
CSE 312 Practice Midterm #2 Solutions 
 
1. True/False, Short Answer.  Provide a short justification for your answer. 
 

a) True or False.  For any random variables 𝑋 and 𝑌, 𝑉𝑎𝑟(𝑎𝑋 + 𝑏𝑌 + 𝑐) = 𝑎2𝑉𝑎𝑟(𝑋) + 𝑏2𝑉𝑎𝑟(𝑌). 
 
False, only if they are independent. 
 

b) Let 𝑋 be a discrete random variable with pmf 𝑝(𝑥) = 𝑎𝑥, 𝑥 = 1,2, ….  Find 𝑎, or say if there is not 
enough information. 
 

The sum must be 1, so 𝒂 =
𝟏

𝟐
. 

 

c) True or False.  Suppose 𝐹1, 𝐹2, … , 𝐹𝑛 partition the sample space, and let 𝐸 be any event.  Then,  

𝑃(𝐸) = 𝑃(𝐸|𝐹1) + 𝑃(𝐸|𝐹2) + ⋯ + 𝑃(𝐸|𝐹𝑛) 
 

False.  𝑷(𝑬) = 𝑷(𝑬|𝑭𝟏)𝑷(𝑭𝟏) + 𝑷(𝑬|𝑭𝟐)𝑷(𝑭𝟐) + ⋯ + 𝑷(𝑬|𝑭𝒏)𝑷(𝑭𝒏). 
 

d) True or False.  For any random variable 𝑋, log 𝐸[𝑋] = 𝐸[log 𝑋]. 
 

False.   In general, 𝑬[𝒇(𝑿)] ≠ 𝒇(𝑬[𝑿]). 
 

e) If 𝑉𝑎𝑟(2𝑋) = 𝐸[3𝑋2] = 12, find 𝐸[𝑋], or say if there is not enough information. 
 

𝟒𝑽𝒂𝒓(𝑿) = 𝟏𝟐 → 𝑽𝒂𝒓(𝑿) = 𝟑.  𝑬[𝟑𝑿𝟐] = 𝟏𝟐 → 𝑬[𝑿𝟐] = 𝟒.   

𝑽𝒂𝒓(𝑿) = 𝑬[𝑿𝟐] − 𝑬𝟐[𝑿], 𝒔𝒐 𝑬[𝑿] = ±√𝟒 − 𝟑 = ±𝟏 . 
Not enough information. 
 

f) True or False.  If 𝐸 and 𝐹 are independent with 𝑃(𝐸) ≠ 0, 𝑃(𝐹) ≠ 0, they are mutually exclusive. 
 
False.  The probability of their intersection would be the product of their probabilities, 
which must be 0 if they are mutually exclusive. 
 

g) True or False. If 𝐸 and 𝐹 are mutually exclusive with 𝑃(𝐸) ≠ 0, 𝑃(𝐹) ≠ 0, they are independent. 
 
False.  The probability of their intersection would be 0, but if the probabilities of both are 
positive, the product of their probabilities is nonzero. 
 

h) True or False.  If 𝑃(𝐴) = 0.4, 𝑃(𝐵) = 0.3, and 𝑃(𝐴 ∪ 𝐵) = 0.58, then 𝐴 and 𝐵 are independent. 
 

True.  𝑷(𝑨 ∩ 𝑩) = 𝑷(𝑨) + 𝑷(𝑩) − 𝑷(𝑨 ∪ 𝑩) = 𝟎. 𝟒 + 𝟎. 𝟑 − 𝟎. 𝟓𝟖 = 𝟎. 𝟏𝟐 = 𝑷(𝑨)𝑷(𝑩). 
 



2. Annie, Bill, Charlie, Danielle, Ethan, Felicia, and George are sitting in a row of nine seats (Note: there 
are only seven people).  Annie and Bill are exes, so they cannot sit next to each other.  Charlie and Danielle 
are dating, so they must sit next to each other.  Ethan, Felicia, and George are best friends, so they also 
want to sit next to each other, but Felicia must be in the middle of Ethan and George (with no spaces 
between the three).   In how many ways can they sit in the row of nine seats?   (Hint: Start by grouping 
Ethan, Felicia, and George, as well as Charlie and Danielle.  Then work on placing Annie and Bill). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3. The hypergeometric distribution represents the following scenario: Suppose there are 𝑁 items in a bag, 

with 𝐾 of them marked as successes in total (and the rest are marked as failures).  We draw 𝑛 of them, 

without replacement.  Each item is equally likely to be drawn.  Then, if 𝑋 is the random variable that 

denotes the number of successes we get in the 𝑛 draws, we say 𝑋~𝐻𝑦𝑝𝐺𝑒𝑜(𝑁, 𝐾, 𝑛).   
 

a) Based on the situation, specify restrictions on the relationships among  𝑁, 𝐾, 𝑎𝑛𝑑 𝑛.  
 
 

𝟎 ≤ 𝒏 ≤ 𝑵 𝒂𝒏𝒅 𝟎 ≤ 𝑲 ≤ 𝑵 
 
 

b) Find the probability mass function for the hypergeometric random variable 𝑋, 𝑝(𝑘).  Be sure to specify 
the domain for the pmf.   
 
 

 

𝒑(𝒌) =
(𝑲

𝒌
)(𝑵−𝑲

𝒏−𝒌
)

(𝑵
𝒏

)
 

𝒇𝒐𝒓 𝟎 ≤ 𝒌 ≤ 𝑲, 
𝟎 ≤ 𝒏 − 𝒌 ≤ 𝑵 − 𝑲 

 
 

Explanation: There are 𝑵 items, and 𝑲 successes, so there are 𝑵 − 𝑲 failures.  We choose 𝒌 

successes out of 𝑲 possible.  Then, we choose 𝒏 − 𝒌 failures out of 𝑵 − 𝑲 total.   There are a 

total of 𝒏 items drawn out of 𝑵 total. 
 
 
 
 
 
 
 
c) If we had the same setup but performed this process with replacement, then our distribution would 

change and the random variable 𝑌 representing the number of successes would be 𝑌~______(_________). 
 

𝑩𝒊𝒏 (𝒏,
𝑲

𝑵
) 

 

Explanation:  The probability of success each time would be 𝒑 =
𝑲

𝑵
. 

 



4. Patients arriving at a hospital emergency room are categorized as either being in critical, serious, or 
stable condition.  In the last year, we know 

 60% of the patients were stable 

 10% of the patients were critical 

 40% of critical patients died 

 90% of serious patients survived 

 1% of stable patients died 
 
Given that a patient survived, what is the probability that the patient was categorized as serious? 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5. Let 𝑋1, 𝑋2, … , 𝑋𝑛 be iid (independent and identically distributed) random variables each with pmf 
 

𝑝(𝑥) = {
1/3, 𝑥 ∈ {2,3}

𝑝, 𝑥 ∈ {0,1}
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

Furthermore, let 𝑋 = 𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛 
 

a) Find 𝑝. 
 

𝒑 =
𝟏

𝟔
 since probabilities have to sum to 1. 

 

b) Find 𝐸[−3𝑋 − 4]. 
 

𝑬[𝑿𝒊] =
𝟏

𝟑
∗ 𝟐 +

𝟏

𝟑
∗ 𝟑 +

𝟏

𝟔
∗ 𝟏 +

𝟏

𝟔
∗ 𝟎 =

𝟐

𝟑
+ 𝟏 +

𝟏

𝟔
=

𝟏𝟏

𝟔
 

𝑬[𝑿] = 𝑬 [∑ 𝑿𝒊

𝒏

𝒊=𝟏
] = ∑ 𝑬[𝑿𝒊]

𝒏

𝒊=𝟏
=

𝟏𝟏

𝟔
𝒏 

𝑬[−𝟑𝑿 − 𝟒] = −𝟑𝑬[𝑿] − 𝟒 = −
𝟏𝟏

𝟐
𝒏 − 𝟒 

 

c) Find 𝑉𝑎𝑟(−3𝑋 − 4), and 𝑉𝑎𝑟(3𝑋 + 4). 
 

𝑽𝒂𝒓(−𝟑𝑿 − 𝟒) = (−𝟑)𝟐𝑽𝒂𝒓(𝑿) = 𝟗𝑽𝒂𝒓(𝑿) = 𝑽𝒂𝒓(𝟑𝑿 + 𝟒) 
 

𝑬[𝑿𝒊
𝟐] =

𝟏

𝟑
∗ 𝟐𝟐 +

𝟏

𝟑
∗ 𝟑𝟐 +

𝟏

𝟔
∗ 𝟏𝟐 +

𝟏

𝟔
∗ 𝟎𝟐 =

𝟒

𝟑
+ 𝟑 +

𝟏

𝟔
=

𝟗

𝟐
 

 

𝑽𝒂𝒓(𝑿𝒊) = 𝑬[𝑿𝒊
𝟐] − 𝑬𝟐[𝑿𝒊] =

𝟗

𝟐
− (

𝟏𝟏

𝟔
)

𝟐

=
𝟗

𝟐
−

𝟏𝟐𝟏

𝟑𝟔
=

𝟏𝟔𝟐 − 𝟏𝟐𝟏

𝟑𝟔
=

𝟒𝟏

𝟑𝟔
 

 

Since 𝑿𝟏, … , 𝑿𝒏 𝒂𝒓𝒆 𝒊𝒏𝒅𝒆𝒑𝒆𝒏𝒅𝒆𝒏𝒕, 

𝑽𝒂𝒓(𝑿) = 𝑽𝒂𝒓 (∑ 𝑿𝒊

𝒏

𝒊=𝟏
) = ∑ 𝑽𝒂𝒓(𝑿𝒊)

𝒏

𝒊=𝟏
=

𝟒𝟏

𝟑𝟔
𝒏 

𝑽𝒂𝒓(−𝟑𝑿 − 𝟒) = 𝑽𝒂𝒓(𝟑𝑿 + 𝟒) = 𝟗𝑽𝒂𝒓(𝑿) =
𝟒𝟏

𝟒
𝒏 


