31. Probability Distribution

Exercise 31

1. Question

Find the mean («), variance (02) and standard deviation (o) for each of the following probability
distributions:
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(i)

04(03(02|0.1

(iii)



0.2{04]03]|0.1

(iv)
2 -1 |0 |1 |2
0.1(02(04(0.2|0.1
Answer
(i) Given :
0 [1 |2 3
Ol1]1] 3 1
6|2 |10 30

To find : mean (w), variance (02) and standard deviation (o)

Formula used :



Mean = E(X) =

Variance = E(X?) - E(X)?

Standard deviation = ,/E(X2) — E(X)2

X1 | X2 X3 X4
O (D] )| )] W
:zrii IEP{I;)

Mean = E(X) = ¥I=%x; P(x;) = x1P(x1) + xaP(x2) + x3P(x3) + X4P(x4)

Mean = E(X) = O(é) + 1(5) +2(%) +3(3—1D) =0+ % + % % = 1”::” = % = E
Mean = E(X) = E = 1.2

E(X)? = (1.2)* = 1.44

E(X2) = XIZ0(x;)%. P(x;) = (%)% P(x1) + (x5)2.P(x2) + (X3)2.P(x3) + (X4)%P(xq)
EO) = (00 + (12 ) +(2)? (D) BB =0+-+ =+ = 2202

E(X2) = 2

Variance = E(X?) - E(X)? = 2= 1,44 = 0.56

Variance = E(X?) - E(X)? = 0.56

Standard deviation = V!E (X2) — E(X)2 = \0.56 = 0.74

Mean = 1.2

Variance = 0.56

Standard deviation = 0.74

(i) Given :



04(03]02]|0.1

To find : mean (w), variance (02) and standard deviation (o)

Formula used :

X1 | X2 | X3 | X4

O (D] )| )]

Mean = E(X) = YI=7 x;P(x;)

Variance = E(X?) - E(X)?

Standard deviation = /E(X2) — E(X)?

Mean = E(X) = ¥'I=7 x, P(xg) #9aPx1) + x2P(x2) + X3P(x3) + X4P(x4)

Mean = E(X) = 1(0.4) + 2(0.3)#3(0.2) +4(0.1) = 0.4 + 0.6 + 0.6 + 0.4 = 2

Mean = E(X) = 2

E(X)? = (2)*=4

E(X2) = YI=%(x,)2. P (x;) = (X1)7P(x1) + (X5)2P(x2) + (X3)%P(x3) + (X4)° P(x4)
E(X?) = (1)%(0.4) + (2)2(0.3) +(3)2(0.2) +(4)2(0.1) =04+ 1.2+ 1.8+ 1.6 =5
E(X?) =5

Variance = E(X?) - E(X)? =5-4=1

Variance = E(X?) - E(X)% =1



Standard deviation = | [E(X2) — E(X)2 = Vi=1

Mean = 2
Variance = 1
Standard deviation = 1

(iii) Given :

0.2(04(03|0.1

To find : mean (w), variance (02) and standard deviation (o)

Formula used :

X1 | X2 | X3 | X4

O (D] G| (3)] (1)

Mean = E(X) = :j{ x; P(x;)

Variance = E(X?) - E(X)?

Standard deviation = JE (X2) — E(X)2

Mean = E(X) = Y127 x; P(x;) = x1P(x1) + X2P(x2) + X3P(x3) + X4P(x4)

Mean = E(X) = -3(0.2) + (-1)(0.4) + 0(0.3) + 2(0.1)= -0.6 - 0.4 + 0 + 0.2 = -0.8
Mean = E(X) = -0.8

E(X)? = (—0.8)% = 0.64

E(X?) = ¥IZ%(x,)2.P(x;) = (X1)2P(x1) + (X5)2P(x2) + (X3)2P(x3) + (X4)?P(x4)



E(X?)= (—3)%(0.2) + (—1)? (0.4) +(0)? (0.3) +(2)?(0.1) = 1.8 + 0.4 + 0+ 0.4 = 2.6
E(X2) = 2.6
Variance = E(X?) - E(X)? = 2.6 - 0.64 = 1.96

Variance = E(X?) - E(X)? = 1.96

Standard deviation = JE(XE) — E(X)Z = V1.96=1.4

Mean = -0.8
Variance = 1.96

1.4

Standard deviation

(iv) Given :

0.1(02(0402]|0.1

To find : mean («), variance (02) and standard, deviation (o)

Formula used :

Xy | Xz | X3 | X X5

(1) | (=) (3) [ () | (5)

Mean = E(X) = ¥!I=% x, P(x;)

Variance = E(X?) - E(X)?

Standard deviation = JE(XE) — E(X)2

Mean = E(X) = :z*; x; P(x;) = x1P(x1) + XxaP(x2) + X3P(x3) + X4P(X4) + X5P(Xs)



Mean = E(X) = -2(0.1) + (-1)(0.2) + 0(0.4) + 1(0.2) + 2(0.1)

Mean = E(X) =-0.2-0.2+ 0+ 0.2+ 0.2=0

Mean = E(X) = 0
E(X)?=(0)*=0

E(X?) = ¥12%(x;)2. P(x;) = (%1)2P(x1) + (X3)%.P(x2) + (X3)2P(x3) + (x4)P(xa) + (x5)*P(x5)
E(X2) = (—2)%0.1) + (—1)% (0.2) +(0)? (0.4) +(1)?(0.2) + (2)%(0.1)

E(X2)=0.4+0.2+0+0.24+0.4=1.2

E(X2) = 1.2
Variance = E(X?) - E(X)2=1.2-0=1.2
Variance = E(X?) - E(X)? = 1.2

Standard deviation VIE(}{E) — E(X)2 = v1.2 = 1.095

Mean = 0
Variance = 1.2

1.095

Standard deviation
2. Question

Find the mean and variance of the number ofiheads When two coins are tossed simultaneously.
Answer

Given : Two coins are tossed simultaneously

To find : mean (w), variance (62)

Formula used :

X1 |X2 | X3

01 (] ()] (3)

Mean = E(X) = ¥127 x; P(x;)

Variance = E(X?) - E(X)?



Mean = E(X) = Y127 x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)
When two coins are tossed simultaneously,

Total possible outcomes = TT , TH , HT , HH where H denotes head and T denotes tail.

P(0) = :t (zero heads =1 [TT])

P(1) = z (one heads = 2 [HT , TH] )

P(2) = :t (two heads = 1 [HH] )

The probability distribution table is as follows,

NN
W | =

e | =

Mean = E(X) =0(§)+ 1(3) +2(:t) = o+§+§=:—:= 1

Mean = E(X) = 1

E(X)2=(1)2=1

E(X?) = YIZ%(x;)% P(x;) = (& )AP(x1) + (X2)7P(x2) + (X3)%.P(x3)
E(X) = (0)%() + (12 Q) +(2)2 () =0+-+=2=2=15
E(X?) = 1.5

Variance = E(X?) - E(X)? =1.5-1=0.5

Variance = E(X?) - E(X)? = 0.5

Mean = 1

Variance = 0.5
3. Question
Find the mean and variance of the number of tails when three coins are tossed simultaneously.

Answer



Given : Three coins are tossed simultaneously

To find : mean («) and variance (02)

Formula used :

X1 | Xz | X3 | X4

Mean = E(X) = YI=7 x; P(x;)
Variance = E(X?) - E(X)?
Mean = E(X) = Y127 x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)

When three coins are tossed simultaneously,

Total possible outcomes = TTT , TTH, THT , HTT , THH , HTH , HHT , HHH where H denotes head and
T denotes tail.

P(0) = g (zero tails = 1 [HHH] )

P(1) = = (one tail = 3 [HTH , THH , HHT 1)

P(2) = g (two tail = 3 [HTT4.THT, T5H 1)

P(3) = g (three tails = 1 [TTT] )

The probability distribution table is as follows,

W w
o =

| =
ool w




Mean = E(X) = :zrf X; P(x;) = X1P(x1) + xP(x2) + X3P(x3) + X4P(x4)
1 3 3 1 3 6 3 3+46+3 12 3
= =00) + 1) +2() 43() =0+ +—-+-= =—===
Mean = E(X) 0(9) 1(9) 2(9) 3(9) O+o+3tg 3 s 3

Mean = E(X) = % = 1.5

E(X)? = (1.5)2 = 2.25

E(X2) = ¥IZ%(x,)2.P(x;) = (X1)2P(x1) + (%2)2P(x2) + (X3).P(x3) + (X4)?P(x4)
) = (0)%0) + (D2 Q) +(22 Q) +(3)? () =0+ 2+ —+2=2T22 -2 =3
E(X?) = 3

Variance = E(X?) - E(X)? = 3 - 2.25 = 0.75

Variance = E(X?) - E(X)% = 0.75

Mean = 1.5

Variance = 0.75
4. Question

A die is tossed twice. ‘Getting an odd number on a tess’ is.considered a success. Find the probability
distribution of a number of successes. Also, find the, mean and variance of the number of successes.

Answer
Given : A die is tossed twice and ‘Getting an,odd number on a toss’ is considered a success.
To find : probability distribution of the number of successes and mean («) and variance (o2)

Formula used :

X1 | X2 | X3

Of (1] )] (3)

Mean = E(X) = ¥'!I=7x,P(x,)
Variance = E(X?) - E(X)?

Mean = E(X) = Y127 x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)



When a die is tossed twice,

Total possible outcomes =

{11, (@,2),1,3), 1,4, (1,5, (1,6)
(2,1),(2,2),(2,3),2,4),(2,5),(2,6)
(3,1),(3,2),(@3,3),(3,4),(3,5,(3,6)
(4,1), (4,2), (4,3),(44),(4,5),(4,6)
(5,1),(5,2),(5,3),(54),(55),(5,6)
(6,1),(6,2), (6,3), (6,4), (6,5), (6,6)}

‘Getting an odd number on a toss’ is considered a success.

P(0) = 2.1 (zero odd numbers = 9 )
36 4
P(1) = E = é(one odd number = 18 )

P(2) = — = X (two odd numbers = 9 )
36 4

The probability distribution table is as follows,

o(1(2
Oj1]1]1
4024
1 1 1 2 2 4

Mean = E(X) =0(‘—1‘)+ 1(5) +2(‘—1‘) = 0+1+1=1= 1
Mean = E(X) =1
EX)?=(1)%=1
E(X?) = XIZ0(x,)%. P(x;) = (X1)2P(x1) + (%)% P(x2) + (%3)%.P(x3)
E(X?) = (0)2Q) + ()2 Q) +(2)2 (D =0+-+-=2=2=15

E(X2) = 1.5

Variance = E(X?) - E(X)? =1.5-1=0.5



Variance = E(X?) - E(X)? = 0.5

The probability distribution table is as follows,

012
01|11
4|2 |4

Mean =1
Variance = 0.5
5. Question

A die is tossed twice. ‘Getting a nhumber greater than 4’ is considered a success. Find the probability
distribution of a number of successes. Also, find the mean andyvariance of the number of successes.

Answer

Given : A die is tossed twice and ‘Getting a numbef, greater than 4 ' is considered a success.

To find : probability distribution of the number of successes and mean («) and variance (o2)

Formula used :

X1 | X2 | X3

Mean = E(X) = ¥!=7x,P(x,)
Variance = E(X?) - E(X)?
Mean = E(X) = ¥IZ7x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)

When a die is tossed twice,

Total possible outcomes =



{11, (@,2),1,3), 1,4, (1,5, (1,6)
(2,1),(2,2),(2,3),2,4),(2,5),(2,6)
(3,1),(3,2),(@3,3),(3,4),(3,5,(3,6)

(4,1), (4,2), (4,3),(44),(4,5),(4,6)
(5,1),(5,2),(5,3),(54),(55),(5,6)

(6,1),(6,2), (6,3), (6,4), (6,5), (6,6)}

‘Getting a number greater than 4’ is considered a success.

P(0) = E = g(zero numbers greater than 4 = 16 )

P(1) = E = g(one number greater than 4= 16 )

4 1
P(2) = e ;(two numbers greater than 4= 4 )

The probability distribution table is as follows,

0|12
01441
91919
Mean = E(X)=0(§)+ 1(}:) +2(§)=0+§+§=%:§:§
Mean = E(X) =§
E(X)? = (5 =3
E(X?) = TIZH(x,)% P(x;) = (X1)*P(x1) + (¥2)%P(x2) + (X3)% P(x3)

EC) = (020 + (D2 +(2)? Q) =0+ +- ="~

E(X) = 2

Variance = E(X?) - E(X)? =

Ol m
1
O s
O |



Variance = E(X2) - E(X)? =§

The probability distribution table is as follows,

WO s
L =

(X I N

2
Mean = -
3

. 4
Variance = 5

6. Question

A pair of dice is thrown 4 times. If getting a doublet is cansidered a success, find the probability
distribution of a number of successes, find the probability distribution of the number of successes.
Also, find the mean and variance of a number of successes. [CBSE 2008]

Answer
Given : A die is tossed twice and ‘Getting a'number greater than 4 ' is considered a success.
To find : probability distribution of the'number of successes and mean («) and variance (o2)

Formula used :

X1 |Xz2 | X3 | Xg | X5

(1) | (2) | (3) | () | (5)

Mean = E(X) = :j{ X, P(x;)
Variance = E(X?) - E(X)?

When a die is tossed 4 times,



Total possible outcomes = 62 = 36
Getting a doublet is considered as a success
The possible doublets are (1,1), (2,2), (3,3), (4,4), (5,5), (6,6)

Let p be the probability of success,

since the die is thrown 4 times, n = 4

X can take the values of 1,2,3,4

P(X) — ncxp.\:qn—.\'

P(0) = 4Co(2)°(D)* = =
P(1) = *C1(D' 0% = - = 1o
P(2) = 4C2(é)2(§)2 = 1125;,5 = %
P(3) = 4GP0 = Tome = 103
P(4) = 4C4(£)4(§)0 = Fl._:,ﬁ

The probability distribution table,is as follows,

625 |125| 25 | 5 1
1296 | 324 | 216 | 324 | 1296

Mean = E(X) = :z? x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3) + X4P(x4) + x5P(xs)

222) 4 1) + 2(22) + 3() + A—)

Mean = E(X) = 0(
1296 324 216 324 1296




125 50 15 4 SOD+3200 +60+4 864 2
E(X) =0+ + —+—+ = = ==
324 216 324 1296 1296 1296 3

Mean

E(X) = g

Mean

E(X)?= ()%=

E(X2) = ¥I=%(x,)2.P(x;) = (X1)2P(x1) + (X3)%.P(x2) + (X3)2P(x3) + (x4)P(xa) + (X5)*P(x5)
EO) = (0)A0) + (126D +(2)2 (20 +(3)% () + (DA

2N _ 125 E E 16 _ 500+ 600+ 180+ 16 _ 1296
E(XT) =0+ 324 216 | 324 1296 1296 "~ 1296

E(X2) =1

Variance = E(X?) - E(X)? =1 - ‘_; -

WOl en

Variance = E(X?) - E(X)? =

WOl en

The probability distribution table is as follows,

625 | 125| 25 | 5 1
1296 | 324 | 216 |(324 | 1296

2
Mean = -
3

Variance =

Wl

7. Question

A coin is tossed 4 times. Let X denote the number of heads. Find the probability distribution of X.
also, find the mean and variance of X.

Answer
Given : A coin is tossed 4 times
To find : probability distribution of X and mean («) and variance (02)

Formula used :



X1 |¥p X3 | Xg | X5

(1)) [ (z) | (a) | (5)

Mean = E(X) = :j{ xiP{_xi.)
Variance = E(X?) - E(X)?
A coin is tossed 4 times,

Total possible outcomes = 24 = 16
X denotes the number of heads

Let p be the probability of getting a head,

p:

[N

1 -1 1 1
q= p= 2 2

B |

q=
since the coin is tossed 4 times, n = 4
X can take the values of 1,2,3,4

P(x) = "Cyp*q"™™

P(0) = 1C0(3)°(3)* = —

s
P(1) = *C1(5) Q) = 1 =5
@) = (% = 1 = g
P(3) =4GR =15 =3
P(4) = 4C4()*(0)° = 12

The probability distribution table is as follows,



1 |11(3(1|1
16 |4 (8|4 |16
Mean = E(X) = ¥IZ%x; P(x;) = x1P(x1) + xaP(x2) + x3P(x3) + x4P(x4) + X5P(xs)
1 1 3 1 1
Mean = E(X) = O(E) + 1(1) + 2(5) + 3(1) + 4(%)

1 6 3 4 4+12+12+4 32
Mean=E(X)=0+-+-+-"4+—=——"—=—=2
4 8 4 16 16 16

Mean = E(X) = 2
E(X)*=(2)*=4

E(X?) = TIZ%(x,)%. P(x;) = (X1)7P(x1) + (X5)7.P(x2) #Yx397 P(x3) + (X,)7P(xa) + (X5)7 P(x5)

EC) = (0)22) + (12 ) +(2)? O +(3)2 QAP

12 9 16 _0+4+244365160)80)

— 5
8 4 16 16 16

E(X2) =0+ :t +
E(X?) =5
Variance = E(X?) - E(X)? =5 - 421
Variance = E(X?) - E(X)? = 1

The probability distribution table is as follows,

0 |1]2|3]|4
1 11(3]|11
16 (4|8 |4 |16

Mean = 2



Variance = 1
8. Question

Let X denote the number of times ‘a total of 9’ appears in two throws of a pair of dice. Find the
probability distribution of X. Also, find the mean, variance and standard deviation of X.

Answer

Given : Let X denote the number of times ‘a total of 9" appears in two throws of a pair of dice

To find : probability distribution of X ,mean («) and variance (02) and standard deviation

Formula used :

X1 | X2 | X3

Mean = E(X) = :j{ X, P(x,)

Variance = E(X?) - E(X)?

Standard deviation = |/E(X2) — E(X)?

Mean = E(X) = YiZ7x,P(x;) = x{P(X1)y+/X2P(x2) + X3P(x3)
When a die is tossed twicey

Total possible outcomes =

1,1, (@,2), 1,3), 1,4, (1,5, (1,6)
(2,1),(2,2),(2,3),(2,4),(2,5),(2,6)
(3,1),(3,2),(3,3),(3,4), (3,5, (3,6)
(4,1),4,2),(4,3),4,4),(4,5), (4,6)
(5,1),(5,2),(5,3),(54), (55),(56)

(6,1),(6,2), (6,3), (6,4) , (6,5), (6,6)}

Let X denote the number of times ‘a total of 9’ appears in two throws of a pair of dice

4
36

WD | e

p:



1 a
a=1-5=3

Two dice are tossed twice, hence n = 2
1.0 8 64
P(0) = 2Co()°())% = ;
=20, (B 2 18
P ="GG Q) =5
1.5 .8 1
P(2) = 2C2(9)* ()" = ;

The probability distribution table is as follows,

0o |1 |2
(J|64|16| 1
81|81 |81

Gd 16 1 16 2 Ie+2 18
E(X) = 0()) + 1(7) +2(-]) = 0 + 33 s ===

2
g1 81 81 g1 e

Mean

Mean = E(X) =§

2 _ g2 4
EX?= ()P =—
E(X?) = XI2%(x;) 2. P(x;) = () TP(x1) + (X3)%P(x2) + (%3)%.P(x3)

ECP) = (0)2) + ()2 (D +(2)? () =0+ + ===

2y _ 20
E(X<) o1
Variance = E(X?) - E(X)? = g - i = E
: _ 2 2 16
Variance = E(X¢) - E(X)“ = o
Standard deviation = _/E(XZ2 5. (16_42
=JE(X?) — E(X)? = [;;=3%

The probability distribution table is as follows,



0o |1 |2
(J|64]|16| 1
81|81 |81

2
Mean = -
9

. 16
Variance = —
g1

4
Standard deviation = 5

9. Question

There are 5 cards, humbers 1 to 5, one humber on each card. Two cards are drawn at random without
replacement. Let X denote the sum of the numbers on the two ¢ards drawn. Find the mean and

variance of X.

Answer

Given : There are 5 cards, numbers 1 to 5, one.number on each card. Two cards are drawn at random
without replacement. Let X denote the sum of the numbers on the two cards drawn.

To find : mean («) and variance (02) of X

Formula used :

X1 X7 X3 .| X5 Xg X7 Xg
(1) (7) (3) (1) (5) (5) (7) (g)
Mean = E(X) = :j{ X, P(x,)

Variance = E(X?) - E(X)?

There are 5 cards, nhumbers 1 to 5, one number on each card. Two cards are drawn at random without

replacement.



X denote the sum of the numbers on two cards drawn

The minimum value of X will be 3 as the two cards drawn are 1 and 2
The maximum value of X will be 9 as the two cards drawn are 4 and 5
For X = 3 the two cards can be (1,2) and (2,1)

For X = 4 the two cards can be (1,3) and (3,1)

For X = 5 the two cards can be (1,4) , (4,1), (2,3) and (3,2)

For X = 6 the two cards can be (1,5), (5,1), (2,4) and (4,2)

For X = 7 the two cards can be (3,4) , (4,3), (2,5) and (5,2)

For X = 8 the two cards can be (5,3) and (3,5)

For X = 9 the two cards can be (4,5) and (4,5)

Total outcomes = 20

P8 =557 5
PO =557 5

The probability distribution table is as follows,

X 3 4 5 6 7 8 9
P, 1 1 1 1 1 1 1
10 10 5 5 5 10 10




Mean = E(X) = :zrf x; P(x;) = X1P(x1) + x2P(X2) + Xx3P(x3) + X4P(X4) + Xx5P(X5) + XgP(xe) + X7P(X7)

1 1 1 1 1 1 1
E(X) = 3(5) + 4(5) + 5(5) + 6(5) + 7(5) + 8(5) + 9(5)

Mean

3 4 5 6 7, 8B 9 3+4+10+12+14+8+9 60
Mean =E(X) =—+—+-+-+-+—+—= =—=6
10 10 5 5 5 10 10 10 10

Mean = E(X) = 6
E(X)? = (6)* =36
E(X2) = YIZ0(x,)%. P(x;) = (X)7P(x1) + (X2)*P(x2) + (X3)*P(x3) + (X4)*P(xa) + (X5)?P(xs) +

(x5)2P(xg) + (%X7)%.P(x7)
2y — 2,1 2,1 2 1 2 1 2 1 2,1 2,1
E0C) = (3)% (59) + (4)2G9) + (5)2 (9 + (6)° () + (12 () + (8)259) + (9)° ()

e 16 23 36 449 64-+81_9+16+50+T2+98+64+81_39ﬂ_

B = e et 5 TS TS T w0 T w P
E(X?) = 39

Variance = E(X?) - E(X)? =39 -36 =3

Variance = E(X?) - E(X)? = 3

Mean = 6

Variance = 3
10. Question

Two cards are drawn from a well-shuffled pack of 52 cards. Find the probability distribution of a
number of kings. Also, compute thegvariance for the number of kings. [CBSE 2007]

Answer
Given : Two cards are drawn from a well-shuffled pack of 52 cards.
To find : probability distribution of the number of kings and variance (02)

Formula used :

O] (] ()] (3)




Mean = E(X) = :j{ x;P(x;)

Variance = E(X?) - E(X)?

Mean = E(X) = Y127 x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)
Two cards are drawn from a well-shuffled pack of 52 cards.
Let X denote the number of kings in the two cards

There are 4 king cards present in a pack of well-shuffled pack of 52 cards.

“3C  48x47 188

P(0) === = =

(0) S2C s2xs51 221

P(1)=“fc><it=4s><4x2=£
S2C 52 %51 221
*C 4% 3 1

P(2) = = = = —

52~ szxs51 221

The probability distribution table is as follows,

()| 188 | 32 1
221|221 | 221

E(X —Oﬁ +1£ +2i _0+£+i_32+2_i
(X) = (221) (221) (221)_ 221 221 221 221

Mean

34
E(X) = 221

Mean

2 _ 34,5 _ 1156
E(X)" = (221) 48841

E(X?) = YIZ%(x,)% P(x;) = (X4)2P(x1) + (X2)7P(x2) + (X3)%.P(x3)

184 3z 1 az 4 36
E(X?) = (0)3;) + (D2 (5 +(D* (59 =0+ 53+ 531 = 23
E(X?) =

36 1156  7956—1156 6800 400

221 48841 48941 = 48841 2873

Variance = E(X?) - E(X)? =



400

Variance = E(X?) - E(X)? = -

The probability distribution table is as follows,

()| 188 | 32 1

221 | 221 | 221
Variance = ———
2873
11. Question

A box contains 16 bulbs, out of which 4 bulbs are defective. Threebulbs are drawn at random from
the box. Let X be the number of defective bulbs drawn. Find the mean and variance of X.

Answer
Given : A box contains 16 bulbs, out of which 4 bulbs are defective. Three bulbs are drawn at random
To find : mean («) and variance (02)

Formula used :

X1 | X2 | X3

Mean = E(X) = :j{ X, P(x;)
Variance = E(X?) - E(X)?
Mean = E(X) = ¥IZ7x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)

A box contains 16 bulbs, out of which 4 bulbs are defective. Three bulbs are drawn at random

Let X denote the number of defective bulbs drawn



There are 4 defective bulbs present in 16 bulbs

12C  1zx11x10 _ 11

P(0) = — = =
12C 16x15x14 28
1z 4
P(1) = ziil:li::lzxnxa,xaxz:g
sC 16 %15 % 14 % 2 70
12 &
P(2) = l(i:zc=12><4><3><3><2=i
sC 16 x15x14x2 70
i 4 %3 ®2 1
P =—+—=—"——"—=—

12C 16x15x14 140

The probability distribution table is as follows,

0 1 2 3
0] 11 33 9 1
28 70 70 140
11 33 9 1 3z 18 3 66+36+3
Mean = E(X) = O(E) + 1(%) + Z(E) + 3(m) =0 + % + % + m = —140
Mean = E(X) = s _3
140 4
2 _¢3yv2_2%
EX)? = )’ ==
E(X?) = XIZ0(x;)% P(x;) = (X1)2P(x1) + (%3)°P(x2) + (%3)%.P(x3)
2y 2 (002 + (102 3 +(2)2 (2) +(3)2 (Ly = 0 4 334 36, O _ 6647249
E(X9) = (0) (28) + (1) (?0) +(2) ('}'ﬂ) +(3) (140) 0+ 70 70 ' Tac 140
2y - 147
E(X) = 1o
Variance = E(X?) - E(X)? = oo E‘E:Efj = E _ 3
140 16 560 560 80
, > 5 39
Variance = E(X<) - E(X)“ = 0
M = E(X) = 2
ean = E(X) = 3

. 39
Variance = —
a0



12. Question

20% of the bulbs produced by a machine are defective. Find the probability distribution of the number
of defective bulbs in a sample of 4 bulbs chosen at random. [CBSE 2004C]

Answer
Given : 20% of the bulbs produced by a machine are defective.

To find probability distribution of a number of defective bulbs in a sample of 4 bulbs chosen at
random.

Formula used :

The probability distribution table is given by ,

X1 |¥2 | X3 |Xq | X5

(1) | (2) | (3) | (4) | (5)

Where P(x) = "Cyp*q" ™™

Here p is the probability of getting a defective‘bulb.
g=1-p

Let the total number of bulbs produced by, @ machine be x

20% of the bulbs produced by a machine are defective.

|

Number of defective bulbs produeed by a machine = % X (x) =

X denotes the number of defective bulbs in a sample of 4 bulbs chosen at random.

Let p be the probability of getting a defective bulb,

S |
p=i=?
X pu ]
1
P=x
1 4
q=1_p=1_?=?
=] p= ]
4
q=:
pu ]

since 4 bulbs are chosen at random, n = 4



X can take the values of 0,1,2,3,4

P(X) — ncxpan—x

P(0) = *Co(9)°(Q)* =
(L) = "N = 5
P(2) = %0227 = -
P(3) = 43 () = 1%
P(4) = 4Ca(5)*(D° =

The probability distribution table is as follows,

256 | 256 | 96 | 16 1
625 | 625 | 625 | 625 | 625

13. Question

Four bad eggs are mixed with 10 good ones. Three eggs are drawn one by one without replacement.
Let X be the number of bad eggs drawn. Find the mean and variance of X.

Answer

Given : Four bad eggs are mixed with 10 good ones. Three eggs are drawn one by one without
replacement.

To find : mean («) and variance (02)

Formula used :



X1 |X2 | X3

Of (] )] (3)

Mean = E(X) = ¥!=7x,P(x,)

Variance = E(X?) - E(X)?

Mean = E(X) = }IZ7x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)

Four bad eggs are mixed with 10 good ones. Three eggs are drawn ong by ene without replacement.

Let X denote the number of bad eggs drawn

There are 4 bad eggs present in 14 eggs

10
p(o)=%:=w=ﬂ

3C 14x13x12 91
P(l):lgl:xiﬁzmx-axdexaxzzﬁ

13C 14%13%12x2 91

19%C=x4C 10x4x3x3x2 15
P(2) = —" = = =

13C 14%13x12%2 91

3 4 %3 X2 1

PG3) = & = =
T 0 1ax13x12 9

The probability distribution tableris as follows,

0 1 2 3
0 30 45 15 1
91 91 91 91

30 45 15 i 45 30
=E(X) = 0(=) + 1(2) + 2(2) + 3() =0+ — + —

3  45+30+3



78 6
Mean = E(X) = — =-
91 7

_ 36

E(X)2= ()P ==

E(X?) = XIZ0(x;)% P(x;) = (X1)2P(x1) + (%3)7P(x2) + (X3)%.P(x3)

EO) = (0)2C) + ()2 D) +(2)? (&

2 114
E(X?) = o1

Variance

2y - 2 _
E(X%) - E(X)” = 91 49

E(X) - E(X)? ==

Variance

Mean = E(X) =

=1

. 330
Variance = —
637

14. Question

60 9 45+60+9

)+(3)2 () =0+ o+ =

91 71

114 36 798 —468 330

837 637

91

Four rotten oranges are accidentally mixed with 164good ones. Three oranges are drawn at random
from the mixed lot. Let X be the number of rotten orangessdrawn. Find the mean and variance of X.

Answer

Given : Four rotten oranges are mixed with/16,g0od ‘ones. Three oranges are drawn one by one

without replacement.

To find : mean («) and variance (02)

Formula used :

X1 | X2 | X3

01 (D] ()] (3)

Mean = E(X) = YI=7x;P(x;)

Variance = E(X?) - E(X)?

Mean = E(X) = Y127 x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)



Four rotten oranges are mixed with 16 good ones. Three oranges are drawn one by one without
replacement.

Let X denote the number of rotten oranges drawn
There are 4 rotten oranges present in 20 oranges

18C  16x15x14 _ 28

PO)=—=———"—
¢ 2ox19x18 57
1& 4 —
P(1) = zijlcz 16><1;x4x3><2:i
2C 2019 x 18 x 2 19
1& 4
P(2) = li:zczlﬁxéxaxaxzzi
= 20 % 19 x 18 x 2 95
iC 4 %3 %2 1
PB)=2-= ——"° =

2C 20x19x18 285

The probability distribution table is as follows,

0 1 2 3
() 28 8 8 1
57 19 95 285

28 g g 1 g 16 3 120 + 48 + 3
Mean = E(X) = 0(;) + 1(5) + Z(E) + 3(£) =0+ T +E + T e
171 3
Mean = E(X) = e 2
E(X)? = (7 =
E(X?) = TiZh(x;)? P(x;) = (x1)*P(x1) + (%2)7P(x2) + (X3)* P(x3)
2y = (00222 28 2,8 2,1, _ 8 32, 9 _120+96+9
E(X%) = (0) (5?) + (D (19) +(2) (95) +(3) (295) 0+ 15 55 T Zas 285
>\ _ 225 _ 15
E(X) T 19
Variance = E(X?) - E[}{)E 15 i_ = ?'?”—__”1 = zﬂ‘f
19 25 475 473
Variance = E(X2) - E(X)? = 204

473



Mean = E(X) =

oo

204

Variance =

73

15. Question

Three balls are drawn simultaneously from a bag containing 5 white and 4 red balls. Let X be the
number of red balls drawn. Find the mean and variance of X.

Answer
Given : Three balls are drawn simultaneously from a bag containing 5 white and 4 red balls.
To find : mean («) and variance (02) of X

Formula used :

X1 | X2 | X3

01 (D] ()] (3)

Mean = E(X) = YI=7x;P(x;)
Variance = E(X?) - E(X)?
Mean = E(X) = ::’f x; P(x;) = X1P(X1) + x2P(x2) + x3P(x3)

Three balls are drawn simultaneously from a bag containing 5 white and 4 red balls.

Let X be the number of red balls drawn.

P(O)=E: 5x4 _ 5

3C 9x8x7 126
JCxJC S5x4x4x3Ix2 10
P(1) = 55— = = —
5G O9x8xTH2 21
SCX3 5%x4%x3x3Ix2 5
P(2) == 92 = ==
5G 98X TH2 14

3¢ awaxz 1

P(3) = = = —

%€ o9x8x7 21

The probability distribution table is as follows,



126 21 14 21

5 10 5 1 10 10 3 20+30+6
Mean = E(X) = 0() + 1) + 2() +3() =0+ + ,+ 5 =~ —
56 4
Mean = E(X) = 23
2 _ a2 _ 16
Ex)? = ()2 =X
E(X?) = ZiZT(x)2 P(x;) = (X)2P(x) + (X2)?P(x2) + (%3)%.R(x3)
2) = (V%> 210 025y 10332 Ly g4 B PO, 9 _20+60+18
E(X%) = (0) (125) +(1) (21) +(2) (14) +(3) (21) 0+ e 42
_2_7
E(X%) = 42 3
Variance = E(X?) - E[}{)Q = g - ? = 21; 16 _ g
Variance = E(X?) - E(X)? = g
4
Mean = E(X) =3
Variance = >
9
16. Question

Two cards are drawn without replacement from a well-shuffled deck of 52 cards. Let X be the number
of face cards drawn. Find the mean and variance of X.

Answer
Given : Two cards are drawn without replacement from a well-shuffled deck of 52 cards.
To find : mean («) and variance (02) of X

Formula used :



X1 |X2 | X3

01 (] ()] (3)

Mean = E(X) = :j{ x; P(x;)

Variance = E(X?) - E(X)?

Mean = E(X) = }IZ7x; P(x;) = x1P(x1) + x2P(x2) + x3P(x3)

Two cards are drawn without replacement from a well-shuffled deck of 52 cards.
Let X denote the number of face cards drawn

There are 12 face cards present in 52 cards

“2C _ s20x39 10

P(0) =z= = =
(0) 2C s52x51 17
P(l)_“ECxlfC_mxlzxz_ﬂ
S2C 52%51 221
12 12x11 11
P(2) =43~ = =

52~ s2xs51 221

The probability distribution table is"as\follows,

0 1 2
() 10 80 11
17 221 221

10 g0 11 g0 22 80+ 22 102 ]
E(X) =0(—) + 1(—) + 2(—) =0 + — + — = g
17 221 221 221 221 221 221 13

Mean

Mean = E(X) = %



36

E(X)2 = (D)2 =

E0R) = TIZ8(x,)2 P (x,) = (x,)2P0xs) + (%2)2P06) + (x3)2P()
EOR) = (0)%C) + (1)2 (o) + (2)2 (5 = 0 + x4 oo = 20228
E(X?) = g

Variance = E(X?) - E(X)? = g - % - 161229;:12 - ;::z

Variance = E(X?) - E(X)? = %

Mean = E(X) = %

. 1000
Variance = ——
2873

17. Question

Two cards are drawn one by one with replacement from a well-shuffled deck of 52 cars. Find the
mean and variance of the number of aces.

Answer
Given : Two cards are drawn with replacement from, a well-shuffled deck of 52 cards.
To find : mean («) and variance (02) of X

Formula used :

O] (] ()] (3)

Mean = E(X) = YI=7 x; P(x;)
Variance = E(X?) - E(X)?
Mean = E(X) = ¥1=%x, P(x;) = x1P(x1) + x2P(x2) + x3P(x3)

Two cards are drawn with replacement from a well-shuffled deck of 52 cards.

Let X denote the number of ace cards drawn



There are 4 face cards present in 52 cards

X can take the value of 0,1,2.

48 8 144
PO) == X - =—
52 52 169

4
P(1)=21C><_—2><—

52 52 % 52

P(2) =

4 4
52 52 169

48 2x4x48 24

169

The probability distribution table is as follows,

0 1 2
() 144 24 1
169 169 169

Mean

E(X) = 0) + 1) + 2(0) = 0+ —= + _

169

Mean = E(X) = %

EX)? = (5= 15

24 2y 24+2 26 _ 2
169 169, 169 169 169 13

E(X?) = TIZH(x,)% P(x;) =(39)°P6a) + (%5)7P(x2) + (X3)% P(x3)
E0) = (00223 + (12 25+ (22 () =0+ 22 £ 22
E(X) = —

Variance = E(X2) - E(X)? = % é = %

Variance = E(X2) - E(X)? = %

Mean = E(X) = %

. 24
Variance = —
169

18. Question



Three cards are drawn successively with replacement from a well — shuffled deck of 52 cards. A
random variable X denotes the number of hearts in the three cards drawn. Find the mean and
variance of X.

Answer
Given : Three cards are drawn successively with replacement from a well - shuffled deck of 52 cards.
To find : mean («) and variance (02) of X

Formula used :

X1 | X3 | X3

01 (] ()] (3)

Mean = E(X) = :zrf x; P(x;)

Variance = E(X?) - E(X)?

Mean = E(X) = :zrf X, P(x;) = x1P(x1) + xaR(x3)ugh x3P(x3)

Three cards are drawn successively with‘replacement from a well - shuffled deck of 52 cards.

Let X be the number of hearts drawn.

Number of hearts in 52 cards is 13

29 3 3 27
PO)=— X — X—=—
52 32 32 64

13 39 39 27
P1)=3C X=X — Xx==—
52 52 52 64

52 52 o4

13 13 39
P(2) = 3C X — X — X

13 13 13 1
PB)=Z X o X =
52 532 532 Gd

The probability distribution table is as follows,



(0 27 27 9 1
64 64 64 64
27 27 9 1 27 18 3 48 3
Mean = E(X)—O(a)+ 1(;)"‘2(a)+3(a)—0+a+a il
3
Mean = E(X) =3
2 _3ya2_ 2%
) =) =2
E(X?) = XI2%(x;)2. P(x;) = (%)% P(x1) + (X3)%P(x2) + (X3)%.P(X3)
2y — 2,27 2 27 2.2 2,1y _ I F L 2 _2_9
EXD) = (0) (64) +(D) (64) +(2) (64) +(3) (54) =0+ P TR
2y _?
E(X?) = -
Variance = E(X?) - E[}{)Q = g - i = 181; 8 _ 1;1
Variance = E(X?) - E(X)? = %
3
Mean = E(X) =3
Variance = 2
16
19. Question

Five defective bulbs are accidently mixed with 20 good ones. It is not possible to just look at a bulb
and tell whether or not it is defective. Find the probability distribution from this lot.

Answer
Given : Five defective bulbs are accidently mixed with 20 good ones.
To find : probability distribution from this lot

Formula used :



X1 |X2 | X3 | Xq | X5

(1)) [ (z) | (a) | (5)

Five defective bulbs are accidently mixed with 20 good ones.
Total number of bulbs = 25

X denote the number of defective bulbs drawn

X can draw the value 0,1, 2, 3, 4.

since the number of bulbs drawn is 4, n = 4

. . 20 20x19x18x17 969
P(0) = P(getting a no defective bulb) = % = — =
20 25x24x23x22 2530

1€ *8C 5 x20%19x 18 x4

P(1) = P(getting 1 defective bulb and 3 good ones) =

8 25 %24 %23 % 22
1140 114
P(1) =-c—=-=
2530 233
. . 3C= 22¢C
P(2) = P(getting 2 defective bulbs ands2 good one) = Z5c

=

SHAXAK1INAKIXKT 380, 38

P(2) = = =
( ) 25 K24 K23 K22 X2 K2 2330 233

oxWC5x4x20x4x3x2
2%C 23x24%23x22x2

P(3) = P(getting 3 defective bulbs'and 1 good one) =

40 4
P(3) = — = —
(3) 2530 253

3

c 5 1
P(4) = P(getting all defective bulbs) = - = > = **3X2 _
20 25x24x23x22 2530

1
P(4) = —
() 2530

The probability distribution table is as follows,



2530|253 | 253 | 253 | 2530




