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Formulas	
Vector calculus 

Div: 𝛻"⃗ ◦𝐴 = &!"!
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Useful constants 

Vacuum permeability: 𝜇' = 4𝜋 × 10() H 
Vacuum permittivity: 𝜀' = 8.85 × 10(*+ F 
Boltzmann’s constant: k = 1.38064852 × 10-23 m2 kg s-2 K-1 

Integral forms of Maxwell’s Equations 

Gauss’s Law for electric fields: ∮ 𝐸"⃗ ◦𝑛= 𝑑𝑎, = -enc
.$

 

Gauss’s Law for magnetic fields: ∮ 𝐵"⃗ ◦𝑛= 𝑑𝑎, = 0 

Farady’s Law: ∮ 𝐸"⃗ ◦𝑑𝑙/ = − 0
01 ∫ 𝐵"⃗ ◦𝑛= 𝑑𝑎,  or ∮ 𝐸"⃗ ◦𝑑𝑙/ = −∫ !23⃗

!1
◦𝑛= 𝑑𝑎,  

Ampere-Maxwell Law: ∮ 𝐵"⃗ ◦𝑑𝑙/ = 𝜇' &𝐼enc + 𝜀'
0
01 ∫ 𝐸"⃗ ◦𝑛= 𝑑𝑎,  ( 

Derivative forms of Maxwell’s Equations 

Gauss’s Law for electric fields: 𝛻"⃗ ◦𝐸"⃗ = 5
.$

 

Gauss’s Law for magnetic fields: 𝛻"⃗ ◦𝐵"⃗ = 0 

Faraday’s Law: 𝛻"⃗ ×𝐸"⃗ = − !23⃗

!1
  

Ampere-Maxwell Law: 𝛻"⃗ × 𝐵"⃗ = 𝜇' &𝐽 + 𝜀'
!63⃗

!1
( 

Some useful relationships 

• Gauss’s theorem: ∮ 𝐴◦𝑛= 𝑑𝑎, = ∮ E𝛻◦𝐴F 𝑑𝑉7  

• Stokes’ Theorem: ∮ 𝐴◦𝑑𝑙/ = ∫ E𝛻"⃗ ×𝐴F◦𝑛= 𝑑𝑎,  
• Curl of grad is always zero: 𝛻"⃗ × 𝛻"⃗ 𝜓 = 0 
• Laplacian: 𝛻"⃗ ◦𝛻"⃗ 𝜓 = 𝛻+𝜓 = !%&

!#%
+ !%&

!$%
+ !%&

!%%
 

• Grad of div less Laplacian is curl of curl: 𝛻"⃗ E𝛻"⃗ ◦𝜓F − 𝛻+𝜓 = 𝛻"⃗ × E𝛻"⃗ × 𝜓F 
Link Design 

Friis’ Transmission Equation:  
Useful trigonometric identities 

cos(a) cos(b) = 0.5(cos(a+b) + cos(a-b) 
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          G = 14 
T = 330K 
Bn =1.5 

MHz 

G = 14 
T = 270K 

Bn =1.5 MHz 

G = 10 
T = 330K 

Bn =1.5 MHz 

N0 

T= 225K 
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,0. A fractional-N frequency synthesis unit must provide a stable sinusoidal output for a 
range of channels between 350 to 400 MHz with spacing of125 kHz between 
channels. What are the values for fref, N, k and R for the channel with centre 
frequency at 386.25 MHz)

,D)@-5G$.)

)

,1. /)$&2(-6)0#(%5#1)-%)85#Q"#(07)8&)c)JJY)ZST)-(1)&$)@&<#1)B&%4)-)6'0-6)'$0&66-%'5)-%)
85#Q"#(07)_')c)J;=)ZST)&()-()"(C-6-(0#1)@&<#5K)B4-%)-5#)%4#)0#(%5#)85#Q"#(0&#$)
8'5)%4#)5#$"6%&(2)fundamental, 2nd order and 3rd order)N(%#5Z'1"6-%&'()^5'1"0%$)

,Y)@-5G$.)
,#. The third order Intercept point can be estimated using the equation: 

TOI = Pfundamental frequency + :∆
+
	

Where PD is the difference between the power of the fundamental frequency (PF) 
and the adjacent 3rd order InterModulation Product (PIM3) 
 
What is the TOI for the mixer with output as shown with input frequencies f1 and f2:)

)
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