
 

 

BME/ISE 3511          Bioelectronics - Test Four Course Notes           Fall  2015 
 

Alternating Current 
    Capacitive & Inductive Reactance and Complex Impedance 
    RC & RL Circuit Analyses (DC Transients, Time Constants, Steady State) 
 
Electrical Theory (Alternating Current) 
 
Charge  Q  =  C V   Coulombs 
Current I  =  dQ/dt   Amperes 
Ohm’s Law for AC IRMS  =  VRMS /  Z where Z is the Complex Impedance 
| Z | = [ (R2 + (XL - XC)2 ] 1/2 

 θ  = tan-1[ (XL - XC) / R ] 
Power Factor cos θ  = R /  Z 
Joule’s Law Average Power  =  ½ Vpeak Ipeak cos θ =  VRMS IRMS cos θ Watts 
 
i = C dv/dt v = 1/C ∫ i dt 
for  v = Vp sin ω t i = C d(Vp sin ω t)/dt   =  ω CVp cos ω t  =  ω CVp sin (ω t + π /2) 
 

v = L di/dt i = 1/L ∫ v dt 
for  i = Ip sin ω t v = L d(Ip sin ω t)/dt  =  ω L Ip cos ω t  =  ω L Ip sin(ω t + π /2) 
 

ELI the ICE man Component Voltage / Current 
   Resistor In Phase 
   Capacitor Lags 
   Inductor Leads 
 
Capacitive & Inductive Reactance and Complex Impedance 
 
ω = 2πf f = 0.159ω  
Capacitive Reactance  XC  =  1 / ω C  =  1 / (2πf C)   =  0.159 / f C 

Inductive Reactance  XL  =  ω L  =  2πf  L 

Complex Impedance 
    R in series with series CL   Z  =  R + j(2πf L - 1/(2πf C))  Impedance is a minimum at resonance 

    R in series with parallel CL  Z  =  R + j(2πf L / (1 - (2πf)
2
 LC)) Impedance is a maximum at resonance 

 

Time Constants    
 RC Circuit Time Constant  =  R C 
 RL Circuit Time Constant  =  L / R 
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Electrical Theory

Quantity Symbol Unit Equation

Charge Q coulomb Q = ∫ idt    Q = CV
Current I ampere I = dQ/dt
Voltage V volt V = dW/dQ

Energy W joule W = ∫ VdQ = ∫ VIdt
Power P watt P =dW/dt = IV
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Electrical Theory - continued

Quantity Symbol Unit Equation

Resistor R ohm V = IR

Inductor L henry V = L dI/dt

I = 1/L ∫Vdt

Capacitor    C farad V = 1/C ∫Idt 
I = C dV/dt
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Electrical Theory - continued

 Ohm’s Law
 For DC: I =V/R For AC: I = V/Z
 

 Reactance (Resistance to AC)
 

 Capacitive Reactance XC = 1 / jωC = -j/ωC
 Inductive Reactance  XL = jωL

 Series Impedance = R + (XL - XC) = R + j(ωL – 1/ωC)

 |R| = [ R2 + (XL - XC)2 ]1/2      θ = Tan-1 [(XL - XC) / R]
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Series and Parallel Components

 Component Series
Parallel

 R REq = R1 + R2 + R3 1/REq = 1/R1
+ 1/R2 +1/R3

 Z ZEq = Z1 +Z2 + Z3 1/REq = 1/Z1
+ 1/Z2 + 1/Z3

 L LEq = L1 + L2 + L3 1/LEq = 1/L1
+ 1/L2 + 1/L3
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DC Circuit Components

 Component     Impedance Current Power/Energy
 R R I = V/R I2 R
 L Zero Infinite 1/2 LI2

 C Infinite Zero 1/2 CV2
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AC Sinusoidal Analysis

 Resistor R I = V/R P = I2R = V2/R

 Inductor XL= jωL I = -jVL/ωL QL= I2XL = VL
2/XL

 Capacitor XC= -j/ωC I = jVCωC QC= I2XC = VC
2/XC

 Current     I  =  IR +  j IX

 Voltage    V  =  VR +  j VX

 Complex  Power      S  =  VI*  = (VR +  j VX)(IR - j IX)
 Complex  Power      S  =  P  +  j Q







 
 

 
 

Equations and Relationships 
 
 

Inductive Reactance  LfX L π2=  
 
 

Capacitive Reactance  Cf
X C π2
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   RC Circuit  RL Circuit  RCL Circuit 
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Time Constant  CRt =   RLt /=   2
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RCL Series Impedance 
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R&CL Parallel Impedance 
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RCL Parallel Impedance )( CLCL
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Common Configuration 
 
 
 
 
 
 
 
 

 
 
 
 
Notes: 
 

When ω = 0,  XC → ∞,  i.e., C appears as an open circuit, so that   
21
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When ω >> 0,  XC = 0,  i.e., C appears as a short circuit, so that   0=outV  
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