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UNITED STATES PATENT of FICE 
2,367,693 

MPEDANCE ADJUSTER, 
Carl A. Segerstrom, Jr., Teaneck, N.J., assignor 

to Federal Telephone and Radio Corporation, 
Newark, N. J., a corporation of Delaware 

Application February 27, 1943, Seria No. 477,334 

5 Claims. (Cl 178-44) 
This invention relates to phase adjusters and 

in particular to a phase adjuster suitable for 
changing the electrical length of a line wherein 
the phase relationship between the input or out 
put current or voltages is to be controlled. The 
invention is in the nature of an improvement on 
the invention disclosed in an application of Sid 
ney B. Pickles, Serial No. 442,657, filed May 12, 
i942, and assigned to the same assignee. 
An object of my invention is to construct a 

phasing device by which the electrical length of 
a line may be continuously varied. 
Another object of my invention is to construct 

a phasing device which occupies less space than 
knoWn equivalent devices. 

These and other objects of my invention will 
be best understood and appreciated from the 
following description of a particular embodiment 
thereof, for purposes of illustration, and shown 
in the accompanying drawings, in which: 

Fig. 1 is a sectional view of the phase adjuster 
of my invention in accordance with a preferred 
embodiinent thereof. 

Fig. 2 is a view of the phase adjuster taken 
acroSS the section line 2-2 of Fig. . 

Fig. 3 is a sectional view of the phase adjuster 
taken across the section 3-3 of Fig. 2, and 

Fig. 4 is a schematic diagran illustrating the 
operation of the phase adjuster of my invention 
and showing how it may be connected to a trans 
Inission line. 
In the aforesaid application of Sidney B. 

Pickles the phasing unit disclosed-comprises four 
arcuate segments, two each mounted on the oppo 
site sides of a center axis. The two segments 
on one side of the axis simulate one short length 
of a transmission line and the two segments on 
the other side of the axis simulate another length 
of line. The disposition of the segments is such 
that a substantially cylindrical structure is 
formed, the segments lying on semi-circumfer 
ences of the cylinder. The Segments are ad 
justably connected together by a pair of con 
ductors passing across a diameter of the cylinder 
and capable of rotation about the axis thereof, 
these conductors also simulating a fixed length 
of transmission line having Substantially the 
same electrical constants as do the segments and 
the line of which the phase changer may form 
a part. As the conductors rotate about their axis 
of rotation and make sliding contact with the 
segments, the electrical length of the line is 
increased or decreased depending on the direc 
tion of rotation. 
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for preventing the unused portions of the Con 
ductors of the phase adjuster from reacting on 
the transmission line, thus avoiding discontinui 
ties which would result in standing waves. 
is done by shorting the unused portions at a dis 
tance equal to one quarter wave length from the 
point on the conductors where the sliding or 
adjustable contacts are made. 

In accordance with my present invention, I 
made use of several of the principles disclosed 
in the Pickles application including the idea of 
shorting the unused conductors, as above men 
tioned. However, the structure of my phase ad 
juster is such that an able to utilize a con 
siderably greater portion of the conductor for 
increasing the length of the line, reserving only 
a relatively small portion for the one quarter . . 
wave length section. Accordingly, the phase ad- . 
juster of my invention when designed for a given 
maximum phase change at a given frequency, 
occupies a much smaller space than does the 
wave changer disclosed by Pickles. 

Referring now to Fig. , the numeral repre 
sents a cylindrical casing or housing for the com 
plete phase changer unit. Within the housing 
are three lengths or sections of line 2, 3 and 4. 
The Sections 2 and 4 are substantially circular 
and are mounted within the housing on a plu 
rality of stand-off insulators 5 and 6 respectively. 
Sections 2 and 4 are also sufficiently displaced 
in the direction of their common axis to prevent 
appreciable interaction therebetween. These sec 
tions of line 2 and are adjustably connected 
together by the third section of line 3 in a man 
ner about to be described. 

Riveted or otherwise fastened to the cylindrical 
housing f are two end members 7 and 8. Upon 
these end members are mounted two bearings 
9 and to into which is journalled the rotatable 
shaft. The bearing 9 may be riveted or other 
Wise fastened to the end plate , but it is pref 
erable that the bearing block O be fastened to 
the end plate 8 in such a way that it may be 
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removed such as, for example, by screws 4. This 
is desirable in order that the shaft and the men 
bers which are mounted thereon may be easily 
assembled. 
On the shaft is mounted an arm f2. This 

arm may be clamped in position on the shaft by 
the screw 3. Mounted on the arm 2 remote 
from the shaft is a shield member 4 of conductive 
material and upon this member the section of 
line 3 is insulatingly mounted through the agency 
of stand-off insulators 5. The two conductors 

The Pickles' application also discloses a means 55 which form the section of line 3 are staggered, 
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as more clearly shown in Fig. 3, so that the ends . 
theredf are adjacent the conductors composing 
the sections of line 2 and 4. On the ends of the 
line 3 are riveted, welded or otherwise fastened, 
spring contacts 6, 7, 8 and 9. Contact is 
at One end of one of the conductors of line 
makes a sliding contact with one of the conduc 
tors of line 2 while the contact 8 at the other 
end of said conductor of line 3 makes a sliding 
contact with One of the conductors of line 4. 
Similarly, contacts 7 and f at the extremities of 
the other conductor of line 3 make sliding con 
tacts with the remaining conductors of lines 2 
and 4. 

It will be noted that all of the contacts B, 7, 
8 and 9 lie on a single line and make contact 

with the line sections 2 and 4 at points which 
also lie on this line. The spacing of the two con 
ductors of line sections 2, 3 and 4 are made equal 
in Order that the electrical characteristics of all 
line Sections will be the same. 
AS aforesaid, the phase adjuster of my inven 

tion is preferably adapted to be used as a section 
of transmission line. A transmission line usually 
has a grounded shield surrounding it, which to 
gether with the size and spacing of the line con 
ductors, determines the surge impedance of the 
line. It is very desirable that the sections of line 
composing the phase adjuster also have substan 
tially the same surge impedance as the line to 
which they are connected and this is accom 
plished in accordance with my invention by suit 
ably spacing the conductors of the sections 2 and 
4 a predetermined distance from the housing or 
casing . For exemple, that portion of the cas 
ing which is adjacent to section 2 determines 
in part the surge impedance of the section. Simi 
larly, the member upon which the section of 
line 3 is insulatingly mounted aids in determin 
ing the surge impedance of the section 3. By this 
construction there is practically no discontinuity 
of surge impedance between the line in which the 
phase adjuster may be inserted and the sections 
2, and 4 of the phase adjuster itself. 
As shown in Figs. 1 and 2 there are also mount 

ed on the shaft if two conducting arms 20 and 
2. These arms may be adjustably fastened to 
the shaft in the same manner as was the arm 
2, that is, by the use of clamping screws 22, 2. 
On the end of arm 20 remote from the shaft, a 
shorting bar 25, is fastened, for example, by 
Screw 24. On the extremities of this bar are 
mounted two contacts 2 and 27 which are in 
slidable engagement with the conductors of line 
section 2. Similarly, there is mounted on the end 
of arm 2 a shorting bar 28. On the ends of 
this shorting bar are mounted contacts 29 and 
30 which are in slidable contact with the cons 
ductors of the line section 4. It will be seen 
from Fig. 2 that the arms 2 and 2, make an 
angle with the arm f2 and furthermore that this 
angle may be varied by loosening the clamping 
screws 22 and 23, moving both arms 20 and 2 
with respect to arm 2 and again tightening the 
clamping screws. In this manner it is possible 
to vary the distance, as measured along the con 
ductors of sections 2 and 4, between the contacts 
26, 27, 29 and 30 of the arms 20 and 2 and the 
contacts B, 7, 8 and on the extremities of 
the conductors of line 8. This distance between 
the contacts for any given frequency of operation 
is made equal to one quarter wave length. By 
this arrangement the Overhanging section or un 
used portion 34 of line 2 for example presents an 
extremely high impedance to the line section 2 
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at the point of contact between this line and the 
contacts and 7. Similarly the unused quarter 
wave length portion of line 4 presents an ex 
tremely high impedance at the point of contact 
between contacts and of the line section 4. 

In accordance with my invention the sections 
2 and 4 are substantially complete circles and are 
broken only at one point 3, as shown in Fig. 2. 
Ends of the circular line sections 2 and 4 are 
grounded to the casing by the conducting mem 
bers 37. The other ends of the circular sec 
tions are insulated from the casing by stand 
of insulators 5. The ends 38 of the various line 
Sections are conductively connected to a trans 
mission line 3 through a suitable insulating 
bushing 49. 

Referring now to Fig. 4, I have schematically 
illustrated the manner in which the various line 
sections 2, 3 and 4 are adjustably connected to 
gether and also the manner in which these sec 
tions may be connected to a transmission line 
whose electrical length it is desired to vary. This 
line may be broken at any suitable point and one 
Section, 2 for example, of the phase adjuster may 
be connected to One end of the line and the other 
section 4 of the phase adjuster may be connected 
to the other end of the transmission line at the 
point where the latter is broken, The two sec 
tions 2 and 4 are bridged by the third section of 
line 3 and this bridging connection is adjustable 
as above described by the rotation of shaft . 
Since the arms 2, 2, and 2 are all clamped 
to the shaft if the shorting bars 25 and 28 are 
moved simultaneously with the line section 3 
and the one quarter wave length distance above 
referred to is maintained constant for a given 
frequency. 
As illustrated in Fig. 4 one end of the line sec 

tions 2 and 4 and the shorting bars 25 and 28 are 
shown as being grounded. This is not necessary 
but in general is desirable. 

If the operating frequency is such that the 
length of the arms 2, 20, and 2 approximates 
one quarter wave length, it is desirable that the 
arms be made of insulating rather than conduct 
ing material, since there may be standing waves 
produced thereon under these conditions. 

If desirable a pointer and scale, schematically 
shown at 4 on Fig. 4, may be employed in order 
to calibrate the phase adjuster. 
While I have shown and described only one 

embodiment of my invention, it will be under 
stood that it is given by way of example only, 
and not as limiting the scope of the invention, 
as set forth in the objects and the appended 
claims. 
What is claimed is: 
1. A phasing unit comprising two similar sec 

tions of a two conductor transmission line, said 
Sections forming substantially complete circles, a 
rotatable element, two conducting members mov 
able with said element, one of said members hav 
ing sliding engagement with one conductor of one 
of said sections, and with one conductor of the 
other of said sections, the other of said members 
having 'sliding engagement with the other con 
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ductor of said first section and with the other 
conductor of said other section, two shorting 
members, one shorting member having sliding 
engagement with the two conductors of said first 
section, the other shorting member having slid 
ing engagement with the two conductors of said 
other section, the points of sliding engagement 
as measured along any conductor being separated 
by a distance substantially equal to one-fourth 
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wave length of the current flowing in said con 
ductors. 

2. A phase changer comprising three sections 
of a two-conductor transmission line, two of said 
sections being similar and forming substantially 
complete circles, the third section being substan 
tially straight and in sliding engagement with 
said two similar sections, a rotatable member, 
said third section being mounted on said rotat 
able member for rotation therewith, two shorting 
members mounted on said rotatable member for 
rotation therewith one shorting member being 
positioned for sliding engagement with one of 
said similar sections, the other shorting member 
being positioned for sliding engagement with the 
other of said similar sections, the points of slid 
ing engagement as measured along the similar 
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sections being separated by a distance equal to 
One-fourth the wave-length of the current car 
ried by said sections, 

3. A phase changer in accordance with claim 2 
wherein the three Sections of transmission line 
each comprise two similar conductors. ... 

4. A phase changer in accordance with claim 2 
wherein the three sections of transmission line 
each comprise in combination, two similar con 
ductors and a shield adjacent thereto, said com 
bination having a predetermined surge in 
pedance. 

5. A phase changer in accordance with claim 2 
wherein the separation between the points of 
sliding engagement may be changed for currents 
of different frequencies. 

CARLA. SEGERSTROM, JR. 


