
ECE 329 – Fall 2022 

Prof. Ravaioli – Office: 2062 ECEB 

Section E – 1:00pm 

Lecture 20 

1 



Lecture 20 – Outline 

• Infinite sheet of current 

• Poynting vector as power flux carried by EM fields 

• Poynting Theorem 

• Time-harmonic source 

• Monochromatic wave 

 

 

 

 

Reading assignment  

Prof. Kudeki’s ECE 329 Lecture Notes on Fields and Waves: 

20) Poynting theorem and monochromatic waves 
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Sheet of constant current produces uniform magnetic field 

No electric field is generated 
in the space surrounding the 
current sheet. 
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Sheet of “quasi-static” current 

For a quasi-static time-dependent 
(low frequency) current  

Approximation valid close to the surface were the delay term            is negligible.   
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The exact field solution of Maxwell’s equations valid for any 
location 𝒛 and any frequency is simply obtained by replacing 

which gives 

There is also an electric field aligned consistently with 

along 
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Sheet of time-dependent current produces plane waves 

NOTE: For specified boundary 
conditions, the solution of 
Maxwell’s equations is unique 
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• For any 𝒛 the fields are proportional to the “delayed” value of the current 
 
 
• The reference directions of 𝐄 and Js  oppose one another 
• The electric field 𝐄 is tangent and continuous at the sheet surface (consistent 

with Boundary Condition) 
• The magnetic field 𝐇 is discontinuous at the sheet surface by an amount 

equal to the current density (consistent with Boundary Condition) 
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Example 
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How are the electric fields oriented on the two sides? 
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Electric Fields.  How are the magnetic fields oriented on the two sides? 
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Magnetic fields 
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The complete diagram 
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The rotated diagram 



15 



16 

−0.5𝜇𝑠 

2.5𝜇𝑠 

1.5𝜇𝑠 
450m 

750m 

𝑧 = 𝑐 𝑡 ≈ 3 × 108 𝑡 
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SUMMARY 
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Poynting Vector and Energy Flux 

• The magnitude of the Poynting Vector represents instantaneous 
power (energy per second) per unit area carried by an EM wave 

1m 

1m 
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Poynting Theorem – Derivation from Maxwell’s equations 

and take the difference  

We are going to use 
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The various terms can be manipulated as 

Putting it all together 
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rate of change in time of electric 
energy and magnetic energy 

flux of power out of 
elementary volume 

Joule Heating 
(power absorbed 
per unit volume) 

Energy conservation law 
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However, a negative value of                  indicates 
generation of power fed to the wave.  For instance 

always opposite directions 
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Example – Time-harmonic surface current 

 is an arbitrary angular 
frequency of oscillation 
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Example – Time-harmonic surface current 

 is an arbitrary angular 
frequency of oscillation 

Consider free space 
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Example – Time-harmonic surface current 

Electric Field 
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Example – Time-harmonic surface current 

Magnetic Field 
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Example – Time-harmonic surface current 
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Example – Time-harmonic surface current 

This term is negative and behaving like a source 
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The time-harmonic source we have examined has 
produced  monochromatic waves characterized by a 
single frequency (literally, a single color). 
 
For a monochromatic wave, the instantaneous 
Poynting vector is proportional to the square of the 
cosine term that can be also written as  

For a periodic signal, it is more meaningful to evaluate the 
time-average of the Poynting vector, since it quantifies the 
overall power flow over time. 
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Time average of the Poynting vector 

For our example: 

time-average power per unit area transported by the radiated 
waves on each side of the sheet of current. 
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Injected (generated) Power Density 

We have calculated earlier the instantaneous power density 
injected by the sheet of current (including both sides): 

which is indeed equal to the total time-average power injected 
in the space surrounding the sheet of current, as it should be 
for conservation of energy. 

The time average is obtained from the same integration: 


