


Today’s reading: 7.7

Next class: 8.1-8.4

Last HW is due today!

Course evaluations are now open.  Please do 
one!

Next week: I’ve decided to rejigger the 
schedule.

• Monday we’ll discuss CLT

• Wednesday I’ll talk about quantum 
mechanics and have some time when you 
can “ask me anything”

• Friday we will not have class. Instead, I 
will record a video solving the practice 
final that you can watch on your own 
time.





Suppose 𝑋 and 𝑌 are jointly continuously distributed with PDF

𝑓 𝑥, 𝑦 = ൞
2𝑒−2𝑥

𝑥
, 0 ≤ 𝑥 < ∞, 0 ≤ 𝑦 ≤ 𝑥

0, 𝑒𝑙𝑠𝑒

Compute 𝐶𝑜𝑣 𝑋, 𝑌 .



If 𝑋 is a random variable, then its moment generating function 𝑀𝑋: ℝ → ℝ is the 
function

𝑀𝑋 𝑡 = 𝐸 𝑒𝑡𝑋

 = 𝐸 1 + 𝑡𝑋 +
𝑡2𝑋2

2!
+

𝑡3𝑋3

3!
+⋯

 = 𝐸[1] + 𝑡𝐸[𝑋] +
𝑡2𝐸[𝑋2]

2!
+

𝑡3𝐸[𝑋3]

3!
+⋯

𝒕 ℝ
𝑴𝑿(𝒕) ℝ



Two key facts:
1. If we evaluate the 𝑛th derivative of 𝑀𝑋 𝑡  at 0, then we get the 𝑛th moment of 𝑋:

𝑀𝑋
𝑛 𝑡 = 𝐸 𝑋𝑛

(Why?) This explains the name “moment generating function.”

2. If 𝑋 and 𝑌 are random variables with 𝑀𝑋 𝑡 = 𝑀𝑌(𝑡), then 𝑋 = 𝑌.  In other words: 
the moment generating function uniquely determines the random variable! (We won’t 
prove this, since we would want to iron out those convergence issues first...)



Well, the moment generating function is yet another thing we can try to 
compute to better understand a given random variable.  Since it completely 
determines the random variable and all of its moments, we should be satisfied if 
we’re able to compute it!

Moreover, it comes with its own set of “formal properties” that can sometimes 
make it a more useful strategy for understanding a random variable than other 
strategies.

In particular, we will use moment generating functions to sketch the proof of the 
Central Limit Theorem on Monday.



𝑿 𝒑 𝑀𝑋 𝑡 =

𝑥

𝑒𝑡𝑥 𝑝(𝑥)

𝑿 𝒇 𝑀𝑋 𝑡 = න

−∞

+∞

𝑒𝑡𝑥 𝑓 𝑥 𝑑𝑥

𝑿 𝑌 𝑿 + 𝒀

𝑀𝑋+𝑌 𝑡 = 𝑀𝑋 𝑡 𝑀𝑌(𝑡)
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