1. Negative binomial distribution

2. Properties of negative binomial
distribution
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4. Prﬂperﬁes 0
distributiop
B Exercise.

Eﬂl’“etrit

Suppose we are interested in finding the probability that he wi]
target for the fourth time at the tenth attempt. For

at the tenth attempt and must have 3 su

Hence the probability that he will h
attempt = The probability that he will
nine attempts x Probability that he wi

I hit the
this he must have success

ccesses in the first 9 attempts,

it the target fourth time at the tenth
hit the target three times in the first
I1 hit the target in the tenth attempt;

= 84 (0.4)* (0.6)°

= 84 (0.0256) (.046656)
= 0.1003

We shall take one more illustration to understand this distribution. .

Suppose during an epidemic the probability that a particular insect will
bite a person is p; and the probability that it will not bite him is q. Here
P*+q = 1. Suppose the person dies when the insect bites him at the n' time.
Suppose we want to find out the probability that the insect will bite the person
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plstrl_b“ (n + x)™ trial. The probability that the insect will bltl:‘:::;
at+ x)i trial = Probability that insect will bite (n -u-1 l). ll

gt Probability that it will bite him at (n + x)* trial.

i

(n+*" ”C[H-I} P

n-1_x

g s F

=1) n. q,t
(n +X C{n — I} p | -t
] h ﬁmbabiiity that the insect will not bite for x times before 1
the

gnﬂfée o time at (n + x)™ trial is
1 fﬂr Ii P
bite> p(x) = n+r—|]C{”_”p" " A g i B

bability distribution is known as negative binomial distribution.
me negative binomial distribution : | |
' bability mass function of a discrete random variable x

This
finitio
Jroheit istributi is said
| (n+x- ”C[,, -1 p"q*, x=0,1,2,...... then the distribution of x 1

s = SRR
-ve binomial distribution.
be negative
m 2 (n+x-1) n_x
Here ZPLT): 2 Cr-1P9
ere,

Thus the total probability = 1 - -
Here the probabilities of different values of the variable x are the different

i ‘ B this distribution is
terms of the binomial expansion of p"(l - g)™". Hence

known as negative binomial probability distribution. _

The nega%iva binomial distribution originated frDIIl thzl Smd;lﬂi ‘:1 C:i:::i
of persons during a particular epidemic. If a person dies Oflly whe x
bites him for the nth time, then the probability that the insect does not 113&
him for x times before it bites for the nh time can be found out by this
distribut; §

?Eu::;tive binomial distribution the tf_ials also fol_ll?w Betl:nqulh S
Conditions, In it (i) Each trial is independent (ii) the probability p of success
femains constant in each trial.
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Propert
p‘ ‘Ias of Negative binom;
1. This is a distribution s

I Df '

average n : '
24 llI'nbE!‘ ﬂf fallurES bEf{]re thE i P whlﬂh Riy
4. The varian - " Succe "4
ce of negative hinﬂ‘miﬂl distrib S8,
e Ution _ ng
5. In this distribution variance ; »
IS greater than m 4
6. When » — « and i-—ar 0, , o
' - p Negative binomia| i,
Poisson distribution. tribution
7. When n =

1, negative binomi

. - = lnﬂm 1 ~ L]

distribution. ‘al distribution becomes g
EOme:

Uses of negative binomial distribution :

This distribution is useful in findi

indin e

itsrs nt guccess T (e + 2 ifials. g out the probability of , fail i
This dlstrtbuti‘ﬂn is useful in studying the probabili

person due to an insect bites during an epidemic 'y of a death o

The distribution is also useful in the study of certain biological prp)
1 ] ame m
Illustration 1 : The probability that a person can hit a ta]’g]:;t il:m
: |

« s 2 W TF
trial 1s %. Find the probability that he will hit the target fourth timey
the ninth trial.

2 I

Ans. : Here, P= 7> .- 4= 7.

i 3 " 3
n+x=9,n=4x=5

Now P(x)="""" ”C{n—np" g

— 56 % _!E W _.l_-
81 243
= 0.0455

—

Al utiﬂn'z t
.orete str2 2:80 per cent of mangoes are swee i eds 5
ration = ° i dged only bY its taste. A P¢ ngo when
fllus o can pe Ju g _ el get the sth gweet ma

Al

=(0.0918 i is tossed

stration 3 : The prubahility of getting head when a col

[llu
obability of getting

a coin continuously. Find the pr
ce of number of

is 1 A person tosses
ﬁth.head at the 10th trial. Also find the mean and varian

(ails before getting the 6" head.
l 1

Ans. : Here, P=5> 975

nix=10; n=6 x=4

x=1) 1 X
P(x) = (n+x C{,,._” p!q

iy
o %6 (5) (3]

126
1024
=0.123
Now the average number of tails before getting the 6% head
1
Mean = - = sl N
p 3
l
Virhmoe =22 5% =12
pPrg
4
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Illustration 4 : A die is thrown and obtaj L
: ning 5 o o dsh
as success. Find the probability of getting secungd su:ci: ::Et;]s .
e Gth

= 0.067

Illustration 5 : The probability that a person can hi a target ;
He is to be given a prize when hu_e hits the target for the dth time EF[].G.
the probability that he will require more than 8 trials o obtain he

Ans. : Here, p=0.6; g=0.4;n=4, n+x>8 |
n+x29
4 +x29

T
Here P(x) = ”*"”C(,,_” i
- 4
= =00

- (3 +.I}Cj (0.6)4(0. 4).1'

Pi{x25)
= P(5) + P(6) + P(7) + ........
=1-[P(0) + P(1) + P(2) + P(3) + P(4)]

e [3(:3(0.6)"(0.4)“ + 4C;(0.6)* (0.4)' + 5C5(0.6)* (0.4)°
+ 6C3(0.6)4 0.4)° + 'c;(0.6)°* (0.4)4]
4
= 1-(0.6)* [1 x 1+ 4 (0.4) + 10 (0.4)2 + 20 (0.4)° +35 (04 |

56
=1"(0-5J4[lxl+4xﬂ.4+!0:0.16+20x0.064+35:¢0.02 ]

=1-0.1296[1 + 1.6 + 1.6 + 1.28 + 0.896]

109

j rew Diﬁﬂibﬂtiﬂﬂ-z
DS _ 0.1296 [6.376]
-1 - 0.8263

= 0.1737
lustration 6 : A person draws a card one after the other from a pack

cards. Each time the card is replaced before the next draw. Find
of 57 obability that he will get 374 spade at the 8™ draw. Also find the
the E:rand variance of the number of failures before the 3rd spade IS
med

wh.
dra | 1

Ans. : Here, rik

1 § 243
64 1024
= 0.0779
The average number of failures before the

m;:3x% -8

= 2] x

3d gpade is drawn =

. n
Variance =—-=

3. | Geometric distribution :

We have seen that the probability mass function pf negative binomial

distribution is P(x) = "** "V C, -y P'¢
If we put » = 1 in this distribution we get the following probability
function
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This probability distribution gives the probability of Udhip Prakaah.
v before the first success. Taking values of x ag 0, 1 1 Umber iy Idn
probabilities p, gp, ¢%p, ¢*p, .... can be obtained ﬁ'{J* ' O, the gicp 6

R 3 In thE 2 El".
These probabilities are the different terms of the ge ﬂmetr;bnv? d'stﬁbuﬁu“
the distribution is known as Geometric distribution >Cries ang | on,

1en,
Definition : If the probability mass function of 4 & N
[

i . . SCrete
variable x 1S P(x) = ¢* -p, ¥=0,1,2,..... then the distribution o o
Of y iS

to be geometric distribution. Saig

LMY= To'p
x={

Here,

=p+qp+q2p+ ......

Here the variable x denotes the number of failures before the f;
Irst

4. | Properties of geometric distribution : |

1. This is a distribution of a discrete variable.
2. p is a parameter of the distribution.

3. The mean of the distribution = % which shows the average numk
failures before the first success. b
e 4
pz

5. Variance is greater than mean in this distribution.

Uses of geometric distribution :

This distribution is useful for finding the probability of number of
failures before getting first success in trials following Bernoulli’s conditions,
Illustration 7 : The probability that a person can hit a target in any

trial is 0.7. Find the probability that he will hit the target for the first
time at the 4" trial,

Ans. : Here, p=0.7, g =03, x =3

4. Variance of this distribution =

P(x)=q"p
P(3) = (0.3)? (0.7)
=0.0189

~ Illustration 8 : The probability of getting head when a coin is tossed
is 0.5. Find the probability of obtaining first head at the third trial.

JA X
P(x)=qp
P (2) = (0.5 (0.5) ¥
= 0.125

ystration 9 : A die is thrown and getting 5 is regarded as SUCCEss.

3 he probability that more than 4 trials will be required before

gind ¢

I
o y P = | q ™
Ans : Here 6

s
6
n+xz5

n=|
~E28

P(x24)= ¥ P(x)

x=4

3
:]—[:Z P("E}“
x=0 1

=1 - [ P(0) + P(1) + P(2) + P(3) ]
P(x24)=1-[p+qp+q°p+q°p)

| 5 .1 25 1
=l-|—-+=-X—-+—X~—
6 6 6 36 6

(216 + 180 + 150 +125
1296

. 6?]]

1296
=1-0.5177
= 0.4823
Hlustration 10 : Assuming that the probability that a male child is
1
born to a woman is 3 find the probability that the 4 child born to a

woman is a first male child. Also find the mean and variance of number
of girls born before the first male child is born.
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the fi
=i=-/l—é.-.l |
P K
Variance =.E_=_]/g=2
P Y
SECTION - A .

Answer in one line :

1. Give probability mass function of negative bino

Give the relation betw
ve een mean and vari
distribution. e —

mial dimihmigﬂ
n nEgElﬂ vairmmiﬂl

!-J'

What are the parameters of negative binomial distribution 2

What is the mean and variance of negative binomial disnil;ut' ?
WT[’]EI‘I negative binomial distribution follows poisson clistrihu:i?n:?
Give one use of negative binomial distribution. |

What is the relation betw ‘ '
ha een negative binomial '
distribution. . T -—

A AW

8. Give probability mass function of geometric distribution.
9. What is the parameter of geometric distribution ?

10. Give mean and variance of geometric distribution.

I1. Give use of geometric distribution.

SECTION - B

L.~ Give the probability mass function of negative binomial distribution
State its properties and uses.

_—-'----‘

st
; b
. ~rete _ :
I:"sﬂfc ne atwe bI .
when dues? Stagte the probability mass function, P

10.

11.

12.

112

M

S ecome
nomial distribution rties and use€s

rope€

distribution . .t it the target in
4 WIII hlt "
ims a target. The P - hﬂII hit the target thir

| is 0.2. Find the probability that he W! (AnS. ® 0.0551]

he eighth trial. | N Find the
ability of getting head when a coin 15 t;rss?:gt ; st::a 1

erson will get 5™ head at the
that a p g o

time at t

The prob

0.0806]
: ercent of mangoes are sweet in a
;Nal:i:g Ennwn only by its taste. A person rc
Find the probability of getting 6 sweet mango W

quires 6 swee .

(Ans. : 0.1116]

' i is 1/4. A
tato is stale in a lot of potatoes is |
i ty that he will get

[Ans. : 0.0649]
Find the

tasted.

he probability | |
:EI‘SUP;I requires 5 good potatoes. Find the pmbablll

sth good potato when he Inspects 9th potato.

n and an even number 1s regarded as sUCCEss.

success is obtained at the 10" throw.
[Ans. : 0.1230]

stion and of

A die is throw
probability that 6th

[n an objective test 3 alternatives are given in each que
them only one is correct. A student does not know correct answer of

any question. Hence he ticks any one of the answers at random . Find
the probability that his 3rd answer will be correct at the 8th trial.
[Ans. : 0.1024]

The probability that any bulb is defective in a lot is 0.1. Whether a
bulb is defective or not can be known only by testing it. A person
requires 7 good bulbs. Find the probability that he will get 7t good

bulb on testing 9% bulb. [Ans. : 0.1339]

The probability that a cricketer can hit a six on any ball is 1/3. Find
the probability that he will hit 3¢ six on the 6" ball. [Ans. :0.1097)
The probability that a person can hit a target is 0.8. He gets a prize
when he hits the target 4™ time. Find the probability that he will
require more than 7 trials to get the prize. |Ans. : 0.0333]

A person draws cards one after the other with replacement. Find the

probability that he will get 3™ spade at the 7™ draw. Also find mean
and variance of number of failures before getting 3™ spade.

[Ans. : 0.0742, mean = 9, Variance = 36]

4_4~_
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Sudhir Pl‘ﬂkashﬂn
13. The probability that a person can hit a target is 0.6. Find the pmm
that the will hit the target first time at the fifth trial. [Ans. 4

14. Find the probability of getting number 6 for the first time at
attempt when a die is thrown. Also find mean and variance
of failures before getting number 6.

[Ans. : 0.0965, mean 3, Variance = 30)
IS. Fifty percent of mangoes are sweet in a lot. Find the

the first sweet mango will be obtained when the

: ﬂ.ﬂ1535|

the fDUI‘th
Dfm_]mbel.

Probability that
3rd mango is tasteq

[Ans, : -I-]
16. Cards are drawn one after the other with replacement f;

8

| t rom a pa

52 cards. Find the probability of getting a king for the first Ptu;]: ﬂ{
a

i 12)°
the 7' attempt. L\“S' : -(-__)__
13y

17. 80 per cent of the bulbs are defective in a b

inspected one after the other from the ot Find th '
. : : € probabil;
the first non-defective bulb will be obtained on testing the tentftuyb:::;t

Also find mean and variance of number of defective bulbs draw
before getting the first non-defective bulb. i

ig lot of bulbs. Byl are

. [Ans. : 0.0268, mean = 4, variance =
18. How a geometric distribution can be obtained from

distribution ? Give probability mass function,
of geometric distribution.

19. In a big lot of mangoes 90% of mangoes-are good. The quality of
mango can be judged only by its taste. Find the probability that 6

Or more mangoes are required to be tasted for getting 4 good man-
goes.

[Ans.: 0.08146]

20. A die is thrown. Find the probability of getting 1 for the first time
at 'the: fourth attempt. Also find the mean and variance of number of
failures before obtaining 1 for the first time.

125 |
[Ans.: Do’ Mean = 5, Variance = 30]

21. In an' objective test, there are three alternatives answers of each
question and one of them is correct. A student does not know correct
answer of any of the questions and hence he write the answers by
guess. Find the probability that he will be required to answer more

20]
a negative binomia]

properties and uses

Dis¢

rete Distribution-2

the probability that he will hit the target second time at the fourth
trial.
[Ans.: 0.0768]

23. For a negative binomial distribution mean is 9 and variance 1s 36.

| 3

Find its parameters. [Ans.:n=3,p=7,9= II

24, For a geometric distribution mean is 5 and variance is 30. Find its

I

5

25. (a) Write properties of Negative Binomial Distribution.

(b) A person draws a card one by one with replacement from a
pack of 52 cards. Find the probability of getting third spade
card when he draws eight card. Also find mean and variance
of number of failures before it..

(c) The probability that any person hit a target in any trial is 0.8.
Find the probability that in eighth trial he hit the target first
time ?7

[Ans.: (b) 0.0779, Mean = 9, Variance = 36 (c) 0.00001024]
26. (a) State the probability mass function of negative binomial
distribution. State its properties and uses.

i ; - e
(b) The probability that a person can hit a target 1s 5 Find the

probability that he will hit the target 6th time at the tenth
trial. Also find the mean and variance of number of failures
before 6th tnal.
(¢) Inanobjective test 4 alternatives are given in each question
and of them only one is correct. A student does not know
correct answer of any question. Hence he ticks any one of

than 7 questions to get third correct answer. |Ans. : 0.5706]

the answers at random. Find the probability that his 3rd
answer will be correct at the 6th trial.
(d) Mean and variance of negative binomial distribution are 8
and 24 respectively. Find its parameters.

[Guj. Uni., Dec., 2013]

126
|Ans.: (b) 0 0.123 Mean = 6 and Variance = 12
)__27{} = 0.0659 (d . dn=4
(c e : {}p-aan n =4

e —

Scanned with CamScanner

115 |

ﬁ probability that a person can hit a target many trial is 0.8. Find
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SUdhir p

28.

(b)

()

(a)
(b)
(c)

(d)

(1)

(g)
(h)

: : ra
27. (a) State the probability mass function of geumm

State its properties and uses. “butim;
The probability that an apple is sour in a ot jg 3 R

4 7Ind
probability that a person gets first sweet apple wy, he
apple is tested. N fify,

The probability that a cricketer can hit a sjx ¢, any
all i

! Find the probability that he will hit f;
o

"SLSIX on the Sixg]
ball. :

[Gyj. Uni, p
[Ans. : (b) P(4) = 0.0791 () P(S) = 0.043g9) ~ 2'13]

State the probability mass function of geometric di
State its properties and uses.

State the probability mass function of ne
distribution. State its properties and uses.
The probability that a person can hit a ta
0.7. Find the probability that a person can
time at the eighth trial.

In a lot of apples there are 20% are sour. Find the
that a person gets third sweet apple when fi
tested.

In an objective test 3 alternatives are given in ea

and of them only one is correct. A student ticks any one of
the answers at random. Find the probability that his ﬁ:;t
answer will be correct at fourth trial.

A person tosses an unbiased coin continuously. Find the
probability of getting st head at the 9th trial. Also find the
mean and variance of number of failure before getting 1st
head.

In a Negative Binomial distribution if mean & variance are
24 & 96 respectively, then find its parameters.

For geame_tric distribution if probability of success is 1/4,
then find its mean & variance.

Stribuj_-iun
gative bi“ﬂmial

rget in any trig| i
hlt thE target thl'l'd

Pmbability
fth apple js

ch questiop

_ [Guj. Uni., Dec., 2015]
+ () 0.0175 (d) 0.1229 (e) 0.0988 (f) 0.0020,

1
AT 8, (h) Mean =3,

[Ans.

Mean = 1, Variance = 2(g) P=
Variance = 12]

—— e —— T — T — R e

— - o WE— . — — =W W
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—

piscrete Distribution-2

19. (a)
(b)
(¢)

(d)

(e)
(1)

30. (a)

(b)

(¢)

(d)

11
[Ans. : () 0.1116, 0.67, 0.79 (d) 0.2684, 4,20 (¢) 5, 5, 6 () 0.1161]

: . . ”
Explain probability function of a Negative Binomia

distribution and describe its properties.
Explain probability function of Geometric distribution and
ive its principles.
i:n per:ent of potatoes are stale in a lot uf pntatnez.'nﬁ
person require 6 good potatoes. Find probability of getti ﬁ
6th good potato when he inspect 8th potato. AI@ find mead
and variance of number of failures before getting 6th goo
potato.
20 percent of bulbs are non-defective in a lot of bulll::r'-s. They
are inspected one after the other. Find the prnbabﬂ{ty that
the first non-defective bulb will be obtained on testing the
tenth bulb. Also find mean and variance of numher_uf
defective bulbs drawn before getting the first non-defective
bulb. |
The mean and variance of a negative binomial distribution
are 6 and 12. Find its parameters. |
The probability that a person can hit a target in any trial is
0.6. Find the probability that a person can hit the target 4th
time at the eight trial.
(Guj. Uni. Dec., 2016)

State probability mass function of Negative Binomial
distribution. Write its properties.

Under which condition Negative Binomial distribution is
Geometric distribution ? Write its probability mass function
and properties.

In a lot of mango probability that mango is rotten is 0.3
A person requires 5 good mango. Find the probability that

a person gets fifth good mango when he inspect ninth mango.
Also find mean and variance of defective mango.

In an objective test, 4 alternatives are given in each question
and of them only one is correct. A student does not know
correct answer of any questions. Hence he ticks any one
of the answers at random. Find the probability that he will
attempt more than 7 questions for getting third correct answer.
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31.

32.

(e)

)

e _W
For negative binomial distribution mean lm

is 24. Find its parameters.
A die is thrown and getting 4 is regarded as gyqq
the probability that more than 4 trials will be require
getting first success. (Guj. Uni.

38, Fln{]
A d hefﬂre
€c., 20!?)

|
[Ans. : (¢) 0.0953, 2.14, 3.06, () 0.7563 (¢) =, 2 (¢ 182

(a)

(b)

(D
(2)
(h)

(1)

(a)
(b)

Give the probability mass function of negatiye |,
distribution. State its properties and uses,

The probability that a person can hit a target s 2/
the probaility that he will hit the target 5th time a¢
Also find the mean and variance of numbers

before Sth trial.

Under which condition negative binomial distributijop
to geometric distribution ? Give the probability mags funct,

of geometric distribution. State its properties anq isid n
A die is thrown and getting ‘3’ is regarded as success. F}n q
the probabilty that more than 4 trials will be requireq before
getting first success.
For a negative binomial distribution mean is 6 anq Variance
is 12. Find probability of success.

When negative binomial distribution follows Poission
distribution ?

lﬂﬂmial

Ninth trial
of failUI'EE

tﬁnds

What is the difference between binomial distributiop and
negative binomial distribution ?

For Geometric distribution mean is 3 and variance is 12,
find probability of success.

Negative binomial distribution is a distribution of which
type of random variable ? (Guj. Uni. Nov, 2018)

[Ans. : (b) 0.1138 (d) 0.4823 (e) % (h) % (1) Discrete |

State properties and uses of negative binomial distribution.
The probability that a person can hit a target in any trial is
0.8. When he hits the target 4th time, he gets a prize. Find

the probability that he will required 7th or 8th trial to win
the prize.

. 119

Discrete Distribution-2
'___——___

33. (a)

(b)

(¢)

(d)

(c) Write probability function of geometric distribution and also

give its properties.

(d) The probability that cricketer Virat Kohli can hit a six on

any ball is 3/4. In the match against South Africa, find the
probability that he will required more than 'S’ balls to hit
the first six.

Answer the following :

(i) Under which condition negative binomial distribution

follows geometric distribution.

(ii) If mean and S.D. of a geometric distribution are 20 and |

10 respectively, find parameter of geometric distribution.

(iii) If 3rd success is obtained at the 8th trial in negative
binomial distribution, find the number of failures.

(Guj. Uni. Nov., 2019)

[Ans. : (b) Required Probability = P(3) + P(4)

= 0.0655 + 0.023 = 0.0885

(d) 0.001 (e) (i) When n =1 negative binomial distribution

becomes geometric distribution

(i)P=1/5,q=4/5(ii)yn+x=8, x=35]

State probability mass function of negative binomial

distribution. Write its properties.
A person draw a card one after the other from a pack of 52
cards and placed it back in the pack every time. Find the

probability that he will get 3rd club at the 8th draw. Also

find the mean and variance of the number of failures before
the 3rd club is drawn.

A die is thrown and getting '4' is regarded as success. Find

the probability that more than 4 trials will be required before
getting first success.

Answer the following :

(1) State any two properties of geometric distribution.

(1) In negative binomial distribution if mean = 24 and
variance = 96, find its parameters.

(Gyj. Uni. Jan., 2021)
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el - Udhir Praka
a

- = h
(Ans. : (b) Required Prob. = 0.0779, Mean = W

i b.=0.4823 (d) (1) n=8, p= =35
(c) Required Pro P=1/4, - il
On,

34. (a) Write the properties of negative binomial distrip;
The probability that a person can hit a target ip 5y,
0.7. Find the probability that he will hit the target £
when he tries for ninth time. Also find the mean ang

y tl'ia] iS
urth timg

Standyy,
deviation.

(b) Write the properties of Gecmetric distribution.
From a pack of 52 cards, one card 1s selected at randy, i
by one using with replacement. What is the probabity i
+ needs more than 3. Find the variance if the probabi]ity
success in any trial is 0.4.

(c) Answer the following : o
(1) The mean of a negative binomial distribution is 3 Fin

the variance if the probability of success in any tjy )

e
at
of

0.4.

(2) Foranegative binomial distribution, mean ........ Varianc,
and for a geometric distribution, mean ........ Variance
() (>, <) (b) (<, <)
(c)(>,>) (d) None of these

(Gyj. Uni. Dec., 202y

[Ans. : (a) Required Probability = 0.0327, Mean = 1.71, S.D. =157
(b) Required Probability =1 — [P(0) + P(1) + P(2)] =0.7865

(©) (1)S.D.=2.74 (2) (b)(<, <)

g Q Q4
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