Unit 1: Basic Probability

1. | Probability = P(4) = No.of possible outcomes
' robapraty = "~ Total no.of outcomes
2. | Probability of an impossible event = P(¢) =0
P(A) =1-P(4)
3. |P(A)+PA)=1
P(A) <1
P(AUB) =P(A)+P(B)—-P(ANB)
e [If Aand B are mutually exclusive events (do not occur simultaneously) then
P(AnB)=0.P(AUB) =P(A)+ P(B)
e If Aand independent events then P(AN B) = P(A) P(B)
P(AUBUC)=P(A)+P(B)+P(C)—P(ANB)—P(BNC)—P(CNA)+P(ANBNC)
e [f A B and C are mutually exclusive events (do not occur simultaneously) then
P(ANnB)=0,P(BNC)=0,P(ANB)=0and P(ANBNC)=0
e If Aand independent events then P(ANB N C) = P(A) P(B) P(C)
4.
P(AnB)=P(B)—P(ANB)
P(ANnB)=P(A) —P(ANB)
De Morgan's Laws:
P(ANB)=P(AUB)
P(AUB)=P(ANB)
P(AUB)=1-P(ANB)
P(ANB)=1-P(AUB)
Conditional Probability:
paspy="40B) banBy = pasB) P(B
P(ANB)
P(B/A) =————~P(ANnB)=P(B/A) P(A)
P(A)
Bayes' Theorem:
A4, Ay, ... A, are mutually exclusive and exhaustive events and B is an event that occur
6. | in combination with any one of the events Ay, A,, ... A, then
P(A)P(B/A;)
P(A;i/B) = &
i=1 P(A)P(B/A)
Properties of Probability Mass Function (One Dimensional Discrete):
p(x;) = 0 for all values of i
7. (o]
ZP(Xi) =1
i=1
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Properties of Probability Density Function (One Dimensional Continuous):
fx) =20 —ow<x<m
8. f fO)dx =1
— .
P(a <x <b) =f f(x)dx
a
Properties of Joint Probability Mass Function (Two Dimensional Discrete):
pxy(xi,yj) > 0 for all values of i and j
n m
z Z pXY(xi'yj) =1
j=1i=1
m
Marginal Probability py(x;) = Z p(xi,yj)
j=1
9 n
Marginal Probability py(y;) = 2 p(xi, y;)
i=1
Conditional Probability pyy = P(X = x/Y = y) = 0= %Y =)
onditional Probability py,y = P(X = x/Y =y) = PIY =)
Conditional Probability pyx = P(Y = y/X = x) = L= %Y =)
onditional Probability py;x = P(Y =y/X =x) = PX = %)
Necessary and suf ficient condition for X and Y to be independent is
P(X=x,Y =y;) =P(X =x)P(Y =)
Properties of Joint Probability Density Function (Two Dimensional Continuous):
f(x,y) 20 forallx,y
f f fx,y)dxdy =1
—00 v —00 d b
P(a<X<bc<Y<d) =f f f(x,y)dxdy
c a
Marginal Probability fyx(x) = f f(x,y)dy
10. "o
Marginal Probability fy(y) = j fx,y)dx
X,
Conditional Probability f(x/y) = (%)
fron
X,
Conditional Probability f(y/x) = f)
fxo
Necessary and suf ficient condition for X and Y to be independent is
fy) = fx() fy(v)
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Unit 2: Some Special Probability Distributions

Binomial Distribution:

P(X =x) =nCxp*q"*x=0,1,2,..,n
n = no.of trials

p = probability of success

1. | g =1 —p = probability of failure

mean = np
variance = npq
SD = /npq

Poisson Distribution:

e—/lx
P(X=x)= o ,x=0,1,2,..,n

2. |[A=np

mean=np = 4
variance = A
SD =2

Used whenn is very large and p is very small.

Normal Distribution:

X —
3. | Take a new random variable Z = 27H

o
then use Z — table to find probability

Exponential Distribution:
flx) =2e*,x>0

1
4. mean = ﬂ.

_ 1
variance = ﬁ
50—1

)

Gamma Distribution:
s

A
fxX)==—x""te ™ x>0

I'r
c T
. | mean = 7
r
variance = ﬁ
Vr
SD = —
A
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Unit 3: Basic Statistics

Note: If data is given in the form of class then x; = middle value of class

, . _ =1 X
Arithmetic Mean x or y = ———
! Siaf
— when frequency is given, Weighted Arithmetic Mean x or y = %
i=1Ji
Expectation E(X) = Mean = Z xip(x;)
1. i=1
- Important Results:
EX+k)=EX)+k
E(aX+b)=aEX)+thb
EX+Y)=EX)+E(Y)
E(XY) = EX)E(Y)if X and Y are independent random variables.
For median first arrange observations in ascending order.
— If no.of observations = n = odd
. n+ 1\" .
Median M = ( ) observation
- If no.of observations = n = even
mth n th
(7) observation + (7 + 1) observation
Median M = >
: ()
— when frequency is given, Weighted Median M = | + ———X ¢

f

[ = lower limit of median class

m = cumulative frequency upto median class
f = frequency of median class

¢ = class length of median class

greater than or equal to >

Median class is a class corresponding to cumulative frequency which is lowest

Mode Z = Observation which occurs maximum time.

— when frequency is given,Weighted Mode Z = | + A X c
2fi=fo— 1

[ = lower limit of modal class

3. | fi = frequency of modal class

fo = frequency of class just above modal class

f> = frequency of class just below modal class

¢ = class length of modal class

Modal class is a class with highest frequency.

5/11

Email: nirmaanacademy7 @gmail.com Ph: +91 70434 12251

© All rights reserved by Nirmaan Academy. No part of this booklet may be reproduced or utilized in any form without the written permission.




Standard deviation o =

sy filx — %)?
i=1fi

— when frequency is given, Standard deviation o = \l

Standard deviation ¢ = \/E(X2) — [E(X)]?

Variance is square of standard deviation.
n =) 2
Di=1(x; — %)

Variance ¢? = N

i fili — %)?
i=1fi

— when frequency is given,Variance ¢? =

5 | Variance V(X) = 0% = E(X?) — [E(X)]?

- Important Results:
VX +k)=V(X)
V(aX £b) = a’V(X)
V(k)=0

V(kX) = k*V(X)

T.L_ X; — f
Mean deviation M.D.= %

o i, filxi — %
— when frequency is given, Mean deviation M.D.= —————

:lzlf-l
Moments:
eq fil =207
Central Moments (Moments about actual mean) u, = mor
i=1/i
il —a)"
Raw Moments (Moments about arbitrary meana) u', = =1 flf - )
L:lf‘l
. . _ ?:1 ﬁx;
Moments about origin v, = —/——
L:lﬁ
T = - =0
po = piz — (u1)?
ps = pz — 3pppy +2(uy)?
Ha = W4 — Az + 645 (u1)? — 3(ug)*
v =a+
v, = Uy + (v1)?
V3 = iz + 30,0, — 2(v1)?
Uy = Uy + 40,03 — 6(v1)?v, + 3(v)*
Mean — Mode

Karl P 'sC iecient of Sk Sk =
8. arl Pearson's Coeffiecient of Skewness S, Standard Deviation

. , 3(Mean—Medi
If the mode is ill-defined then S;, = Stén;;l:d D:vi::tgn
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Sy lies betwen — 1 and 1.

For a positively skewed distribution, S, > 0
For a negatively skewed distribution, S, < 0
For a symmetrical distribution,S;, = 0

12
Skewness 3, = —2

2
For a positively skewed distribution, u; > 0
For a negatively skewed distribution, u; < 0

For a symmetrical distribution,u; =0

Ug

Kurtosis f, = —
U

2
9. | For a Leptokurtic,3, > 3

For a Platykurtic, 8, < 3
For a Mesokurtic,f5, = 3

Correlation:

Zisai =0 i =)
VL G0 = D2 YEL 0 = 7)?
10. 6 Xi. di

Spearman’s Rank Correlation Coefficientr =1 — n(nz—_—l)

d = Dif ference betweenranks R_1 and R_2 given by two judges
N = No.of pairs (contestants)

Karl Pearson's Correlation Coefficient r =

Regression:

Method of least squares:

-y =ax + b (Regression line of y on x)
Yy=ayx+nb

Yxy=aYx*+bYx

— x = ay + b (Regression line of x on y)
Yx=a)y+nb
Lxy=aly’+bXy

11.| Regression Coefficients:
i (a0 —y)

by = =50 G~ B2
S D0
Xy 2?:1()’1‘ - 3_’)2

Regression lineof yonx:y —y = by, (x — X)
Regression line of xony: x —x = by, (y — )

Correlation coef ficientr = /bxy X by

If byy > 0,by, > 0thenr > 0and if by, <0,b,, <0thenr <0
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Unit 4: Applied Statistics: Test of Hypothesis

Large Samples:n > 30

CriticalValue Z, Level of Significance ()
1 1% 5% 10%
' Two tailed test |Z,| = 2.58 |Z,| = 1.96 |Z,| = 1.645
Right/Left tailed test | |Z,| = 2.33 1Z,| = 1.645 1Z,| = 1.28
Test of Significance for Single Proportion
p—P
7 =
PQ
n

p = Sample Proportion

n = Sample size

P = Total population proportion

Q=1-P

2. | when P and Q are not known, p and q are used.

Confidence limits:

’P
95% confidence limits = p + 1.96 7Q

P
99% confidence limits = p + 2.58 ’TQ

Test of Significance for Dif ference of Proportions

P =P

(P01 | P,Q;
nq + n,

when P; and P, are not known, p;,p,, q; and q, are used.

3. | Confidence limits:

P P
95% confidence limits = (p; — p,) * 1.96 104 + 202
nq n;
P P
99% confidence limits = (p; — p,) * 2.58 ;Ql + ile
1 2

Test of Significance for Single Mean
X—U
%)
4, N
X = sample mean
u = population mean
o = population standard deviation
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When Standard deviation of population ¢ is not known
X—
7 =

)
Vn
s = sample standard deviation

Confidence limits:

o
95% confidence limits = x + 1.96 (—)
Vn
o
99% confidence limits = x + 2.58 (—)
Vn
Test of Significance for Dif ference of Means

X1 — X2

2 2
of L 9f
ny Ny

When Standard deviations of population o, and o, are not known

7 =

X1 — X,
7 = 1 2
5.
Confidence limits:
95% confidence limits = (x; —x;) £ 1.96
6.

When Standard deviations of population g, and o, are not known
S1— 52

7 =

Small Samples:n < 30

t —Test:Test of Significance for Single Mean
2 (x — X)?
n

with degree of freedom (df)v=n—1
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Confidence limits:
s
95% confidence limits = x + ty o5 ( )

Vn—1
S
\/n—l)

99% confidence limits = X + ty o1 (

t —Test:Test of Significance for Dif ference of Means

£—7 jzoc — 0?2 + %y - §)? nys? + nys3
where s = ors = |———=

.1 -
S n—1+n—2

ng+n, —2 n+ny,—2
with degree of freedom (df) v =n; + n, — 2

t =

Confidence limits:

8.
1
95% confidence limits = (X —y) £ toos T
S ’Tl_1 + Tl_2
_ 1
99% confidence limits = (X —y) * tg01 B
S Tl—1 + n_z
o t —Test:Test of Significance for Correlation Coefficients
e =122 itk degree of freedom (df)v=n—2

~ Vi

Snedecor's F — Test for Ratio of Variances
2

F= S—lz where S? > 52

2
X — % 2 _ 5\2
10. SlzzZ( ) and522=2(y y)
n—1 n, —1
with numerator df vy = n; — 1 and denominator df v, =n, — 1
. , 2 nlslz 2 nZSZZ
if s;and s, (Sample SD) are given then S; = and S35 =
n,—1 n,—1

Chi — Square Test: Goodness of Fit
2 _ Z (fo — fe)z , _
X° = f with degree of freedom (df)v=n—1

11.| Chi — Square Test for Independece of Attributes
_F)2
X% = ZM with df v = (no.of rows — 1)(no.of colums — 1)

_ (Row total) x (Column total) (Ai)(Bj)
B Total frequency - N

e
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Unit 5: Curve Fitting by Numerical Method

Linear Approximation.:
e Equations for the best fitting straight liney = a + bx
Zxy = alx + bZx?
1. Yy =na+ brx
e FEquations for the best fitting straight line y
Ixy = bEx + aXx?
y=nb+aXx

ax +b

Least Square Approximation.:
e Equations for the best fitting parabola of second degreey = ax?> + bx +c¢
Zx%y = aXx* + bXx3 + cIx?
Ixy = aXx® + bXx? + cZx
2. Yy =aXx®+ bXx +nc
e Equations for the best fitting parabola of second degreey = a + bx + cx?
Ix%y = cZx* + bXx3 + aZx?
Ixy = cIx3 4+ bZx?* + aXx
Xy = cXx? + bZx +na

Non-polynomial Approximation OR Non-linear Regression

y = aeb* yields

Taking Logarithm on both sides logy = log a + bx

Denoting log y =Y and log a = A, the above equation becomes
Y = A + bx which is a straight line.

From above equation A, b can be found & consequently

a = Antilog A can be calculated.

y = ax? yields
e Taking Logarithm on both sides logy = log a + b log x
3 e Denotinglogy =Y,log a = Aand log x = X the above equation becomes
' e Y =A+ bXwhichis astraight line.
e Fromabove equation A, b can be found & consequently
a = Antilog A can be calculated.

y = ab* yields
e Taking Logarithm on both sides log y = loga + xloghb
e Denoting logy =Y,loga = A and log b = B the above equation becomes
e Y = A+ Bxwhichis a straight line.
e From above equation A, B can be found & consequently
a = Antilog A and b = Antilog B can be calculated.
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