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Lecture 22 
1 Poynting theorem example of infinite current sheet 

On 𝑧 = 0 plane we have a time-harmonic surface 
current specified as 𝐽& 	= 	 𝑥)𝑓(𝑡) = 	𝑥)2	𝑐𝑜𝑠(𝜔𝑡)

3
4

where 𝜔 is some frequency of oscillation. 
(a) Determine the radiated TEM wave fields 𝐸6⃑ (𝑧, 𝑡) and
𝐻66⃑ (𝑧, 𝑡) in the regions 𝑧	 ≷ 	0,
(b) The associated Poynting vectors 𝐸6⃑ 	× 	𝐻66⃑ , and
(c) 𝐽& · 𝐸6⃑  on the current sheet.

2 Time-averaged power 

In the example above, when the field 𝐸6⃑  and 𝐻66⃑  are cosinusoidal, the Poynting vector 𝑆 =
𝐸6⃑ × 𝐻66⃑ ∝ cosA(𝜔𝑡 ∓ 𝛽𝑧). It varies from 0 to 1 in time. 

Using the trig identity: cosA(𝜔𝑡 + 𝜙) = F
A
[1 + cos(2𝜔 + 2𝜙)], so time average of <

cosA(𝜔𝑡 + 𝜙) >= F
A
 

Suppose the Poynting vector is 𝐸6⃑ × 𝐻66⃑ = ±𝜂 cosA(𝜔𝑡 ∓ 𝛽𝑧) 𝑧̂ O
4P

Then the time average Poynting vector:< 𝐸6⃑ × 𝐻66⃑ >= ±𝜂 F
A
𝑧̂ O
4P

3 Phasor Notation 

The solution to wave equations can be expressed as the superposition of various cosinusoidal 
functions: cos(𝜔𝑡 ∓ 𝛽𝑧), where 𝜔 is the angular frequency, and 𝛽 is the wave number. 

Here, 𝜔 = 2𝜋𝑓 = 1/𝑇, T is the time period 

Wave number is defined as 𝛽 = 𝜔/𝑣 as the spatial frequency. 

Wavelength 𝜆 = AV
W
= 𝑣𝑓 

A monochromatic (only has one frequency component) 𝑥)-polarized electric field wave is 

𝐸6⃑ = 𝐸X 𝑐𝑜𝑠(𝜔𝑡 ∓ 𝛽𝑧) 𝑥) 	
𝑉
𝑚

It can be expressed in phasor form as 𝐸6⃑[ = 𝐸X𝑒∓]^𝑥) 	
_
4
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Remember Euler’s identity 𝑒`ab = cos(𝜔𝑡) + 𝑗𝑠𝑖𝑛(𝜔𝑡) 

Such that 𝑅𝑒 g𝐸6⃑[𝑒`abh = 𝑅𝑒{𝐸X 𝑐𝑜𝑠(𝜔𝑡 ∓ 𝛽𝑧) + 𝑗 𝐸X𝑠𝑖𝑛(𝜔𝑡 ∓ 𝛽𝑧)} = 𝐸X 𝑐𝑜𝑠(𝜔𝑡 ∓ 𝛽𝑧) = 𝐸6⃑

3.1 Phasor Example 

Obtain 𝑯666⃑l  from 𝑬66⃑l: n𝐻66⃑ln = n𝐸6⃑[n /𝜂, also rotate 𝐸6⃑[  direction by 90° such that 𝐸6⃑[ × 𝐻66⃑l points in the
propagation direction (using right hand rule). 

Obtain 𝑬66⃑l from 𝑯666⃑l : n𝐸6⃑[n = 𝜂 n𝐻66⃑ln, also rotate 𝐻66⃑l direction by 90° such that 𝐸6⃑[ × 𝐻66⃑l points in the
propagation direction (using right hand rule). 

3.2 Example of infinite current sheet using phasor form 

For the infinite current sheet example that we have 
demonstrated in previous lecture, given 𝐽& 	= 	 𝑥)𝑓(𝑡) =
	𝑥)2	𝑐𝑜𝑠(𝜔𝑡) 3

4
= 𝑅𝑒q𝑥)2𝑒`ab	r, 𝐸6⃑ = −𝜂 𝑐𝑜𝑠(𝜔𝑡 ∓

𝛽𝑧) 𝑥) 	 _
4

, and 𝐻66⃑ = ∓ 𝑐𝑜𝑠(𝜔𝑡 ∓ 𝛽𝑧) 𝑦) 	 3
4

. 

a) Find the phasor form of  𝐸6⃑[  and 𝐻66⃑l.

b) Calculate the time average Poynting vector:〈𝐸6⃑ ×
𝐻66⃑ 〉 = F

A
𝑅𝑒{𝐸6⃑[ × 𝐻66⃑l∗}

c) Calculate the time average dissipated power by 〈−𝐽 ⋅ 𝐸6⃑ 〉 = F
A
𝑅𝑒{−𝐽y ⋅ 𝐸6⃑[∗}


