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Probability Limit Theorems 
1. Convergence in Probability
A sequence of random variables {Xn} is said to converge in probability to a random variable X if for every ε > 0,
P(|Xn − X| ≥ ε) → 0 as n → ∞.
It is denoted by Xn →p X.
This means Xn becomes closer to X with high probability as n increases.
2. Convergence in Distribution
A sequence of random variables {Xn} is said to converge in distribution to X if
Fn(x) → F(x) as n → ∞ for all x where F(x) is continuous.
It is denoted by Xn →d X.
This convergence depends only on the distribution functions.
3. Law of Large Numbers (LLN)
The Law of Large Numbers states that the sample mean converges to the population mean as the sample size increases.

4. Weak Law of Large Numbers (WLLN)
Let X1, X2, ..., Xn be independent and identically distributed random variables with mean μ and finite variance.
Then the sample mean X̄ converges in probability to μ.
That is, X̄ →p μ.
5. Strong Law of Large Numbers (SLLN)
Under stronger conditions, the sample mean converges almost surely to the population mean.
That is, X̄ → μ almost surely.
Strong law implies weak law.
6. Central Limit Theorem (CLT)
Let X1, X2, ..., Xn be independent and identically distributed random variables with mean μ and variance σ².
Then the standardized variable:
(Z = (X̄ − μ)/(σ/√n)) converges in distribution to a standard normal distribution as n → ∞.
This theorem explains why normal distribution appears frequently in statistics.
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