
BME/ISE 3512         Bioelectronics - Test Two Course Notes   Spring 2017 

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 







 
 

 
 

Equations and Relationships 
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RCL Series Impedance 
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R&CL Parallel Impedance 
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Common Configuration 
 
 
 
 
 
 
 
 

 
 
 
 
Notes: 
 

When ω = 0,  XC → ∞,  i.e., C appears as an open circuit, so that   
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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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Ideal Transformer Relations (Equations) 
 
Definitions: 
 
Primary Winding (input - subscript 1) 
Secondary Winding (output - subscript 2) 
 
Turns Ratio = n1 / n2 (number of turns on primary winding / number of turns on secondary winding) 
 
Voltage Ratio:    V1 / V2 = n1 / n2   (Directly Proportional) 
 
Current Ratio:    I1 / I2 = n2 / n1   (Inversely Proportional) 
 
Power Ratio:    1 to 1 (Power Out = Power In) Ideal 
     Power Out = e x Power In  where e is the Efficiency Factor (e < 1) 
 
Impedance Ratio:   Z1 / Z2 = (n1 / n2) 

2   
 
For additional information, refer to 
    Practical Electronics for Inventors, 3ed pp 374 - 402 
 
 
Transformer Problems and Questions 
 
1.  Given an ideal transformer with primary turns = 9600 and secondary turns = 480,  
     assume 100% efficiency.  For input voltage  = 120 VAC and output impedance = 16 ohms; 
       a.  Calculate output voltage 
       b.  Calculate output current 
       c.  Calculate output power 
       b.  Calculate input current 
       c.  Calculate input power 
       b.  Calculate input impedance 
 
2.  Determine the turns ratio for an impedance matching transformer where the first stage 
     input impedance is 50 ohms and the second stage output impedance is 8 ohms. 
 
 
  
 
 
 
 



Understanding the Behavior of Complex Impedances 
 
Understanding the Behavior of Complex Impedances at very low frequency (i.e., f ≈ 0) and at very high 
frequency (i.e., f >> 0 or f ≈ ∞). 
 
For Inductive Reactance, XL = ωL 
If ω = 0, then XL = ωL = 0 
If ω >> 0, then XL = ωL  >>  0  ≈  ∞ 
 
For Capacitive Reactance, XC = 1 / ωC 
If ω = 0, then XC = 1 / ωC  >>  0  ≈  ∞ 
If ω >> 0, then XC = 1 / ωC  ≈  0 
 
R = R regardless of ω. 
 
From Ohm's Law for Alternating Current, Impedance Z = v(t) / i(t) 
Z = R + j(X) where X is the reactant component due to circuit capacitors and inductors at a given frequency. 
 
IF Z = 0, then Short, i.e., like a wire conductor, very high current (I = V/Z).                          
If Z >> 0 (Z ≈  ∞), then Open, i.e., like a open switch, no current. 
 
A Short in parallel with any other number of elements appears as a Short overall; i.e., just a wire conductor. 
 
 
                          =  Short 
 
 
 
An Open in parallel with another element can be considered to be no existent, i.e., no effect. 

 
 
 =                        No Effect 
 

 
 
A Short in series with another element can be considered to be just a wire conductor. 
 
                                     =                               No Effect 
 
 
 
An Open in series with another number of elements appears as an Open Switch. 
 
 

 =                               Open Switch 
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Understanding the Behavior of Complex Impedances - continued 
 
If ω = 0, then XL = ωL = 0 and XC = 1 / ωC   >> 0.                                      
If ω >> 0, then XL = ωL  >> 0  and XC = 1/ ωC  = 0. 
R = R regardless of ω. 
IF Z = 0, then Short, i.e., like a wire conductor, very high current ( I = V/R).                          
If Z >> 0 (Z ≈  ∞), then Open, i.e., like a open switch, no current. 
 
For series:  Z + 0 = Z    and    Z + ∞ = ∞ (Open) 

For parallel, Z || 0 = 0
0
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Z (Short)    and    Z || ∞ = ZZ
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From Complex Impedance Quiz  &   BME/ISE 3511Fall 2015 Test Four  
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 if ω >> 0, then 
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Overall Effect = Resistive  
 

if ω >> 0, then 
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Overall Effect = Open 
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R   ≈  0+∞   =  ∞  Open  (Note:  XC >> 0  and  XL = 0) 

Overall Effect = Open 
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