 63.657
2 | 0289 0.617 1.061 1.386 1.886 2.920 4.303 6.965  '9.925
-3 | 0277 0.584 0.978 1.250 1.638 2:353 3.182 4.541 5.841
4 | 027 0.569 0.941 1.190 13130 282 2.776 3.747 4,604
s | 0267 0559 . 0920 1.156 1.476 2.015 2.57 3365 402 | .
6 | 0.265 0.553 0.906 1.134 1.440 1.943 2447 3.143 3.707
7 | 0.263 0.549  0.896 1.119 1,415 1.895 2365 . 2998 3.499 ;
8 | 0262 .  0.546 0.889 . 1.108 1397 = 1.860 2.306 2.896 83355 15
9 | 0.261 0.543 0.883 1.100 1.383 1.833 2262 2821 1 3250
.10 | 0.260 0.542 0.879 1.093 1.372 1.812 2.228 2.764 3.169 i
R . -
11 | 0260 0.540 0.876 - 1.088 1.363 1.796 2.201 2718 3.106
12 | 0259 0.539 0.873 1.083 1.356 1.782 2.179 2681 . 3055
13 | 0.259 0.537 0.870 1.079 1.350 . 1771 2.160 2650 °  3.012
14 | 0.258 0.537 © 0.868 1.076 1.345 1.761 2.145 2.624 2.977
15 |- 0.258 0.536 | 0.866 1.074 1.341 1.753 2.13! 2402 2.947
16 | 0.258 0.535 0.865 1.071 337 1.746 2.120 2.583 2.921
17 | 0.257 0.534 0.863 1.069 1.333 1.740 2,110 2.567 2.398
18| 0.2s7 0.534 0.862 - 1.067 1330 | 17934 2.101 2.552 2.878
19 | 0257 0.533 0.861 1.066 1.328 1.729 2.093 2.539 2.861 (
.20 | 0257 0533 °  0.860 1.064 1.325 1.725 2.0°6 2.528 2.845 | - i
21 | 0.2s7 0.532 0.859 . 1.063 1.323 iy BRS  T) 2.518 ° 2.831
22 | 0.2s6 0.532 0.858 - 1.061 1.321 L1717 2.074 2,508 2.819
23 | 0256 0532 0858 1060 1319 - ‘
| 24 | 0256 0.531 0.857 1.059 1318
25 | 0.256 0.531 0.856 - 1.058 1.316
26 | 025 0531 0856 1.058 - 1315
.27 | 0.256 0.531 0.855 1.057 1.314
28 | 0.256 0.530 0.855 1.056 1.313
29 | 0256 0.530 0.854 . -~ 1.055 1311
30 | 0.256 0.530 0.854 1.055 1310
40 | 0255  -0529 0851 1.050 1.303
60 | 0254 - 0527 0.848 1,045 1.296
120 | 0.254 0.526 0845 - 1041 . 1239
.00 | 0253 0.524 0.842 1.036 1.282

example thevalue of tat 5%1evel thh9df.is ‘oms
~with 11 d.f. is £, =3.106




STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.
z| .00 01 02 03 04 05 .06 07 .08 .09
0.0 | 50000 50399 50798 51197 51595 51994 52392 52790 53188  .53586
0.1 | 53983 54380 54776 55172 55567 55962 56356 56749 57142 57535
0.2 | 57926 58317 58706  .59095  .59483  .59871 60257 60642  .61026  .61409
031 61791 62172 62552 62930 63307 63683 64058 64431 64803 65173
0.4 | 65542 65910  .66276  .66640 67003 67364 67724 68082 68439 68793
0.5 ] 69146 69497 69847 70194 70540 70884 71226 71566 71904 72240
0.6 | 72575 72907 73237 73565 73891  .74215 74537 74857 75175 75490
071 75804 76115 76424 76730 77035 77337 77637 77935 78230 78524
0.8 | 78814 79103 79389 79673 79955  .80234  .80511  .80785 81057 81327
0.9 | 81594 81859 82121 82381 82639 82894 83147 83398  .83646 83891
10 ) 84134 84375 84614 84849 85083 85314 85543 85769 85993 86214
.1} 86433 86650  .86864 87076 87286  .87493  .87698 87900 88100  .88298
12 88493 88686 88877  .89065  .89251  .89435  .89617  .89796  .89973  .90147
13190320 90490  .90658 90824 90988 91149 91309 91466 91621 91774
14 | 91924 92073 92020 92364 92507 92647 92785 92922 93056 93189
15 | 93319 93448 93574 93699 93822 93943 94062 94179 94295 94408
161 94520 94630 94738 94845 94950 95053 95154 95254 95352 95449
L7| 935543 95637 95728 95818 95907 95994 96080 96164 96246 96327
1.8 ) 96407 96485 96562  .96638 96712 96784 96856 96926 96995 2
19| 97128 97193 97257 97320 97381 97441 97500 97558 97615 97670
5 9772 7778 97831 97882 97932 97982 98030 98077 98124
98341 98382 98422 98461 98500 98537
98713 98745 98778 98809 .9 98870
99010 99036  .99061 - :
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L /4 one-tailed or two -tailed .

[) the [level %[ Sadnzb[cance used , a

U) the auternative hﬁpobheéi‘» , whether
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Cribcal vawes —for
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Cattical varues oy
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Critical vatues Loy
- PN A 5 =—1-29 .
[eft_ tasiled tesqt Zx = -2:33 Zoe =164 ot

|Zu] = 2-58 |Ze) = 1:96 1Z.) = 1-645

Zy = 2-33 Zy = 1645 | Ty =I-92
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A"SSithe test statistic {5 7z = XM 183- 28
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paoblerrs:

Tdu-7n€d headt 183 Hmes . Test

A Csin was +gvsed 960 times ard
level 9@ 5‘\3”"@&”’“

the thOH)rf%i% thaot the Coin 5 an,biaéed. use a 0.05
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9ip=i-h=fe 5 ponp = aeo(h) = 480,

e &
TP (np)q/ :W//}aox.;__ - V340 =15-49.
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T his Cone, we toke S, Sed of Sample to Compute the S€ gf meon
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SE(X) X
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M/\/\M
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Rliven Sen 2400y M=325 | | ‘E
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!
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;o XpL _ @ BE-BR6 _ 12 _ 5038

e s
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r conclude oF the o.05 level of Signipicance , 1 Teadings take, of 405017

,mndam locationy tn, e given 'Rigio-n dielded a amean of 59./ Lot
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TEST FOR EQUALITY OF TWO MEANS-LARGE SAMPLES
(TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS OF
TWO LARGE SAMPLES)

Let x, and x, be the sample means of two independent large random samples sizes n, and

n,drawn from two populations having means .z, and g, and standard deviations o, and o, .

To test whether the two population means are equal.
Step:1 Null Hypthesis H, : 2, = 1,
Step:2 Alternative Hypthesis H, : g4 # 14,

Step:3 Set the level of significance « .

o (ax)e
Step:4 The test statistic z = ~—=—=; wWhere 6 =14 — 1,

2
O, O
01,9
r]l n2

If 6 =0, the two populations have the same means
If & =0, the two populations are different.

Step:5 Rejection rule for H, : 14 = ,.

i. If|z|>1.96, reject H,at 5% level of significance.
ii. If|z|>2.58, reject H,at 1% level of significance.
iii. If|z|>1.645, reject H,at 10% level of significance.
Note : If the two samples are drawn from population with unknown Standard deviations o}

and o7, then o2and o can be replaced by sample by variances S and S provided both the

samples n,and n, are large.

_ o (xmx)-e
In this case, the test statistic is Z = ~———~———.



TEST FOR EQUALITY OF TWO MEANS-LARGE SAMPLES
(TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS OF
TWO LARGE SAMPLES)

Solved Problems

1. The means of two large samples of sizes 1000 and 2000 members are 67.5 inches and 68.0
respectively. Can the samples be regarded as drawn from the same population of S.D 2.5
inches.

Solution: Let g4 and g, be the means of the two populations.
Given n, =1000 and n, =2000and x, =67.5and x, =68.0 inches.
Population Standard deviation, o =2.5inches.
Step:1 Null Hypothesis H,: The samples have been drawn from the same population of S.D
2.51inches. i.e., 1, = y,and o =2.5inches.
Step:2 Alternative Hypothesis H, : 1 # 1,

Step:3 Set the level of significance: o =0.05.

- )
Step:4 The test statistic z = (Xlz 2)2 = 67.5-68
\/Unl“L(;2 \/(2'5)2 (10100 i 20100j
1 2
7= 00 _ 516
0.0968
~.|z|=5.16

Tabulated value of Z at 5% level of significance is 1.96.

Hence calculated Z > tabulated Z.

Step:5 Hence the null hypothesis H, is Rejected at 5% level of significance and we conclude
that the samples are not drawn from the sample population of S.D. 2.5 inches.

2. A researcher wants to know the intelligence of students in a school. He selected two
groups of students. In the first group there 150 students having mean 1Q (intelligence
quotient) of 75 with a S.D. of 15 in the second group there are 250 students having mean 1Q
of 70 with S.D. of 20.

Solution: Let 4, and g, be the means of the two populations.

Given n, =150 and n, =250and x, =75and x, = 70.



TEST FOR EQUALITY OF TWO MEANS-LARGE SAMPLES
(TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS OF
TWO LARGE SAMPLES)

Population Standard deviation, o, =15 & o, =20
Step: 1 Null Hypothesis H,: The groups have been came from the same population.
l.e., 1 =wmand o, =15 & o, =20.
Step: 2 Alternative Hypothesis H, : g4 # 14,

Step: 3 Set the level of significance: « =0.05.

L )
Step: 4 The test statistic z = (Xl 2) = s-70 =5\/§=2.7116
n n, 150 250
|z| =2.7116

Tabulated value of Z at 5% level of significance is 1.96.

Hence calculated Z > tabulated Z.

Step: 5 Hence the null hypothesis H, is Rejected at 5% level of significance and we
conclude that the groups have not been from the same population.

3. Samples of students were drawn from two universities and from their weights in
kilograms, mean and S.D. are calculated and shown below. Make a large sample test to the
significance of the difference between the means.

Mean S.D. Size of the sample
University A 55 10 400
University B 57 15 100

Solution: Let x, and X, be the means of the two samples.
Given n, =400 and n, =100and x, =55and x, =57.
Standard deviation, s, =10 & s, =15

Step:1 Null Hypothesis H,: X1 = X2. i.€ there is no difference.

Step:2 Alternative Hypothesis H, : xi # X»

Step:3 Set the level of significance: o =0.05.




TEST FOR EQUALITY OF TWO MEANS-LARGE SAMPLES
(TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS OF
TWO LARGE SAMPLES)

Step:4 The test statistic z = (Xi_ 2> e S ST
e R G
n n, 400 100
~|z|=1.26

Tabulated value of Z at 5% level of significance is 1.96.
Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance and we conclude
that there is no significant difference between the means.

4. The average marks scored by 32 boys is 72 with S.D. of 8. While that for 36 girls is70 with
a S.D. of 6. Does this indicate that the boys perform better than girls at level of significance
0.05?

Solution: Let z4 and g, be the means of the two populations.
Given n, =32 and n, =36and x =72andx, = 70.
Population Standard deviation, o, =8 & o0, =6

Step:1 Null Hypothesis H,: 4 =1, .

Step:2 Alternative Hypothesis H, : 24 > 11,

Step:3 Set the level of significance: « =0.05.

L )
Step:4 The test statistic z = (X1 2) = 2-10 =£:1.1547

n n, 32 36

~.|z| =1.1547

Tabulated value of Z at 5% level of significance is 1.96.

Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance and we conclude
that the performance of boys and girls is the same.

5. A sample of the height of 6400 Englishmen has a mean of 67.85 inches and a S.D. of 2.56
inches while a simple sample of heights of 1600 Austrians has a mean of 68.55 inches and



TEST FOR EQUALITY OF TWO MEANS-LARGE SAMPLES
(TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS OF
TWO LARGE SAMPLES)

S.D. of 2.52 inches. Do the data indicate the Austrians are on the average taller than the
Englishmen? (Use « as 0.01).

Solution: Let x, and X, be the means of the two samples.
Given n, =6400 and n, =1600and x, = 67.85and x, = 68.55.
Standard deviation, s, =2.56 & s, =2.52

Step:1 Null Hypothesis H,: X1 = X, . i.e there is no difference.

Step:2 Alternative Hypothesis H, : xi < X

Step:3 Set the level of significance: « =0.01.

— = ) )
Step:4 The test statistic z = (Xl 2) = 67.85-68.5 = 07 =-9.9
s s (6.5536 . 6.35) 4/0.005
non, 6400 1600
~|z[=9.9

Tabulated value of Z at 5% level of significance is 1.96.

Hence calculated Z >tabulated Z.

Step:5 Hence the null hypothesis H, is rejected at 5% level of significance and we conclude
that the Austrians are taller than Englishmen.

6. In a certain factory there are two independent processes for manufacturing the same item.
The average weights in a sample of 700 items produced from one process is found to be 250
gms with a S.D. of 30 gms while the corresponding gures in a sample of 300 items from the
other process are 300 and 40. Is there significant difference between the mean at 1% level of
significance.

Solution: Let g4 and g, be the means of the two populations.
Given n =700 and n, =300and x, = 250and x, =300.
Population Standard deviation, o, =30 & o, =40

Step:1 Null Hypothesis H;: z4 = ,and o, =30 & o, =40.

Step:2 Alternative Hypothesis H, : 14 # 1,



TEST FOR EQUALITY OF TWO MEANS-LARGE SAMPLES
(TEST OF SIGNIFICANCE FOR DIFFERENCE OF MEANS OF
TWO LARGE SAMPLES)

Step:3 Set the level of significance: « =0.01.

L )
Step:4 The test statistic z = (Xl 2) = 250 -300 =-19.43
ol o} (900 1600)
n n, 700 300
~.|z]=19.43

Tabulated value of Z at 1% level of significance is 2.58.
Hence calculated Z > tabulated Z.

Step:5 Hence the null hypothesis H, is Rejected at 5% level of significance and we conclude
that there is a significant difference between the means.

7. The mean yield of wheat from a district A was 210 pounds with S.D. 10 pounds per acre
from a sample of 100 plots. In another district the mean yield was 220 pounds with S.D. 12
pounds from a sample of 150 plots. Assuming that the S.D. of yield in the entire state was 11
pounds, test whether there is any significant difference between the mean yield of crops in the
two districts.

8. The research investigator is interested in studying whether there is a significant difference
in the salaries of MBA grades in two metropolitan cities. A random sample of size 100 from
Mumbai yields on average income of Rs. 20,150. Another random sample of 60 from
Chennai results in an average income of Rs. 20,250. If the variances of both the populations

are given as of = Rs. 40,000 and o = Rs. 32,400 respectively.



How to find critical value for Two-Tailed and One-Tailed Test

NOTE: 1. Find a critical value for a 95% confidence level (Two-Tailed Test).
Procedure: Confidence limit = 95%

i.e,(1—«)100% = 95%

= (1-)100=95

()= —095= ¢ =0.05=|% 20,025
100 2

1-0.025=0.975,z —value at 0.975 is1.96
=1.96

0-0 Z%

2. Find a critical value for a 95% confidence level (One-Tailed Test).

Procedure: Confidence limit = 95%
i.e,(1—a)100% = 95%

= (1-a)100=95
:(1_(1):%:0.95:

1-0.05=0.95,z—value at 0.95 is1.645

Sample Proportion:

_ Countof successesinasample  x

samplesize'n’ n
q=1- p=sampleof proportionof failuresinasampleof size n.

Large Proportion:

_ Countof successesina population _ X
Populationsize'N N’
Q =1-P = Populationof proportionof failuresina populationof size N

P



TEST FOR EQUALITY OF SIGNIFICANCE FOR SINGLE
PROPORTION-LARGE SAMPLES

Suppose a large random sample of size n has a sample proportion p of members possessing a
certain attribute (i.e, proportion of successes). To test the hypothesis that the proportion P in
the population has a specified value Po.

Step:1 Let us set the Null Hypthesis be H,: P =P, (Po is a particular value of P).
Step:2 The Alternative Hypothesis is H, :P =P, ie,H;:P>PF,H,:P <P,

Step:3 Set the level of significance « .

Step:4 The test statistic z = % ; Where p is the sample proportion is approximately
n
normally distributed.

Step:5 The critical Rejection for Z depending on the nature of H, and level of significance
a is given in the following table.

Rejection Rule for H;:P =P,

Level of significance 1% 5% 10%
Critical region for P = P, (Two-tailed test) |z| >2.58 |z| >1.96 |z| >1.645
Critical region for P > P, (Right-tailed test) 75233 7>1.645 75128
Critical region for P < P, (Left-tailed test) 7<-233 7 <—1.645 7 <-1.28

Note: 1. without any reference to the level of significance, we may reject the Null
Hypothesis H,when |z|>3.

2. (i) Limits for population proportion P are given by piS\/p?iq where q=1-p.
(if) Confidence interval for proportion P are given by p-z, \/E< z<ptz,, |4
%\ n %\ n

where Q=1-P.




Solved Problems

1. A manufacturer claimed that at least 95% of the equipment which he supplied to a factory
conformed to specifications. An examination of a sample of 200 pieces of equipment
revealed that 18 were faulty. Test his claim at 5% level of significance.

Solution: Given sample size, n=200.
Number of pieces confirming to specifications=x=200-18=182

.. p =Proportion of pieces confirming to specifications:5 = % =0.91
n

Let P = Population proportion:% =0.95; Q=1-P=1-0.95=0.05

Step:1 Null Hypothesis H,: The proportion of pieces confirming to specifications.
i.e.,P=95%.
Step:2 Alternative Hypothesis H, : P <0.95. (Left — tail test)

Step:3 Set the level of significance: « =0.05.

Step:4 The test statistic z = pP—P_ 0.91-0.95 _ —0.04 _
\/PQ 095x0.05) 00154
n 200
~.|z|=2.59

Since alternative hypothesis is left tailed, the tabulated value of z at 5% level of significance
is 1.645.

Hence calculated value of Z > tabulated Z.

Step:5 Hence the null hypothesis H, is Rejected at 5% level of significance and we conclude

that the manufacture’s claim is rejected.

2. In a sample of 1000 people in Karnataka 540 are rice eaters and the rest are wheat eaters.
Can we assume that both rice and wheat are equally popular in this state at 1% level of
significance?

Solution: Given sample size, n=1000.

Let p =Sample proportion of rice eaters :% =0.54

Let P = Population proportion of rice eaters :% =0.5.

Q=1-P=1-05=0.5.



Step:1 Null Hypothesis H,: Both rice and wheat are equally popular in the state.
i.e.,, P=05.
Step:2 Alternative Hypothesis H, : P =0.5. (Two-— tailed test)

Step:3 Set the level of significance: « =0.01.

p—P  054-05
\/ PQ (0.5x0.5j
n 1000

~.|z|=2.532

Step:4 The test statistic z = =2.532

Since alternative hypothesis is left tailed, the tabulated value of z at 1% level of significance
is 2.58.

Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 1% level of significance and conclude
that both rice and wheat are equally popular in the state.

3. A random sample of 500 pineapples was taken from a large consignment and 65 were
found bad. Find the percentage of bad pineapples in the consignment.

Solution: Given sample size, n=500.
. . : 65
Let p = Proportion of bad pineapples in the sample =% =0.13

g=1-p=0.87.

We know that the limits for population proportion P are given by

p+3 /ﬂ =0.13+3 /% =0.13+0.045 = (0.085,0.175)
n

.. The percentage of bad pineapples in the consignment lies between 8.5 and 17.5.

4. A manufacturer claims that only 4% of his products are defective. Test the hypothesis at
random sample of 500 were taken among which 100 were defective. Test the hypothesis at
0.05 level.

Solution: Given sample size, n=500, x=100

Let p=§=@=0.2
n 500

Let P=4%=0.04 & Q=1-P=0.96

Step:1 Null Hypothesis H,: P=0.04.



Step:2 Alternative Hypothesis H, : P = 0.04. (Two- tailed test)
Step:3 Set the level of significance: « =0.05.

p-P _ 02-004
JFK) (Q04x096J
n 500

~.|z]=18.26

Step:4 The test statistic z = =-18.26

Since alternative hypothesis is right tailed, the tabulated value of z at 5% level of significance
is 1.96.

Hence calculated Z > tabulated Z.

Step:5 Hence the null hypothesis H, is rejected at 5% level of significance.

5. In a random sample of 100 packages shipped by air freight 13 had some damage.
Construct 95% confidence interval for the true proportion of damage package.

Solution: Given sample size, n=100, x=13

Let p =sample proportion of damage packages= X_ % =0.13
n

q=1-p=1-0.13=0.87

p= ‘/P—Q = ‘/ﬂ :,/% =0.034 (.-Pis not known,we take p for P)
n n

.. 95% confidence interval for the population proportion of P of damage package

p+1.96 P 0.13+1.96(0.034) =0.13+0.067 = (0.063,0.197)
n
Hence the 95% confidene limits for the true proportion of damage packages is (0.063, 0.197)

6. In a hospital 480 females and 520 male babies were born in a week. Do these figures
confirm the hypothesis that males and females are born in equal number?

Solution: Given sample size, n=Total number of births=480+520=1000, x=480

Let p =proportion of females born= x_ 480 _ 0.48

n 1000
Let P =05 & Q=1-0.5=0.5
Step:1 Null Hypothesis H,: The probability of equal proportion i.e, P = % =0.5.

Step:2 Alternative Hypothesis H, : P #0.5. (Two— tailed test)



Step:3 Set the level of significance: « =0.05.

p—P  048-05
\/PQ (o.sx 0.5)
n 1000

~.|z|=1.265

=-1.265

Step:4 The test statistic z =

Since alternative hypothesis is two-tailed, the tabulated value of z at 5% level of significance
is 1.96.
Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance.

7. In a random sample of 125 cool drinkers, 68 said they prefer thumsup to pepsi. Test the
null hypothesis P=0.5 against the alternative hypothesis P>0.5.

Solution: Given sample size, n=125, x=68 and p :E = % =0.544

Let P =0.5& Q=1-05=0.5
Step:1 Null Hypothesis H,: P=0.5

Step:2 Alternative Hypothesis H, : P >0.5. (Right— tailed test)

Step:3 Set the level of significance: « =0.05.

p—P  0544-05
\/PQ (0.5x0.5j
n 125

~.|2|=0.9839

Step:4 The test statistic z = =0.9839

Hence calculated Z < tabulated Z.

Since alternative hypothesis is right tailed, the tabulated value of z at 5% level of significance
is 1.645.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance.

8. In a big city 325 men out of 600 men were found to be smokers. Does this information
support the conclusion that the majority of men in this city are smokers?

9. A die was thrown 9000 times and of these 3220 yielded a 3 or 4. Is this consistent with the
hypothesis that the die was unbiased?

10. In a random sample of 160 workers exposed to a certain amount of radiation, 24
experienced some ill effects. Construct a 99% confidence interval for the corresponding true
percentage.



TEST FOR EQUALITY OF TWO PROPORTION (OR SIGNIFICANCE OF
DIFFERENCE BETWEEN TWO SAMPLE PROPORTIONS-LARGE
SAMPLES)

Let p, and p,be the sample proportions in two large random samples of sizes n, and n,

drawn from two populations having proportions P, and P,.
To test whether the two samples have been drawn from the sample population.

Step:1 Let us set the Null Hypothesis be H,: P, =P,.

Step:2 The Alternative Hypothesis is H, : B, # P,

Step:3 Set the level of significance « .

Step:4 There are two ways of computing a test statistic Z.

(@) When the population proportions B, and P, are known.

In this case Q, =1-PF and Q, =1-P, and p,, p, are sample proportions.

The test statistic 7= ——t1_P2
hQ _ RQ,
n, n,

(b) When the population proportions P, and P, are not known but sample proportions
p, and p,are known .
In this case we have two methods to estimate B andP,.

(i) Method of Substitution:

In this method, sample proportion p, and p, are substituted for B, and P,.

The test statistic z=_ P2~ P2
P PG
nl nZ

(i) Method of Pooling:

In this method, the estimated value for the two population proportions is obtained by
pooling the two sample proportions p, and p, into a single proportion p by the formula given
below.

Sample proportion of two samples or estimated value of p is given by

— np +np, _ X +X%

n,+n, n +n,

q=1-p

The test statistic z =




Step:5 Rejection rule for H; : P, =P,.
i. 1f|z|>1.96, reject H,at 5% level of significance.
ii. 1f|z|>2.58, reject H,at 1% level of significance.

iii. 1f|z| >1.645, reject H,at 10% level of significance.

Solved Problems

1. A manufacturer of electronic equipment subjects samples of two completing brands of
transistors to an accelerated performance test. If 45 of 180 transistors of the first kind and 34
of 120 transistors of the second kind fail the test, what can he conclude at the level of
significance a=0.05 about the difference between the corresponding sample proportions?

Solution: We haven, =180,n, =120, x, =45 and x, =34

o, =% 0o5p X3 0083
n, 180 n, 120

_np,+n,p, Xx+X, 45+34 79 _0.263 -
n+n, n+n, 180+120 300

q=1-p=1-0.263=0.737

Step:1 Let us set the Null Hypothesisbe H,: p, = p,.

Step:2 The Alternative Hypothesis is H, : p, # p,

Step:3 Set the level of significance « =0.05.

Step:4 Method of Pooling:

The test statistic z=——P Pz _ 0.25-0.283 =-0.647
11 1 1
Lot 0263)(0737)| o+
\/pq[nfnz] \/( ) )(180 120)
~.|7|=0.647

Since alternative hypothesis is two tailed, the tabulated value of z at 5% level of significance
is 1.96.

Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance.

2. In two large population, there are 30% and 25% respectively of fair haired people. Is this
difference likely to be hidden in samples of 1200 and 900 respectively from the two
populations?

Solution: We have n, =1200,n, =900, x, =30 and x, =25



P, =Proportion of fair haired people in the first population =30% = % =0.3,

P, = Proportion of fair haired people in the second population =25% = % =0.25

Q =1-P=1-03=0.7,
Q,=1-P,=1-0.25=0.75

Step:1 Let us set the Null Hypothesis be H,: P, =P,.

Step:2 The Alternative Hypothesis is H, : B, # P,

Step:3 Set the level of significance « =0.05.

Step:4 The test statistic z = R-F _ 0.3-0.25 _ss
PQ , PQ, \/(O-3XO-7+0.25><0.75)
r]l ng 1200 900
|| =256

Since alternative hypothesis is two tailed, the tabulated value of z at 5% level of significance

is 1.96.
Hence calculated Z > tabulated Z.

Step:5 Hence the null hypothesis H, is rejected at 5% level of significance.

3. In an investigation on the machine performance the following results are obtained.
No. of units inspected | No. of defectives
Machine 1 375 17
Machine 2 450 22
Test whether there is any significant performance of two machines at o =0.05.

Solution: We haven, =375,n, =450, x, =17 and X, =22

o, =517 0045 p, =22 =22 _g0a9
n 375 n, 450
_np+np, x+x, 17+22 39 —0.047 -
n, +n, n+n, 375+450 825

q=1- p=1-0.047=0.953

Step:1 Let us set the Null Hypothesisbe H,: p, = p,.

Step:2 The Alternative Hypothesis is H, : p, # p,

Step:3 Set the level of significance « =0.05.

Step:4 Method of Pooling:



P — P, _ 0.045-0.049
11 11
1.1 [0.047)(0.953 .
\/pq[nlJrnJ \/( X )(375+450j

Since alternative hypothesis is right tailed, the tabulated value of z at 5% level of significance
is 1.96.

The test statistic z = =0.015

Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance.

4. During a country wide investigation the incidence of tuberculosis was found to be 1%. In a
college of 400 students 3 reported to be affected, where as in another college of 1200 students
10 were affected. Does this indicate any significant difference?

Solution: We have n, =400,n, =1200,x =3 and x, =10

3 _00075,p, =22 =22 _0.0083
400

P= n, 1200

RN

Given

p=1%=0.01; q=1-p=1-0.01=0.99
Step:1 Let us set the Null Hypothesis be H,: P, =P,.

Step:2 The Alternative Hypothesis is H, : B, = P,

Step:3 Set the level of significance « =0.05.

Step:4 Method of Pooling:

The test statistic z=—— 2Pz _ 0.0075—0.0083 =-0.14
11 11
Lot 000099 o+
\/pq[nfnzj \/( ) )(400 1200]
~.|z]=0.14<1.96

Since alternative hypothesis is two tailed, the tabulated value of z at 5% level of significance
is 1.96.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance.

5. A sample poll of 300 voters from district A and 200 voters from district B showed that
56% and 48% respectively, were in favour of a given candidate. At a 0.05 level of
significance, test the hypothesis that there is a difference in the districts.

Solution: We have n, =300, n, =200, R, =56%=0.56 and P, =48%=0.48

Q=1-FB=1-056=044; Q,=1-P,=1-0.48=0.52



Step:1 Let us set the Null Hypothesis be H,: P, =P,.

Step:2 The Alternative Hypothesis is H, : B # P,

Step:3 Set the level of significance « =0.05.

P-P 0.56—0.48

Step:4  The test statistic z = _ _178
PQ , RQ (0.56x 0.44  0.48x o.52j
n n 300 200
~|z|=1.78

Since alternative hypothesis is two tailed, the tabulated value of z at 5% level of significance
is 1.96.

Hence calculated Z < tabulated Z.

Step:5 Hence the null hypothesis H, is accepted at 5% level of significance.

6. A random sample of 300 shoppers at a supermarket includes 204 who regularly use cents
off coupons. In another sample of 500 shoppers at a supermarket includes 75 who regularly
use cents off coupons. Construct confidence interval for the probability that any one shopper
at the supermarket, selected at random, will regularly use cents off coupons.

Solution: Heren, =300, n, =500, x, =204 and x, =75

p, = Proportionof shopperswho use centsoff coupons in the first sample A % =0.68,
n1

p, = Proportionof shopperswho use centsoff coupons in the first sample = % = % =0.15
2

q, =1-0.68=0.32;q, =1-0.15=0.85

The 98% confidence interval for the probability that any one shopper in sample selected at
random is

{pliz,,/ %}=0.68i(2.33) /% —0.68+0.063= (0.62,0.74)
2\ n,

7. A study shows that 16 of 200 tractors produced on one assembly line required extensive
adjustments before they could be shipped, while the same was true for 14 of 400 tractors
produced on another assembly line. At the 0.01 level of significance, does this support the
claim the second production line superior work?

8. On the basis of their total scores, 200 candidates of a civil service examination are divided
into two groups, the upper 30% and the remaining 70%. Consider the first question of the
examination. Among the first group, 40had the correct answer, where as among the second
group, 80 had the correct answer. On the basis of these results, can one conclude that the first
question is not good at discriminating ability of the type being examined here?



4/24/2020

F Distribution Table at a = 0.01 or 1°¢

F-Distribution Table for F-Test

= 1 2 3 4 5 6 7

n

1 | 4069.7377 | 4999.5 | 5403.2423 | 5624.5833 | 5764.2278 | 5921.8678 | 6401.986
2 | 986873 99 99.1663 | 99.2494 | 99.3118 | 102.4074 | 125.3596
3 | 341509 |30.8165 | 29.4567 | 287099 | 28.2383 | 28.2052 | 29.8751
4 | 21.2076 18 16.6944 | 15977 | 155222 | 15.2788 | 15.4921
5 | 16.2587 | 13.2739 | 12.06 113919 | 10.9671 | 10.6993 | 10.6456
6 | 13.7404 | 10.9248 | 9.7795 9.1483 8.746 8.4791 | 83496
7 | 122382 | 9.5466 | 8.4513 7.8466 7.4605 7.1987 | 7.0421
8 | 11.2476 | 8.6491 | 7.591 7.0061 6.6318 63753 | 6.2078
9 | 105481 | 8.0215 | 6.9919 6.4221 6.057 5.8049 | 5.6329
10 | 10.0289 | 7.5594 | 6.5523 5.9943 5.6363 53881 | 5.2142
11| 96287 | 7.2057 | 6.2167 5.6683 5.316 5.071 4.8966
12| 93112 | 6.9266 | 59525 5.412 5.0644 4822 4.6476
13| 90531 | 6701 | 57394 5.2053 4.8616 46216 | 4.4475
14| 88393 | 65149 | 55639 5.0354 4.695 44568 | 4.2833
15 | 8.6594 | 63589 | 5.417 4.8932 45556 43192 | 4.1461
16 | 8.5058 | 6.2262 | 5.2922 47726 4.4374 42025 | 4.0299
17| 83732 | 6.1121 | s5.185 4.669 43359 41023 | 3.9303
18 | 82575 | 6.0129 | 5.0919 4579 4.2479 40153 | 3.8439
19| 81557 | 5.9259 | 5.0103 4.5003 4.1708 39392 | 3.7682
20| 80654 | 5.8489 | 4.9382 4.4307 41027 3.8721 | 3.7015
21| 79848 | 57804 | 4.874 43688 4.0421 3.8123 | 3.6422
22| 79124 | 5719 | 48166 43134 3.988 3.7589 | 3.5891
23 | 7.8469 | 5.6637 | 4.7649 4.2636 3.9392 37108 | 3.5414
24 | 7.7875 | 56136 | 4.7181 42184 3.8951 36673 | 3.4982
25| 77333 | 5568 | 4.6755 41774 3.855 3.6277 3.459
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F-Test (OR) Snedecor’s F-Test of Significane

The test is named in the honor of the great statistician R.A. Fisher.

Objective of F-Test:

®,

% To find out whether the two independent estimates of population variance differ
significantly.
(OR)
% To find out whether the two samples may be regarded as drawn from the normal
populations having same variance.

Test for equality of two population variances:

Let two independent random samples of sizes n, and n, be drawn from two normal
populations.

To test the hypothesis that the two population variances o and o are equal.

Step:1 Let the null hypothesis be H, o} =07 .
Step:2 Then the Alternative hypothesis is H, : o7 # 5.
Step:3 The estimates of o and o> are given by

—\2 2

2 L — 2 L —
S (Or)Z(x. S 5t _ S (o) 2 (%-)
n-1 n,-1 n,—1

, where s/ and s’ are the

1
variances of the two samples.
Assuming that H, is true, the test statistic is

— S12

=

2
F whenS? > S? (or) |F = % whenS? > S? follows F-distribution with
1

(n,—1,n, —1) degrees of freedom.

Step:4 Set the level of significance « .
Step:5 If the calculated value of F> the tabulated value of F at o, we reject the null

hypothesis H, and conclude that the variances o} and o7 are not equal . Otherwise,

we accept the null hypothesis H, and conclude that the variances o and o> are
equal.

> In numerical problem, we take the greater of the two variances S} and S. in the
numerator and the other in the denominator.

_ Greater variance

~ Smaller variance

> When F is close to 1, the two sample variances S, and S, are nearly same.

> If sample variance S? is given, we can obtain population variance o by using the
relation no? = (n—1)S? and vice-versa.



Properties of F-distribution:

1. F-distribution curve is Skewed towards right with range 0 to coand having the roughly
median value 1.

2. Value of F will always be more than 0.

Shape of F-distribution curve is dependent on — d.f. of numerator & d.f. of denominator.

4. F-distribution curve is never symmetrical, but if d.f. will be increased then it will be more
similar to the symmetrical shape.

5. F cannot be negative, and it is a continuous distribution.

f(F)
A

w

v
=

0 Fa (Vl’VZ)
F-distribution

Solved Problems
1. In one sample of 8 observations from a normal population, the sum of the squares of
deviations of the sample values from the sample mean is 84.4 and in another sample of 10
observations it was 102.6. Test at 5% level whether the populations have same variance.

Solution: Let o7 and o be the variances of the two normal populations from which the
samples are drawn.

Here n, =8,n, =10

Step:1 Let the null hypothesis be H, o} =07 .

Step:2 Then the Alternative hypothesis is H, : o7 # o7.

Step:3 The estimates of o and o> are given by

2 Z(Xi —>_<)2 _844 Z(yi —9)2 1026

S? = =12.057and S? = = =11.4.
n -1 8-1 n, -1 10-1
2
Assuming that H, is true. Since S} > S?, the test statistic is F =% =% =1.057
’ :

with ((v,,v,) =n, —1,n, -1)=(8-1,10-1)=(7,9) degrees of freedom.
Step:4 Set the level of significance « =0.05.
Step:5 The tabulated value of F at 5% level for (7,9) degrees of freedom is 3.29.



The calculated value of F< the tabulated value of F at & =0.05, we accept the null
hypothesis H, and conclude that the variances o and o7 are equal.
2. Two random samples reveal the following results:

Sample Size Sample Mean Sum of Squares of deviations from the mean
1 10 15 90
2 12 14 108

Test whether the samples came from the same normal population.
Solution: Let o7 and o> be the variances of the two normal populations from which the
samples are drawn.
Here we have to use two tests (i) To test equality of variances by F-test (ii) To test equality of
means by t-test.
() F-test (equality of variances)

Given n, =10,n, =12,x =15,y =14

o S-x) 9

S(%-y) 108

S? = = =10and S? = = =9.82
n-1  10-1 n,—1  12-1
2
F=3_10 1018
s2 9582

i.e, Calculated F= 1.018. Assuming that H, is true. Since S/ > S?, the test statistic is

with (n,—1,n, —1)=(9,11) degrees of freedom. Set the level of significance « =0.05.
The tabulated value of F at 5% level for (9,11) degrees of freedom is 2.89.
The calculated value of F< the tabulated value of F at & = 0.05, we accept the null
hypothesis H, and conclude that the samples came from the same normal populations
with same variances.

(i) t-test (to test equality of means):
Null hypothesis: H,: 4 = 1,

Given x =15,y =14,n, =10,n, =12

1 —\2 —\2 1
Now S2 =—|: X—X| + — }:— 90+108(=9.9
n+n,-1 Z( ) Z(y y) 10+12—1[ ]
5.$=315
The test statistic is t = ——Y = 15-14 =0.74.
1 1 3.15
S |—+
nl n2

Tabulated value of t for 20 d.f. (n1+n2-2) at 5% level of significance is 2.086.
Since calculated value of t < tabulated value of t , we accept the null hypothesis.
Hence from (i) and (ii), the given samples have been drawn from the same normal
populations. Hence we accept the null hypothesis that s = 1, and o7 = o7

3. The nicotine contents in milligrams in two samples of tobacco were found to be as
follows:

Sample A 24 27 26 31 25 ---

Sample B 27 30 28 31 22 36

Can it be said that the two samples have come from the same normal population.




4. The measurements of the output of two units have given the following results. Assuming
that both samples have been obtained from the normal population at 10% significant level,

test whether the two populations have the same variances.

Unit-A 14.1 10.1 14.7 13.7 14.0
Unit-B 14.0 14.5 13.7 12.7 14.1
Solution: Let the Null hypothesis be H, : o7 = o7
Then the Alternate hypothesis is H, : o} # o
Given n, =5&n, =5
- X
X= Z— = 1 (14.1+10.1+14.7+13.7+14.0) =13.32
Now n 0
9:2 =%(14.0 +14.5+13.7+12.7+14.1) =13.8
n
X X—X =x-13.32 (Xx—x)? y y—y=y-13.8 (y-y)?
14.1 0.78 0.6084 14.0 0.2 0.04
10.1 -3.22 10.3684 14.5 0.7 0.49
14.7 1.38 1.9044 13.7 -0.1 0.01
13.7 0.38 0.1444 12.7 -1.1 1.21
14.0 0.68 0.4624 14.1 0.5 0.09
> x=66.6 > (x-x)°=13.488| > y=69 > (y-y)*=1.84
> (x-x) Z(%-y)
X —X . Yi—y .
SZ = _ 134888 _ 3 372and S? = _184_ 46
n -1 5-1 n,-1  5-1
2
_SE_3372 4
S2° 0.46

Since S} >SZ, the test statistic is with (n, —1,n, —1)=(4,4) degrees of freedom.

Tabulated value of F for (4,4) d.f. at 10% =0.01 level of significance is 15.97.
Since calculated F < tabulated F, we accept the Null hypothesis Ho.

i.e, There is no significant difference between the variances.

5. Two independent samples of 8 & 7 items respectively had the following values of the

variables.
Sample | 9 11 13 11 16 10 12 14
Sample |1 11 13 11 14 10 8 10

Do the estimates of the population variance differ significantly?

Solution: Let the Null hypothesis be H, : o7 = o7

Then the Alternate hypothesis is H, : o} # o



Given n, =8&n, =7

- >x 1 96
X= :§(9+11+13+11+16+10+12+14)=§:12
Now !
§/=& :%(11+13+11+14+10+8+10) =11
n2
X X=X =x-12 (x=x)7 y Y-y =y- (y-v)’
13.8
9 -3 9 11 0 0
11 -1 1 13 2 4
13 1 1 11 0 0
11 -1 1 14 3 9
16 4 16 10 -1 1
10 -2 4 8 -3 9
12 0 0 10 -1 1
14 2 4
3 x=96 S (x-x)?=36 | D y=77 S(y-y)=24

. 2% —X)2 36

S’ = =——=>5.14and S} = =
n, -1 8-1 7-1
2
F=S—g=ﬂ=1.285
S; 4

Since S} >SZ, the test statistic is with (n, —1,n, —1)=(7,6) degrees of freedom.

Tabulated value of F for (7, 6) d.f. at 5% =0.05 level of significance is 4.21.
Since calculated F < tabulated F, we accept the Null hypothesis Ho.
i.e, There is no significant difference between the variances.

6. It is known that the mean diameters of rivets produced by two firms A and B are
practically the same, but the standard deviation may differ. For 22 rivets produced by firm A,
the S.D. is 2.9 mm, while for 16 rivets manufactured by firm B, the S.D. is 3.8 mm, compute
the statistic you would use to test whether the products of firm A have the same variability as
those of firm B and test its significance.

Solution: Given n, =22,n, =16,s, =2.9mm, s, =3.8mm

Since the S.D’s of the samples s, &S, are given.

Step:1 Let the null hypothesis be H, o} =07 .

Step:2 Then the Alternative hypothesis is H, : o7 # o7.

Step:3 The population variances S/ and S? are obtained by using the relations
ns _ 22(2.9)° 8,805 and S = ns; _16(3.8)°
n -1 21 n, -1 15
variances of the two samples.

SZ= =15.393, where s’ and s’ are the



Assuming that H, is true and S > S/ then the test statistic is

F= S—Zz _ 15393 1.74
S, 15
Tabulated value of F- with (21, 15) d.f. at 0.05 level of significance is 2.31.
Step:4 The calculated value of F< the tabulated value of F at « =0.05,we accept the null
hypothesis H, i.e, the products of both the firms A and B have the same variability.

So we may conclude that the products of firm A are not superior to those of firm B .

7. Pumpkins were grown under two experimental conditions. Two random samples of 11 and
9 pumpkins, show the sample standard deviations of their weights as 0.8 and 0.5 respectively.
Assuming that the weight distributions are normal, test hypothesis that the true variances are
equal.

8. The time taken by workers in performing a job by Method | and Method 11 is given below.

Method | 20 16 26 27 23 22 ---

Method 11 27 33 42 35 32 34 38

Do the data show that the variances of time distribution from population from which these
samples are drawn do not differ significantly?
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To make the generalization about the population from the sample, statistical tests are used. A
statistical test is a formal technique that relies on the probability distribution, for reaching the
conclusion concerning the reasonableness of the hypothesis. These hypothetical testing
related to differences are classified as parametric and nonparametric tests.

The parametric test is one which has information about the population.
Ex: z-test, t-test and F-test.

On the other hand, the nonparametric test is one whether no exact information about the
population . Chi-square test is commonly used non-parametric test.

y°- test:

= First used by Karl Pearson in 1900.

= Denoted by square of the Greek letter y .

= The quantity y°describes the magnitude of the discrepancy between theory and
observations.

Properties:

1. y*-distribution curve is not symmetrical, lies entirely in the first quadrant, and hence

not a normal curve, since x> varies from 0 to .

2. As the number of degrees of freedom increases, the chi-square distribution becomes
more symmetric.

3. It depends only on the degree of freedom v.

The values are non-negative. i.e, the values of are greater than or equal to 0.

5.  Mean= vand variance=2v .

&

Ax%)



Figure J.1: The x? distribution

Applications of y? distribution:

1.
2.
3.
4.

To test the goodness of fit.

To test the independence of attributes.

To test the homogeneity of independent estimation of the population variances.
To test the homogeneity of independent estimation of the population Correlation
coefficient.

Conditions of validity :
Following are the conditions which should be satisfied before y test can be applied.

1.

2.
3.
4

The sample observations should be independent.

N, the total frequency is large, i.e, >50.

The constraints on the cell frequencies, if any, are linear.

No theoretical (or expected) frequency should be less than 10. If small theoretical
frequencies occur, the difficulty is overcome by regrouping 2 or more classes together
before calculating (O-E). Note that the degrees of freedom is determined with the
number of classes after regrouping.

Definition: If a set of events A1, A,.....,An are observed to occur with frequencies Oj,

Oo,....

.,On respectively and according to probability rules A1, Ao,.....,An are expected to

occur with frequencies Ei1, Eo,......En respectively with O, Op,.....,On are called observed
frequencies and Eg, Eo,.....,En are called expected frequencies.

is the corresponding set of expected (theoretical ) frequencies, then y

If Oi (i=1,2,.....,n) is a set of observed (experimental) frequencies and Ei (i=1,2,.....,n)

% is defined as

n _E?
ZZ = Z@ with (n-1) degrees of freedom.
= i

Note:

If the data is given in a series of ‘n” numbers then degrees of freedom = n-1.



In case of Binomial distribution, d.f =n-1.
In case of Poisson distribution, d.f=n-2.
In case of Normal distribution, d.f=n-3.

s -Test as a test of Goodness of fit:

We use this test to decide whether the discrepancy between theory and experiment is
significant or not. i.e, to test whether the difference between the theoretical and observed
values can be attributed to chance or not.

Let the Null hypothesis Ho be there is no significant difference between the observed values
and the corresponding expected values.

Then the Alternative hypothesis H is that the above difference is significant.

Let O1, Op,.....,On be a set of observed frequencies and Ei, Eo,......En the corresponding
expected frequencies. Then the test statistic 42 is given by

) n Oi_EiZ
p :Zl:( - )

Assuming that Ho is true, the test statistic »? follows Chi-square distribution with (n-1) d.f.
where

Zn:oi :Zn: E; (or) zn:(oi —-E)=0
i-1 i-1 i=1

Solved Problems

1. The number of automobile accidents per week in a certain community are as follows:
12,8,20,2,14,10,15,6,9,4. Are these frequencies in agreement with the belief that accident
conditions were the same during this 10 week period.

Solution: Expected frequency of accidents each week= 0

100 _

10.

Null hypothesis Ho: The accident conditions were the same during the 10 week period.

Alternative hypothesis Ho: The accident conditions are different during 10 week period.

Observed Frequency | Expected Frequency (Oi-Ei) (O, —E;)?
(O1) (=) E,
12 10 2 0.4
8 10 -2 0.4
20 10 10 10.0
2 10 -8 6.4
14 10 4 1.6
10 10 0 0.0
15 10 5 2.5
6 10 -4 1.6
9 10 -1 0.1
4 10 -6 3.6
100 100 26.6

n _E
o, 7 =$ OB

i=1 i




i.e, Calculate value of 2 =26.6
Here n=10 observations are given.
.. Degrees of freedom (d.f)=n-1=10-1=9.

Tabulated value at 0.05 with 9 d.f. is 2 =16.9

2 2
Since Calculated # > Tabulated # , therefore the Null hypothesis is rejected and concluded
that the accident conditions were not the same during the 10 week period.

2. The following figures show the distribution of digits in numbers chosen at random from a
telephone directory.

Digits

0

1

2

3 4

5

6

7

8

Frequency

1026

1107

997

966 | 1075

933

1107

972

964

853

Test whether the digits may be taken to occur equally in the directory.

Solution: Null hypothesis Ho: The digits occur equally frequently in the directory.

Alternative hypothesis Hi: The digits occur differently frequently in the directory.

Digits Observed Expected (Oi-Ej)? O —E;)?
Frequency (Oi) Frequency (Ei) - E

0 1026 1000 676 0.676

1 1107 1000 11449 11.449

2 997 1000 9 0.009

3 996 1000 1156 1.156

4 1075 1000 5625 5.625

5 933 1000 4489 4.489

6 1107 1000 11449 11.449

7 972 1000 784 0.784

8 964 1000 1296 1.296

9 853 1000 21609 21.609

Total 10000 10000 58.542

i.e, Calculate value of y* =58.542

n _E 2
Now, z°= Z@ =58.542
i=1 i

Here n=10 observations are given.

.. Degrees of freedom (d.f)=n-1=10-1=9.

Tabulated value at 0.05 with 9 d.f. is 7* =16.9

2 2
Since Calculated £ > Tabulated 4 | therefore the Null hypothesis is rejected and concluded

that the digits do not occur equally frequently in the directory.




3. A die is thrown 264 times with the following results. Show that the die is biased. [Given

Zo0s =11.07 for 5d.f ]

No. appeared on the die 1 2 3 4 5 6
Frequency 40 32 28 58 54 52

4. A survey of 240 families with 4 children each revealed the following distribution.
Male Births 4 3 2 1 0
Observed frequency 10 55 105 58 12

Solution: Null hypothesis Ho: The male and female births are equally probable.

i.e, p:q:%

The expected frequency x of male births is given by

f(x) = NxC p*q"*, where N=240, n=4, x=0,1,2,3,4

1 0 1 4-0 1
5 F(0)=240xCH x| = | x| = | =240x1x1x—=15
2 2 16

1

1 1 4-1 1 1
f(1)=240xCl x| = | x| = | =240x4x=x==60
2) 2 2 8

1

1Y (1\*7? 11
f(2)=240xCy x| = | x| =| =240x6x=x==90
2 2 4 4

1 1

3 4-3 11
f(3)=240xCy x| = | x| =| =240x4x=x==60
2 2 8 2

1

1 4 4-4 1
f(4)=240xCsx| = | x| =| =240x1x—x1=15
2 2 16

The expected or theoretical (Binomial) frequencies of male births are:

4

3

2

1

0

X
f(x) 15

60

90

60

15

Let us now apply y*test to examine the goodness of fit of the given data to the above

Binomail distribution.

No.of families (O, —E;)?
Observed Frequency Expected Frequency | (Oi-Ei) | (Oi-Ei)? - E
(G) (E)
10 15 -5 25 1.67
55 60 -5 25 0.42
105 90 15 225 2.5
58 60 -2 4 0.07
12 15 -3 9 0.6
Total: 240 240 5.26

n B =RY:
o, 7= OB 26
i=1 i




i.e, Calculate value of 4% =5.26
Here n=5 observations are given.

-. Degrees of freedom (d.f)=n-1=5-1=4. Tabulated value at 0.05 with 4 d.f. is > =9.488

Since Calculated »°< Tabulated y?, therefore the Null hypothesis is accepted and conclude
that the male and female births are equally probable.

5. 4 coins were tossed 160times and the following results were obtained.

No.of Heads 0 1 2 3 4
Observed frequencies 17 52 54 31 6
Under the assumption that coins are balanced, find the expected frequencies of 0,1,2,3 or 4

heads and test the goodness of fit (o =0.05).

6. Fit a Poisson distribution to the following data and for its goodness of fits at level of
significance 0.05?

X 0 1 2 3 4
f(x) 419 352 154 56 19
Solution:
X f f.x
0 419 0
1 352 352
2 154 308
3 56 168
4 19 76
N=>"f =1000 | > fx=904
Mean A = 2 fix =% _ 4904
> f 1000

e Ax

Theoretical distribution is given by N x p(x) =1000x

Hence the theoretical frequencies are given by
e *%(0.904)  1000x0.4049x (0.904)*

f (x) =1000 e e @
x! x!
Putting x=0,1,2,3,4, we get
X 0 1 2 3 4
f(x) 406.2 366 165.4 49.8 12.6
Now,
n _E )2 . 2 _ 2 _ 2 . 2 _ 2
ZZZZ(Oi E) :(419 406.2) +(352 366) +(154 165.4) +(56 49.8) +(19 12.6)
= E 406.2 366.6 165.4 49.8 12.6
=5.748

-. Degrees of freedom (d.f)=n-2=5-2=3. Tabulated value at 0.05 with 3 d.f. is y* =7.82




Since Calculated »°< Tabulated 2, therefore the Null hypothesis is accepted.

7. A sample analysis of examination results of 500 students was made. It was found that 220

students had failed, 170 had secured a third class, 90 were placed in second class and 20 got a
first class. Do these figures commensurate with the general examination result which is in the
ratio of 4:3:2:1 for the various categories respectively.

Solution: Null Hypothesis: Ho: The observed results commensurate with the general
examination results.

Expected frequencies are in the ratio of 4:3:2:1
Total frequency=500

If we divide the total frequency 500 in the ratio 4:3:2:1, we get the expected frequencies as

SOOxi:ZOO; 500x3:150;500><£=100 and SOOxi:SO
10 10 10 10

Class Observed Expected (Oi-Ei) (Oi-Ei)? (O —E)>
Frequency | Frequency (Ei) E
(&)
Failed 220 200 20 400 2.06
Third 170 150 20 400 2.667
Second 90 100 -10 100 1.000
First 20 50 -30 900 18.00
500 500 23.667

n _E)2
7=y OB EE') = 23.667

i=1 i

i.e, Calculate value of 42 =23.667
Here n=4 observations are given.

-. Degrees of freedom (d.f)=n-1=4-1=3. Tabulated value at 0.05 with 3 d.f. is > =7.82

Since Calculated y*>Tabulated y?, therefore the Null hypothesis is rejected and conclude
that the observed results are not commensurate with the general examination.

8. A pair of dice is thrown 360 times and the frequency of each sum is indicated below.

Sum 2 3 4 5 6 7 8 9 10 11 12

Frequency | 8 24 35 37 44 65 51 42 26 14 14

Would you say that the dice are fair on the basis of the Chi-Square test at 0.05 level of
significance?
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One Tailed Student's t-Distribution Table

t-Distribution Table for One Tailed t-Test

% 0.01 0.03 0.05 0.1 0.2 0.25 0.5

1 127.32 63.66 21.20 12.71 6.31 5.03 2.41
2 14.09 9.92 5.64 4.30 2.92 2.56 1.60
3 7.45 5.84 3.90 3.18 2.35 2.11 1.42
4 5.60 4.60 3.30 2.78 2.13 1.94 134
5 477 4.03 3.00 2.57 2.02 1.84 130
6 432 3.71 2.83 2.45 1.94 1.78 1.27
7 4.03 3.50 2.71 2.36 1.89 1.74 1.25
8 3.83 3.36 2.63 2.31 1.86 1.71 1.24
9 3.69 3.25 2.57 2.26 1.83 1.69 1.23
10 3.58 3.17 2.53 2.23 1.81 1.67 1.22
11 3.50 3.11 2.49 2.20 1.80 1.66 1.21
12 3.43 3.05 2.46 2.18 178 165 1.21
13 3.37 3.01 2.44 2.16 177 1.64 1.20
14 3.33 2.98 2.41 2.14 1.76 1.63 1.20
15 3.29 2.95 2.40 2.13 1.75 1.62 1.20
16 3.25 2.92 2.38 2.12 1.75 1.62 1.19
17 3.22 2.90 2.37 2.11 1.74 1.61 119
18 3.20 2.88 2.36 2.10 1.73 1.61 119
19 3.17 2.86 2.35 2.09 1.73 1.60 119
20 3.15 2.85 2.34 2.09 1.72 1.60 118
21 3.14 2.83 2.33 2.08 1.72 1.60 1.18
22 3.12 2.82 2.32 2.07 1.72 1.59 118
23 3.10 2.81 2.31 2.07 1.71 1.59 118
24 3.09 2.80 2.31 2.06 1.71 1.59 118
25 3.08 2.79 2.30 2.06 1.71 1.59 118
26 3.07 2.78 2.30 2.06 1.71 1.59 1.18
27 3.06 2.77 2.29 2.05 1.70 1.58 1.18
28 3.05 2.76 2.29 2.05 1.70 1.58 117
29 3.04 2.76 2.28 2.05 1.70 1.58 117
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t-Distribution Table for One Tailed t-Test

One Tailed Student's t-Distribution Table

30 3.03 2.75 2.28 2.04 1.70 1.58 A7
31 3.02 2.74 2.27 2.04 1.70 1.58 A7
32 3.01 2.74 2.27 2.04 1.69 1.58 A7
33 3.01 2.73 2.27 2.03 1.69 1.57 A7
34 3.00 2.73 2.27 2.03 1.69 1.57 A7
35 3.00 2.72 2.26 2.03 1.69 1.57 A7
36 2.99 2.72 2.26 2.03 1.69 1.57 A7
37 2.99 2.72 2.26 2.03 1.69 1.57 A7
38 2.98 2.71 2.25 2.02 1.69 1.57 A7
39 2.98 2.71 2.25 2.02 1.68 1.57 A7
40 2.97 2.70 2.25 2.02 1.68 1.57 A7
41 2.97 2.70 2.25 2.02 1.68 1.57 A7
42 2.96 2.70 2.25 2.02 1.68 1.57 A7
43 2.96 2.70 2.24 2.02 1.68 1.56 A7
44 2.96 2.69 2.24 2.02 1.68 1.56 A7
45 2.95 2.69 2.24 2.01 1.68 1.56 A7
46 2.95 2.69 2.24 2.01 1.68 1.56 A7
47 2.95 2.68 2.24 2.01 1.68 1.56 .16
48 2.94 2.68 2.24 2.01 1.68 1.56 .16
49 2.94 2.68 2.24 2.01 1.68 1.56 .16
50 2.94 2.68 2.23 2.01 1.68 1.56 .16
51 2.93 2.68 2.23 2.01 1.68 1.56 .16
52 2.93 2.67 2.23 2.01 1.67 1.56 16
53 2.93 2.67 2.23 2.01 1.67 1.56 .16
54 2.93 2.67 2.23 2.00 1.67 1.56 .16
55 2.92 2.67 2.23 2.00 1.67 1.56 .16
56 2.92 2.67 2.23 2.00 1.67 1.56 .16
57 2.92 2.66 2.23 2.00 1.67 1.56 .16
58 2.92 2.66 2.22 2.00 1.67 1.56 .16
59 2.92 2.66 2.22 2.00 1.67 1.56 16
60 2.91 2.66 2.22 2.00 1.67 1.56 .16
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t-Distribution Table for One Tailed t-Test

One Tailed Student's t-Distribution Table

61 2.91 2.66 2.22 2.00 1.67 1.56 .16
62 2.91 2.66 2.22 2.00 1.67 1.56 .16
63 2.91 2.66 2.22 2.00 1.67 1.55 .16
64 2.91 2.65 2.22 2.00 1.67 1.55 .16
65 2.91 2.65 2.22 2.00 1.67 1.55 .16
66 2.90 2.65 2.22 2.00 1.67 1.55 .16
67 2.90 2.65 2.22 2.00 1.67 1.55 .16
68 2.90 2.65 2.22 2.00 1.67 1.55 .16
69 2.90 2.65 2.22 1.99 1.67 1.55 .16
70 2.90 2.65 2.22 1.99 1.67 1.55 .16
71 2.90 2.65 2.21 1.99 1.67 1.55 .16
72 2.90 2.65 2.21 1.99 1.67 1.55 .16
73 2.89 2.64 2.21 1.99 1.67 1.55 .16
74 2.89 2.64 2.21 1.99 1.67 1.55 .16
75 2.89 2.64 2.21 1.99 1.67 1.55 .16
76 2.89 2.64 2.21 1.99 1.67 1.55 .16
77 2.89 2.64 2.21 1.99 1.66 1.55 .16
78 2.89 2.64 2.21 1.99 1.66 1.55 .16
79 2.89 2.64 2.21 1.99 1.66 1.55 .16
80 2.89 2.64 2.21 1.99 1.66 1.55 .16
81 2.89 2.64 2.21 1.99 1.66 1.55 .16
82 2.88 2.64 2.21 1.99 1.66 1.55 .16
83 2.88 2.64 2.21 1.99 1.66 1.55 .16
84 2.88 2.64 2.21 1.99 1.66 1.55 .16
85 2.88 2.63 2.21 1.99 1.66 1.55 .16
86 2.88 2.63 2.21 1.99 1.66 1.55 .16
87 2.88 2.63 2.21 1.99 1.66 1.55 .16
88 2.88 2.63 2.21 1.99 1.66 1.55 .16
89 2.88 2.63 2.21 1.99 1.66 1.55 .16
90 2.88 2.63 2.21 1.99 1.66 1.55 .16
91 2.88 2.63 2.20 1.99 1.66 1.55 .16
92 2.88 2.63 2.20 1.99 1.66 1.55 .16
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t-Distribution Table for One Tailed t-Test

One Tailed Student's t-Distribution Table

https://getcalc.com/statistics-one-tailed-tdistribution-table.htm

93 2.88 2.63 2.20 1.99 1.66 1.55 .16
94 2.87 2.63 2.20 1.99 1.66 1.55 .16
95 2.87 2.63 2.20 1.99 1.66 1.55 .16
96 2.87 2.63 2.20 1.98 1.66 1.55 .16
97 2.87 2.63 2.20 1.98 1.66 1.55 .16
98 2.87 2.63 2.20 1.98 1.66 1.55 .16
99 2.87 2.63 2.20 1.98 1.66 1.55 .16
100 2.87 2.63 2.20 1.98 1.66 1.55 .16
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Two Tailed Student's t-Distribution Table

t-Distribution Table for Two Tailed Students t-Test

% 0.01 0.03 0.05 0.1 0.2 0.25 0.5

1 63.66 31.82 12.71 6.31 3.08 2.41 1.00
2 9.92 6.96 430 2.92 1.89 1.60 0.82
3 5.84 4.54 3.18 2.35 1.64 1.42 0.76
4 4.60 3.75 2.78 2.13 1.53 134 0.74
5 4.03 3.36 2.57 2.02 1.48 1.30 0.73
6 3.71 3.14 2.45 1.94 1.44 127 0.72
7 3.50 3.00 2.36 1.89 1.41 1.25 0.71
8 3.36 2.90 2.31 1.86 1.40 1.4 0.71
9 3.25 2.82 2.26 1.83 138 1.23 0.70
10 3.17 2.76 2.23 1.81 137 1.22 0.70
11 3.11 2.72 2.20 1.80 136 1.21 0.70
12 3.05 2.68 2.18 1.78 136 1.21 0.70
13 3.01 2.65 2.16 1.77 135 1.20 0.69
14 2.98 2.62 2.14 1.76 135 1.20 0.69
15 2.95 2.60 2.13 1.75 1.34 1.20 0.69
16 2.92 2.58 2.12 1.75 134 1.19 0.69
17 2.90 2.57 2.11 1.74 133 1.19 0.69
18 2.88 2.55 2.10 1.73 133 1.19 0.69
19 2.86 2.54 2.09 1.73 133 1.19 0.69
20 2.85 2.53 2.09 1.72 133 1.18 0.69
21 2.83 2.52 2.08 1.72 132 1.18 0.69
22 2.82 2.51 2.07 1.72 132 1.18 0.69
23 2.81 2.50 2.07 1.71 132 1.18 0.69
24 2.80 2.49 2.06 1.71 132 1.18 0.68
25 2.79 2.49 2.06 1.71 132 1.18 0.68
26 2.78 2.48 2.06 1.71 131 118 0.68
27 2.77 2.47 2.05 1.70 1.31 1.18 0.68
28 2.76 2.47 2.05 1.70 1.31 117 0.68
29 2.76 2.46 2.05 1.70 1.31 1.17 0.68
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Two Tailed Student's t-Distribution Table

t-Distribution Table for Two Tailed Students t-Test

30 2.75 2.46 2.04 1.70 1.31 1.17 0.68
31 2.74 2.45 2.04 1.70 1.31 1.17 0.68
32 2.74 2.45 2.04 1.69 1.31 1.17 0.68
33 2.73 2.44 2.03 1.69 1.31 1.17 0.68
34 2.73 2.44 2.03 1.69 1.31 1.17 0.68
35 2.72 2.44 2.03 1.69 1.31 1.17 0.68
36 2.72 2.43 2.03 1.69 1.31 1.17 0.68
37 2.72 2.43 2.03 1.69 1.30 1.17 0.68
38 2.71 2.43 2.02 1.69 1.30 1.17 0.68
39 2.71 2.43 2.02 1.68 1.30 1.17 0.68
40 2.70 2.42 2.02 1.68 1.30 1.17 0.68
41 2.70 2.42 2.02 1.68 1.30 1.17 0.68
42 2.70 2.42 2.02 1.68 1.30 1.17 0.68
43 2.70 2.42 2.02 1.68 1.30 1.17 0.68
44 2.69 2.41 2.02 1.68 1.30 1.17 0.68
45 2.69 2.41 2.01 1.68 1.30 1.17 0.68
46 2.69 2.41 2.01 1.68 1.30 1.17 0.68
47 2.68 2.41 2.01 1.68 1.30 1.16 0.68
48 2.68 2.41 2.01 1.68 1.30 1.16 0.68
49 2.68 2.40 2.01 1.68 1.30 1.16 0.68
50 2.68 2.40 2.01 1.68 1.30 1.16 0.68
51 2.68 2.40 2.01 1.68 1.30 1.16 0.68
52 2.67 2.40 2.01 1.67 1.30 1.16 0.68
53 2.67 2.40 2.01 1.67 1.30 1.16 0.68
54 2.67 2.40 2.00 1.67 1.30 1.16 0.68
55 2.67 2.40 2.00 1.67 1.30 1.16 0.68
56 2.67 2.39 2.00 1.67 1.30 1.16 0.68
57 2.66 2.39 2.00 1.67 1.30 1.16 0.68
58 2.66 2.39 2.00 1.67 1.30 1.16 0.68
59 2.66 2.39 2.00 1.67 1.30 1.16 0.68
60 2.66 2.39 2.00 1.67 1.30 1.16 0.68
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t-Distribution Table for Two Tailed Students t-Test

Two Tailed Student's t-Distribution Table

61 2.66 2.39 2.00 1.67 1.30 1.16 0.68
62 2.66 2.39 2.00 1.67 1.30 1.16 0.68
63 2.66 2.39 2.00 1.67 1.30 1.16 0.68
64 2.65 2.39 2.00 1.67 1.29 1.16 0.68
65 2.65 2.39 2.00 1.67 1.29 1.16 0.68
66 2.65 2.38 2.00 1.67 1.29 1.16 0.68
67 2.65 2.38 2.00 1.67 1.29 1.16 0.68
68 2.65 2.38 2.00 1.67 1.29 1.16 0.68
69 2.65 2.38 1.99 1.67 1.29 1.16 0.68
70 2.65 2.38 1.99 1.67 1.29 1.16 0.68
71 2.65 2.38 1.99 1.67 1.29 1.16 0.68
72 2.65 2.38 1.99 1.67 1.29 1.16 0.68
73 2.64 2.38 1.99 1.67 1.29 1.16 0.68
74 2.64 2.38 1.99 1.67 1.29 1.16 0.68
75 2.64 2.38 1.99 1.67 1.29 1.16 0.68
76 2.64 2.38 1.99 1.67 1.29 1.16 0.68
77 2.64 2.38 1.99 1.66 1.29 1.16 0.68
78 2.64 2.38 1.99 1.66 1.29 1.16 0.68
79 2.64 2.37 1.99 1.66 1.29 1.16 0.68
80 2.64 2.37 1.99 1.66 1.29 1.16 0.68
81 2.64 2.37 1.99 1.66 1.29 1.16 0.68
82 2.64 2.37 1.99 1.66 1.29 1.16 0.68
83 2.64 2.37 1.99 1.66 1.29 1.16 0.68
84 2.64 2.37 1.99 1.66 1.29 1.16 0.68
85 2.63 2.37 1.99 1.66 1.29 1.16 0.68
86 2.63 2.37 1.99 1.66 1.29 1.16 0.68
87 2.63 2.37 1.99 1.66 1.29 1.16 0.68
88 2.63 2.37 1.99 1.66 1.29 1.16 0.68
89 2.63 2.37 1.99 1.66 1.29 1.16 0.68
90 2.63 2.37 1.99 1.66 1.29 1.16 0.68
91 2.63 2.37 1.99 1.66 1.29 1.16 0.68
92 2.63 2.37 1.99 1.66 1.29 1.16 0.68
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Two Tailed Student's t-Distribution Table

t-Distribution Table for Two Tailed Students t-Test

93 2.63 2.37 1.99 1.66 1.29 1.16 0.68
94 2.63 2.37 1.99 1.66 1.29 1.16 0.68
95 2.63 2.37 1.99 1.66 1.29 1.16 0.68
96 2.63 2.37 1.98 1.66 1.29 1.16 0.68
97 2.63 2.37 1.98 1.66 1.29 1.16 0.68
98 2.63 2.37 1.98 1.66 1.29 1.16 0.68
99 2.63 2.36 1.98 1.66 1.29 1.16 0.68
100 2.63 2.36 1.98 1.66 1.29 1.16 0.68
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x2-Distribution Table for Chi-squared Test

Chi-square (x?) Distribution Table

(;xf 0.1 0.05 0.025 0.01 0.005 0.001
1 2.706 3.841 5.024 6.635 7.879 10.828
2 4.605 5.991 7.378 9.21 10.597 13.816
3 6.251 7.815 9.348 11.345 12.838 16.266
4 7.779 9.488 11.143 13.277 14.86 18.467
5 9.236 11.07 12.833 15.086 16.75 20.515
6 10.645 12.592 14.449 16.812 18.548 22.458
7 12.017 14.067 16.013 18.475 20.278 24.322
8 13.362 15.507 17.535 20.09 21.955 26.124
9 14.684 16.919 19.023 21.666 23.589 27.877
10 15.987 18.307 20.483 23.209 25.188 29.588
11 17.275 19.675 21.92 24.725 26.757 31.264
12 18.549 21.026 23.337 26.217 28.3 32.909
13 19.812 22.362 24.736 27.688 29.819 34.528
14 21.064 23.685 26.119 29.141 31.319 36.123
15 22.307 24.996 27.488 30.578 32.801 37.697
16 23.542 26.296 28.845 32 34.267 39.252
17 24.769 27.587 30.191 33.409 35.718 40.79
18 25.989 28.869 31.526 34.805 37.156 42.312
19 27.204 30.144 32.852 36.191 38.582 43.82
20 28.412 31.41 34.17 37.566 39.997 45.315
21 29.615 32.671 35.479 38.932 41.401 46.797
22 30.813 33.924 36.781 40.289 42.796 48.268
23 32.007 35.172 38.076 41.638 44.181 49.728
24 33.196 36.415 39.364 42.98 45.559 51.179
25 34.382 37.652 40.646 44.314 46.928 52.62
26 35.563 38.885 41.923 45.642 48.29 54.052
27 36.741 40.113 43.195 46.963 49.645 55.476
28 37.916 41.337 44.461 48.278 50.993 56.892
29 39.087 42.557 45.722 49.588 52.336 58.301
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Chi-square (x?) Distribution Table

x2-Distribution Table for Chi-squared Test

30 40.256 43.773 46.979 50.892 53.672 59.703
31 41.422 44.985 48.232 52.191 55.003 61.098
32 42.585 46.194 49.48 53.486 56.328 62.487
33 43.745 47.4 50.725 54.776 57.648 63.87
34 44.903 48.602 51.966 56.061 58.964 65.247
35 46.059 49.802 53.203 57.342 60.275 66.619
36 47.212 50.998 54.437 58.619 61.581 67.985
37 48.363 52.192 55.668 59.893 62.883 69.346
38 49.513 53.384 56.896 61.162 64.181 70.703
39 50.66 54.572 58.12 62.428 65.476 72.055
40 51.805 55.758 59.342 63.691 66.766 73.402
41 52.949 56.942 60.561 64.95 68.053 74.745
42 54.09 58.124 61.777 66.206 69.336 76.084
43 55.23 59.304 62.99 67.459 70.616 77.419
44 56.369 60.481 64.201 68.71 71.893 78.75
45 57.505 61.656 65.41 69.957 73.166 80.077
46 58.641 62.83 66.617 71.201 74.437 81.4
47 59.774 64.001 67.821 72.443 75.704 82.72
48 60.907 65.171 69.023 73.683 76.969 84.037
49 62.038 66.339 70.222 74.919 78.231 85.351
50 63.167 67.505 71.42 76.154 79.49 86.661
51 64.295 68.669 72.616 77.386 80.747 87.968
52 65.422 69.832 73.81 78.616 82.001 89.272
53 66.548 70.993 75.002 79.843 83.253 90.573
54 67.673 72.153 76.192 81.069 84.502 91.872
55 68.796 73.311 77.38 82.292 85.749 93.168
56 69.919 74.468 78.567 83.513 86.994 94.461
57 71.04 75.624 79.752 84.733 88.236 95.751
58 72.16 76.778 80.936 85.95 89.477 97.039
59 73.279 77.931 82.117 87.166 90.715 98.324
60 74.397 79.082 83.298 88.379 91.952 99.607
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Chi-square (x?) Distribution Table

x2-Distribution Table for Chi-squared Test

61 75.514 80.232 84.476 89.591 93.186 100.888
62 76.63 81.381 85.654 90.802 94.419 102.166
63 77.745 82.529 86.83 92.01 95.649 103.442
64 78.86 83.675 88.004 93.217 96.878 104.716
65 79.973 84.821 89.177 94.422 98.105 105.988
66 81.085 85.965 90.349 95.626 99.33 107.258
67 82.197 87.108 91.519 96.828 100.554 108.526
68 83.308 88.25 92.689 98.028 101.776 109.791
69 84.418 89.391 93.856 99.228 102.996 111.055
70 85.527 90.531 95.023 100.425 104.215 112.317
71 86.635 91.67 96.189 101.621 105.432 113.577
72 87.743 92.808 97.353 102.816 106.648 114.835
73 88.85 93.945 98.516 104.01 107.862 116.092
74 89.956 95.081 99.678 105.202 109.074 117.346
75 91.061 96.217 100.839 106.393 110.286 118.599
76 92.166 97.351 101.999 107.583 111.495 119.85
77 93.27 98.484 103.158 108.771 112.704 121.1
78 94.374 99.617 104.316 109.958 113.911 122.348
79 95.476 100.749 105.473 111.144 115.117 123.594
80 96.578 101.879 106.629 112.329 116.321 124.839
81 97.68 103.01 107.783 113.512 117.524 126.083
82 98.78 104.139 108.937 114.695 118.726 127.324
83 99.88 105.267 110.09 115.876 119.927 128.565
84 100.98 106.395 111.242 117.057 121.126 129.804
85 102.079 107.522 112.393 118.236 122.325 131.041
86 103.177 108.648 113.544 119.414 123.522 132.277
87 104.275 109.773 114.693 120.591 124.718 133.512
88 105.372 110.898 115.841 121.767 125.913 134.745
89 106.469 112.022 116.989 122.942 127.106 135.978
90 107.565 113.145 118.136 124.116 128.299 137.208
91 108.661 114.268 119.282 125.289 129.491 138.438
92 109.756 115.39 120.427 126.462 130.681 139.666
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x2-Distribution Table for Chi-squared Test

Chi-square (x?) Distribution Table

93 110.85 116.511 121.571 127.633 131.871 140.893
94 111.944 117.632 122.715 128.803 133.059 142.119
95 113.038 118.752 123.858 129.973 134.247 143.344
96 114.131 119.871 125 131.141 135.433 144.567
97 115.223 120.99 126.141 132.309 136.619 145.789
98 116.315 122.108 127.282 133.476 137.803 147.01

99 117.407 123.225 128.422 134.642 138.987 148.23

100 | 118.498 124.342 129.561 135.807 140.169 149.449
101 119.589 125.458 130.7 136.971 141.351 150.667
102 120.679 126.574 131.838 138.134 142.532 151.884
103 121.769 127.689 132.975 139.297 143.712 153.099
104 | 122.858 128.804 134.111 140.459 144.891 154.314
105 123.947 129.918 135.247 141.62 146.07 155.528
106 | 125.035 131.031 136.382 142.78 147.247 156.74

107 | 126.123 132.144 137.517 143.94 148.424 157.952
108 | 127.211 133.257 138.651 145.099 149.599 159.162
109 | 128.298 134.369 139.784 146.257 150.774 160.372
110 | 129.385 135.48 140.917 147.414 151.948 161.581
111 130.472 136.591 142.049 148.571 153.122 162.788
112 131.558 137.701 143.18 149.727 154.294 163.995
113 132.643 138.811 144.311 150.882 155.466 165.201
114 | 133.729 139.921 145.441 152.037 156.637 166.406
115 134.813 141.03 146.571 153.191 157.808 167.61

116 | 135.898 142.138 147.7 154.344 158.977 168.813
117 | 136.982 143.246 148.829 155.496 160.146 170.016
118 | 138.066 144.354 149.957 156.648 161.314 171.217
119 | 139.149 145.461 151.084 157.8 162.481 172.418
120 | 140.233 146.567 152.211 158.95 163.648 173.617
121 141.315 147.674 153.338 160.1 164.814 174.816
122 142.398 148.779 154.464 161.25 165.98 176.014
123 143.48 149.885 155.589 162.398 167.144 177.212
124 | 144.562 150.989 156.714 163.546 168.308 178.408
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x2-Distribution Table for Chi-squared Test

Chi-square (x?) Distribution Table

125 | 145.643 152.094 157.839 164.694 169.471 179.604
126 | 146.724 153.198 158.962 165.841 170.634 180.799
127 | 147.805 154.302 160.086 166.987 171.796 181.993
128 | 148.885 155.405 161.209 168.133 172.957 183.186
129 | 149.965 156.508 162.331 169.278 174.118 184.379
130 | 151.045 157.61 163.453 170.423 175.278 185.571
131 152.125 158.712 164.575 171.567 176.438 186.762
132 | 153.204 159.814 165.696 172.711 177.597 187.953
133 154.283 160.915 166.816 173.854 178.755 189.142
134 | 155.361 162.016 167.936 174.996 179.913 190.331
135 | 156.44 163.116 169.056 176.138 181.07 191.52

136 | 157.518 164.216 170.175 177.28 182.226 192.707
137 | 158.595 165.316 171.294 178.421 183.382 193.894
138 [ 159.673 166.415 172.412 179.561 184.538 195.08

139 | 160.75 167.514 173.53 180.701 185.693 196.266
140 | 161.827 168.613 174.648 181.84 186.847 197.451
141 162.904 169.711 175.765 182.979 188.001 198.635
142 | 163.98 170.809 176.882 184.118 189.154 199.819
143 | 165.056 171.907 177.998 185.256 190.306 201.002
144 | 166.132 173.004 179.114 186.393 191.458 202.184
145 | 167.207 174.101 180.229 187.53 192.61 203.366
146 | 168.283 175.198 181.344 188.666 193.761 204.547
147 | 169.358 176.294 182.459 189.802 194.912 205.727
148 | 170.432 177.39 183.573 190.938 196.062 206.907
149 | 171.507 178.485 184.687 192.073 197.211 208.086
150 [ 172.581 179.581 185.8 193.208 198.36 209.265
151 173.655 180.676 186.914 194.342 199.509 210.443
152 | 174.729 181.77 188.026 195.476 200.657 211.62

153 175.803 182.865 189.139 196.609 201.804 212.797
154 | 176.876 183.959 190.251 197.742 202.951 213.973
155 | 177.949 185.052 191.362 198.874 204.098 215.149
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x2-Distribution Table for Chi-squared Test

Chi-square (x?) Distribution Table

156 | 179.022 186.146 192.474 200.006 205.244 216.324
157 | 180.094 187.239 193.584 201.138 206.39 217.499
158 | 181.167 188.332 194.695 202.269 207.535 218.673
159 | 182.239 189.424 195.805 203.4 208.68 219.846
160 | 183.311 190.516 196.915 204.53 209.824 221.019
161 184.382 191.608 198.025 205.66 210.968 222.191
162 | 185.454 192.7 199.134 206.79 212.111 223.363
163 186.525 193.791 200.243 207.919 213.254 224.535
164 | 187.596 194.883 201.351 209.047 214.396 225.705
165 | 188.667 195.973 202.459 210.176 215.539 226.876
166 | 189.737 197.064 203.567 211.304 216.68 228.045
167 | 190.808 198.154 204.675 212.431 217.821 229.215
168 | 191.878 199.244 205.782 213.558 218.962 230.383
169 | 192.948 200.334 206.889 214.685 220.102 231.552
170 | 194.017 201.423 207.995 215.812 221.242 232.719
171 195.087 202.513 209.102 216.938 222.382 233.887
172 | 196.156 203.602 210.208 218.063 223.521 235.053
173 197.225 204.69 211.313 219.189 224.66 236.22

174 | 198.294 205.779 212.419 220.314 225.798 237.385
175 | 199.363 206.867 213.524 221.438 226.936 238.551
176 | 200.432 207.955 214.628 222.563 228.074 239.716
177 | 201.5 209.042 215.733 223.687 229.211 240.88

178 | 202.568 210.13 216.837 224.81 230.347 242.044
179 | 203.636 211.217 217.941 225.933 231.484 243.207
180 | 204.704 212.304 219.044 227.056 232.62 244 .37

181 205.771 213.391 220.148 228.179 233.755 245.533
182 | 206.839 214.477 221.251 229.301 234.891 246.695
183 | 207.906 215.563 222.353 230.423 236.026 247.857
184 | 208.973 216.649 223.456 231.544 237.16 249.018
185 | 210.04 217.735 224.558 232.665 238.294 250.179
186 | 211.106 218.82 225.66 233.786 239.428 251.339
187 | 212.173 219.906 226.761 234.907 240.561 252.499
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x2-Distribution Table for Chi-squared Test

Chi-square (x?) Distribution Table

188 | 213.239 220.991 227.863 236.027 241.694 253.659
189 | 214.305 222.076 228.964 237.147 242.827 254.818
190 | 215.371 223.16 230.064 238.266 243.959 255.976
191 216.437 224.245 231.165 239.386 245.091 257.135
192 | 217.502 225.329 232.265 240.505 246.223 258.292
193 | 218.568 226.413 233.365 241.623 247.354 259.45

194 | 219.633 227.496 234.465 242.742 248.485 260.607
195 | 220.698 228.58 235.564 243.86 249.616 261.763
196 | 221.763 229.663 236.664 244.977 250.746 262.92

197 | 222.828 230.746 237.763 246.095 251.876 264.075
198 | 223.892 231.829 238.861 247.212 253.006 265.231
199 | 224.957 232.912 239.96 248.329 254.135 266.386
200 | 226.021 233.994 241.058 249.445 255.264 267.541
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Normal Distribution Table for Z-Test

Standard Normal Distribution Table for Z = 0.00 to
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Normal Distribution Table for Z-Test

Standard Normal Distribution Table for Z = 0.00 to

3.59
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0.0367

-1.8

0.0359

0.0351

0.0344

0.0336

0.0329

0.0322

0.0314

0.0307

0.0301

0.0294

-1.9

0.0287

0.0281

0.0274

0.0268

0.0262

0.0256

0.0250

0.0244

0.0239

0.0233

-2.0

0.0228

0.0222

0.0217

0.0212

0.0207

0.0202

0.0197

0.0192

0.0188

0.0183
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Normal Distribution Table for Z-Test

Standard Normal Distribution Table for Z = -3.59 to

0.00

-2.1

0.0179

0.0174

0.0170

0.0166

0.0162

0.0158

0.0154

0.0150

0.0146

0.0143

-2.2

0.0139

0.0136

0.0132

0.0129

0.0125

0.0122

0.0119

0.0116

0.0113

0.0110

-2.3

0.0107

0.0104

0.0102

0.0099

0.0096

0.0094

0.0091

0.0089

0.0087

0.0084

-2.4

0.0082

0.0080

0.0078

0.0075

0.0073

0.0071

0.0069

0.0068

0.0066

0.0064

-2.5

0.0062

0.0060

0.0059

0.0057

0.0055

0.0054

0.0052

0.0051

0.0049

0.0048

-2.6

0.0047

0.0045

0.0044

0.0043

0.0041

0.0040

0.0039

0.0038

0.0037

0.0036

-2.7

0.0035

0.0034

0.0033

0.0032

0.0031

0.0030

0.0029

0.0028

0.0027

0.0026

-2.8

0.0026

0.0025

0.0024

0.0023

0.0023

0.0022

0.0021

0.0021

0.0020

0.0019

-2.9

0.0019

0.0018

0.0018

0.0017

0.0016

0.0016

0.0015

0.0015

0.0014

0.0014

-3.0

0.0013

0.0013

0.0013

0.0012

0.0012

0.0011

0.0011

0.0011

0.0010

0.0010

-3.1

0.0010

0.0009

0.0009

0.0009

0.0008

0.0008

0.0008

0.0008

0.0007

0.0007

-3.2

0.0007

0.0007

0.0006

0.0006

0.0006

0.0006

0.0006

0.0005

0.0005

0.0005

-3.3

0.0005

0.0005

0.0005

0.0004

0.0004

0.0004

0.0004

0.0004

0.0004

0.0003

-3.4

0.0003

0.0003

0.0003

0.0003

0.0003

0.0003

0.0003

0.0003

0.0003

0.0002

-3.5

0.0002

0.0002

0.0002

0.0002

0.0002

0.0002

0.0002

0.0002

0.0002

0.0002
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ANNAMACHARYA INSTITUTE OF TECHNOLOGY & SCIENCES:: TIRUPATI
AUTONOMOUS
AK 20 Regulations

Year : | B.Tech Semester : 11 Branch of Study : CSE,AI&DS,CIC Al &ML
Subject . ) - I L T P Credits
Code:20ABS9911 Subject Name: Probability and Statistics 30 0 3

Course Outcomes:
1. Interpret the association of characteristics and through correlation and regression tools.
2. Make use of the concepts of probability and their applications.
3. Apply discrete and continuous probability distributions.
4. Design the components of a classical hypothesis test for large sample.
5. Design the components of a classical hypothesis test for small samples.

UNIT -1

Measures of Central Tendency, Measures of Dispersion,
Correlation,Regression

10 marks

1.Compute the arithmetic mean of the following data:

Roll 1 2 3 4 5 6 7 8 9 10
No.s

Marks(x) | 40 | 50 | 55 | 78 | 58 | 60 | 73 | 35 | 43 | 48

2: From the following data find the mean profits

PrF]OﬁEge)f 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | 600-700 | 700-800
shop(Rs

Number 10 18 20 26 30 28 18
of shops

3:Compute the arithmetic mean of the following by direct and short -cut methods both:
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Class 20-30 30-40 40-50 50-60  60-70
Frequency 8 26 30 20 16
4:Calculate the arithmetic mean of the following distribution
Variate 6 7 8 9 10 11 12
Frequency | 20 43 57 61 72 45 39
5: Calculate the median from the following data
Marks 10-25 | 25-40 | 40-55 | 55-70 | 70-85 | 85-100
Frequency 6 20 44 26 3 1
6: Calculate the median from the following data
Wages inRs. | 0-10 | 10-20 20-30 30-40 40-50
No. of 22 38 46 35 20
workers
7.Compute the mode of the following distribution:
Class 0-7 7-14 14-21 | 21-28 | 28-35 | 35-42 | 42-49
Frequency 19 25 36 72 51 43 28
8: Compute the geometric mean of the following distribution:
Wheat (kg) | 7.5-10.5 | 10.5-13.5 | 13.5-16.5 | 16.5-19.5 | 19.5-22.5 | 22.5-255 | 255-28.5
No. of farms 5 9 19 23 7 4 1
9_:Claculate coefficient of correlation from the following data
X 12 9 8 10 11 13 7
Y 14 8 6 9 11 12 3
10._Find the coefficient of correlation between the two variables
X 50 50 55 60 65 65 65 60 60 60
Y 11 13 14 16 16 15 15 14 13 13
11.Find if there is any significant correlation between the heights and weights given below:
Height 57 59 62 63 64 65 55 58 57
inches(x)
Weight | 113 | 117 | 126 | 126 | 130 | 129 | 111 | 116 | 112
in Ibs(y)
12. Claculate coefficient of correlation between age of cars and annual maintenance cost and
comment:
Age of cars in years(x) 2 4 6 7 8 10 12
Annual maintenance cost in 1600 | 1500 1800 1900 | 1700 | 2100 | 2000

Rs.(Y)
13. Problem 1 :Claculate Karl Pearson’s correlation coefficient for the following paired data:
X 28 41 40 38 35 33 40 32 36 33
Y 23 34 33 34 30 26 28 31 36 38

14.The following table gives the distribution of the total population and those who are totally and

partially blind among them. Find out if there is any relation between age and blindness

Age

0-10

10-20

20-30

30-40

40-50

50 - 60

60

-70

70-80

“(000)

No.ofpersons

100

60

40

36

24

11

6

3
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[Blind | 55 | 40 [ 40 | 40 [ 36 | 22 | 18 | 15 |
.15. Following are the ranks obtained by 10 students in two subjects, Statistics and Mathematics.
To what extent the knowledge of the students in two subjects is related?

Statistics 1 2 3 4 5 6 7 8 9 10
Mathematics 2 4 1 5 3 9 7 10 6 8
16. The ranks of 16 students in Mathematics and Statistics are as follows:

(1,2) (2,10)(3,3) (4,4) (5,5) (6, 7) (7, 2) (8, 6) (9, 8) (10, 11) (11, 15) (12,9) (13,14) (14,

12) (15, 16) (16, 13) . Calculate the rank correlation coefficient for proficiencies of this group in
Mathematics and Statistics

17. Ten competitors in a musical test were ranked by the three judges A, B and C in the
following order.

Ranks 1 6 5 10 3 2 4 9 7 8
by A

Ranks 3 5 8 4 7 10 2 1 6 9
by B

Ranks 6 4 9 8 1 2 3 10 5 7
by C

Using rank correlation method, discuss which pair of judges has the nearest approach to common
likings in music.

18. A sample of 12 fathers and their elder sons gave the following data about their elder sons.
Calculate the rank correlation coefficient

X 65 63 67 64 68 62 70 66 68 67 69 71
Y 68 66 68 65 69 66 68 65 71 67 68 70
19.Find the standard deviation of the following data (use the step deviation method):

Wages 125- 175- 225- 275- 325- 375- 425- 475- 525-
(Rs.) 175 225 275 325 375 425 475 525 575
no. of 2 22 19 14 3 4 6 1 1

workers

20.Goals scored by two teams A and B in foot ball season are as follows.

Number of goals scored in Number of matches
match Team A Team B

0 24 25
1 9 9
2 8 6
3 5 5
4 4 5

By calculating the standard deviations in each case find which team be consider more consistent
21.The scores of two cricketers A and B in 10 innings are given here. Find who is a better and

who is more a consistent player.
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Section of A 40 25 19 80 38 8 67 121 | 66 76
Xi

Section of A 28 70 31 0 14 111 66 31 25 4
Yi

22. Calculate Karl Pearson’s coefficient of skewness for the following data: 25, 15, 23, 40, 27,
25, 23, 25, 20.

23. Calculate Karl Pearson’s coefficient of skewness for the following data:

Variable 0-5 5-10 | 10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 35-40
Frequency 2 5 7 13 21 16 8 3
24. From the following distribution, calculate (i) First 4 moment about the mean (ii) Skewness

based on moments (iii) Kurtosis

Income (Rs) 0-10 10-20 20-30 30-40
Frequency 1 3 4 2
2Marks

Problem 1: According to the census of 1991, following are the population figure, in thousands, of
10 cities : 1400, 1250, 1670, 1800, 700, 650, 570, 488, 2100, 1700. Find the median

2: Find the mode of the following salaries:

(i) 850, 750, 600, 825, 850, 725, 600, 850, 640, 530

(i) 40, 45, 48, 57, 78

3.Given n=10, o, =5.4, o, =6.2 and sum of the product of deviations from the mean of X and

Y is 66 find the correlation co-efficient

4. Find the variance and standard deviation of the following data: 5, 12, 3, 18, 6, 8, 2, 10.
5.Find the variance and standard deviation of the following data: 45, 60, 62, 60, 50, 65, 58,
68,44, 48.

6.Calculate the standard deviation for the following distribution:

X; 4 8 11 17 20 24 32

3 5 9 5 4 3 1

7. Calculate the mean and standard deviation for the following frequency distribution:

X, 6 10 14 18 24 28 30

f. 2 4 7 12 8 4 3

Compute the range for the following observation 15, 20, 25, 25, 30, 35
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8. The following table gives the daily sales (Rs.) of two firms A and B for five days.
Firm A 5050 5025 4950 4835 5140
Firm B 4900 3100 2200 1800 13000
Calculate the mean deviation of the variates 40, 62, 54, 68, 76 from A.M

9. Find the mean deviation from the mean for the following data: 38, 70, 48, 40, 42, 55, 63, 46,
54, 44,

10.Find the mean deviation about the mean for the following data

Xi 2 5 7 8 10 35
fi 6 8 10 6 8 2
11.Find the mean deviation about the median for the following data
Xi 6 9 3 12 | 15 | 13 | 21 | 22
fi 4 5 3 2 5 4 4 3

12.The following table gives the sales of 100 companies. Find the mean deviation from the

mean.
Sales in thousands 40-50 50-60 60-70 70-80 80-90 90-100
Number of companies 5 15 25 30 20 5
13.Find the mean deviation about the mean for the following data
Classes 0-100 | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | 600-700 | 700-800
Freq. 4 8 9 10 7 5 4 3
14.Find the mean deviation from median for the following data
Ageof | 20-25 | 25-30 | 30-35 | 3540 | 40-45 | 4550 | 50-55 | 55-60
workers
No. of 120 125 175 160 150 140 100 30
workers

15.Write the Types of (i) correlation (ii) Regression.

16. Explain Positive and Negative Correlation

17. Explain Simple and Multiple Correlation

18. Explain Partial and Total Correlation

19. Explain Linear and Non-linear Correlation

20.Write the formula for Regression lines (i) Y on X (ii) X on Y

21.Define Co-Variance.

22.Define Skewness
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23.Define kurtosis

UNIT-11 & 11
PROBABILITY
10 Marks

1. A class consists of 6 girls and 10 boys. If a committee of 3 is chosen at random from the
class, find the probability that (a) 3 boys are selected,(b) exactly two girls are selected.

2. Aand B throw alternately with a pair of ordinary dice. A wins if he throws 6 before B throws
7 and B wins if he throws 7 before A throws 6.If A begins , show that his chance of winning is
30/61.

3. A,B and C in order toss a coin. The first one to toss head wins the game. What are the
probabilities of winning, assuming that the game may continue indefinitely.

4. Two cards are selected at random from 10 cards numbered 1 to 10.Find the probability that
the sum is even if (a)The two cards are drawn together. (b) The two cards are drawn one after
other with replacement.

5. A box contains n tickets marked 1 through n. Two tickets are drawn in succession without
replacement. Determine the probability that the number on the tickets are consecutive integers.

6. Determine the probability for each of the following events: A non-defective bolt will be found
if out of 600 bolts already examined 12 were defective.

7. What is the probability of picking an ace and a king from a 52 cards deck?

8. Out of 15 items 4 are not in good condition 4 are selected at random. Find the probability that
(a) All are not good (b) Two are not good

9. Five persons in a group 20 are engineers. If three persons are selected at random, determine
the probability that all engineers and the probability that at least one being an engineer.

10. Three students A,B,C are in running race. A and B have the same probability of winning and
each is twice as likely to win as C. Find the probability that B or C wins.

11. Aclass has 10 boys and 5 girls. Three students are selected at random one after another.
Find the probability that (a) first two are boys and third is girl (b) first and third are of same sex
and the second is of opposite sex.
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12. Two aeroplanes bomb a target in succession. The probability of each correctly scoring a hit
is 0.3 and 0.2 respectively. The second will bomb only if the first misses the target. Find the
probability that (a)target is hit (b) both fails to score hits.

13. Box A contains 5 red and 3 white marbles and box B contains 2 red and 6 white marbles. If a
marble is drawn from each box, what is the probability that they are both of same colour.

14. Two marbles are drawn in succession from a box containing 10 red, 30 white,20 blue and 15
orange marbles, with replacement being made after each draw. Find the probability that (a) both
are white (b) first is red and second is white.

15. A can hit a target 3 times in 5 shots, B hits target in 5 shots ,C hits target 3 times in 4 shots.
Find the probability of the target being hit when all of them try.

16. Two dice are thrown. Let A be the event that the sum of the points on the faces is 9.Let B be
the event that at least one number is 6.Find

(a) P(ANB) (b) P(AUB) (c) P(A°UB®)

17. If the probability that a communication system will have high fidelity is 0.81 and the
probability that it will have high fidelity and selectivity is 0.81.What is the probability that a
system with high fidelity will also have high selectivity?

18. Suppose 5 men out of 100 and 25 women out of 10,000 are colour blind. A colour blind
person is choosen at random. What is the probability of the person being a male(Assume male
and female to be in equal numbers)?

19. Ina bolt factory machines A,B,C manufacture 20%,30% and 50% of the total of their output
and 6%,3% and 2% are defective. A bolt is drawn at random and found to be defective. Find the
probabilities that it is manufactured from (a)Machine A. (b)Machine B. (c)Machine C.

20. Of the three men,the chances that a politician,a business man or an academician will be
appointed as a vice-chancellor (V.C) of a University are 0.5,0.3,0.2 respectively.Probability that
research is promoted by these persons if they are appointed as V.C are 0.3,0.7,0.8 respectively.

(a) Determine the probability that research is promoted
(b) If research is promoted, what is the probability that V.C is an academician?
DISCRETE PROBABILITY DISTRIBUTION

22. Two dice are thrown. Let X assign to each point (a,b) in S the maximum of its numbers i.e.,
X(a,b)=max.(a,b). Find the probability distribution. X is a random variable with X(s) =
{1,2,3,4,5,6}. Also find the mean and variance of the distribution.

(OR)
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A random variable X has the following distribution?

X 1 2 3 4 5 6
P(x) 1/36 3/36 5/36 7136 9/36 11/36
Find (a) the mean (b) variance (c) P(1<X<6)
23. Arandom variable X has the following probability function:
X 0 1 2 3 4 5 6 7
P(X) 0 Kk 2k 2k 3k k? 2k? 7k* + k

(a) Determine K (b) Evaluate P(X<6),P(X>6),P(0<X<5) and P(0<X<4) (c) if P(X<K)
>1/2, find the minimum value of K and, (d) Determine the distribution of X (e) Mean ()
Variance.

24. The probability density function of a variate X is

X 0 1 2 3 4 5 6
P(X) K 3k 5k 7K 9k 11k 13k
(@) Find K (b) Find P(X<4), P(X>5), P(3<X<6) (c)what will be the minimum value of k so
that P(X<2)>0.3 ?

25. A random variables X has the following probability function

X; -3 -2 -1 0 1 2 3

P(x)) K 0.1 K 0.2 2K 0.4 2K

Find (a) K (b) Mean (c) Variance

26. From a lot of 10 items containing 3 defectives, a sample of 4 items is drawn at random.Let
the random variable X denote the number of defective items in the sample. Find the probability
distribution of X when the sample is drawn without replacement.

27. Let X denote the minimum of the two numbers that appear when a pair of fair dice is thrown
once. Determine the

(a) Discrete probability distribution (b) Expectation (c) Variance

28. A sample of 4 items is selected at random from a box containing 12 items of which 5 are
defective. Find the expected number E of defective items.

29. A fair coin is tossed until a head or five tails occurs. Find the expected number E of tosses of
the coin.

30. Find the mean of the probability distribution of the number of heads obtained in three flips
of a balanced coin.
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CONTINUOUS PROBABILITY DISTRIBUTION

1. If the probability density of a random variable is given by

k(1-x?%), for0<x<1
0, otherwise

f(x)={

2. The probability density f(x) of a continuous random variable is given by

f(x) = ce ™™, —0 < x < 0. Show that ¢=1/2 and find that the mean and variance of the
distribution. Also find the probability that the variate lies between 0 and 4.

1 .
3. Probability density function of a random variable X is f(x) = {5 sinx, for0sx < T
0, elsewhere
Find the mean,mode and median of the distribution and also find the probability between
0 and % ?

4. A continuous random variable X has the distribution function

0,if x<1
f(x) =13k(x—1)%if 1 <x < 3. Determine (i) f(x) (ii) k (iii) Mean
1,if x >3

5. If X is a continuous random variable and Y = aX + b, prove that E(Y)=a E(X) + b and
V(Y) = a2 V(X),where V stands for variance and a, b are constants?

6. If X is a continuous random variable and k is a constant, the prove that (i) Var(X+k) =
Var(X) (ii) Var(kX) = k? Var(X)?

7. For the continuous random variable X whose probability density function is given by

cx(2—x),if 0<x<2

] where ¢ is constant. Find ¢, Mean and Variance of X?
0, otherwise

f(x)={

8. The daily consumption of electric power (in millions of kW-hours) is a random variable
éxe"x/S,x >0
0,x<0
12 million KW-hours, determines the probability that there is power cut on any given day.

e x>0 _ i
0, otherwise’ Find E(X), E(XY),

having the probability density function f(x) = { . If the total production is

9. The density function of a random variable X is f(x) = {

Var(X).
10. The cumulative distribution function for a continuous random variable X is

(1—ex>0
FGI = { 0,x <0
density function.

. Find (i) the density function f(x) (ii) Mean (iii) Variance of the

BINOMIAL DISTRIBUTION
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.10 coins are thrown simultaneously. Find the probability of getting at least (i) 7 heads (ii)
6 heads

. 2 dice are thrown 5 times. Find the probability of getting 7 as sum (i) at least once (ii)
two times (iii) p(1<X<5)

In 256 sets of 12 tosses of a coin, how many cases one can expect 8 heads and 4 tails

. Out of 800 families with 4 children each, how many families would be expected to have
(a) 2 boys and 2 girls (b) at least one boy (c) no girl (d) at most 2 girls? Assume equal
probabilities for boys and girls

In a binomial distribution consisting of 5 independent trails, probabilities of 1 and 2
success are 0.4096 and 0.2048 respectively. Find the parameter p of the distribution.

. Fit a binomial distribution to the following data

X 0 1 2 3 4 5

f 2 14 20 34 22 8

. The mean of binomial distribution is 3 and variance is 9/4. Find (i) the value of n (ii) p(x
>7) (iil) p(1 £ X <6)
. The probability that the life of a bulb is 100 days is 0.05. find the probability that out of 6

bulbs (i) at least one (ii) greater than 4 (iii) none, will be having a life of 100 days

POISSON DISTRIBUTION

. A car-hire firm has two cars which it hires out day by day. The number of demands for a
car on each day is distributed as a poisson distribution with mean 1.5. Calculate the
proportion of days (a) on which there is no demand (b) on which demand is refused.

. A hospital switch board receives an average of 4 emergency calls in a 10 minute interval.
What is the probability that (a) there are at most 2 emergency calls in a 10 minute interval
(b) there are exactly 3 emergency calls in a 10 minute interval.

If a random variable has a poisson distribution such that P(1)=P(2), find (a) mean of the
distribution (b) P(4) (c) P(x>1) (d) P(1<x<4).

. The average number of phone calls / minute coming into a switch board between 2 p.m
and 4 p.mis 2.5. Determine the probability that during one particular minute there will be

(a) 4 or fewer (b) more than 6 calls.
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10.

11.

12.

13.

14.

Average number of accidents on any day on a national highway is 1.8. Determine the
probability that the number of accidents are (a) at least one (b) at most one
If X is a poisson variate such that P(x=0)=P(x=1),find P(x=0) and using recurrence
formula find the probabilities at x=1,2,3,4 and 5.
If the variance of a poisson variate is 3,then find the probability that (a) x=0 (b) 0<x<3
(c) 1<x<A4.
If X is a poisson variate such that 3P(x=4)=1/2 P(x=2) + P(x=0), find (a) the mean of x
(b) P(x<2)

Wireless sets are manufactured with 25 soldered joints each. On the average 1 joint in
500 is defective. How many sets can be expected to be free from defective joints in a
consignment of 10,000 sets.

NORMAL DISTRIBUTION
If X is a normal variate with mean 30 and standard deviation 5. Find the probabilities

that (a) 26<X<40 (b) X>45

In a Normal distribution, 7% of the items are under 35 and 89% are under 63. Determine
the mean and variance of the distribution.

(OR)

Find the mean and standard deviation of a normal distribution in which 7% of items are
under 35 and 89% are under 63.
The mean and standard deviation of the marks obtained by 1000 students in an
examination are respectively 34.5 and 16.5. Assuming the normality of the distribution,
find the approximate number of students expected to obtain marks between 30 and 60.
The marks obtained in mathematics by 1000 students is normally distributed with mean
78% and standard deviation 11%.Determine
(a) How many students got marks above 90%
(b) What was the highest mark obtained by the lowest 10% of the students
(c) Within what limits did the middle of 90% of the students lie.
Suppose the weights of 800 male students are normally distributed with mean p=140
pounds and standard deviation 10 pounds. Find the number of students whose weights are
(a) between 138 and 148 pounds (b) more than 152 pounds.
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15. The marks obtained in statistics in a certain examination found to be normally distributed.
If 15% of the students > 60 marks,40% < 30 marks, find the mean and standard deviation.
16. A sales tax officer has reported that the average sales of the 500 business that he has to
deal with during a year is Rs. 36,000 with a standard deviation of 10,000. Assuming that
the sales in these business are normally distributed,find
(a) the number of business as the sales of which are Rs.40,000.
(b) the percentage of business the sales of which are likely to range between
Rs.30,000 and Rs.40,000.
17. If the masses of 300 students are normally distributed with mean 68 kgs and standard
deviation 3kgs, how many students have masses
(a) greater than 72 kg
(b) less than or equal to 64 kg
(c) between 65 and 71 kg inclusive.
18. Given that the mean height of students in a class is 158cms with standard deviation of
20cms. Find how many students heights lie between 150cms and 170cms, if there are 100

students in the class.

2marks

1. A box contains n tickets marked 1 through n. Two tickets are drawn in succession without
replacement. Determine the probability that the number on the tickets are consecutive integers.

2. Determine the probability for each of the following events: A non-defective bolt will be found
if out of 600 bolts already examined 12 were defective.

3. What is the probability of picking an ace and a king from a 52 cards deck?

4. Out of 15 items 4 are not in good condition 4 are selected at random. Find the probability that
(a) All are not good (b) Two are not good.

5. Let X denote the number of heads in a single toss of 4 fair coins. Determine (a) P(X<2) (b)
P(1<X<3).

6. The mean and variance of a binomial distribution are 4 and 4/3 respectively. Find p(x > 1).
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7. Using recurrence formula find the probabilities when x=0,1,2,3,4 and 5;if the mean of poisson
distribution is 3.

8. Find the probability of getting an even number 3 or 4 or 5 times in throwing 10 dice. Using
binomial distribution.

9. Determine the probability that getting an even number on face 3 to 5 times in throwing 10
dice together.

UNIT-IV

TEST OF HYPOTHESIS

1.A sample of 64 students have a mean weight of 70 kgs. Can this be regarded as a sample from a
population with mean weight 56 kgs and standard deviation 25kgs.

2.A sample of 900 members has a mean of 3.4 cms and S.D 2.61 cms. Is this sample has been taken
from a large population of mean 3.25 cm and S.D 2.61 cms. If the population is normal and its mean
is unknown find the 95% fiducial limits of true mean.

3.A sample of 400 items is taken from a population whose standard deviation is 10. The mean of the
sample is 40. Test whether the sample has come from a population with mean 38. Also calculate
95% confidence interval for the population.

4.An ambulance service claims that it takes on the average less than 10 minutes to reach its
destination in emergency calls. A sample of 36 calls has a mean of 11 minutes and the variance of 16
minutes. Test the claim at 0.05 level significance.

5.1t is claimed that a random sample of 49 tyres has a mean life of 15200 km. This sample was drawn
from a population whose mean is 15150 kms and a standard deviation of 1200km. Test the
significance at 0.05 level.

6.The means of two large samples of sizes 1000 and 2000 members are 67.5 inches and 68.0 inches
respectively. Can the samples be regarded as drawn from the same population of S.D 2.5 inches.

7.A researcher wants to the intelligence of students in a school. He selected two groups of students.
In the first group there 150 students having mean IQ of 75 with a S.D. Of 15 in the second group
there are 250 students having men 1Q of 70 with S.D. of 20.

8.The mean life of a sample of 10 electric bulbs ( or motors ) was found to be 1456 hours with S.D.
Of 423 hours. A second sample of 17 bulbs chosen from a different batch showed a mean life 1280
hours with S.D. of 398 hours. Is there a significant difference between the means of two batches.
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9.The mean height of 50 male students who participated in sports is 68.2 inches with a S.D of 2.5.
The mean height of 50 male students who have not participated in sport is 67.2 inches with a S.D of
2.8. Test the hypothesis that the height of students who participated in sports is more than the
students who have not participated in sports.

10.A manufacturer claimed that at least 95% of the equipment which he supplied to a factory
conformed to specifications. An examination of a sample of 200 pieces of equipment revealed that
18 were faculty. Test his claim at 5% level of significance.

11.In a sample of 1000 people in Karnataka 540 are rice eaters and the rest are wheat eaters. Can
we assume that both rice and wheat are equally popular in this state at 1% level of significance.

12.In a big city 325 men out of 600 men were found to be smokers. Does this information support
the conclusion that the majority of men in this city are smokers?

13.Experience had shown that 20% of a manufactured product is of the top quality. In one day’s
production of 400 articles only 50 are of top quality. Test the hypothesis at 0.05 level.

14.1n a sample of 500 from a village in Rajasthan, 280 are found to be wheat eaters and the rest rice
eaters. Can we assume that the both articles are equally popular.

15.20 people were attacked by a disease and only 18 survived. Will you reject the hypothesis that
the survival rate if attacked by this disease is 85% in favour of the hypothesis that is more at 5%
level.

16.A random sample of 500 apples was taken from a large consignment of 60 were found to be bad,
obtain the 98% confidence limits for the percentage number of bad apples in the consignment.

17.Random samples of 400 men and 600 women were asked whether they would like to have a
flyover near their residence. 200 men and women in favour of the proposal are same, at 5% level.

18.0n the basis of their total scores, 200 candidates of a civil service examination are divided into
two groups, the upper 30% and the remaining 70%. Consider the first question of the examination.
Among the first group, 40 had the correct answer, whereas among the second group, 80 had the
correct answer. On the basis of these results, can one conclude that the first question is not good at
discriminating ability of the type being examined here?

19.In two large populations, there are 30%, and 25% respectively of fair haired people. Is this
difference likely to be hidden in samples of 1200 and 900 respectively from the two populations.

20.In a random sample of 1000 persons from town A, 400 are found to be consumers of wheat. In a
sample of 800 from town B, 400 are found to be consumers of wheat. Do these data reveal a
significant difference between town A and town B, so far as the proportion of wheat consumers is
concerned?
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21.Before an increase on excise duty on tea 500 people out of a sample of 900 found to have the
habit of having tea. After an increase on excise duty 250 are have the habit of having tea among
1100. Is there any decrease in the consumption of tea. Test at 5% level.

2Marks
1Find the value of the finite population correction factor for n=10 and N=100.

2.A random sample of size 81 was taken whose variance is 20.25 and mean is 32, construct 98%
confidence interval .

3.In a random sample of 100 packages shipped by air freight 13 had some damage. Construct 95%
confidence interval for the true proportion of damage package.

4.Define (i)Sample (ii) Population
5.Define (i) Large Sample (ii) Small Sample.
6.Define Sample Variance.

7.Define Central Limit Theorem.

8.Define Standard Error.

9.Write the confidence limits for (i) single mean (ii) Difference of Means (iii)Single Proportion (iv)
Difference of Proportion.

10. Define (i)Null Hypothesis (ii) Alternative Hypothesis
11.Define (1) Type | error (ii) Type Il error.
12.Define (i)critical region (ii) Acceptance Region.

13.Define (i) Two Tailed Test (ii)One-Tailed Test

UNIT-V

TEST OF SIGNIFICANCE (small samples)
1>Find (a) P(t < 2.365) whenv =7
(b) P(t>1.318)whenv =24
(c)P(-1.356 < t<2.179) whenv =12
(d)P(t>-2.567) when v= 17
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2> A random of sample of size 25 from a normal population has the meanx =4.75 and the standard
deviation S = 8.4 .Does this information tend to support or refute the claim that mean of the population
is = 42.5?

3> Ten bearings made by a certain process have a mean diameter of 0.5060cm with a standard deviation
of 0.0040cm. Assuming that the data may be taken as a random sample from a normal distribution,
construct a 95% confidence interval for the actual average diameter of the bearings?

4> A sample of size 10 was taken from a population S.D of sample is 0.03.Find maximum error with 99%
confidence.

5>A sample of 11 rats from a central population had an average blood viscosity of 3.92 with a S.D of0.61.
Estimate the 95% confidence limits for the mean blood viscosity of the population.

6>A mechanist is making engine parts with axle diameters of 0.700inch.A random sample of 10 parts
shows a mean diameter of 0.742inch with a S.D of 0.040inch. Compute the statistics you would use to
test whether the work is meeting the specification at 0.05 level of significance.

7>A sample of 26 bulbs gives a mean life of 990 hours with a S.D of 20 hours. The manufacturer claims
that the mean life of bulbs is 1000 hours. Is the sample not upto the standard .

8> The average breaking strength of the steel rods is specified to be 18.5 thousand pounds. To test this
sample of 14 rods were tested .The mean and standard deviations obtained were 17.85 and 1.955
respectively. Is the result of experiment significant?

9>> A random of sample of size 16 values from a normal population showed a mean of 53 and a sum of
squares of deviations from the mean equals to 150. Can this sample be regarded as taken from
population having 50 as mean? Obtain 95% confidence limits of the mean of the population.

10>A random of sample of six steel beams has a mean compressive strength of 58,392 p.s.i (pounds per
square inch) with a standard deviation of 648 p.s.i. Use this information and the level of significance a =
0.05 to test whether the true average compressive strength of the steel from which this sample came is
58,000 p.s.i. Assume normality.

11> A random of sample of 10 boys had the following 1.Q’s : 70,120,110,101,88,83,95,98,107 and 100.
(a)Do these data support the assumption of a population mean 1.Q of 100
(b)Find the reasonable range in which most of the mean 1.Q values of samples of 10 boys lie.

11>Producer of ‘gutkha’, claims that the nicotine content in his gutkha on the average is 1.83mg.Can this
claim accepted if a random sample of 8 gutkha of this type have the nicotine contents of
2.0,1.7,2.1,1.9,2.2,2.1,2.0,1.6mg? Use a 0.05 level of significance.

12>Two horses A and B were tested according to the time (in sec) to run a particular track with the
following results.

| Horse A | 28 30 32 | 33 33 | 29 | 34 |




Horse B

29

| 30

| 24

27

29

Test whether two horses have the same running capacity.

13>To examine the hypothesis that the husbands are more intelligent than the wives, an investigator

took a sample of 10 couples and administered them a test which measures the I.Q. The results are as

follows:
Husbands | 117 105 97 105 123 109 86 78 103 107
Wives 106 98 87 104 116 95 90 69 108 85

Test the hypothesis with a reasonable test at the level of significance of 0.05.

14>To compare two kinds of bumper guards,6 of each kind were mounted on a car and then the car was
run into a concrete wall. The following are the costs of repairs.

Guard 1 107 148 123 165 102 119
Guard 2 134 115 112 151 133 129
Use the 0.01 level of significance to test whether the difference between two sample mean is significant.

15>Scores obtained in a shooting competition by 110 soliders before and after intensive training are

given below:
Before | 67 24 57 55 63 54 56 68 33 43
After | 70 38 58 58 56 67 68 75 42 38

Test whether the intensive training is useful at 0.05 level of significance.

16>The blood pressure of 5 women before and after intake of a certain drug are given below:

125
121

Before 110 120 125 132
After 120 118 125 136
Test whether tere is significant change in blood pressure at 1% level of significance.

17>Memory capacity of 10 students were tested before and after training. State whether the training
was effective or not from the following scores.

Before | 12 14 11 8 7 10 3 0 5 6
training
After 15 16 10 7 5 12 10 2 3 8
training

18>In one sample of 8 observations from a normal population, the sum of the squares of deviations of
the sample values from the sample mean is 84.4 and in another sample of 10 observations it was 102.6.
Test at 5% level whether the populations have the same variance.

19>The nicotine contents in milligrams in two samples of tobacco were found to be as follows:

| SampleA [ 24 | 27 | 26 | 21 | 25 | —
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| SampleB | 27 30 28 31 22 36
Can it be said that the two samples have come from the same normal population?

20>The measurements of the output of the two units have given the following results. Assuming that
both samples have been obtained from the normal populations at 10% significant level, test whether the
two populations have the same variance.

Unit-A 14.1 10.1 14.7 13.7 14.0
Unit-B 14.0 14.5 13.7 12.7 14.1

21>In one sample of 10 observations, the sum of the squares of the deviations of the sample values
from sample mean was 120 and in the other sample of 12 observations, it was 314. Test whether the
difference is significant at 5% level?

22> Two independent samples of 8 and 7 items respectively had the following values of the variables

Samplel |9 11 13 11 16 10 12 14
Samplell | 11 13 11 14 10 8 10 —
Do the estimates of the population variance differ significantly.

23>The number of automobile accidents per week in a certain community are as follows:
12,8,20,2,14,10,15,6,9,4. Are these frequencies in agreement with the belief that accident conditions
were the same during this 10 week period.

24>A die is thrown 264 times with the following results. Show that die is biased. [Given x%.05=11.07 for 5
d.f]

No .appeared onthedie |1 2 3 4 5 6
Frequency 40 32 28 58 54 52

25> A pair of dice are thrown 360 times and the frequency of each sum is indicated as below:

Sum 2 3 4 5 6 7 8 9 10 11 12

Frequency | 8 24 35 37 44 65 51 42 26 14 14

Would you say that the dice are fair on the basis of the chi-square test at 0.05 level of significance?

26>4 coins were tossed 160 times and the following results were obtained:

No. of heads 0 1 2 3 4
Observed frequencies: | 17 52 54 31 6
Under the assumption that coins are balanced, find the expected frequencies of 0,1,2,3 or 4 heads, and

test the goodness of fit (a= 0.05).

27> Fit a poisson distribution to the following data and for its goodness of fit at level of significance
0.05?
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f 419

352

154

56

19

28>The following table gives the classification of 100 workers according to gender and nature of work.

Test whether the nature of work is independent of the gender of the worker.

Stable Unstable Total
Males 40 20 60
Females 10 30 40
Total 50 50 100

29>Given the following contingency table for hair colour and eye colour. Find the value of x> . Is there

good association between the two?

Hair colour
Fair Brown Black Total
Eye colour Blue 15 5 20 40
Grey 20 10 20 50
Brown 25 15 20 60
Total 60 30 60 150

30> From the following data find whether there is any significant liking in the habit of taking soft drinks

among the categories of employees.

Employees
Soft Drinks Clerks Teachers Officers
Pepsi 10 25 65
Thumsup 15 30 65
Fanta 50 60 30

31> In an investigation on the machine performance, the following results are obtained:

No . of units inspected

No . of defectives

Machine 1

375

17

Machine 2

450

22

Test whether there is any significant performance of two machines at a=0.05.

32>A firm manufacturing rivets wants to limit variations in their length as much as possible. The lengths

(in cms) of 10 rivets manufactured by a new process are

2.15

1.99

2.05

2.12

2.17

2.01

1.98

2.03

2.25

1.93

Page

19




Examine whether the new process can be considered superior to the old if the old population has
standard deviation 0.145 cm?

2Marks

1.Define Degrees of Freedom.

2.Define t- Distribution and uses.

3.Write properties of t-Distribution and Applications.
4.Define Chi-Square Distribution.

5. Write properties of Chi-Distribution and Applications.

6. Write properties of F-Distribution .

7. Write Test of significance of small samples.

8.write the conditions of validity of test of Goodness of Fit.

9.Write confidence or Fiducial limits for u.

Page

20



	Sample Proportion:
	UNIT-IV
	TEST OF HYPOTHESIS
	UNIT-V
	TEST OF SIGNIFICANCE (small samples)

