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CSE 107 

Probability and Statistics for Engineers 

Information for Midterm 2 
 

 

Mean and Variance Formulas: 

 

𝐸[𝑎𝑋 + 𝑏] = 𝑎𝐸[𝑋] + 𝑏 

 

𝐸[𝑎1𝑋1 + 𝑎2𝑋2 +⋯+ 𝑎𝑛𝑋𝑛] = 𝑎1𝐸[𝑋1] + 𝑎2𝐸[𝑋2] +⋯+ 𝑎𝑛𝐸[𝑋𝑛] 
 

𝑉𝑎𝑟(𝑎𝑋 + 𝑏) = 𝑎2𝑉𝑎𝑟(𝑋) 
 

Summation Formulas: 

 

∑𝑎𝑟𝑘
𝑛−1

𝑘=0

= 𝑎 (
1 − 𝑟𝑛

1 − 𝑟
)      for any 𝑟 ≠ 1 

 

∑𝑎𝑟𝑘
∞

𝑘=0

= 𝑎 (
1

1 − 𝑟
)         for − 1 < 𝑟 < 1 

 

∑𝑘

𝑛

𝑘=1

=
𝑛(𝑛 + 1)

2
 

 

 

Common Random Variables: 

 

Discrete Uniform on [𝑎, 𝑏] = {𝑎, 𝑎 + 1, 𝑎 + 2, … , 𝑏}, where 𝑎, 𝑏 ∈ ℤ 

 

𝑝𝑋(𝑘) = { 
1

𝑏 − 𝑎 + 1
        if 𝑎 ≤ 𝑘 ≤ 𝑏

0                         otherwise

 

 

𝐸[𝑋] =
𝑎 + 𝑏

2
 

 

𝑉𝑎𝑟(𝑋) =
(𝑏 − 𝑎)(𝑏 − 𝑎 + 2)

12
 

 

𝐹𝑋(𝑥) = { 

0                        if 𝑥 < 𝑎
⌊𝑥⌋ − 𝑎 + 1

𝑏 − 𝑎 + 1
        𝑎 ≤ 𝑥 < 𝑏

1                            𝑥 ≥ 𝑏

 

 

Bernoulli with parameter 𝑝 

 

𝑝𝑋(𝑘) = { 
𝑝                if 𝑘 = 1
1 − 𝑝        if 𝑘 = 0

 

 

𝐸[𝑋] = 𝑝 

 

𝑉𝑎𝑟(𝑋) = 𝑝(1 − 𝑝) 
 

𝐹𝑋(𝑥) = { 
0              if 𝑥 < 0
1 − 𝑝          0 ≤ 𝑥 < 1
1                  𝑥 ≥ 1
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Binomial with parameters 𝑛, 𝑝 

 

𝑝𝑋(𝑘) = { 
(
𝑛
𝑘
)𝑝𝑘(1 − 𝑝)𝑛−𝑘         if 0 ≤ 𝑘 ≤ 𝑛

0                                       otherwise
 

 

𝐸[𝑋] = 𝑛𝑝 

 

𝑉𝑎𝑟(𝑋) = 𝑛𝑝(1 − 𝑝) 
 

𝐹𝑋(𝑥) =

{
 
 

 
 

 

0                                           if 𝑥 < 0

∑(
𝑛
𝑘
)𝑝𝑘(1 − 𝑝)𝑛−𝑘

⌊𝑥⌋

𝑘=0

        0 ≤ 𝑥 < 𝑛

1                                               𝑥 ≥ 𝑛

 

 

Geometric with parameter 𝑝 

 

𝑝𝑋(𝑘) = { 
(1 − 𝑝)𝑘−1 ⋅ 𝑝        if 𝑘 = 1, 2, 3, ……
0                                otherwise

 

 

𝐸[𝑋] =
1

𝑝
 

 

𝑉𝑎𝑟(𝑋) =
1 − 𝑝

𝑝2
 

 

𝐹𝑋(𝑥) = { 
0                            if 𝑥 < 1
1 − (1 − 𝑝)⌊𝑥⌋        𝑥 ≥ 1

 

 

Poisson with parameter 𝜆 

 

𝑝𝑋(𝑘) = { 
𝑒−𝜆 ⋅

𝜆𝑘

𝑘!
        if 𝑘 = 0, 1, 2, 3,……

0                     otherwise

 

 

𝐸[𝑋] = 𝜆 

 

𝑉𝑎𝑟(𝑋) = 𝜆 

 

𝐹𝑋(𝑥) = { 

0                         if 𝑥 < 0

∑𝑒−𝜆 ⋅
𝜆𝑘

𝑘!

⌊𝑥⌋

𝑘=0

         𝑥 ≥ 0
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Continuous Uniform on [𝑎, 𝑏] where 𝑎, 𝑏 ∈ ℝ 

 

𝑓𝑋(𝑥) = { 
1

𝑏 − 𝑎
        if 𝑎 ≤ 𝑥 ≤ 𝑏

0                 otherwise

 

 

𝐸[𝑋] =
𝑎 + 𝑏

2
 

 

𝑉𝑎𝑟(𝑋) =
(𝑏 − 𝑎)2

12
 

 

𝐹𝑋(𝑥) = { 

0               if 𝑥 < 𝑎
𝑥 − 𝑎

𝑏 − 𝑎
          𝑎 ≤ 𝑥 < 𝑏

1                   𝑥 ≥ 𝑏

 

 

Exponential with parameter 𝜆  

 

𝑓𝑋(𝑥) = { 
𝜆𝑒−𝜆𝑥         if 𝑥 ≥ 0
0                 otherwise

 

 

𝐸[𝑋] =
1

𝜆
 

 

𝑉𝑎𝑟(𝑋) =
1

𝜆2
 

 

𝐹𝑋(𝑥) = { 
0                    if 𝑥 < 0
1 − 𝑒−𝜆𝑥          𝑥 ≥ 0

 

 

Normal with mean 𝜇 and variance 𝜎2 
 

𝑓𝑋(𝑥) =
1

√2𝜋 𝜎 
𝑒
− 
(𝑥−𝜇)2

2𝜎2  

 

𝐸[𝑋] = 𝜇 
 

𝑉𝑎𝑟(𝑋) = 𝜎2 
 

𝐹𝑋(𝑥) =
1

√2𝜋 𝜎
∫ 𝑒

−
(𝑡−𝜇)2

2𝜎2  𝑑𝑡
𝑥

−∞

 

 

Standard Normal (𝜇 = 0 and 𝜎 = 1) 
 

𝑓𝑋(𝑥) =
1

√2𝜋
𝑒− 

𝑥2

2  

 

𝐸[𝑋] = 0 

 

𝑉𝑎𝑟(𝑋) = 1 
 

Φ(𝑥) =
1

√2𝜋
∫ 𝑒−

𝑡2

2  𝑑𝑡
𝑥

−∞
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