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The Expectation , Variance , and Standard Deviation
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possible states . head (H) and tail (T), like : (spin up T, spin
downl), (0,1), (0, A)

H T T T H H T H H
N.._ @®@O0OOOC@eO @ee
Total No. of Coins = N
Total No.of Heads =H  f== Macroscopic
Total No. of Tails =T
N=H+T
(NH) : total No. of macrostates, like a No. of freedom
N2H=20

e Used for indistinguishable object not interested by
the order of head and tail .
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If we have no bins of H, T indistinguishable

p(H) =p P(T)=q
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What is the average of No. of heads ?

YN _o HP(H)
H) = 0
H) Y H=0 P(H)

The quick way to find all the moments of this distribution
is to define the gf (generating function) for pdf (probe
density function) is differentiating the (gf) and setting x =
1 generating for polynomial distribution is :
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) = _a};;x) = NP(Px + q)N-!

f'(1) = NP

(H) = NP the average No. of heads.

Whatis the standard deviation ?

(1) = 2 S oo p(H)xH = H(H = 1) $h=o p(H)x"
f"(1) = (H(H - 1)) = (H*) — (H)
f(1) = NN = D)P?
(H?) —(H) = N(N — 1)P?
(H?) = N*P? — Np? + Np
Variance (H?)—(H)? = ((H — (H)))
(H?) — (H)? = N2P2 — Np2 — NP — N2Pp2
(H?) = (H)* = Np(1 - p) = Npq
AH = standard deviation = \/qu

What is the distribution about the mean Relative
Fluctuation ?
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events No. of head Prob.
TTTT 0 1/16
HTTT P
THTT 1 4/16
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THTH 3
THHT 5
TTHH
THHH L
HTHH
HHTH 3 4/16
HHHT
HHHH 4 1/16




r(m)
252

210 210

120 120

45 45

m = Nt — N}
Plot of the function 7 (m) for 10 spins

When N = 100 the function 1s already much narrower:
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Plot of the function ¢ (m) for 100 spms




Small standard
deviation

Large standard
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* A normal distribution can have any mean and any
positive standard deviation.

* The mean gives the location of the line of symmetry.
* The standard deviation describes the spread of the
data.

Inflection
points A

N

012348567
g=39
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sample variance 17 156 23 759713

: 2
Observation  mean o2 = .—.Z.M——

X X (xi- X) (xi - X)? n-1
17 14 :% 3 9 sample variance

o2= 2L = 33
15 14 1 1 5
23 14 9 81 sample standard deviation
7 14 -7 49 o =5.76
9 14 -5 25
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g9(x) = \/2;? exp [—

The mean and the location of the maximum coincide.

(fb“) =Ty = Tmax

The variance is given by the second central moment.
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=p(1-p)N

A Gaussian function with this mean and variance gives a
the binomial distribution for sufficiently large n and N.
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