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Wireless and Mobile Networks, ENCS5323 
Equations Sheet 

 
Equations of Chapter 1 

● Speed of light (c) à c = 3 × 10! meter/s  

● Wave Length (𝜆) à 𝜆 =	 	𝑐	(𝑚/𝑠)𝑓	(𝐻𝑧) 	= 	
	3∗108	(𝑚/𝑠)

𝑓	(𝐻𝑧)  

● Convert to dB à P0,23 = 10log45P0 

● Convert dB to dBm à X dB = (X+30) dBm 

● Nyquist channel capacity à C = 2B log2(M)  

● Shannon–Hartley theorem for Channel Capacity, C = B log2(1 + SNR)  

● Antenna Gain (𝐺) and Antenna Effective Area (𝐴6) à 𝐺 = 789"
:#

= 78;#9"
<#

  

● Free Space Path Loss (Lp) à	𝐿𝑃 =	
(4𝜋𝑑)2

𝜆2
= (4𝜋𝑓𝑑)2

𝑐2   

● Power Received (Pr) à 𝑃B =
C%D%D&9%9&

E'E(E)F*+&,-.
, 𝐴G: Amplifier at transmitter, 𝐴B: 

Amplifier at receiver, 𝐿;: feeders (cables) losses. 𝐿H: other losses, 𝐹IJBKLM: 

Fading Margin. 

● Effective Isotropic Radiated Power (EIRP) à 𝐸𝐼𝑅𝑃 = C%9%D%
E(,%E),%

	, 𝐿;,G: cable loss 

at transmitter, 𝐿H,G: other losses at transmitter. 

● Doppler Shift à fd= N
:
	𝑐𝑜𝑠	𝛳, v is the moving speed 

● Frequency deviation due to doppler shift à fr = fc – fd, fc: frequency of source 

● Diameter of First Fresnel Zone in foot à D3	=	72.1# (𝐷1)(𝐷2)
𝑓(𝐷1	+	𝐷2),	D1 and D2 in 

miles	

● Thermal Noise Power at receiver (N) à N = kTBW; k: Boltzmann’s constant 

(1.38×10-23 W/Kelvin-Hz) 

● Spectral noise density (N0) à  N0 = R
ST
	= 	𝑘𝑇, 𝐵𝑤: Bandwidth at reciver 
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● 𝐸𝑏
𝑁0
	before	modulator	à		(𝐸𝑏𝑁0)	at	detector	=	

C&
WXR(,%)%+2Y

	,	𝑁;,GHGJZ:	Noise	figure	of	

receiver	

● 𝐸𝑏
𝑁0
	margin	before	modulator	(M)	à	M	=	 C&

WXR(,%)%+2Y(
34
56
)&"78-&"9

		

● Power Received (Pr) based on a reference distance power à 𝑃B(𝑑) =

𝑃B(𝑑H) U
[)
[
V
\
	

● Power Received (Pr) based on a reference distance power and shadowing à 

𝑃B(𝑑) = 𝑃B(𝑑H) U
[)
[
V
\
+ 𝑋]	

Equations of Chapter 2 
 

● Throughput of pure ALOHA, 𝑆G^ = 𝑔𝑇𝑒_`KX	  
 

● Throughput of slotted ALOHA, 𝑆G^ = 𝑔𝑇𝑒_KX	  
 

● Throughput unslotted nonpersistent CSMA,  𝑆G^ =
D6:#;<

D(4a`b)a	6:;=	
	  

 
● Throughput slotted nonpersistent CSMA,  𝑆G^ =

bD6:#;<

D(4_	6:#;=ab)	
 

 
● Throughput unslotted 1-persistent CSMA,  

	

𝑆G^ =
𝐺 \1 + 𝐺 + 𝛼𝐺 U1 + 𝐺 + 𝛼𝐺2 V^ 𝑒

_D(4a`b)

𝐺(1 + 2𝛼) − (1 −	𝑒_`bD) + (1 + 𝛼𝐺)𝑒_D(4ab)	
 

 
 

● Throughput slotted 1-persistent CSMA,  
 

𝑆G^ =
𝐺(1 + 𝛼 − 𝑒_bD)𝑒_D(4ab)

(1 + 𝛼)(1 −	𝑒_bD) + 𝛼𝑒_D(4ab)	
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