Random Variables and Probability
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After meudiing

J Dne randon; variable and diﬂeiml'-ti
random variableswith real life examples.

i iable
= Describe prnbabilii]rdistlibutiun ofadiscrete randon-i \I:-alr a
= Find probablliqrdIst:lhuti_nnofadiscrete randnmvaf:a e
. Recognize probability mass function and its properties

« Describe and find the probability distribution of a.functjorl of discrete randoy
variable.

« Defineandfind the expectedvalue of adiscrete random variable.

* Findtheexpected value ofalinear function of adiscrete random variahle.. 1
Describe and verify properties of expected value of adiscrete random variable.
Applythe properties of expected value of adiscrete random variable.
Define variance and standard deviation of a discrete random variable

Find mean, variance and standard deviation of adiscrete random variable.

discrete randomvariable.

ofadiscreterandomvariable,

Define probability distribution and
continuousrandomvarjable,

properties of variance and standard deviation 1

probability density function of a

Vs Define and expected value,
L
: :

=
variance g uous
R dors Garlabl and standard deviation of a contin o

0 -

1 - |
Define and find variance and standard deviation of a linear function of 2

Describe, verify and apply the |

C

which shall ‘be studied in the coming
units, are very easy methods for calculation of probabilities in respective

situations but they need quantification of the outcomes of a random
experiment. For this purpose, sample space of a random experiment is
expressed in numerical form according to a characteristic of interest. This
numerical presentation of the sample space is termed as random variable

e L e

@ Discrete random variable
A variable which takes jumping values or isolated

values is called
discrete random variable. For example, number of rotten tomatoes

in a crate, number of children per house in a street etc. Its
probability distribution is called discrete probability distribution.

(@) Continuous random variable
A variable which takes any value between two limits, [a, b], a<b,

is called continuous random variable. For example, life of a mobile set,

speed of a car etc. It is written as @ < X < b. Its probability distribution is
called continuous probability distribution.

ution ofiadiscrete random Variablesy

If all possible values of a random variable along with their
respective  probabilities are shown in tabular form and sum of

probabilities is equal to one, then it is called probability distribution. For
example, discrete probability distribution of X is presented as
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it wNOEEOQR:S AYE



b bt e i sl SR A

- S e naTEE Yarables and Probability Distributions
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J g - plx2) A fair die is rolled once. Find the probability distribution for up
. . turned faces,
i i Solution:
o S pow) ret g AN
o I | Whenadieisml]edwemaygetIor20r30r4or5m6mch
. Total EIP(-\E)—
—

with same probability 1/6 of its occurrence because the die is fair. It can
: be shown in tabular form, called probability distribution as follows:

I : X 1 2 3 4 5.AERG Total
Three children were bom in a govemment hospital on Sunday. T T T T wey S
. e s i L T 1
Find the probability distribution for the number of girls. p(x) - 5 z ¢ P 5

Here n(§)=2"=2=8
S = (BBB, BBG, BGB, BGG, GBB, GBG, GGB, GGG}

obability mass function

If probability distribution of a random variable X is expressed in a

mathematical form or formula, then it is called probability mass function
X: the number of girls or probability function. It is denoted by p(x;) and is presented as:
={0,1,1,2,1,2,2,3) pP(X=x), i=1,2 ..n
i p(x)= 0 i i

Probability distribution for X otherwise
e ey
Ei Xk () e eS| Remember that the objective of probability distribution and

_- ,.:_'-,..: k ,,ll‘ o ] -

probability function is same. Some writers make no distinction and they
use probability distribution and probability function interchangeably.

2.2.2 ‘Properties of discrete probability distribution

A probability distribution and probability mass function pl(x)

must satisfy the following two properties:

@  0<px)=<1

[=fos i o0 1us oo (L3 ool

P () 3plx)=1
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First property means that answer of Pf"babiw mioét be- whly e B

D 5 1 (Lachva) Sakil moot d property means that the sum of probabilitieg
; al to one.
for all possible values of a random variable mUst be eq

P—
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A discrete random variable has the probability function
3
] =0,1,2,3
C __1 fgr x= U'. 3 &y
p(x)=1+ [2 _
. 0 otherwise

i) Compute probabilities for all values of X .
ii) Check that this is a probability mass funétion.
1ii) Find the probability distribution of X.

Solution: |

3
3
i) Given p(x) =C[%] ,x=0,1,2,3

Putting values of x, we get

STATISTICS = Al AL =s: Rafdom Yariables and Frobability Listributions

ii)

All probabilities-are lying between 0 and 1, and

}3:p(x.-}=p{D)+p(1)+p(2)+p(3)=l+§+§+l=l
=0 3 888

Since both properties are satisfied, therefore, the given formula is

a probability mass function or probability function.

iii)  The probability distribution of X
X 0 1 2 3 Total
1 3 3 1
- = = = 1
S0 G T
Example 2.4

Suppose a discrete probability distribution of random variable X

is given in the following table:

X -1 0 1

pix) 3¢ 3c . 6c

Find (i) the value of ¢ (ii) P(X =0) (iii) P(X <0) (iv) P(X=-1)

Solution:

(1)

As i plx)=1

x==]
or p(-1)+p(0)+p(l)=1
3c+3c+6e=1

12¢=1 =>|:'.‘=l

12

36)
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, : bability distribution, we
Putting the value of ¢ in the me. — . _“8&t

=

3
i) Wesee that PX=0)= =

3
(i) PX<0)=PX=-D=7

) PX2-1)=PX=-1)+PE=0)+PX=1)

= E+E E=E"

Find the value of k so that the function can serve as a probability
function of the random variable ¥

p{r)={’g oA =L:;:;::} Alsofind (i) P(Y=5) (ii) P(Y>?3)

As we know that

T p(y)=1
yal

5

Yhky=1
¥l
’f‘;lly=1

‘:[l+2+3+4+5]=1

Ny

Statistics - XII © Unit
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k(15)=1 = g=L
15

Put value of k in the given function we get

1
VT 3 = '2, 3,
p(y)=|15y yet 4“5}

0 otherwise

(i) Putting ¥ =5 in the formula, we have P(¥ =5) = -

i 4 5 9
=PY=4 =5)= —4—=_
(ii) PY=>3)=P( J+P(¥=35) 15+15 =

for the sum of dots. (ii) Using the probability distribution, compute the
probabilities of (a) sum of dots is equal to 7 (b) sum of dots is less than 6

(c) sum of dots is greater than or equal to 2 but less than 5 (d) sum of dots
is 5 or 10.

i) nS=6"=6"=36
The sample space for the experiment is:

a1, @2, @3, @9 @S (1)
21, (22, (23, @4 25 (28
s=1GD G2, @3, ¢G4 G5 G
T1@), 42, 43, 449, (@5, 48
(51), (52), (53), G4 (55, (56)
(61, (62), (63), (64, (65). (6:6)

Let X is a random variable denoting the sum of dots on the upper
faces of the two dice. Its probability distribution is:

—
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This distribution can also be shown by the formula called probability
function as

36

Gll=al' sy o
p(x)=
0 otherwise

(ii)  Now using the probability distribution, we get:

6
PX=T=—
a) ( ) %

b)  PX<6)=P(X=5)+P(X=4)+PX=3)+P(X =2)

W S g {1
PR LR )
36 36 36+36 36.

©  PRSX<5)=P(X=2)+P(X=3)+ PX=4)

9 PX=Sor10)=P(X=5)+ p(x= 10),

Statistics - XII

If X is a random variable, then its functions like Xz.%. aX + b ete.

are also random variables and thus have probability distributions. In case
of two random variables, say X and Y, their functions like X + ¥, X — ¥,
aX+bVetc. are also random variables where a and b are any two non-zero
constants. The function of a random variable is usually denoted by H(X).

Example 2.7 .
If a discrete random variable X has the following probability
distribution.
X -2 2 1
1 1 1
I T
Find probability distribution for X7, 2X + 4.
| Solution:
The probability distribution of the random variable X* is
H(X) =X p(x)
4 !
3
4 L
2
1
1 6
Total 1

:
NOT FOR SALE
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The probability distribution of the random variable 2X + 4 s
H(X) =2X+4 p(x)

1

Y 3

1

: 2

6 L

6

Total 1

e
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274, Mathematical expectation of a random variable:

Hope you have understood random variable and its Presentatiop
methods like probability distribution and probability function. Now e
want to study its properties like mean, variance and standard deviation

etc.

22.5. Definition’ of . mathematical _expectation

"ét::_teﬂ 2 yalue
, ieo.0f a tandom variable s ST

Mathematical expectation or expected value of a random variable
is defined as “the mean of a random variable over a very large number of

wails”. If X is a discrete random variable having the following probability
distribution

X | p®) [ Xpk)
X1 ) | x p(x)
2| ) | npa)
S O8N PN
Total 1 éxfp(xl)
e |
P

Ty

e e, e

i R
Unit y
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. The ::xpfcted value of X is denoted by E(X) and its formula is
Igwen by E{XF:}'E X,p(x;), provided it exists.

Example28

A random variable X has the following probability distribution

X 0 1 2 3
px) 177 37 217 177
Find the mean or expected value of X, i.e. E(X).

_ Solution:
x | @ | xpw
0 i 0
= 3 3
142 27 4
N 177 3
| Total 1 1077

Mean=E(X)= ¥ 5 p(x) == =143
=)

PrORRa M T LI

A discrete random variable can have the values © = 3, x» = 8, and
x3 = 10 and the respective probabilities are 0.2, 0.7 and 0.1. Determine the
mean.

-

!

By definition E(X) = g‘ix" p(x)

= xip(x1) + xaplxa) + xpla)

o e o e A SN T

ST



=3(0.2) + 8(0.7) + 10(0.1)
EX) =06+56+1=172

226, Mathematical expectation ofafum:tm Crete random yariah o

If function of a random variable is denoted by H(X), then expecteq
value of the function is denoted by E[H(X)] and its formula is given by
E[H(X)] = ZH(x)p(x1).

e TR TS

A discrete random variable X has the probability distribution:

X =0 e o]l 3
- 1=l 1
px) 3 6
Find (i) E(X’) (i) E (2X+5)

Since X’ and (2X+5) are functions of the given random variable X,

therefore, we first find their probability distributions and then the means
as follows:

x| o [HO=C [Hoo2xs5 | X | xS |
T i R T 1

=Gl mma= 4 == =
2 T ; R 5702 */
el 1 7 %:u.n %:1.11_-
L i R 1 %=4,5 ,- '_21_55
(Towal | 1 - | 's 7

-vr Wi RAT A O ;'}.Lié
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Now E{H(X)} = ZH(x) p(x))

0 E(X)=2epx)=6
(ii) E{zx+5} = X(2x45) p(x) =7

. Example2ni |
The probability function of a discrete random variable ¥ is given by

p(y)= 3‘(%]’[’5}3' » ¥=0, l.za‘

0 otherwise

Fmd E{Y) and E (Y?).
Soluﬁun. LN AR _;':_j

By definition

3
EY)= Eﬁma(m
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athematical expectation - iy

m variable satisfies the following

7 Properties of m

¥ )
—

~ This property shows that expectation is changed by that constant
Al ot Lo Fleh = e ki which is added to, subtracted from, multiplied with or divided by the
a constant is the ! values of a variable i.e.

Expected  value of a rando
properties.
(i)  Expectation of

c is a constant. (i) EX4c]=EX)+c (i) EX-<]=EX) -c
Proof: o 1 '
By definition i) E@X) =c EQ) (iv) ;-{1) - EX)
c c
where X is a random variable and ¢ is any constant.

E(X) = Zx p(x)
X is taking only a constant value ¢ therefore

As the variable
E(c) = Ze p(x)

=cZp(x)
=c (1), as sum of pmbabilities =Zp(x)=1

Suppose that X is a simple discrete random variable, distributed
as follows:

=¢
) Ifa mdbaremoconstams,menE[aX+b]=aE(X)+b

Proof:
By definition
E(X) = Zx p(x)
Here we have a function of the random variable X i.e. a X +b, 0
7 E(aX +b) = Z(ax +b) p(x)
ﬁ =Zax p(x) + Zb p(x)
' =akx p(x) + bZp(x)
'. =aEX)+b (1)
i & =aEX)+b

Find () ECO (i) EGr+10) Giid) E(X - 10) Gv) E(10X) () s[f_ﬂ]

P

NN e R |, |
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(i) By definition E(X)=Zxp(x)=3

(i) By property EQX +10) = E(x) + 10=3+10= 13
(iii) E(X-10}=E(X)-l{)=3-1{l=—-‘.-'
(iv) E(10X) = 10EX) = 10(3) =30

A —E(—Pg—}s—s—:—-ﬂ.?:
i E(Tﬁj' 10 10

i 7 rati f.a random variable
2.2.8 Variance and standard deviationoba te

If X is a random variable, then its variance is denoted by Var(X) or
V(X) and its formula is given by

V(X) = EIX - E(0)
Or V(X) = E[X?*] - [E()] ¥
5.000 = V(X)
[Beample213

Consider the following discrete probability distribution:
X : 3 8 10

p) 02 07 01
Determine the mean, variance and standard deviation.

Mﬁn:E(X):E:F(I)._.TQ

e - Unit -2 Random yaiiguiss afe IR aunny Dl‘tﬂbum

<

Statistics - e ; o
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Variance =V(X) = E(X?) - [EQD] * = E2 p(x)- [12] 2=56.6-51.84= 476

and S.D(X) = V(X)=1/276 =2.181

2.2.9 'Properties of variance and standard deviation of a random variable

Following are some of the important properties,

(i) The variance and standard deviation of a constant is equal to zero
Le. Vic)=0and 5.D(¢) = 0, where ¢ is a constant,

Proof:
By definition V(X) = E[X - E(X)] *
As the variable X is taking only a constant value c, therefore
Vie) = Elc - E@))
=E[c-c]? vE(e)=c
=0
$D(e)= V0 =0

(i) Variance and S.D of a random variable are not changed by
adding/ subtracting a constant to/from the values of a random variable
ie.

V(X €)= V(X)
Proof:
By definition V(X) = E[X —E(X)] >
As (X + ¢) is a function of the random variable X, therefore,
V(X +c) = E[X +¢c - E(X +0)]1?
= E[X +c - E(X) - E(0)) *
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2w Ee)=c

— E[X +c - EX - c]
= E(X - E01°,
=V(X)
Similarly V(X =¢) = VI(X)
s DX +c)=SDX)

ltiplied or divided by 5
ndom variable are mu
If the values of a ma

= {hen its variance will change by the square of that constant i.e.
constant, i
V(cX) = ¢ VX)
V(X
V( b g VX) )
c c

By definition V(X) = EIX-E(X)] 2
As (cX) is function of the random variable X so,
V(cX) = ElcX - E(cX))?
= E[eX - cE(X)1?
= 2EX - E)’
=c* V(X)

V(X)

ci

Similarly v[ X J
S.DcX)=Icd S.D(X)
s.n[i‘ _5.D(X)

¢, lel

(i)  Variance and standard deviation can never be negative i.¢-
V(X)20and S.DX) 20

P Pl

Statistics - Xl

A random variable X has the probability distribution given below
X: 0 1 2 3
5. 5k

PR % 10 10 10
Find i) E(X), ii) V(X), i) V(X +5), iv) V(X - 3),
X
vi) s.n(?)
Soltion:
X p(x) Xp@x) |
0 3/10 0
1 4110 410
2 0 | 4m0 | 810
3 o ._3.'.10‘” 9/
~ Total "--'_‘=1‘-'"5"- '~!1r'-j{f_ﬁ_§ﬁ”

(@

(i)

(i)
(iv)
)

11
= =—-=1.1
E(X) = Zx p(x) 10 .

V(X) = EX?) - [EQOF = 22 p(@) - (1.1)?

=2y
10
=21-121=089

By property of variance V(X +5) = W(X)=0.89
VX -3)=V(X)= 0.89
V(3X) = 3*V(X) = 9(0.89) = 8.01

:

Unit-2: Rmdm\rm-muma thhmqu:ll;tﬂbu!l'm Gt

v) V(3X)
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Probability distribution of a continuous random variah]e

All possible values of a continuous random variable g,
probability cannot be presented in tabular form. This purpose
achieved by formula, called probability density function of the
random variable.

N2 with
18 Uﬂl}i
Conlinuum

2.3.1

Probability density function

If probability distribution of a continuous random variable g
expressed by a formula, then it is called probability density

: i . function (pd)
or simply density function and is denoted by f{x). :

2.3.2 Properties of probability density function

A pdf must satisfy the following important properties:
()  fn=20, a<x<h

@ ]feode=1

A continuous random

given by variable X has the probability - functi?
£ {cx, O<x<]
0, otherwise
1 Find value of the constant c
ii. that the functiop isapdf

. ® o

. (i) We know that sum of all probabilities is equal to one i.e,

{',,- flx)de=1

1
CI-J—?LI) =1

cG_--uJ= I

=1
> =c=2

Put the value of ¢ in the given function, we have

_J2x O<x<]
F& {0 otherwise }
(ii) a) fix) =0 for the given range
b) [f(dx=1
Taking LH.S

1 1
[fOode=[2xdx=2 [xdx=2 ﬁi:.r=i=1-o= =RH.S
x [1] (1] 20 (1]

Since both properties are satisfied, therefore, the given function is a p.d.f.

el AMSATHEMAR.CA L8
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fxd 2%
1 iy =21x =& 1y2
® P x;.-]:!lf(x)dx—-llxdx : 2
% 2
sl
= er- 4 4 +

() P(x ]— 0. because in continuous case point probability is
c ==|= W

Expect:
random variable

If X is a continuous random variable, then expected value of X is

given by E(X) = | x fix) dx, provided that it exists.
Let X be a continuous random variable with pdf given by

X

= <x<
flayy: - UaREE,

0 otherwise

Find the mean, variance and standard deviation of X.

() By definition

Mean = E(X) = [ xf (x)dx

(ii) By definition
V(X) = E(X*) - [ECO)

9
: 3 41 f
REFR E oS X IR
v g G Bl 94 9
=2-1.78=0.22

Giiy  S.DE)=V022 =047

et

A random variable X has the density function given by

f{x}={(2—2x) 0<x<1

0 ' otherwise

Find (i) E(X) (ii) E(X*) (iii) E(2X)

(v) variance and standard deviation of X

(iv) E(2X-1)

+ = & & &!Imm »:ﬂﬂ-_gﬂl EE_
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1 1
@ Ee0=lxfde= [‘xu—zxm:lm-ﬁm

1 1 1
= 2xdx- azﬁdx:z{xd,-z | xdx
o

e P (e B

i 1 A 4
=21x’dx—2£fd:=2[§'ﬂ]—2(i ]
SRR
(i)  E(2X) = 2E(X), (By property)

=2(1/3) =213
@) E@X-1)=2E(X)-1=2(3)-1=-1/3
) Vuimm=vm=5(f}-[ﬂx}iz

Statistics - XII

2.4

Two independent random variables

This is an extension of the one random variable case. The problem
will be to recognize the old ideas behind the new names.

The distribution of two or more random variables is called joint
distribution. Specifically;
The distribution of one random variable is called univariate probability
distribution,
The distribution of two random variables is called bivariate probability
distribution.
The distribution of three random variables is called trivariate probability
distribution.
The distribution of many random variables
probability distribution.

is called multivariate

2.4.2 Bivariate probability distribution

If all possible values of two random variables along with their
joint probabilities are presented in tabular form then, it is called bivariate
probability ~distribution. Suppose X and Y are two discrete random
variables, where X has “m” values and Y has “n” values, then bivariate
probability distribution of X and Y is given by

T lf. e T :-.-.-:':u‘
X--. -.-, L t Pam aus
X -
i v
B
FONEE

T

“Unit -2: Random Variables and Probability Distribution==—
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p—— £ . can obtai
From the bivariate probability distribution W€ s
univariate probability distributions as:

i i bability
- . ags [ll] T]'IB m&l'g.l[lal pl'(]
i :Ts;[;fo':if ;‘3 o distribution of ¥

X p(x) Sabd PB)

x plx) ~on | PO
Com | e e | e
i g, (s 3¢ Bl L :

_ Xm ~ plam) e POn)

243 Bivariate probability function

If all possible values of two random variables with their
assoc:laled proha%u]mms are shown by a formula, then it is called bivariate
pruhz:hlhty function. It is denoted by p(x, ¥) (discrete case) and f(xi, ¥)
(mnnnuousus:];foral].nand}j, :

> ]
244 Independence of two random variables

of thei : ; variableg th
ir sum or difference wdenmgdbymtnm:?s c':l‘:“ﬂdm: expected value
ned as:

o I )

Statistics - XII Unit -2: Random Varlables and Probability Distributions
EX Y = XX £y pln (discrete random variables case)
[,

= [lta £ ) f (5 ¥) da dy (continuousrandom variables case)
xy

Expected value of their product is
E;(XY) = ZJZZ (i yy) plxi, ¥7) (for discrete case)

= [[Gay) f(xi,y) dady  (for continuous case)

.:2.4.'6' ‘Properties of mathematical expectation of two random variables

Let X and ¥ are two independent random variables and then they
jointly have the following properties:

(i) The expected value of the sum of two random variables is
equal to the sum of the expected values of the individual random
variables i.e.

E(X +Y) = E(X) + E(Y)
Proof:
By definition

E(X +Y) = Z!El (xi + i) plexi i)
= ggx.-pm ) + gié,l)yp{x:. ) )
Consider g %1‘; plx, )
= Exa,i_. Py

| ae——— B p e e pEm g, een SR B 0w Do
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(ii) The expected value of the fpr:!::l:t of two h:depe:ddemﬂrandt_!m
5 ; iables is equal to the product o ir individual expected values i.e.
= S [pG Y1)+ P y2) & oo+ P ya) varial
= . e E(X Y) = E(X) E()
=in[Plxﬂp(m+P(x=}P(ﬁ)+---""’(”:'p(y"]](asxmYm - Proof:
hi;:depcndmtl _ By definition
:'gxip(,t[} [plys) + pOa) + - +p0)] EXY )= ggmmpm o
- of probabilities is equal to one.) i
= Fpto) () AT | = 2.3 %3 PG PO) (as X and Y are independent)
e . = $xip(x) £y p03)
= E(X) @ il =
Again consider EEM(H-)?I
= g)’;% plxi 37)

wilpb 3) +p x2 3) + ... + Pl )]

T

© = Sylplcr) ) + P2 POY) # .- + PEmPY)]

=)
= S0 (p(e) Hp %) + .. + plan) _
Adding rows and columns to find p(x) and p(y) shown in the

= 2P0 (1) ‘ | S
= Ewpm}
=E(y) (3)

Put equation (2) and (3) in equation (1), we get E(X +Y) = B(x) +E(Y)

o o
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By definition
E(X) = Zx p(x) =2 % 0.
E(N)=Zypy) =1 4025 +3%0.50+5% 023
2025+150+125=3

40+4xn,m=[l.30+2.40=3.2

Now by property
E(X+Y]=E(X)+E(]’]=3.2+3=6.E
E(2X - 31) = EQ2X) - EG3Y)
=2E(X) - 3E(Y)
=2(32)-3(3)=64-9=-26

Since X and ¥ are independent, therefore,
EXY)=EX EN=(32)0)= 9.6

247 Variance of the sum or difference of two independent random

variahles

If X and Y are two independent random variables, then variance of
their sum is given by the formula:

V(X +Y) = EX +Y - E(X +1)] *
=E[X+Y - E(X) - (V)

=E[(X- EX)) + [Y-E(D))?
= E[(X- EQOY + (Y- E())2 + AX-EQ}Y - E())
= E[X- EX))* + EL¥-E(OI +2 E(X- B} (¥ - E(1))
= VIX) + V(Y) + 2 cov(X, 1)

When X and Yarei.ndepcndmﬂhencov(x, N=0
VX +1) = ViX) + v(), Similarly
VX -1 = V%) + yy)

Consider the following joint probability distribution of two

independent random variables X and Y.
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Find: V(X), ()W), VX +Y), (V)VX-Y)
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V(X) = E(X)* - [EX))
E(X) = Zx p(x) = 0 (.40) + 1 (.60) = 0 + .60 = 0.60
E(X?) = Zx¢? p(x) = 07 (40) + 12 (.60) = 0 + .60 = 0.60
. V(X) = 0.60 — (0.60)* = 0.60 - 0.36 = 0.24
V(Y) = E(Y?) - [E(V))?
E(Y) =Zy p(y) = 0(.25) + 1(.50) + 2(.25) =0+ 0.50 +0.5 =11
E(Y") = Zy? p(y) = 07 (:25) + 12 (50) + 22 (25) =0+ .50 + 1 = 1.50
5 V() =1.50-(1)*=1.50-1=0.50
Since X and Y are independent, therefore,
V(X +Y) = V(X) + V(¥) =0.24 + 0.50 = 0.74
VX -Y)=V(X) + V(rj =0.24 +0.50=0.74
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Statistics = XII

A variable that is itself 2

Key points
ey PO

function of the results of a random
experiment is called random variable

A variable which takes jumping values or isolated values is called
discrete random variable

A variable which takes any value between WO limits [a, b], a <b is
called continuous random variable

If all possible values of a random variable along with their respective

probabilities are shown in tabular form and sum of probabilities is
equal to one, then such tabular form is called probability distribution

If all possible values of a random variable along with their respective
probabilities are shown by a formula, then it is called probability
function or probability mass function. It is denoted by p(x)

The mean of a random variable is called mathematical expectation.

* E(c) =c,where c is a constant

Mean : E(X) = Ex p(x) where X is a discrete random variable

*  Variance : V(X) = E[X*) - [EGO)?

The distribution of

ke two or more random variab.l.es is called joint

N ] ]_fﬂ:xi, W) =ﬁ,t;]j‘by). ul.EﬁxﬂBd Ymmﬂepeudcnt

E"‘m:m‘)*ﬂ”‘“ﬂﬂﬁ-hmnqgm
SXY) = B ), X a0d Y areindepen

VX +Y) = v + :
independent, wnmwx_n=w}f]+¥’(}').if}{and¥are
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~and F for false statement. . -

215 Hilljin the blanks::

i. A discrete variable can take a

. Read! ,;he followin

tements carefully and swrite T [or -true

Random variable is also called chance variable.

Discrete random variable takes every value between two limits

The sum of probabilities in a probability distribution must be one.
The probability function and pdf can be negative.

Mathematical expectation of a random variable is also called
average or mean of the random variable.

Expected value of a constant is zero.

Variance of a constant is zero.

E(X-Y) = E(X) - E(Y)

V(X-Y) = V(X) - V(T)

If fix, y) = fix) i), it means X and Y are independent.

number of values within

its range or an infinite number of values that are countable.
ii. The probability function p(x) cannot exceed

i, ifp(x)zzil forx=1,2,3,4,5,6then P(X=2o0r3)=

iv. A variable whose value are obtained from the outcomes of a
random experiment is called

v. Random variables are classified into

vi. The distribution of two or more random variables is called_____

vii. The value of the expression 2 X p(x;, y) is always,
i

viii.

If X and Y are two independent variables then E(X 1) =

ix. If X and Y are independent random variables then S.D(X-Y)=__

x. If E(X) =% , E(x% =g~ then S.D(X) =
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Statistics - Xl - Unit -2: Random Varlables and Probability Distributions.

r out of the given Ones..

Select the correct answel

()  The height of personsina country i

23
(viii) If X and Y are independent random variables then V(X-Y) =

(a) discrete random variable #) ) VLK (®) V() + V()
(b) continuous random variable €} X)) UT) @ VX+Y)
(©) both discrete and continuous (ix)  continuous probability distributions give
(d) neither discrete nor continuous (a) interval probability (b) point probability
Gi) The outcomes of tossing @ coin three times is a variable of (c) negative probability (d) zero probability
the type (x)  if X is a random variable having its pdf, the E(X) is called
(a) continuous (b) discrete (a) median (b) geometric mean
(c) neither discrete not continuous (c) mode (d) arithmetic mean
(d) both discrete and continuous 2.4  Describe the boncept of a random variable and give ils.e.xamp!.r.s‘
@) Iffix)=kx,0<x <1, then value of kis 2.5  Explain different types of a random variable with examples.
1 1 2.6 Classify each of the following random variables as either discrete
@ 3 )2 © 2 2 or continuous:
(iv)  If V(X) = 2 then V(2X + 5) is equal to i. Time to failure for an electronic system.

(a)4 ()2 ©8 d 6 ii. The height of a person.

iii. The number of questions asked in an oral examination.
(v)  IfE(X)=4 then E[3X + 10] is A
iv. Temperature at a place.

ki et (c)4 @22 v. The maximum breaking strength 250 kg of a wire.

i) IFEX)= :—E JEXh = g then S.D of X is vi. The number of fatal traffic accident per month on the motor way.
_ vii. The life time of a mobile set.

(@) g () % © 2 @ 2 viii. The amount of rainfall at Islamabad during different months of

T e 9 2016. N
o), it means variables are ix. The number of admitted patients in a hospital in a year.
E:; ?mmlﬂwd ‘ (5} depéadieat x. The number of Mosque per village in a district.
() associated

T g = P PN - I =
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distribution, probability  function =

Define  probability What are the two basic properie

probability density  function.
of all probability functions?
Find probability distribution for the number of heids whep 5
balanced coins are tossed.

In a family of three children find the probability distribution for 4

number of girls.
A random variable has the following probability distribution.
X 4 6 7 10
o) 02 04 c 0.1
(i) Find the value of c. () PX<T) (iii) P(X = 6)

A coin is tossed three times in succession. Find the probability
distribution for the number of heads minus number of tails.

A pair of fair dice is rolled once. Find the probability distribution
for the difference of dots.

Check whether the following is a probability distribution or not? If
not, then why?

X 0 10 15 25 5
plx) 01 0.3 0.4 0.3 Og

Adi :
discrete random variable has the probability mass function:

¢
Pix)= 'é- v x=0,123
0

. d.f EII-'fac re

(i) Px > 1y (iif) PO < ¥ < 3)
SIate its propergjes
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2.16

2.17

2.18

2.19

2.20

< Unit -2: Random Variables and Probability Distributfons

A | 0<x<1
fx) = [U F e[i’mhere]
Find (i) value of the constant A (ii) P(X < 0.5) (i) P(0.2 < X < 0.3).

Discuss mathematical expectation. Write some of its important
properties.

For the following discrete probability distribution of X

X =3 1 )
p(x) 113 1/6 172
Find (i) EX) (i) EX® (i) EQX+5)

Find the mean, variance and standard deviation for the following
probability distribution:
¥ =i 0 1 2 3

o) 0.125. 05 0.2 005 0125

Let ¥ be a random variable with probability distribution as follows: . g

Y 1 2 3 4 5 ;
pO) 0125 045 025 005 0125 -

Find ()  Expected value
(i)  Variance

(iii)  S.D for the random variable ¥

A variable X has the pdf fix)= [h}(l—x) , DExSl]

0 . otherwise

Find (i) The value of k

(i) E(X) (iii) Variance (iv) S.D
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