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Voltages inside microwave cavity 

This discussion is a supplement to the article “Can RF Cause Pins-to-Case  Firing?” in the November 2016 

issue of Explosives and Pyrotechnics Newsletter, Vol. 49 Issue 11. 

 

Microwave cavities come in many shapes – we will discuss an example. To the left in Figure 1 we show a 

microwave cavity in the shape of a right circular cylinder, whose axis coincides with the z-axis; the height 

is L and the radius is R. This cavity is made of metal. To the right in Figure 1 we show a cross section of 

this cavity. At the bottom is a feed line from a microwave generator. We imagine that the cavity is 

resonant at the frequency of the generator. That means standing waves of voltage and current exist 

inside the cavity. Note the charge separation – all the positive charges are at the top, and the negative 

charges are at the bottom. This charge separation will soon reverse – that is, the negatives will be at the 

top and the positives will be at the bottom. These reversals happen at the resonant frequency. The 

metal cavity as a whole is electrically neutral, and the outside surface of the cavity is all at ground 

potential. However, the charge separation on the inside of the cavity causes a potential difference – that 

is, a voltage – between the top and the bottom. 

Figure 1: Cavity and Cross Section 

 

The charge distribution that we see to the right in Figure 1 makes a vertical electric field. We call it Ez, 

because it points along the vertical z-axis. 

  



TN001  Printed on November 7, 2016 

 
Franklin Applied Physics, Inc. 43BA Tel. (610) 666-6645 
98 Highland Ave. Suite D-03 POB 313 Page 2 of 6 Fax (610) 666-0173 
Oaks, Pennsylvania 19456-0313  www.franklinphysics.com 

 

A common kind of resonance that we can produce inside a microwave cavity like the one in Figure 1 is 

the so-called TM010 mode. Equation 1 gives the resonance frequency1 f as a function of the cavity radius 

R. The speed of light is c. The angular frequency is . 

Equation 1: TM010 Resonance Frequency 

𝜔 = 2 𝜋 𝑓 =   2.405 
𝑐

𝑅
 

Equation 2 gives the electric field2 associated with this resonance mode. We call it Ez () because the 

electric field points along the z-axis, and it varies depending on our distance  from the axis. At =R, the 

electric field is zero. J0 is the zero-order Bessel function, which has its first root when its argument is 

2.405. E0 is the value of electric field at radius zero, i.e. on the z-axis. E0 is the maximum value of electric 

field anywhere in the cavity. 

Equation 2: TM010 Mode 

𝐸𝑧 (𝜌) =  𝐸0  𝐽0 (
2.405 𝜌

𝑅
) 𝑒𝑗𝜔𝑡  

 

We need an expression for U, the energy stored in this cavity mode. Equation 3 is a general term for 

energy density of an electromagnetic field. The vacuum permittivity is  it has the value 8.85 x 10-12 

farad per meter. 

In Equation 4, we integrate the energy density over the volume of the cavity that we showed in Figure 1. 

The result is U, the stored energy. 

Equation 3: Energy Density 

1

2
 휀0 𝐸2 

Equation 4: Stored Energy 

𝑈 =  
1

2
 휀0  ∭ 𝐸𝑧

2  𝑑𝑉 ≈  
𝜋 휀0 𝐸0

2 𝐿 𝑅2

8
 

 

  

                                                           
1 Jackson, J. D., 1967. Classical Electrodynamics. John Wiley & Sons, New York. 
2 Reference 1 
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The amplitude of the voltage that appears between the top and bottom of the cavity is given by 

Equation 5. We can rewrite Equation 4 as an expression for U, the stored energy in the cavity, in terms 

of V0, the voltage amplitude between the top and bottom of the cavity; this is Equation 6. We do this 

because we want to show how a very high voltage can be produced inside a microwave cavity. 

Equation 5: Voltage in Cavity 

𝑉0 =  ∫ 𝐸0

𝐿

0

 𝑑𝑧 =  𝐸0 𝐿 

Equation 6: Energy and Cavity Voltage 

𝑈 ≈  
0.42 휀0 𝑉0

2 𝑅2

 𝐿
 

In a related article from E&P Newsletter, Vol.49 Issue 10, October 2016, we discussed the quality factor, 

or Q, of a resonant circuit made of lumped inductors and capacitors. A more general expression3 for the 

quality factor is Equation 7. The angular frequency is . The stored energy is U. The power input is P. 

This expression applies to resonant cavities. 

Equation 7: General Q 

𝑄 =  𝜔 
𝑈

𝑃
 

 

For a right cylindrical cavity TM010 mode, the quality factor4 is given by Equation 8, where the height of 

the cavity is L, the radius is R, and the skin depth  is defined in Equation 9. 

Equation 8: Q for TM010 

𝑄 =   
𝐿

𝛿
   

1

1 +  𝐿 𝑅⁄
 

 

Equation 9: Skin Depth (mks) 




2
  

 

                                                           
3 Reference 1 
4 Beringer, R. The Measurement of Wavelength. Chapter 5 in Technique of Microwave Measurements, Carol C. 
Montgomery, editor. MIT Radiation Lab series, volume 11. McGraw-Hill, New York, 1947 
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Equation 9 gives the skin depth5. It is the exponential damping distance for an electromagnetic wave 

entering a conductor. Units are rationalized mks. The skin depth in meters is . The permeability is , 

and we take it to be , which has the value  x 10-7 henry per meter. The angular frequency is 

which relates the frequency f as we show in Equation 10. The conductivity in mhos per meter is . 

Equation 10: Angular Frequency 

𝜔 = 2 𝜋 𝑓 

 

Setting Equation 7 equal to Equation 8, we obtain Equation 11, which relates the stored energy U to the 

input power P. 

Equation 11: U in terms of P 

𝜔 
𝑈

𝑃
=   

𝐿

𝛿
   

1

1 +  𝐿 𝑅⁄
 

We now rewrite Equation 11. We substitute Equation 6 for U. We substitute Equation 9 for . 

Equation 12: Rewrite to Link P with V0 

𝜔  
(

0.42 휀0 𝑉0
2 𝑅2

 𝐿 )

𝑃
  =    

𝐿



2
    

1

1 +  𝐿 𝑅⁄
 

 

At this point, we will assume, as an example, that Equation 13 describes the simple shape of our TM010 

microwave cavity. 

Equation 13: Cavity Shape 

𝐿 = 2 𝑅 

  

                                                           
5 Montgomery, C.G. Electromagnetic Waves. Chapter 2 in Principles of Microwave Circuits. Volume 8 in MIT 

Radiation Lab Series. John Wiley & Sons, Inc., New York (1948). 
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We rewrite Equation 12. We substitute Equation 13 for cavity height L. We substitute Equation 10 for 

the angular frequency . Then we solve for the maximum voltage amplitude V0, as a function of input 

power P. The result is Equation 14. 

Equation 14: Expression for V0 

𝑉0 = 0.94   (
𝑃

휀0
)

1
2⁄

   (
𝜇0 𝜎

𝑓
)

1
4⁄

 

 

The only microwave generators available to early EMC engineers were pulsed magnetrons. RF pulsed 

power is in many respects different from CW RF power. Figure 2 shows the RF generator output wave. 

Figure 2: Output from Pulse-Modulated Transmitter 

 

 

A pulsed RF transmitter generally produces pulses that are much shorter than the pulse repetition time. 

The time t’ during which the transmitter is “on” is the pulse width, and is generally approximately one 

microsecond, for radar pulses. The pulse repetition time T is the period, or time between pulses; its 

inverse (1/T) is the pulse repetition rate. For a search radar, this repetition rate might be one to two 

kilohertz. The ratio (t’/T) is the duty cycle. 

The power level when the transmitter is “on” is the peak power P. Equation 15 gives its relation to the 

average power, which we call <P>. 

Equation 15: Pulsed Power 

𝑃 =  (
𝑇

𝑡′
) 〈𝑃〉 
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Substituting Equation 15 into Equation 14, we obtain an expression for the peak voltage amplitude 

induced, in our example microwave cavity, by average power <P>. 

Equation 16: Peak Voltage and Average Power 

𝑉0 = 0.94   (
𝑇  〈𝑃〉

𝑡′  휀0
)

1
2⁄

   (
𝜇0 𝜎

𝑓
)

1
4⁄

 

 

We have inserted likely values into Equation 16; Table 1 shows the result. For our example microwave 

cavity, operating in the TM010 mode, with average input power 0.1 watt, we see the peak potential 

difference is more than 24,000 volts. 

Table 1: Example, High Voltage from Pulsed Power 

Quantity Symbol Value Units 

Vacuum permeability  0.000001256 H m-1 

Conductivity, copper  5.80E+07 W-1 m-1 

On time t' 1.00E-06 s 

Pulse repetition period T 6.67E-04 s 

Power (average) <P> 0.10 W 

Power (peak) P 66.67 W 

Vacuum permittivity 0 8.85E-12 F m-1 

Frequency f 9.00E+09 s-1 

Voltage amplitude V0 24471.15 V 

 

We have shown that voltages in a microwave cavity with a pulsed magnetron generator can briefly be 

very much higher than what the average power input would lead us to expect.  These high voltages have 

caused pins-to-case firing of EEDs, but the results have been misinterpreted in the past to indicate RF 

sensitivity at fairly low power levels.   

 


