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WAVE GUIDEIMPEDANCETRANsFoRMER 
William W. Hansen, Garden City, N. Y., assignor 

to The Sperry Corporation, a corporation of 
Delaware 
Application June 19, 1943, Serial No. 491,429 

(CI, 178-44) 5 Claims. 

The present invention relates to the artin 
cluding impedance matching and transforming 
devices especially adapted for use in systems uti 
lizinghigh frequency electromagnetic energy con 
ducted in Wave guides. 

In transferring energy fromone high frequency 
device to another, it is well known that theim 
pedances thereof must be properly matched in 
order-to avoid the production of standing waves, 
With their attendant increase in losses and de 
Crease in the energy transmitting capacity of the 
System. In addition, for greater efficiency of 
poWer transfer, it is known that the impedance 
of a load deVice must be properly matched to 
that of the high frequency source. 
The present invention is directed toward the 

prOVision of improvedi impedance transforming 
deVices Which are adapted to transform an im 
pedance connected at one-end to a different value 
at the other end of such a transforming device, 
Whereby this transformed impedance may be 
matched to a load or other impedance connected 
at Such other end. 

Accordingly, it is an object of the present in 
Vention to provide improved impedance trans 
formers for transforming a given impedance into 
a desired impedance. , , 
Another object of the presenti inventionis to 

provide an improvedadjustable impedance trans 
former for use in the System having a maximum 
ease of adjustment and range of impedance 
transformation. 

It is still another object of the presenti inven 
tion to provide an improved impedance trans 
former Which is relatively, insensitive to the 
changes in operating frequency. 

Stillanother object of the presenti inventionis 
to provide improved Wave guide impedance trans 
formers, Which are substantially independent of 
frequency over a considerable range of opera 
tion. 
Other objects and advantages Will become ap 

parent from the folloWing Specification and draW 
ings, in Which 

Fig. 1 shows a longitudina cross-sectional View 
of one form of adjustable Wave guide impedance 
transformer. 

Fig. 2 shOWS a corresponding longitudinal 
i cross-sectional View ofanother form of adjust 
able Wave guide impedance transformer having 
enlargedrange of operation. 
The present invention is useful especially in the 

connection between a high frequency source and 
a radiating Wave guide. Such radiating Wave 
guides in general require impedance matching de 
Vices to match them to the Wave guides through 
Which the input energy flows. Such devices form 
the presentinvention. 

Fig. 1-shoWsa rectangular radiating Wave guide 
2 in cross-section, Whose radiating slotbegins at 

2 
, the point 9 and Which is attached to a main Or 
principal rectangular wave guide 2 Whose cross 
sectionis equal tothat of the radiating guide. It 
Will be understood that, While my adjustable 
Wave guide impedance transformersare herein 
illustrated and described in connection With ara 
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diating wave guide, this specific application is 
merely one manner Whereinthese transformers 
may be employed. Hence, this illustrative exam 
ple should not be taken in a limiting or restric 
tive Sense. It Will be apparent from the folloW 
ing description that Such transformers may be 
used With diverse kinds of utilization apparatus, 
generally characterized by the fact that the ap 
paratus connected to one end of the transformer 
is of a, complex impedance which is different from 
that of the apparatus connected to the other 
end. 
An adjustable Wave guide transformerisshoWn 

in Fig. 1, generally designated by the numeral 22, 
and comprising, a pair of shunt or tap Wave 
guides 4 and 42 communicating with the main 
wave guide 2. Each of these Wave guides 4, 42 
carries a sliding short-circuiting plunger 43 and 
44, respectively slidable therein by manipulation 
of their adjustiment knobs 46 and 47. Such a pair 
of adjustable shunt Wave guides proVides means 
formatching or transforming impedances over a 
substantial range, by suitably adjusting. knobs 46 
and 47 aSrequired. 
Ithas been found that When the distance d 

separating these shunt Wave guides is substan 
tially one-quarter-wavelength of the operating 
frequency, least sensitivity of adjustment is en 
countered; that is, adjustment of the Knobs 46 
and 47 produces relatively Small change in im 
pedance transformation, so that the device is rei 
attively, easy to adjust to a desired condition. 
However, for this quarter-Wave relation, it has 
also been found that the range of impedance 
transformations attainable is somewhat re 
stricted, so that notali impedance transforma 
tion values canbe obtained. 
By reducing the distance d, it is found that the 

range of permissible transformations increases, 
but, at the same time, the criticalness of adjust 
ment of sliding pistons or plungers 43 and ?in 
creases, so that fortoo small a, separation d the 
device becomes difficult to adjust accurately and 
tomaintain in adjustment. A suitable compro 
mise value has been found to be one-eighth of a 
Wavelength, Which is therefore the desired rela 
tion. 

I have found that a Wave guide impedance 
transformer Which may be used to transformany 
arbitrary impedance connected atone end to any 
other arbitrary impedance may be constructed by 
providing a triple shunt wave guide arrangement 
instead of the double shunt wave guide arrange 
ment hereinabove described. Thus, by the addi 
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tion of one more adjustable wave guide in shunt of said further sections, and means for adjust 
With the principal guide and appropriatelyspaced ing two of said shorting means independently of 
from the” pairof. guides 4, 42, the range. of Ione: anotherito transformian, impedance atone 
impedances which cambe transformed ormatched end of Said principal section to a desired value at 
is considerably eXtended. 5 the other end of said principal section. 

Fig. 2 shows Such an improved form of trans- 2. An adjustable wave guide impedance trans 
former similarto the device ofFig. 1, but in:which forner comprising: a first section of Wave guide, 
three shunt wave guides are used, namely, 5i, 52 a plurality of shunt single-conductor hollOW-pipe 
and 53, each having its respective short-circuit- º Wave guide:sections at least three in number com 
ing piston 54, 55 and 56. In practice the condition 10 ºmunciating-Withs said first section, adjustable 
of impedance match or proper impedance trans- shorting meansfor each of said shunt sections, 
formation is most often tested by, observing the : meansfor: simultaneously adjusting at least two 
standing Wave ratio or the power output. Thus, of said shunt-section-shorting means, and means 
in the device of Fig. 1, it Will be clear that adjust- for.independently adjusting another of said 
ments of the two plungers 43,44 must be made by 15 shunt-section-shorting. means, whereby an im 
trial and errorito produce 'thei: desired result. I pedance connectedatone end of said first Section 
Usually this will be accomplished by settingone of , may be transformedito a desired value:atthe other 
the plungers, say plungers.43, toanintermediate -end of said first:section, 

- optimum position, Which generally, Will notbethe 3. Anadjustable impedancetransformer.appa 
desired condition, and then resetting the other. 20 ratus for wave guides comprising, a first; section 
plunger to improve this, optimum condition. of Wave: guide, threeshunt: single-conductor. hol 
Then, by: alternately resettingeach of the two loW-pipe"Wave guide Sections, communicating With 

i plungers, the propertransforming condition:may said:first; sectionand.consecutively spacedalong 
be, obtained after, a fewmanipulations. Said first Section, adjustable shorting: means for 

However, when three, adjustable plungers are i 2 each ofasaidishunt. Sections, means for:"adjusting 
presented forsetting, as in the device of Fig. 2, (theshorting meansofthecenterone of Said shunt 
the problemi offinding the proper adjustimentis sections, and means for simultaneouslyadjust 
greattly complicated by the introduction of One ad- ing theshorting: means of the outer ones of said 
ditional degree offreedom. To. compensate for three sections;independently of Said center-sec 
this inherent complication, pistons 5 and 36 are; 30 tion-shorting means, Whereby animpedance con 
joined by a yoke 57 andare jointly operable by nected at one-end of said first section may be 
knobi58. Piston 55is operable. by the knobi59. transformed to adesired value:at:thetother end of 
It Will be noted that the yoke 57 is off-setto per- Said.first Section by simultaneous: adjustiment of 

è mit the two knobs 58 and 59to passone another. said outer:sections: and separate: adjustment of 
Then, in operation, the three-pungeri deviceiss 35 the other of Said shunt:sections, 
manipulated in substantially. thesame-manner 4. An:adjustable Wave: guide impedance-trans 
as the two-plunger transformer requiring only formerfortransforming an arbitrary impedance 
theindependenti adjustment of tWo plungerknobs to any other desired impedance comprisinga 
thereby producing variations of threeshunt wave principali: Wave guide,section, ai plurality of.fur 
guides. In this manner, I have Widened the op-40 ther single-conductor: hollow-pipe wave: guide 
erable range of the Wave guide impedance trans- sections at least three innumber: inshunt With 
former without sacrificing the ease and simplicity Said principal section, an"adjustable-shorting 
of adjustment. i means for:each of Said further:sections, and 

Preferably, the respective pistonsare separated means for. conjointlyadjustingtwoof said short 
by one-quarter of a wavelength, and under these.45ing means independentlyof-the-remainder of said 
circumstances it has been found that the device plurality of Shorting means. 
Will Satisfactorily transform impedances-overthe 5. An adjustable impedance transformer.appa 
entire range of desired transformations. Fur- ratus for Wave guides. comprising a firstisection 
thermore, the sensitivity of adjustmentis such of Wave guide, three shunt Wave guide i sections 
as to permit accurate and easy determination of 50 communicating With: said first section and conse 
the proper setting for the desired impedance cutively spaced therealong substantially a quarter 
transformation. Thus the device of Fig. 2 isto Wavelength-apart: at the operating: frequency of 
be preferred to that of Fig. 1. Saidi apparatus, adjustable shorting means for 
While the devices of Figs. 1 and 2 have been-de- each of Said. shunt Sections;iandmeans for simul 

scribed with respectto rectangular wave guides,55taneousycadjusting the outerones of Said three 
it is to be noted that they can'operatejust as sections, Whereby an impedance connected atione 
satisfactorily and in exactlythesame manner with end of Said first Section may be transformedito a 
wave guides of othershapes, such as circular, el- "desired value at the otherend of Said first Section 
liptical, etc. by simultaneous adjustment of saidoutersections 
As many changes could be made in the above 60 and separate: adjustiment of the; other. of said 

construction and many apparentlywidely differ- shunti:sections. V 
ent embodiments of this invention couldbe made WILLIAM WEANSEN. 
Without departing”from the Scopethereof, it is i REFERENCESCTED 
intended that al matter contained in the above --- description or shown in the accompanying draw-ºº The following referencesare of record in the 
ings shall be interpreted as illustrative and notin file of this patent: 
a limiting sense UNICEDSTATES PATENTS 
What is claimediS: 
1. Anadjustable wave guide impedance trans- Number Name Date 

former comprising a principal wave guide section,7020889 King ---------------i: Aug 3, 1937 
a plurality of further Wave guide Sections con- 2,106768 Southworth -------- 3Feb. 1, 1938 
nected inshunt with said principal"section and 2,106769 Southworth -------- Feb. 1, 1938 
respectively spaced'apart a distance substantially 2,155.508 Schelkunoff ------ Apr::25, 1939 
equalto one-quarter wavelength at the operating 2:23279 King ------------ Feb. 18, 1941 
frequency, anadjustableshorting means foreach:75 2284,529 Mason-------------May26, 1942 

  


