
Op-Amps: 
• Op-Amp Rules(when negative feedback exists):  1. −+ =VV  2. 0== −+ II  
• Op-Amp Circuits: 
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Non-Inverting Amp. 
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Differential Amplifier 
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Some useful identities on complex numbers: 
• Complex number representations: θjrejyxz =+= , 

1−=j  
• Euler’s identity: θθθ sincos je j +=  
• Polar to Cartesian transform: θcosrx = , θsinry =  

• Cartesian to Polar transform: 22 yxr += ,
x
y1tan−=θ  

• 12331233123 , θθθ +==∠==⇒= zrrrzzzz  

• 12331233123 ,// θθθ −==∠==⇒= zrrrzzzz  
 

Table of 1tan−  
A  A1tan−  
0 0, π  
∞  2/π  
∞−  2/π−  

1 4/π , 4/3π  
-1 4/π− , 4/3π−  

Phasors:  
• Definition of phasor: φφω jAeVtAtv =⇒+=

r
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• Time signal given phasor )cos(}Re{}Re{)( )( φωφωω +=== + tAAeeVtv tjtj
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Impedances: 

Resistor Capacitor Inductor 
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• Impedances in series: Neq ZZZZ +++= ...21  

• Impedances in parallel:  
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Transfer Functions 

• Definition: 
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• For a voltage divider (see figure): 
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• Corner Frequencies  RC circuit: RCc /1=ω  RL circuit: LRc /=ω  

• Resonance Frequency  RLC circuit: LC/10 =ω  
Approximations of transfer functions: 

• Low Frequencies: rk
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• High Frequencies:  mn
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Diodes models: 

• Exact formula: )1( −= T

D

nV
V

SD eII , IS: Saturation current, VT=25.9mV, 21−≈n  
Ideal Diode 
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Von Model 
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Zener Diode 
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Zener Diode, with knee current 
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Diode Circuits: 
 

Half-Wave Rectifier 

 

Half-Wave Rectifier with Smoothing 

 

Full-Wave Rectifier 

 
Full-Wave Rectifier with Smoothing 

 
Limiter 

 

 


