
3.1a: Derive equation 3.16 from the binomial distribution and stirling’s approximation 

𝑝(𝑥) =  𝑒−𝑁𝑁𝑥/𝑥! 

𝑝(𝑥) =  𝑒−𝑛𝑝(𝑛𝑝)𝑥/𝑥! 

 

𝑝(𝑥) =  (
𝑛!

(𝑛 − 𝑥)! 𝑥!
) 𝑝𝑥(1 − 𝑝)𝑛−𝑥 

Expand factorials 

𝑝𝑛(𝑥) =  (
√2𝜋 𝑛𝑛+1/2𝑒−𝑛

√2𝜋 (𝑛 − 𝑥)(𝑛−𝑥)+1/2𝑒−(𝑛−𝑥)𝑥!
) 𝑝𝑥(1 − 𝑝)𝑛−𝑥 

Eliminate √2𝜋s and rearrange 

(
𝑛𝑛+1/2𝑒−𝑛

(𝑛 − 𝑥)(𝑛−𝑥)+1/2𝑒−(𝑛−𝑥)𝑥!
) (

𝑝

1 − 𝑝
)

𝑥

(1 − 𝑝)𝑛 

(1 − 𝑝)𝑛 = (1 −
𝑁

𝑛
)

𝑛

→ 𝑒−𝑁 

𝑙𝑖 𝑚𝑝→0 (
𝑝

1 − 𝑝
)

𝑥

= 𝑝𝑥  

 

(
𝑛𝑛+1/2𝑒−𝑛

(𝑛 − 𝑥)(𝑛−𝑥)+1/2𝑒−(𝑛−𝑥)
) 𝑝𝑥𝑒−𝑁/𝑥! 

 

 

𝑒−𝑛𝑝(𝑛𝑝)𝑥/𝑥! 

 

3.1b 

  



3.2 How many photons must be detected to determine rate within : 

1%: . 01 =
1

√𝑁
→ 𝑁 = 10,000 

𝑁ℎ𝑐

𝜆
= 4𝑓𝑊  

1ppm: 10−6 =
1

√𝑁
→ 𝑁 = 1012 

𝑁ℎ𝑐

𝜆
= 400𝑛𝑊  

 

 

  



3.3a  

Johnson Noise: 〈𝑉2〉 = 4𝑘𝑇𝑅Δ𝑓 = 4𝑘(300𝐾)(10,000Ω)(40,000𝐻𝑧) 

2.57𝜇𝑉 

Input Voltage 20dB hotter = 10* (4𝑘(300𝐾)(10,000Ω)(40,000𝐻𝑧)) =  

25.7𝜇𝑉 

3.3b 

Capacitor Fluctuation: 
1

2
𝐶𝑉2 =

1

2
𝑘𝑇 

𝐶 = 𝑘𝑇/𝑉^2 

𝐶 = 625𝑝𝐹 

3.3c 

Shot Noise (Current)^2 = 2𝑞〈𝐼〉Δ𝑓 

(1%
25.7𝜇𝑉

10𝑘Ω
)

2

 
1

2𝑞40,000𝐻𝑧
= 51.5𝑛𝐴 


