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Normal Random Variables

PDF of normal random variables

A continuous random variable Y is normal random variable with
parameters —oco < i < oo and o > 0 if it has the density

1 _=w)?

f(y):ame 202 — 00 <y < 400
We write Y ~ N(u,0?)
The CDF
y u
F(Y)
) O’\/27T

has no closed form. Compute it using technology.

See e.g https://www.webassign.net/tparise/beta/stats/
distributionIndex.html
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Why "normal”?

@ Normal random variables are , at least in good approximation.

e Many random variables look very close to a normal (under suitable
rescaling), e.g

Poisson PMF (A = 50) versus a Normal PDF with =50 and ¢? = 50

0.05 1

0.01 1

0.00 -

X

Y Poisson with large A
@ This come from the Central Limit Theorem (Chapter 7)
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Standard normal random variable

Standard normal random variable

A normal random variables is called standard normal random variable Z if
=0 and 02 = 1. The density is

N

1 Y
= —e 2 —oo <y <—+00
Vam Y

Usually we reserve the letter Z is Z ~ N(0, 1)

f(y)

If Z is standard normal, Z ~ N(0,1), then

Y=0Z+pu

is normal and Y ~ N(p,?)
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Normal-table from your book

848 Appendi 3 Tables

T — You can always standardize your RV.

i R S If Y is normal with mean 7 and
03 346 309 372 336 300 3264 392 315 i - h Z — MK d d
05 s 0 IS M %6 B2 2T 2 W0 2T variance o then = IS standar
06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451 o

;

A e O normal.
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example

@ A company that manufactures and bottles apple juice uses a machine
that automatically fills 16 ounce bottles. The amount dispensed has
been observed to be approximately normally distributed with mean 16
ounces and standard deviation of .5 ounce.

» What is the probability that bottles contains less than 14.5 ounces?

» Suppose bottle the big enough to contain 17 ounces. What is the
probability that the bottles overflow.

» How big should the bottles be so less than one percent of bottles
overflow?
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Mean, variance

Mean and Variance of normal RV

If Y ~ N(u,oc?) then

E[Y]=p V[Y] = o?

Proof: By the previous theorem we can assume y = 0 and 02 = 1.

0o e—y2/2
ElY] = dy =0 (the integrand is odd
1= [ yS—dy =0 (the integ )

0 —y2/2 o 4 Y22
E[Y? —/ xyS—d ——/ —
[Y~] Xy =y Y T

efy2/2 oo e*y2/2
D e
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