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Why do we need circular waveguide?

1. For low cost and low loss long distance 
conduction of microwave and mmwaveco duct o o c o a e a d a e
signals

2 Most antenna feedhorns are circular so2. Most antenna feedhorns are circular so 
they produce a fully symmetrical pattern
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B i f Hi t f W idBrief History of Waveguides

Th ti ll di t d b L d R l i h i• Theoretically predicted by Lord Rayleigh in 
1897 but then forgotten
1933 1937 id i lt l• 1933 - 1937 waveguides simultaneously 
and independently re-discovered by 

G S th th B S T J A il 1936• George Southworth,  B.S.T.J.  April 1936
• G. Southworth patent applications 1933

C M d S h lk ff• Carson, Mead, Schelkunoff  B.S.T.J.  April 1936

• Wilmer Barrow, Proc IRE Oct. 1936
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Bell Labs Experiments and DevelopmentBell Labs Experiments and Development 
of Practical Low Loss Waveguide

Need:  carry thousands of telephone channels for miles
Goal: 2dB per mileGoal:  2dB per mile
Findings:  

i l id h l l th t l• circular waveguide has lower loss than rectangular
• overmoded (large dia) waveguide had the lowest loss
• full duplex achieved by cross polarization
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4.75 inch ID, 5 inch OD waveguides, 875 feet long.  (before 1934)

Measured loss was 2dB / mile at 9Kmc
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s11 of 2in ID Cu circular wg 10ft long
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insertion loss of mode 1 in a 2in ID Cu circular wg 10ft long
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insertion loss of mode 2 in 2in ID Cu circular wg 10ft long
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long tapered transition between 0.8in and 2in Cu waveguides
s21 of conversion of mode 2 to mode 1
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s21 of conversion of mode 2 to mode 1



s21 of long tapered transition with short and long waveguidess21 of long tapered transition with short and long waveguides
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Pros and Cons:Pros and Cons:
• If you use a diameter that does not support any 

higher modes, then you do not need to g , y
eliminate those or phase them out at the end of 
your waveguide run.

• If you use large diameter circular waveguide 
then the loss will be much lower You will needthen the loss will be much lower. You will need 
to get rid of the higher modes at the end.

You can taper between two diameters.
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Connecting the Circular Waveguide to your Circuits

circular to coax: a simple coaxial probe in the sidewall 
ahead of a short.
wideband circular to rectangular waveguide:
• simple handmade transitions for experimenting
• complex high performance broadband transitionscomplex high performance broadband transitions 

require electroforming or casting
narrowband high performance transitionsg p
• traditionally required complex machining
• new easy to manufacture design first published by 

this author in 2012this author in 2012
new broadband easy to manufacture design by this 
author shown in this presentation
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easy transition  17dB RL Norm Wilson, not measured

U. Rosenberg, J. Bornemann, and K. 
R b b 2002 C t

Munir and Musthofa, 2011
Rambabu, 2002: Compact 
rectangular-to-circular waveguide 
transformer with two transformer 
sections and a circular matching g
section
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Dual mode extremely high 
performance horn feeds for offsetperformance horn feeds for offset 
dishes with built-in transition to 
t d d t l idstandard rectangular waveguide
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The Potter Horn was discovered by accident at JPL in e o e o as d sco e ed by acc de a J
1961.

Wh th t t fil d i 1962 th d i h dWhen the patent was filed in 1962, the drawing had an 
additional chamber to adjust the phase of the 
generated TM11 mode with respect to the dominantgenerated TM11 mode with respect to the dominant 
TE11 mode. The goal is to have both modes combine 
right at the mouth of the flared horn.

Pickett simplified the horn for ease of fabrication by 
simply using the length of the flared horn to create thesimply using the length of the flared horn to create the 
correct phasing.
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Diagram of a Pickett Potter dual mode hornDiagram of a Pickett-Potter dual mode horn

TE11 TM11 mouth of hornTE11 TM11 mouth of horn
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Thanks to the material and interviews provided 
by Dan Bathker, JPL retired

A special thanks to CST of America whoA special thanks to CST of America who 
provided me with use of software that 
made this possiblemade this possible.
There are two Must Read books:
Samuel Silver, “Microwave Antenna Theory and Design”, first published in 
1949 as volume 12 of the MIT Rad Lab series. Also reprinted by Peter 
Peregrinus Ltd, IEE London 1986 with Errata.

George Southworth, "Principles and Applications of WaveguideGeorge Southworth, Principles and Applications of Waveguide 
Transmission", in the Bell Telephone Laboratories Series published by D. 
Van Nostrand 1950, reprinted again in 1956 and 1959.
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