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221 Find mean, variance and standard deviation for the rangq,
-2—|_’2—y) , D=y<l
variable ¥ whose p.d.f is f(0)= {3 : < i

222 ‘The joint distribution of two independent random variables X ang p
is

Find E(X), E(Y), EX+Y), EXY)

223 Suppose that X and ¥ have the following joint distribution.

(i) Are X and Y independent?
(ii) Find EX, Ev, Ex +Y),  ExY)
224 Forthe following joing distribution;
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Unit -3: Special Discrete Probability Distributions

Special Discrete Probability
Distributions

aa:

@ students will be sble-to

Define discrete uniform random variable, discrete uniform probability distribution
and discrete uniform probability mass function.

Calculate mean, variance and standard deviation of discrete uniform probability
distribution

Define random digits/numbers and to know, how the random digits/numbers are
generated.

Solvereal life problems using discrete uniform probab ility distribution.

Define Bernoulli trials, Bernoulli probability distribution and Bernoulli mass
function.

Calculate mean, variance and standard deviation of Bernoulli probability
distribution.
Solve reallife problems using Bernoulli probability distribution.

Define Binomial experiment, Binomial random variable, Binomial probability
distribution, Binomial probability mass function and Binomial frequency
distribution,

Calculate mean, variance and standard deviation of Binomial probability
distribution
Solvereal life problems using Binomial probability distribution.

Define hypergeometric experiment, hypergeometric random variable,

hypergeometric probability distribution and hypergeometric probability mass
function,

Calculate mean, variance and standard deviation of hypergeometric probability -
distribution e

robability distributi
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Solve real life problems using hypergeometric
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When to use discrete probability distr
Discrete  probability  distributions

i discrete

ilities for all possible values of PR

pmba:::cs'n this mit & few simple and commonly used distributions gpa
easy way.

; ing. It is important to kngy,
; in our surrounding 3 A
g[‘:":l'l that o:e\;er ﬂrg:ﬂrwmmmm probabilty distribution is suitable for a
an remem

particular situation.

3.1.1 Introduction to discrete uniform distribution

This is the simplest probability diﬁ“ib"‘i"f' S—— "hf discrete
probability distributions. It is used in the experiments/situations where
probability at every point remains the same e.g. the outcomes of rolling a
fair die, drawing cards from a well shuffled deck of cards, drawing of
prize bond number etc. follow uniform distribution. A variable denoting
the outcomes of such uniform experiments is called discrete uniform
random variable and its probability distribution is called discrete uniform
probability distribution. The most important application of the uniform
distribution is in the generation of random numbers,

A probability distribution of the type:

15 called discrete uniform probability distributiop,

Find_ probabijj

: ly distributj
i rolled once, bution for e OUlcomes of a fair die when it

. fair die is rgl
el therefor, Probability d?: o
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Note that X follows discrete uniform distribution,

.3 “Definition of discrefe imiform'pr'ohahilily function -

1
A probability function defined as p(x)={ § ' *= 2=

o otherwise

is called discrete uniform probability function and the variable X is called
discrete  uniform random  variable. This distribution has only one
parameter “N", the total number of results /items of a uniform experiment.

Write discrete uniform probability function for the results of a fair
die when itis rolled once,

Here random variable X takes all of its values with equal pmbability-é.

Thus, discrete uniform probability function will be of the form:

1
p=|3 x.—1,2,3,4.5.6
g, otherwise

+ Graphical representation of discrete uniform distribution by means of a
histogram is a set of adjacent rectangles with equal heights i.e.

@
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» X Put equation (2) and (3) in equation (1) we get,

Vi) =

(N+1)(2N+1)_(N+11‘:N+1[2N+1_N+1J
Due to rectangular shape, uniform distribution is also known g 3 el il % 5
rectangular distribution ; o N+‘l_[4N+ Z-BN_3J= N+1[N—-1J

*31d ]’mpcr!i'u.:i of discrete un'iil-'l-'r.rlrdlni:i'rtﬁ;]l}i’iiﬁl;'."‘dll';ll“i‘f.}ll-ﬁnll- 2 f 6 2 6
N* -1
(i) Mean of discrete uniform distribution o T

By definition mean = E(X) = §fo¥3 (iii) ~ Standard deviation of uniform distribution

By definition §.D(X) ﬁ,}v[x J =

Put range and formula of discrete uniform distribution, we get

EX)= ixlz-l—irlmzﬂ
~ N N= N kil

If X is a discrete uniform random variable taking wvalues 1, 2, 3, 4,
_ 1[N+ ~ N(N+1)
S ———— as 1424344 =201 T1)
N 2 2

5,6, 7 8 9 and 10 each with probability cqual m% Find its mean,
N+1

variance and standard deviation,
2 33

(i)

Variance of discrete uniform distribution

Here total number of observations = N = 10
B]f dEﬁ.I'IihOﬂ Variance: m} = E{Xﬁ} jut [Etx)} ]

) . _-,Mem_iszl 10+1_11_
WEknowmatE(X) N‘l'l 2 2 2
) 2L
Now Variance = & 102 -1_100- 1__2_325
EQ?) = Exz-—___zxz 12 12 12 12

@

Standard deviation = /8.25 =2.87
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3.1.5 - Random digits/numbers

Thers are tou digits 0, 1,23, 4 3.6, ;8 9- Tnvolving oqual chance
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and so on, are called random numbers. Thus, random digits/numbers cap

ible or one cannot predict i
simply be defined as the digits or numbers which have equal chances of

now personal liking or disliking is imposst

..., 1000 each having probability

ml. mzy 003,

L of selection for each digit, then they are called random digits becayse
1
— or
100

.10

advance that which digit will come out during the selection process,

Similarly pair of digits make a pumber eg. 00, 01, 02,..., 99 each ha‘ving

probability
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Random number generator is a process (computational or physical

device) designed to generate a sequence of numbers that cannot be
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occurrence or their selection cannot be predicted in advance are calleg

random digits/numbers.
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3.1.7 Procedure of selecting random sample using random numbers

(i) -If a population has N =10 elements, allot digits 0, 1, 2...9 to
glements of the population. If N = 100, then numbers 00, 01, 02... 99 are
allotted. If N = 1000, then numbers 001, 002, 003... 1000 are allotted and

50 On.
(ii) Take any table of random numbers and take a random start from
anywhere either from the top or bottom, vertically, horizontally or
diagonally.

(iii) Draw a digit or number of two digits, number of three digits and
so on according to your population size, ignore the number which is
greater than the population size N or sampling is done without
replacement and go further.

(iv) Continue the process till the desired number of sample units is
obtained.

e
i s
- Example 3.

e

(i) Allot serial number 00, 01,02, ...,39 to students of the class.

(i)  Take a random number table and take numbers of two digits from
anywhere, ignore the number which is greater than 39, and go
further. Let the random numbers be 39, 37, 02, 10, 21, and 22.

(iii) = The students whose serial numbers are 02, 10, 21, 22, 37, 39 are
included in our sample. This is random sample because our
personal judgment is not involved here and all the students were
given equal opportunity through random number table for being

included in the sample.



W ; X: number of heads
ich has two possible outcomes classifieq

A random E"-'P"'-'I"""’"’“t “?: called 2 Bemoulli trial. For example =0,1
@s ‘SUCCess and failure 1 fomale), performance of a student i a.nl ~ { s
gender of @ child (male m,w:]t of tossing a coin (head or tail) ery p = probability of head = = (as coin is fair).
Bmtlﬂn ‘(Pﬁssa:]: f::”t;king on]y two values ie. “or for faﬂum y

B e ey o s Gmt
and failure by g such that p +¢=1.

Bernoulli probability distribution

1

(%]
b=

The Bernoulli probability function is given by

l X l I=x 2
px)= [5] [EJ A=

0, otherwise

: 1) probabilit fm::-head-P{X~U]-Ll]o‘i]w—{!)fl}—[-]-“

B s _ W PIOSONILE Poa et Lz \2)7\2)
is called Bemoulli probability distribution and the variable X ! Y 1Y (1
which denotes the results of a Bemoulli trail is called Bernoulli random (i) Probability of one head = P(X =1) = [E] [5] {L‘ﬂ[i] =L_2_]

varigble. This distrbution was introduced by a Swiss mathematician
Jacob Bemoulli (1654-1705). It is also known as point  Binomial
distribution because it has only two classes of events. Mathematically

E_l=-x . ; -
p{:}:{ Ea el By definition mean = E(X) = ¥ x p(x)
0, otherwise x

is called Bemoulli ili . d gl . o e
WMM&HP_ probability mass function. This distribution has on P q
- Opﬂql-o +1p1ql-l =D+P=P
A fair coin is tossed \ . _
occurs? (i) mehaadlzms? © ce. What is the probability that (i) no head + Variance of Bernoulli distribution

By definition variance = E(X?) — [E(X)]

Variable a5 vl CXperiment, Let yg define a random : =E}:x’p(x)-{p)z

e
)
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= Eatprg=p'
- 0+ =P
e04p=pi=p=p)=pa (*g=1-p)

o Standard deviation = y/Pq

.-pm a Beroulli random variable X, the probability of success
equal to 0.6 Find the mean, variance and standard deviation for thjg

Bernoulli probabllity distribution.

() By calculation:

Mean = E(X) = Ex p(v) = 0.6
Varlance = VX) = BX?) = [EX)] 2= £42 p(x) = (0.6)% = 0.6 - 0.36 = 0.24
() By properties:
Given that p = 0,60, g = | =p=1=06=040
Mean of Bemnoull; distribution = p = 0,60
Veriance of Bemoul); _:_iiatﬁhuﬁon =g =(0.60) (0.40) = 0.24
8.0 = J0.22 =049

:

OT.COD. .-;e_.'atﬂm__

If a Bermoulli trail is repeated a fixed number of times, say n, then
such an experiment is called Binomial experiment, It has the following
four properties:

i,  Each trial has only two possible outcomes i.e, success and failure,
i, The probability of success remains constant for all trails,
jii.  The successive trails are all independent,
iv.  The Bemnoulli trail is repeated a fixed number of times, say n.

The variable denoting the number of successes of a Binomial experiment
is called Binomial random variable i.e. X =0, 1, 2,....n.

Binomial probability distribution

3.3.1

The binomial probability distribution is given as:

332 Bifmmia] probability mass function

The Binomial probability mass function is given by the formula:

p{x) =\E! F‘I?JH 1 * -=0|1| znrnn
0, atherwise

This distribution has two parameters n, p whereas n denotes the
number of independent Bemoulli trails and p denotes the probability of
success on a single Bernoulli trail. Note that if n = 1, the Binomial
distribution reduces to Bernoulli distribution, :

¥

A fair coin is tossed four times. Find the probability distribution
for abtaining various numbers of heads,




Solution:

Here n =4 (four Bernoulli trails)

X: the number of successes in four trials

X=0,1,2,3,4

Find (i) P(X = 4) (ii) P(X 2 5) and (iiii) P(X < 4).

: n: %

p= .li (probability of head on a single coin) Here n=6

X: number of successes in 6 trials
Q=1_P=]-%=% X=0,1,2,3,4,5,6

p= 0.75

The Binomial probability function is:
Pm q:i—p:—ﬂ.?S:ﬂ.ZS

x d-x
plx)= é{%] [%] ¢ AULLLE The Binomial probability function is
0 otherwise a5 E(D.TS}‘ (D_ZS)H  x=m01.23.4.56
px)={=x )
The Binomial probability distribution is 0 . otherwise

¥ X =X 6

X px) = E(l) (l]' . (i) PX=4)= g(nrxs)‘ (0.25)" =0.297

a | 4 '\2 \2 g

B e | e PN S 25 () P(X2 5)={::(0.?5)’(0,25)""+g(a.?5)‘(n.25]“=0534

B =

. B 8 1 -2
. 21 2+-i s - (iif) P(x<4)=cZ:[u*r&)“(0.25)“+c;[n.75]'(o.zs]“'+g(ms) (029 +
A1V 1 4

1 3 e e o P N :
o ‘[2] [2] 16 g(n.?s]’[uzs}”:g_lﬁg

o G R

% : ik g )|y 16 ) . |

5 &ll 0"_a ' A certain drug treatment cures 90% of cases of bookwu:: bu:
A2 W) gt children. Suppose that 20 children suffering from hookworm gesoses
BG i e a treated and that the children can be regarded as 2 ml’“ﬁ
| e 'JLE]?:%' . popultion. Find the probabiliy that (i) all 20 children will be cured () exacty
Towl | x; — - 18 will be cured (iif) at least one will be cured.

e = e N




Here n=20
X: number of children to be cured
X=0,1,2.3..2
p=0.90,4=0.1

o C(0.90)° (010", x=0,1,2,3,..,20
0 otherwise

*

plx

0
() P(all 20 will be cured) = P(X = 20) = € (0.90) (0.10)" ™ =0.121 53

20 g
(ii)  P(exactly 18 will be cured) = P(X = 18) = 5[0.90)“‘ (0.10)™" = 0.28515

(iii)  P(at least one will be cured) = 1 — P(no one will be cured)

=1-PX=0)
=1-¢(0 90)° (0.10)™°
ov : }

=1 -0 (approximately)

tikin In Peshawar 4? % of the population has type-A blood. Consider,
€ 4 sample of size 4. Let ¥ denotes the number of persons in the

sample with type-A blood. Fi d G) P(Y = >
mdpo<ry o = 06 PY =] (i) PO < ¥ <)

Given that p = 0,42, 4=058,n=4

Y: number of persons in the sample with type.A bla-ud

.., -

Y=0;1|2|3|4

‘ ;
C(042)’(058)" , y=0,,23.4

0 3 otherwise

apy)=

®  PIr=0)= C(042)" (058)"° =0.11316

(i) P(Y=1)= C(042) (0.58)" 032779
(i) POSY<2)=P(Y=0)+P(Y=1)+P(Y=2)
=0.11316+ 032779 +C (0.42)’ (0.58)"

= 0.44095 + 0.35609
=0,79700
(iv) PO<YS2)=P(¥=1)+P(Y=2)
= 0.32779 + 0.35605 = 0.68384

 Example 3,117

bt ; e
A machine produces 10 per cent defective items, Ten items are
selected at random. Find the probability of not more than two items being

defective.
' Solution; ™"
sk
We have -lﬂ'%—ﬁ—-l—
2 At T
R ]
by
n=10

X: number of defective items
X=0,1223..10

| |
e s aNOT. FOR:SALI




0 I. X g 1G=x y
LR o 0,1.2,...,10
p(x)= Q[m) [m] ,7=0,1,2,

0 otherwise *
L]
Now

P[not more than two items being defective] = PIX <2]
C{m) rls:}] dlﬂ]( ] +€(ﬁ] H
- (3 ol (3] (sl

=0:3487 + 0.3874 + 0.1937 = 0.9298

The chances of a bomber hitting the target and missing the target
are 3:2. Calculate the probability that the target will be hit at least oncé in
five sorties.

3 2
Giventhatp==,g== n=5
P I=g®

X: denotes the number of hits,
X=0,1,2,3,4,5

é 3 l[ S-x
So  px)= [3) ,5] » ¥=0,1,2,34,5

0 ' otherwise

- ity
Now, Plat least one will hit the target] = 1~ P[no one wil] hit the target]

PX21)=1-Px =

(]

SEAIBUILS = Al

3. Properties of Binomial distribution

@

Unit -3: Special Discrete Probability Distribution

0 50
s é(i) [3]
ol 5 5

-]
it (%] =1-0.01024 = 098976

Mean of Binomial distribution

By definition
Mean = E(X) = ¥ x p(x)

= EIC pI n-x
x=0 £
=0C p'g+1C p' ¢ 2P+ 4 nC Py

=0+npg"' + ..+ np"
=np g+ .. +p"]
=nplg+p]™
=np (1) “ptg=1

=np
Variance of Binomial distribution
By definition |
Variance = V(X) = E(X?) - [E(X)] ? (A)
As E(X)=np (1
Now E(X?) = Zx* p(x)

=¥ [x(x=1) +x] p(x) w2 =x(x=-1) +x

®)



. _— “‘Eﬁ' A‘T_.‘E"ﬁa‘qul Discrete F(leblﬁtr alﬂﬂ h'ﬂlﬂn;

-?.u(x-l)p(x} +§',xp(x)
= EaDEP T + L3 Cp g
[0(“““0!’ g +1(1- l)Cp‘ “142(2-1)C P+ --+*={"-Dp‘q"'"]+[nm

=[0+0+n(=1) prg ™+ .o +n (=D p'l + (np)
=0 @=D P g™+ ot i+ ()
=n(n-1)p*[q+p] " + (np)
=n (n-1) P (1) + (np) Asp+q=1
=n’p? = np* +np ()
Putting equation (1) and equation (2) in equation (A) we get
V(X) = np? = np* + np = n*p?
=np - np*
=np (1-p)

anpg - (vq=1=p)

(iii)  Standard deviation of Binumiﬂl distribution

By definition
$D(X) = V(X)
= \J1pg

Statisties » X|

Find the mean, variance and standard deviation of the Binomial

distribution whose parameters are n =20 and p = -35

Wehuveneﬁu.pb:-.qu%.memhm

Mean =n p =20 x % =12

Variance = hpg = an%

mlw

=48

S.DX) = Jnpg= VA8 =219

If n =

4, p 2%, find (i) the completre Binomial probability distributior

(i) mean and variance of this distribution. (i) calculate the mean an
variance using properties and compare the results.

1 2
() Hee p=y. ¢=3 ned, X=0,1,234

N 1; 2*—;
1V(2] |, x=01234
plx)= (3{3] [3]
0 , otherwise
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) Mean=E?(X)=Exp(x)==I-§=l.333
Variance = E(X?) - [E(X)]

= Zdp(x) - (1.333)

216
TR 1.778 = 2.667 - 1.778 = 0.889

$.DX) = V0.887 = 0.943
(i) ~ Mean and variance by properties:

Mean of Binomial distribution = np=4><% =1.333

Variance of Binomial distribution =npgq ==ﬁxlx2 =0.889
3 k

s S.D(X) =0.943
- g
both by calculation and properties, we have the same results.
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Is it possible to have a Binomial distribution with mean = 5 and
SD=4?

| Solution: =
Lo AL e L e M e

Giventhat np=35

Squaring Bmh sides

Jnpg =4

Or npg=16
5¢=16

16

= =32>1
q 5 >

p or g should not be greater than one because p+g=1

Hence it is not possible to have a Binomial distribution with mean 5 and
S.D4.

A random variable X is binomially distributed with mean 38 and
S.D 2.94. Find n and p.

®

Or npg=8.64 (ii)
Putting value of n p in equation (ii), we get
38¢=28.64

(92)



8.64

g=—_—=

8

Lp= l-g= 1-0.23=0.77

Put in equation (i), the value of p, to have

P = Plresulting 4,5 or 6 on o single die) =

N

0.23

n (0.77) =38
38 ¥ ( ) é‘ 1 x I S-x
= — =49.3512 50 s [-] [—] Er=Np(x)
n 077 2/\2 Wi
Hence the tequimd parameters are [n= 49, P= 0‘7?] " 5 IT 1 ]54 1 : 1 ]
0 —||=] == —|=
"El 2, [‘2 32 96[3‘2 »
_3.34 Binomial frequency distribution !
' s farayeay” s 5
_c[— L* =2 96| = | =15
iy Ry : ok Gh2 L\ 2 32 32
If the Binomial probability distribution is multiplied by N, the
number of Binomial ~experiments, ie. Np(x) = N[E? p"q""'} the s [ 1 T [ 1 ]"’_ 10 Za
212/ \2 32
resulting distribution is known as Binomial frequency distribution. It is used
. 3. 5-3
to find the expected frequency (Ey) of X successes in N Binomial experiments. 3 {:,‘[—;-} L%] ;% : =30
Dampie 317 i
e |
P : V2L 2 32
Suppose five fair dice are rolled 96 times. Find the expected :
frequencies when the number 4, 5 or 6 is regarded as success. i L [ i )s [ 1 ]5—5 i o
[ Solatfons~| et <
Total 1 96
We have N =

96,1 =5, X: number of dice showing 4, 5 or 6.
~ x=ﬂ| lszl?haus

[= QRS
B |
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p) = é{l o 0
: 2) {5] » ¥=0,1,2,3,4,5

Now expected frequencies are computed as follows:
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The expected frequencies are computed as:

g e e

Fit a Binomial distribution to the following data and compute ©Xpecteq — —
frequencies: i1 )= ¢(032)" (08)"™

- & +
e e e o 0 -0 _
H :-.._."_'_ ol T _2 e " 0 g(osz) {0*68) — 0-21331‘

[30 62 46 10 2

3 1 41
1| €(032)' (0.68)" =0.400478

First we compute mean of the given frequency distribution ? : k _
‘1o 2z 3 4 (Toal 2 | €(032)(0.68)"* =0.284099
~ [150

A
3 | €(032)'(0.68) =0.089129

4
4 | €(0.32)°(0.68)" =0.010486
Given that n = 4, N = 150. Now for Binomial distribution H=np :

buthcrcnisunknownsnwemplmuwiﬂlitses!imalmf. Tnﬁl i : h
= Y 192
X=—=—=1128 ’ —
*f 150 - Example 3.19
+X=np =128=np Suppose that seven coins are tossed and the number of heads

noted. This experiment is repeated 128 times (i) fit a Binomial
distribution under the hypothesis that the coins are unbiased. (ii) compute

1.
Orl28=4p =p= —2—§ =032 sg=068 the theoretical frequencies. (iii) find its mean and standard deviation.
4 9 _
Solution: i
The . F O o .
fitod Nisontal disribeion s (i)  We have the following information
4 % ¢ 1 ; k

p(x)=1€(032)" (0.68) x=0,1,2,3,4 ; n=7,%X=0,1,234,567 N=128,p= 5 (coins are unbiased),

U ) Oﬂl i

e q= % , therefore, the fitted Binomial distribution is

2N B



R T L e = W g © T Fillang q

CI2Y 72) s x=00T
P(.ﬂ:{q(” 2)( )

(i)

otherwise
(17 l.?—: E/=Np()
= ey [ [ =N plx
X pQ) = g:[zj [ZJ Re
1
TG — =01
0 dalls) @ |
I L7-1 T
A o) ) e 128 x — =07
: (-:(EJ[EJ =18 128
2 1\7-2 2I 2
2 | {35 - %
3 7-3
1 35 =
ol 3 5 e
4 W74 15
4 51} [lJ = | =35
sl2)\2)- 128 p
.5 2 T-5
711 11 21
G2 K
sl2)l2) 128
ﬂ': D17 7
s | 3G = =
7 7=7
| )0 |
Total 1 p- 128

(iii)  Mean of Binomial distribution= EX)=np= ';‘[ i): 35
2)

e 1
Standard deviation of Binomial distribution =0 = ,‘,,p = ?X%XE
i
=,|-=132
J;

I &

e S R e
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The Binomial distribution is based
successive trials are independent and the
unchanged from trial to trial. These assu
with replacement from an infinite populat;
which the conditions of independence is violated and the probability of
success does not remain the same/constant for all trails eg. if sampling is
without replacement from a finite population, the probability will change
from trail to trail and the successive trails will be dependent. Such

experiments are called hypergeometric cxperiments having the following
four properties:

Uniit -3: Special Discrete Probability Distributions

"gﬁi-lt?.;.:lr'r-. e FENER FRE
Ao TELEIE & IMent & 4

on the assumption that the
probability of success remains
mptions hold only for sampling
ion but there are experiments in

i.  Each trail may have two possible results, success and failure.
ii.  The probability of success changes on each trail.
iii. ~ The successive trails are dependent.
iv.  The experiment is repeated a fixed number of time, say n.

The random variable X denoting the number of successes in a
hypergeometric experiment is called hypergeometric random variable and
its  probability distribution is  called hypergeometric  probability
distribution.

ErS Ty

If values of a hypergeometric random variable along with their
associated probabilities are shown in tabular form, then it is called
hypergeometric probability distribution i.e.

—

EEE=IREEIR
A e 8
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Hypergeometric probability mass function

The probability mass function of hypergeometric random vy,
X is given as:

342

e
x )\ n—x s x:ﬂ,i,Z,...,nﬁn(u,K}

0 otherwise

This distribution has three parameters N, K, n, whereas
« N denotes total number of items in the population.
« K denotes the number of successes in the population.

+ n denotes the number of elements in the sample drawn g
random.

« X denotes the number of successes in the sample.

A committee of size three is selected from 4 men and 2 women.
Find the probability distribution for the number of women in the

PSSR ve e

4M
W e—K

N—> 6 persons

As it has not been mentioned that :
: an ob is returned 0
the population before eyt object selected is re

sampling case ang draw so, we consider it without replat:t‘:ﬂ“‘{lt
required. hence - hypergeometric  probability distribution 15

N

J

- b - ‘I_?—,;__:—T_:.—:. P g

Statlstics - XIl RN b,

Now 7 =3 (size of committee)
K=2 (number of successes)

X=0, 1,2 (number of women in the committee)

Hence the fitted hypergeometric probability function is:

{C1G=2
x)M\3-x
plx) = 6 y x=01,2
)
0 , otherwise

The hypergeometric probability distribution is:




Example 3.21

In an international recitation competition of the Holy Qu
panel of 11 judges is formed to judge the best recitation. Two FeCitatiop
Ra and Rp were considered to be the best where the opinion of judg
divided. Six judges were in favour of Ra whereas five in favour of p
random sample of five judges was drawn from the panel,

mdih
probability that out of five judges three are in favour of recitation R,
Solution:
In the given problem
6R, |«—K
5R,
N—>11
n=5, X=0,1,2,3,4,5(+X=0,1,2,...min(n,k)}
)5
xJ\ 5-x
~———2 x=012345
px)= N ~ 49
n).
0 otherwise
Now
%)
PX=3)= 3)\5-3 i @
11 231
5
5 i
ﬂf-"lr&s-} ”r If‘ﬁhﬁl iﬂﬁ%ﬁﬁ& ,,:F' ;{_l' 1;"’\;-;
+ Mean of h i dated ; :
given by Beometric probability distribution by definition iS.

fan, o

5 got

=

Statistics - XIl

1 " e N k
_jx-l (k=x)ix! x)'.t'f n-x
Any

z": k(k -1)! (N k)

[N = (k-x)x(x-1)!\ n-x
n

k& G- (N-KE)_ k a2 Nk
[ )E(k J:)'(x 1)'(!1 I] __JE[ ][n—x]
n
Let y=x-1=x=y+l

Ifx=1,y=0

Ifx=ny=n-1

B0 = ﬁi[*;'}[ﬁ; )

n

]
Apply the hypergeometric identity E)(T](k i r] = [m;-n]

e ammme AN EADLG A S
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- ik N-1
Em“_.v_ n-1
n

K (N-1)! _Kn(n ~1)1(N-1)!
(N=n)l(n-1)t N(N-1)! (n-1)!
(N =n)!n!
e
=

+ Variance of hypergeometric probability distribution

By definition
Variance = V(X) = E(X?) - [E(X)] ® (A)
As E(X) = "K sl

Now E(X3) =§ * p(x)

=ix’w={o)zw+éfm;j
o s SR

2 ECIS (A

x)\n -x

P e e [ o O
S R L

S Unit-3: Specal Discrete Probability Distributions

~ ¢ ! (N-k e
B ’Ex(x l)(k—x)'x'(n x) +(T)

z:J
S

I L

[ ] (k=x)tx(x=1)(x=2)1  n -x

E* J".a(k.‘f,;i’iz),[f 4)enk

N
="E’;‘]"§(’::§J[:‘:':ﬂ+%

Let y=x-2, x=y+2

If =2 , y=0
If x=n, y=n- 2therefme,
klk-1) =2 (k-2
E(x)=XED ¥ E
N] =l y J\n-y- 2
n

n m+n
Using the hypergeometric identity E( ][k r) [ ]

k
B = k(k-1) (N-—l]_l_ﬂ

Al

_ k(k-1) (N-2)! LTk
- (N=n)i(n-2)! " N

(N=n)in!



e

_k(k-1)n(n-1)(n-2)! (N-2)! nk
~ N(N-1)(N-2)!  (n-2)!
=n{n‘—l!k(k -1) +_n_k @
N(N-T) T
Putting equation (1) or equation (2) in equation (A)
_n(n=1)k(k-1) nk nk
it NN-1) N N

_nk '{n—l}(k—1)+1 n_kj
N E "N

nk|[ N(n-1)(k-1)+ N(N-1) -nk(N—])]

V(X)) =—
Ll N N(N-1)

_nk[nNk-nN-Nk+N+N*-N-nkN+nk
N N(N-1)

[ N*-Nk+nk-nN
N(N-1)

[ N(N-k)-n(N- k]J

[ . N{N-1)

[N’ k)(N- n)J
N(N-

N-n
N-1

I
2],‘_ El:. z|5

g
"N
npq

k
B pas pelepay. X N=k
i e

N
Standard deviat; ;
Viation of hypergeometric Pmbability distribution is

-n
N-1

... e

. R e

- =

T
Statistics - X

IDlscrete Probability

se]ccmA :;\:: cfhntain:o:]gmcn and 7 red balls. A sample of 5 balls is
e without replacement. Find the ili
babil

distribution for the number of green balls. Compute the mzanpm ; la:;

variance of this probability distribution
and .
theoretical mean and variance, compare them with the

The bowl contains
4G '(——k
TR
N—> 11 balls
Heren=35

X: number of green balls selected

X=01 192| 3>4

balls.].
1(4)(11-4
47 7 Sl A
‘.‘P(x]: {IIJ y XS 1Ay sy oty
5

0 otherwise

[Sisnotpossibleasthemarem}y-igrm

Now hypergeometric probability distribution of X is given as

Qe T T I/ . N

oy YT T —
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o s = Pl =T reaniity D"frl-b;u% L=

Vo (4] 7 )
% wil: P(x)-_.x_s—i- xp(x) sz{x)
pam i 11
E‘!-F: 5)
B (4 7
| \ofs-0) =z : 0

0 11 2
5 5
: PATE
& 1)\5-1) _140 140 140
B 11 462 462 462
E’;’_-_: 5
=k 4y 7
|2l 20 2 | 0
i 11 462 462 462
7
o
B -
i
e
el
e S il T
{“} 462 462 462
s e '
o RS,
AR Tl " 462 462

Statistics - X1|

Mean = E(X) = 5xp(x)=%=l.81sz g s
Variance = V(X) = E(X?) - [E(X)] 2

=§:ﬂx1 p(x) - (1.8182)°
1848

=ezy ~ (1:8182)" = 4 - 33059 = 0.694

ores b s et

* Verification

E
Mean of hypergeometric distribution = E(X) =5—k-=5—“1=£=] 8182 %
N 11 1
; okt k N—k N-n *
Variance of hypergeometric distribution X2
L N N N-1
. . 4
=1_3132_(”;4)[1.1'_5)
11 11-1
=0.694
g
. :
§
E | b ..,.--,?..__. ey TY -TYer—



= A probability function defined as

plx)= 5+ XL

0 ; otherwise

is called discrete uniform probability function

*» A random experiment which has two possible outcomes,
classified as success and failure, is called a Bernoulli trial.

» If a Bernoulli trail is repeated a fixed number of times, say n, then
such an experiment is called Binomial experiment.

*  The Binomial probability mass function is given by the formula:

plx) {CP:. » x=012,..,n

0, otherwise

= Mean of Binomial distribution is np

* Binomial distribution has two parameters i.e. n and p. Its range is from
Oton

* Variance of Binomial distribution is npq

* The hypergeometric probability distribution is

oy

X n—=x

p(x) = [N) » ¥=0,1.2,..,min(n, K)
n

0 otherwise

= H LI T . .
0 me&%mc distribution has three parameters and its range is from

e Ty _.-t.urn-_ N n;!‘a.

Statisties - XI| 3 F, T -
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- Exercise
b

W

rite THor true andlE for falsein the following statement.

i) If

X

I
B
2

=

p(x)

then X is not uniform random variable.

ii. Bernoulli experiment will always give only two results.

iii. Tossing a fair coin a large number of times is a Binomial experiment

iv. Binomial probability distribution has only two parameters i.e. n and P-
v. A Binomial random variable is discrete,

vi. Mean and variance of binomial distribution are equal.

vii. If each digit from 0 to 9 has the same probability i.e.— , they are
called random digits.
viii.The Binomial distribution will be symmetrical if p = g =—

ix. The hypergeomewric random variable cannot assume the negative
values.

X. Hypergeometric probability distribution has three parameters ie. N,
K, and n.

2" Filllin'the blanks.
(i)  Bernoulli trail has
(ii)  Bernoulli distribution has parameter.

possible outcomes.

(iii)  Range of Binomial random variable is from O to
(iv)  Parameters of Binomial distribution are

(v) Mean of Binomial distribution is and varance is

(vi) The number of trails in hypergeometric  distribution s

11
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(vii) Bemoulli random variable takes only two vyl
e,

[\"Iil) Pairs of random dlgllﬁ are called vi) The Binomial distribution is the

(ix)  The successive trails in a Binomial experiment are . R 4) equal probability distribution
(x)  The probability of success from trail to yry;) -
hypergeometric experiment. . ;

b) individuall probability distribution
c¢) discrete probability distribution

d) continuous probability distribution

Choose the correct answer.

i) The Binominal distribution was introduced by W T O T e e i e
s deviati s
a) Simon Denis Poisson  b) Jacob Bernoulli Viation is equal to

¢) Abraham De Moirés d) R.A. Fisher a) 42 b)'6.48
ii) In a Bernoulli trail the probability of success is denoted by c) 18 d) 3.55
a) g " bl-p viii) - If a fair coin is tossed once, the value of p will be
1
c)p d) 1-gq 8 - b 1
iii) The mean of the Binomial distribution is 3
I 1
a) \ﬁ; b) npq c) 7 d) <
¢) np d) \/npg ix)  The number of parameters in a Binomial distribution are
a) one b) two
iv) If X has a Binomial distribution with p =-§ and n = 9, then its c) three d) four

will be equal to x) The range of uniform distribution is equal to;

N b)3 a) w100 B)O,1,...N
c)5 d)6 c)0to o d1,2,3...N
v) H ’ S I Wr fe ; . 34 Describe in brief the discrete uniform probability distribution.
Ypergeometric probability distribution has parameters AR Whet o yae o ‘shouk’ saniie B aanie:  Decbe: eandes
3 b)3 number generator and random number table?
c)4 d)s 3.6 Explain how you would select a random sample of 10 colleges form a list

of 206 colleges by using a random number table.

™ (12
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38

39

3.10

i

312

313

.14

3.15

3.16

317

B ] ] |

Define i) Bemoulli experiment ii) Bernoulli random varjgp), i)
Binomial experiment iv) Binomial random variable.

Define Bernoulli probability distribution. Find ils mean, variance and
standard deviation.

i) What is a Binomial experiment and what are its conditions/properties?
ii) Find the mean and variance of the Binomial distribution.

Suppose X has a Binomial probability distribution with p = 04 and , = 4
Find i) P(X = -1), ii) P(X = 2), iii) P(X = 1.5), iv) P(X = 2), v) p(x =2),

Ifn=5andp= g’ Find the complete Binomial probability distribution,

A fair coin is tossed six times. What is the probability that i) Less thay
four heads occur ii) 2 or more heads occur.

If 40% of a consignment of eggs are bad. Estimate the chance that 5 eggs
chosen at random contains i) Mone, ii) one and  iii) at least one bag
egg.

A certain drug causes kidney damage 1% of patients. Suppose the drug is
to be tested on 50 patients. Find the probability i) none of the patients

will experience kidney damage and ii) one or more of the patients will
experience kidney damage.

If 60% of the students in a large college are day-scholar. Find the

probability that in a random sample of 12 students from that college
exactly 7 will be day-scholar.

If the probability of hitting a rtarget is Sland ten shots are fired

independently. What is the probability of the target being hit at least
twice? :

If the probability that a person entering a ytil: .
til su
is 0.90. Compute the g a utility store will purchase sugar

probability that exactly one person among the next
five entering the utility store will purchase sugar? & 4

W 2

atatistics - All

3.18

319

3.20

R |
322

3.23

3.24

3.25

3.26

a) Define binomial distribution and explain how it arises in practice?
b) Derive its mean and S.D.

Let the pmblab:ilily of a defective bolt is 0,10, Find a) the mean and b) the
standard deviation far the distribution of defective bolts in a total of 400,

The mean and standard derivation of a Binomial distribution are 3 and

1.5 ;espec!ivcly, Find the two parameters of the Binomial distribution i.e.
nand p. ‘

In a Binomial distribution the mean and variance were found to be 12.38
and 8.64. Find n and p.

Is it possible to have a Binomial distribution with mean = 5 and standard
deviation = 37

a) If X is a Binomial random variable with n = 10 and p = 0.6 then find
E(3X =2).

b) If a Binomial distribution has mean=3 and variance= 2. Find P(X £ 5)

Find the mean, variance and S.D for the following binomial probability
distribution:

Also compare these results with the mean, variance and S.D of the
Binomial distribution for p = 0.5

a) Define Binomial frequency distribution.

b) Four dice are thrown and the number of sixes in each throw is
recorded, this is repeated 108 times. Find the expected frequencies of 0,
1,2,3.4 sixes.

Fit a Binomial distribution to the following table.

nit -3¢ mql'mb\ul:l!l!w Istrlluft_



