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Agenda
● The Normal/Gaussian RV
● Closure properties of the Normal RV
● The standard normal CDF
● The Central Limit Theorem!
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The Standard Normal CDF

0 a
<latexit sha1_base64="wqZLPcGml9Og5FDdUdFUNWEF4FE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSrlW9i2qteVmp3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxKuM6Q==</latexit>



The Standard Normal CDF
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The Standard Normal CDF



What about  non-Standard Normals?



We can Standardize any RV

probability students

Definition of
Expectation



Normals stay normal! (Under scale+Shift)

probability students
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Expectation



Closure of the normal (Under scale+Shift)

probability students

Definition of
Expectation



X is normal with mean 3 and variance 9.
What is 

○ Pr (2 < X < 5)

○ Pr (X > 0)

○ Pr (|X-3| > 6)
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From                         to standard normalN(µ,�2)
<latexit sha1_base64="N0Sk5aodJRL9coO8QfPWdqzEbFg=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqoMuiG1dSwT6giWUynbRDZyZhZqKU2E9x40IRt36JO//GSZuFth64cDjnXu69J4gZVdpxvq2l5ZXVtfXCRnFza3tn1y7ttVSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIORleZ334gUtFI3OlxTHyOBoKGFCNtpJ5duql4PDmBnqIDju5rx8WeXXaqzhRwkbg5KYMcjZ795fUjnHAiNGZIqa7rxNpPkdQUMzIpeokiMcIjNCBdQwXiRPnp9PQJPDJKH4aRNCU0nKq/J1LElRrzwHRypIdq3svE/7xuosMLP6UiTjQReLYoTBjUEcxygH0qCdZsbAjCkppbIR4iibA2aWUhuPMvL5JWreqeVmu3Z+X6ZR5HARyAQ1ABLjgHdXANGqAJMHgEz+AVvFlP1ov1bn3MWpesfGYf/IH1+QMCAZKJ</latexit>



Summary: The Normal/Gaussian RV



Normal random variables



Closure of the normal (under addition)

probability students

Definition of
Expectation



Closure of the normal (under addition)

probability students

Definition of
Expectation



5.7 The Central Limit Theorem



The Sample Mean



The Sample Mean



The Central Limit Theorem
Consider i.i.d. (independent, identically distributed) random vars X1, X2, X3, …

Where Xi has μ = E[Xi] and σ2 = Var[Xi]

Consider random variables
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The Central Limit Theorem
Consider i.i.d. (independent, identically distributed) random vars
X1, X2, X3, …
Where Xi has μ = E[Xi] and σ2 = Var[Xi]

As n → ∞,

Restated: As n → ∞, Mn =
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CLT (Pictures)

From: https://courses.cs.washington.edu/courses/cse312/17wi/slides/10limits.pdf
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CLT in the real world
CLT is the reason many things appear normally distributed
Many quantities = sums of (roughly) independent random vars

Exam scores: sums of individual problems

People’s heights: sum of many genetic & environmental 
factors

Measurements: sums of various small instrument errors



CLT in the real world
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CLT in the real world



CLT (Example)

Definition of
Expectation
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CLT (Example)

Definition of
Expectation



● Suppose I asked you to estimate Pr (X = 20) using the
normal approximation.

● Problem: Binomial is discrete, Normal is continuous.

The Continuity Correction (Idea)
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The Continuity Correction



The Continuity Correction



The Central Limit Theorem



Normal random variables



The Standard Normal CDF


