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This inverition relates to power dividers for
high frequency systems.

In the testing of components, it is often de-
sirable to have available a 'means of varying the
‘power ‘from -a 'source over wide limits. For ‘ex-
ample, in the testing of waveguide -components
for high power carrying capacity, & variable
power source is desirable. Heretofore, attenu-
ators have been commonly used to provide the
desired power variation. The ‘usual methods,
however, are either subject to low power handling
capacity or are bulky and awkward.

It is:an object of the present invention to pro-
vide an improved means of varying the power
output along a transmission line.

Another object of the invention is to vary con-
tinuously the power output to a transmission
line.

Still another object of the invention is to pro-
vide a variable power divider network of high
‘power handling capacity.

Further objects of the invention are o provide
a power <divider which is -compact, the power
division of which is readily and easily controlled,
and which is reliable in operation. Also a fur-
ther object of the invention is to provide a phase
shifter which shifts phase simultaneously in two
waveguides.

In general, it is found preferable to use the
principles of power division between two trans-
Imission lines rather than attenuation by variable
absorption in the conventional manner. The un-
wanted power is diverted into a preferably fixed
lead, which may readily absorb high power, and
the remaining undiverted power is passed on to
the device under test (or vice versa, of course).

In accordance with the invention, a pair of
transmission lines have between them a ‘pair of
spaced apart directional couplers each character-
ized by a phase change of substantially 90 degrees
in incident energy transferred through the cou-
Ppler from one line to the other, and means are
provided to shift the phase or to vary the effec-
tive line length of at least one of the transmission
lines between the effective points of coupling.
With this variation, the energy division between
the two waveguides is varied. If the energy in
one line is thus increased, that in the other is
decreased, and vice versa. Preferably, the effec-
tive line length between the couplers in one line
is increased and that in the other decreased si-
multaneously, and a novel waveguide phase
shifting arrangement is employed for the pur-
pose.

‘The foregoing :and other .objects, advantages,
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2
-and novel features -of the invention will be -ex-
plained 'more fully in connection with the accom-~
panying drawing in which like referenee nu-
‘merals refer to like parts-and in which:

ig. 1is a frent-elevational view of a preferred
embodiment of the invention except that a por-
‘tion symmetrical with that shown isomitted;

Fig. 2 is a sectional view ‘along the lines 22
-of ‘Fig. 1, showing ia :directional ‘coupling between
two waveguides;

TFig. -3 is a ‘sectional view along the lines 3—3
‘of Fig. 1 showing .a phase.shifting means;

Fig. 4 is a simplified schematic longitudinal
‘sectional view parallel to the plan view of Fig. 1,
-especially useful in explaining the -operation -of
the embodinrent of Fig. 1;

‘Fig. 5 isa eircuit idiagram sthematically illus-
trating employment of the device of Figs. 1 to 4,
and

Tig. 6 is m calibration -curve for a .specific de-
vice such as that illustrated in Fig. 1.

The directional ‘couplers mentioned -above :are
-exemplified in the illustrated preferred embodi-
ment by directional:slot couplers jbetweenr a pair
‘of ‘waveguides, which ‘exemplify ‘the transmission
Tines, and the variation in effective line Iength
is preferably :accomplished by a simple, well-
known line=stretcher or phase shifter arrange-
ment. ‘The line length variation of the present
arrangement in which the variations are recipro-
cal and complementary is preferred becsuse of
‘the superior performance of this arrangement.

Referring now 'more particularly to Figs. 1 to
4, a pair of rectangular waveguides 10 and 12
‘are .coupled by a pair of spaced slots 14 and 16
which @are-directional slot couplers. .Each slot is
‘placed at one ‘edge boundary of 2 common wall
portion in the narrow walls. of the rectangular
waveguides. The:slot couplers 10, 12 each trans-
Ter half the energy incident from one waveguide
10, 12 to the -other with 2 90 degree phase shift.
"The properties of :such couplers are known and
described, for example, in the copending applica~
tion of Walden P. ‘Bolinger, Serial No. 73,338,
filed January 31, 1949, and -entitled “Transmit-
Receive Arrangement” and .also described in the
publications cited inthe Said application.

‘Various types of linear passive directional cou-
‘Pplers between transmission lines are known in
‘whieh the energy incident in .one direction along
-one transmission line is coupled directionally
-one=half to another transmission line, half the
incident -energy -continuing along the first line
in its initial .direction :and the other half travel-

-ing in .one direction aleng -thecoupled line and
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in which the energy in the coupled line is phased
90 degrees with the energy in the first line. See,
for example, the article by Henry J. Riblet en-
titled “Mathematical theory of directional cou-
plers,” Proceedings of the I. R. E, November
1947, page 1307 and also “Technique of Microwave
Measurements” by Montgomery et al, Radiation
T.aboratories Series, volume 11, section 14.8 start-
ing at page 885. The directional coupler selected
as a suitable example in the arrangement dis-
closed herein is a long-slot coupler between hol-
low pipe waveguides. However, it will be ap-
parent that other types of directional .couplers
may be employed wherever suitable for the trans-
mission lines used.

Between the slots 14, 16, there is provided a
frame (8 which includes frame members i8a,
18b, i8c, and 18d, which grasp between them a
portion of the waveguides 10, 12 through the
intermediary of plates 20a, 205, 20c, and 20d.
The frame (8 and the plates are held together
rigidly with suitable bolts as shown. Between
the waveguides (0, 12 and in the frame is jour-
naled a shaft 22 which is eccenfric with respect
to its bearings 24, 26 in the frame 18. The shaft
292 is attached to a gear 28 centered on the bear-
ing 26. The gear 28 is driven by a second gear
30 meshing therewith and held in a bearing 32
attached to the frame 8. A knob 33 is also at-
tached to the gear 30 and g dial 34 is engaged
with the knob. The dial 34 is read against a
dial plate 36 attached to the frame 18. 'The
broad waveguide walls are arranged transverse
to the eccentric motion of the eccentric shaft 22
and are slotted with longitudinal slots 37 near
the wall portion movable by the eccentric shafk
22. The slots afford elasticity permitting the
expansion or compression of the broad dimen-
sion of waveguides 10 or 12. Of course, slots 31
are preferably made narrow to inhibit the escape
of any except a negligible amount of energy.
The eccentric shaft portion 22 extends between
the narrow waveguide walls and affords a re-
ciprocal and complementary motion of the nar-
row wall portions between slot couplers in the
waveguides 10, {2, Those skilled in the art will
understand that the adjacent narrow walls of
waveguides 10, 12 at the place where the eccen-
tric bears against them may be considered as a
common wall portion illustrated in the simplified
schematic of Fig. 4 as a wall 35, the transverse
motion of which is indicated in Fig. 4 by the
arrows. At its ends the waveguide 10 has cou-
plers 38 (only one of which is shown in Fig. 1)
and waveguide 12 has couplers 40 which may be
of the standard type of choke joint coupling.
These afford means for coupling to other circuit
elements. In Fig. 1, the remainder of the struc-
ture to the right of the dialed portion may be
considered symmetrical with the portion shown
to the left of the dialed portion. This right end
portion has been omitted in Fig. 1 because it
would be difficult to suitably proportion the figure
and show all of the details necessary.

In operation (refer also to the much simplified

circuit diagram of Fig. 5 for a typical circuit ap=

plication), assume that energy enters from the
left into one of the waveguides, say 12 from a
source 42. The energy is incident in direction
toward the right as viewed in Fig. 1 or 4 or 5.
When the energy arrives at the directional cou~
pler 14, it begins to be transferred into wave-
guide 10. In accordance with the theory in the
publications to which reference has heretofore
been made, and as also explained in the said.co-

10

pending application, the slot 14 has a sufficient
length to couple half the energy into waveguide
10. Thus let the total energy have a voltage
maximum. designated by V. The transferred
energy is then

2V |90°

The energy remaining in waveguide (2 to the
right of the coupling slot 14 is

Wav|o°
Tn the portion between slot 14 and slot 6, the

* energy in waveguide 10 is shifted by an angle
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90°+¢1 and that at waveguide I2 by an angle ¢2.
The resultant energy values, relatively considered,
still travelling to the right as viewed in Fig. 1
or 4, are

W2V |90°+¢:
and

W2V |6

At the slot 16 each of the energy incident from
the left in waveguide 10 and in waveguide 12
splits again. The energy from waveguide 10
divides with an amount

3V |90°+¢y
continuing in waveguide 10 and
1V |180°+¢;

‘transferred to waveguide 12, The energy inci-
dent toward the right from waveguide 12 divides
with

3V |90°+ ¢
transferred to waveguide 10 and

1V ¢

continuing in waveguide (2. Accordingly, the
compenents in waveguide (0 can be combined
and result in a wave of voltage amplitude

1+4cos (¢1—¢a)

v 5 (1

For waveguide 12 the voltage amplitude is
V\/l—cos gﬁx—d’z)

1t is apparent that the power division between
waveguides 16 and (2 can be controlled by con-
trol of the phase shifts ¢1 and ¢2. The phase
shifts can be controlled singly, that is, ¢1 can be
controlled or varied without variation of ¢2 and
vice versa if desired. Preferably, however, in
order to provide a more linear calibration curve
and in order to make the phase shifting appa-
ratus as symmetrical as possible with respect to
the motion thereby tending to compensate for
opposite errors and toward linearity of calibra-
tion, it is preferred to shift phases in opposite
directions from a calibration point in which they
differ by 90°. This is readily accomplished by
the structure shown in greater detail in Figs, 1
to 3. It will be observed that between the cou-
plers 14, 16, both waveguides 18 and {2 have
their broad dimension or width narrowed gen-
erally in the vicinity of the slots 371. The nar-
rowed or necked down portions are for the pur-
pose of increasing the variation in phase shift
with motion of the narrow effectively common
wall. However, it will be observed that the
narrowed portion of waveguide 10, is somewhat
longer than the narrowed or. necked.down.por-

(2)
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“tion -of “waveguitle 412. This'means that effective
length of ‘waveguides I8 and {2 between the:-ef-
Tective -points -of ‘coupling of the couplers ‘are
«different. ‘This effective -difference in length is
‘made ‘80° 50 ‘that the -common wall portion 35
‘when at-the neutral point-of the eccentric shaft
~22 is substantially straight :and “undeformed.
“This is equivalent ‘to -¢hoosing -¢1 o :exceed @2
by 90° at the neutrsl position. As:the eceentric
‘is ‘rotated -from this neutrsl position .in one ‘di-
rection, one of the waveguides 10 is squeezed in
the necked down portion to have its width fur-
ther reduced while ‘the - other waveguide has its
width expanded or increased simultaneously and
vice versa. Thus the diffeérence in line lengths
is varied. Preferably, the eccentric ig arranged
so that the -difference ‘in the ‘extreme shifts is
‘just 45° -and in-opposite ‘directions. Aceordingly,
‘the power transfer may-extend -all the way from
~Zero reaching -absorptive -load ‘44 connected to
~waveguide 10, to -100%, and -similarly from a
100% reaching the device under test 46 through
waveguide 12 to zero. The connections of load
44 and the device under test 46 may be inter-
changed if desired. The termination 48 may be
simply a low power termination and absorbs any
power reflected toward it resulting from imper~
fections in the directional couplers. Ideally, this
reflected power is zero. In practice, it is usually
very small, of the order of ¥ % of the total power
handled. The connections of terminations 48
and source 42 may also be interchanged if de-
sired.

A typical calibration curve is illustrated in Fig.
7 of the drawings. It will be understood that
the construction is preferably such that a sub-
stantially half dial turn is required to obtain
a turn of the eccentric in one direction resulting
in a 90° phase shift in one direction in each of
waveguides 10, {2, and a half dial turn in the
other direction is required to obtain a turn of
the eccentric in the other direction with an op-
Dosite resulting phase shift. Thus the dial read-
ing 50 in Fig. 5 would correspond substantially
to a neutral position of the eccentric and the
relative power in percent is that transferred to the
waveguide corresponding to waveguide 19 as il-
lustrated in the drawings. The curve is in fact
asymmetrical probably due to the difference in
the necked down waveguide portions.

It will be understood that it is not necessary
that a directional slot coupler between the two
waveguides be used since there are other arrange-
ments which electrically are equivalent to that
shown. The arrangement illustrated is pre-
ferred, however, because it is particularly com-
pact, neat, and considering the frequencies and
the power involved (frequencies of the order of 3
centimeters and amplitudes involving 1,000 kilo-
watts), is fairly simple to construet.

It is apparent that there is disclosed a highly
desirable, readily constructed variable power di-
vider. The energy travelling through one of
the waveguides 10, 12 may be directed to and
dissipated in a dummy absorptive load or the
like, in desired proportion whereas the energy
travelling in the other branch may go to a device
under test. Large amounts of microwave power
may thus be readily divided as desired by the
device of the invention. There is also disclosed
a novel phase shifter of convenient and economi-
cal construction for use with fwo waveguides.
It may be noted that the positions of the source
42 may be at either connection on one side and
that of the device under test at either connec-
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6
:tion -on “the ‘opposite side -of the -divider toward
which the energy s directed.

What we claim as our invention:is:

1. A power-divider .comprising :a pair:of trans-
mission lines, -a pair -of :spaced linear passive
directional couplers between  said limes .each
charagcterized by :a phase change’of substantially
90 ‘degrees in -energy ‘transferred through ithe
coupler from .one line ‘to the :other, and ®'ach
characterized by -a transfer .of one half theien-
ergy inecident -at the-coupler:from:one line:direc-~
tionally into the ‘other, and means to.adjust the
effective relative lengths -of -said lines ‘between
the effective -points -of ‘coupling of - said -couplers.

2. ‘A power divider:comprising a pair. of tuans-
mission lines, ‘a pair ‘0f spaced 'linear passive
directional couplers ‘between -said lines :each
characterized by a phase-change of substantially
90 degrees ‘in energy -transferred ‘through ‘the
coupler from one:line to the-other,-each said:line
between said couplers beingeffective ‘to transfer
energy from one effective coupling point of said
couplers to the ofther substantially without
change in amplitude, and means to adjust the
eflective relative lengths of said lines between
the effective points of coupling of said couplers.

3. A power divider comprising a pair of trans-
mission lines, a pair of spaced linear passive
directional couplers between said lines each
characterized by a phase change of substantially
90 degrees in energy transferred through the
coupler from one line to the other, and means
to vary the effective line lengths between the
effective points of coupling of said couplers with
one of said lengths increasing while the other
decreases and vice versa.

4. The divider claimed in claim 1, said trans-
mission lines being hollow pipe waveguides.

5. The divider claimed in claim 1, said trans-
mission lines being hollow pipe waveguides, said
couplers each being a long slot coupler in a com-
mon waveguide wall portion.

6. The divider claimed in claim 1, said trans-
mission lines being hollow pipe waveguides, said

5 effective line lengths being varied by variation

of a waveguide width.

7. The divider claimed in claim 1, said trans-
mission lines being hollow pipe waveguides, said
waveguides having a common wall portion be-
tween said couplers, the effective line lengths of
both said lines being varied reciprocally and si-
multaneously by transverse motion of said wall
portion.

8. A power divider comprising a pair of ree-
tangular hollow pipe waveguides having broad
and narrow walls and having between the narrow
walls thereof a pair of spaced apart directional
slot couplers, and a common wall portion be-
tween said couplers, each coupler being char-
acterized by a phase change of substantially 90
degrees in incident energy transferred through the
coupler from one guide to the other, and means
to move transversely said common narrow wall
portion, thereby simultaneously increasing the
width of one waveguide and decreasing the width
of the other at said common wall portion.

9. The divider claimed in claim 8, said broad
walls of said waveguides being longitudinally
slotted near said common movable wall portion.

10. The divider claimed in claim 8, further
comprising a frame around said waveguides be-
tween said slot couplers, a shaft journaled in said
frame and having an eccentric portion trans-
versely between said narrow walls whereby ro-
tation of the shaft moves an effectively common
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wall portion between said couplers simultaneously
to increase one waveguide width and decrease
that of the other.

11. The divider claimed in claim 10, further
comprising a manually adjustable dial geared to
said shaft.

12. A power divider comprising a pair of trans-
mission lines, a pair of spaced linear passive
directional couplers between said lines char-
acterized by a phase change of substantially
90 degrees in energy transferred through the
coupler from one line to the other, and each
characterized by a transfer of one half the en-
ergy incident at each coupler from one line di-
rectionally into the other, each said line be-
tween said couplers being effective to transfer
energy from one effective coupling point of said
couplers to the other substantially without
change in amplitude, and means to adjust the
effective relative lengths of said lines between
the effective points of coupling.

10
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8

13. A power divider comprising a pair of trans-
mission lines, a pair of spaced linear passive
directional couplers between said lines char-
acterized by a phase change of substantially
90 degrees in energy transferred through the
coupler from one line to the other, the trans-
mission paths from one said coupler to the other
consisting solely of said lines, and means to
adjust the effective relative lengths of said lines
between the effective points of coupling of said
couplers.
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