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_ ‘This invention relates to impedance measur- 

ing circuits, and more particularly to a rectifier 

bridge network. Its purpose is to compare the 

magnitude of two impedances by means of rec- 

tifiers and direct current indicating instruments, 

all in 9 manner giving resuits which are inde- 

pendent of frequency. The invention will be 

better understood by reference to the following 

specification. and accompanying drawing in 

which Figures 1 and 2 show circuits which are 

adapted for carrying out the purpose of this 

invention. Figs. 3, 4 and 5 show modifications 

of simplified circuits. Fig. 6 is a detail regard- 

ing rectifiers used in this invention, and Fig. 7 

illustrates one application of our measuring cir- 

cuit. 
, . 

Referring more specifically to Fig. 1, there are 

shown two impedances R and Z which are to 

be compared so far as magnitude is concerned. 

One of these, such as R, is preferably a pure 

onmie resistance and is made variable in size in 

order that it may be brought to the same mag- 

nitude as the impedance of the element Z. A 

source of alternating voltage E is connected to 

supply alternating current to the elements R 

and Z% in parallel. In series with the element 

R is a rectifier network 6 which, in this case, com- 

prises a square or rectangle of four rectifiers 

commonly known as & “full-wave” rectifier. A 

similar network of rectifiers. 7 is connected in 

series with the element. Z. The elements R and 

Z% are connected respectively to one corner of 

their rectifier networks, the opposite or diagonal 

corners of the square being brought together and 

connected to the one terminal of the generator 

@ as shown in the drawing. The third corners 

of each square are connected together through 

a comparatively small resistance 8, and the 

fourth corners are bridged py a conductor 10 

with an indicating meter M bridged from the 

conductor 10 to some point of the resistance 8, 

preferably near the middle thereof, and, in any 

event, adjustable as to its position. It will be 

observed that the rectifier networks 6 and 7 are 

so connected that full wave current flows through 

poth impedance ‘elements. It will also be ob- 

served that the rectifiers are so connected that 

current through the impedance element R will 

fiow through the conductor 10 and the meter M 

in one direction only, as indicated by the arrow. 

Similarly, current through the impedance Z will 

flow through the network 7 and the meter M 

in one direction only, this being in the opposite 

direction to that of the current through the ele- 

ment R. Thus, the meter M acts as a differ- 

ential indicating device, the deflection being pro- 

portional to the difference between the two cur- 

rents. If the resistances of the networks é and 

7 are small compared to the impedances of the two 

elements, and if the connection of the meter - 

is to the midpoint of resistance 8, then the re- 

spective components of currents will be inverse- 

ly proportional to the impedances of the elements 

R and Z. By adjustment of the resistance R, 

it is possible to bring the current through the 

meter M to zero value, thus indicating that the 

magnitude of R, has been brought to the same 

value as that of 2. 
The rectifiers in the circuit may be of any suit- 

able form, and whatever their resistances they 

will have their effect.on the current that flows 

through each branch. If, however, rectifiers of 

the proper type are chosen, these resistances may 

be so small as to be negligible compared with 

such magnitudes as are commonly present in 
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many measurements. A form of rectifiers which | 

we find especially suitable for this circuit, are 

those commonly known in the art as rectox ele- 

ments which have resistances of very low values 

for currents in the one direction. From the cir- 

cuit arrangement it is seen that these rectifiers 

should preferably be well matched so far as their 

characteristics are concerned. That is, they 

should, among other things, offer the same re- 

sistance under a given impressed voltage. This is 
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a condition which it is commonly difficult to meet. 

fully, but in this particular type of rectifier we 

find that a considerable change in the resistance 

of a rectifier unit may be brought about by change 

in pressure between the elements constituting the 

rectifier. This is ilustrated in Fig. 6 in which the 

discs 14 and 15 constitute the rectifier, the ele- 

ments being held together by a bolt.16 and a nut 

17 through which pressure may be applied to the 

discs. By suitable adjustment of this pressure 

then, the rectifiers may be brought to very nearly 

the same value. Still finer adjustment may be 

made by shifting the contact of the meter termi- 

nal on the resistance 8, the adjustment being 

-such that when the elements R and Z are replaced 

by two equal known ohmic resistances the cur- 

rent through the meter shall be equal to zero. 

A modification of the circuit of Fig. 1 is shown 

‘in Fig. 2, wherein vacuum tube amplifiers 20 and 

21 with suitable output circuits are connected 

to the networks 6 and 7, and suitable transform- 

ers 22 and 24 associate the input circuits of these 

amplifiers to the branches containing the elements 

R and Z. In all other respects the circult is 

identical to that of Fig. 1. 
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Another modification of our measuring circuit 
-is shown in Fig. 3, in which the eight rectifiers 
of the previous figures are reduced to four recti- 
fiers. Here also, the generator E supplies full '§ Wave current to the elements R and Z in parallel. 
In series with the resistance R we connect two parallel branches consisting of the rectifier 31 and resistance 32 in parallel with a similar recti- fer 33 and resistance 34, the rectifiers being oppo- 10 Sitely directed so that full wave current may flow through the element R. Similarly, in series with the impedance Z is a rectifier 35 in series with a 
resistance 36, these being in parallel to a rectifier 37 and resistance 38, The midpoint of the re- Sistances 32 and 36 taken together, and the mid- point of the resistances 34 and 38 taken together, are connected to the opposite terminal of the generator E. An indicator element A, such as a 
direct current meter, is bridged across the re- sistances 32 and 36. As an illustration of the operation of this circuit we may assume that the magnitude of R is less than the magnitude of Z, that the rectifier units have the same resistance 
and, for simplicity, that the resistances 32, 34, 36 and 38 have the same value. In this case, the 
current flowing through the resistance 32 will be greater than that through 38, from which it will be apparent that current will flow through 
the indicating instrument A in the direction in- dicated by the arrow. Upon increasing the re- sistance R the current through A will gradually decrease until it reaches a zero 
an. equality in magnitude of the elements R and Z. It will be observed that in this circuit, al- though full wave current flows through the im- pedances, current flows through the ammefer A during half the cycle only, but the sensitivity is still sufficiently high for many purposes. Slight differences in the characteristics of the rectifiers may be compensated for by adjustment of the contact to the resistances 32 and 36, as shown in the figure. ; 

A still further modification of our circuit is 
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shown in Fig. 4, this being a preferred form for 
45 

for both halves of the wave. The operation of this circuit is made clear by the arrows, 
assumed that current flows through the rectifiers in the direction of the arrow point. In this, as well as in the other figures, we find it desirable to bridge a condenser C across the meter as a shunt for A. C. components. : 

Fig. 5 shows a further embodiment of the cir- cuit of Fig. 4, the actual values of resistances used in certain of our rectifier bridges being shown for purposes of illustration. It will be observed that across the diagonal a—b there are connected resistance elements as described above, these having values of about 20 ohms. To the other diagonal corners are connected the imped- ances R and Z in a manner similar to that shown in Fig. 4. Also across this diagonal there is con- nected a resistance 51 which, in this case, is shown as totaling 600 ohms, there being an ad- 

50 

55 

. 60 

65 
justable connection from approximately the mid-. dle thereof to the midpoint of the resistances across the diagonal a—b. By adjustment of the contact to this resistance 51, compensation for slight differences in the rectifier units may be made in such a manner that ‘when R and Z are equal pure ohmic resistances, the deflection in the meter M shall be brought to zero. In series with the generator E of this figure, as well as in 75 all of the other figures, there is introduced a re- 
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value indicating 

1,964,141 ; 
sistance Re in order to adjust the current flowing through the circuit to a desired value. 

While reference has been made ‘to the fact that the magnitude of the impedance is measured by this circuit, it may at times be desirable to find the relative values of resistance and reactance 
80 

. in the impedance, that is, to find the angle of the impedance. This may be done by taking first an observation on the magnitude of the impedance. dn the manner indicated above, and then taking & second observation after adding in series with the. impedance a known resistance. By simple calculations then, which are well understood in the art, one can separate the ohmic impedance from the reactive impedance, - ‘ 
While this measuring circuit may be used in many different ways, Fig, 7 illustrates one appli- cation which we find particularly useful. The portion included within the dotted rectangle rep- resents the measuring circuit as described above, and this figure shows its adaption for the deter- mination of unbalance in a phantom telephone circuit. Thus, the conductors 71 and 72 indicate the line of one telephone side circuit, and the conductors 73 and 74 are the line of the other side 100 circuit, and these wires taken in pairs, consti- tute the phantom circuit in & manner well known in the art. In such a circuit it is important at times to know whether the characteristic imped- ance of the conductor 73 with respect to the con- ductors 71 and 72 taken in parallel, differs from that of the conductor 74 with respect. to the con- ductors 71 and:72. Any difference between these is spoken of as the unbalance in the phantom cir- cuit. For measuring this unbalance, connection 
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and there will, therefore, be an indication on the meter M. The amount of unbalance may be de- termined by the introduction of resistance in the conductor 74, preferably at 82. Since, in general, it will not be known which conductor will show the higher impedance, we find it convenient to insert a fixed resistance 81, here shown, as a magnitude of 100 ohms, and the variable resist- ance 82.. By methods which are known in the art, but which do not constitute a part of this inven- tion, it is possible to determine with this meas- uring circuit how far out on the line the unbal- ance r is situated, as well as its magnitude, It is apparent that many other special applica- tions for this measuring circuit might be devised, and also that sundry variations may be made in the circuit itself, all without departing from the Spirit of our invention as set forth in the follow- ing claims, 
What is claimed is: 
1, In a circuit for comparing two impedances a Square form circuit with a rectifier in each side all pointing in the same direction around the square, a resistance connected across one diag- i45 onal, the two impedances connected in series across the other diagonal, a source of alternating current voltage with one terminal connected to the midpoint of the said resistance and the other terminal connected to the point between the two 159 
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impedances, and a direct current indicator in- 

parallel to the said resistance. 

9. The combination of claim 1 characterized 

by the fact that the one impedance is & variable 

5 known resistance. 

3. The combination of claim 1 characterized 

by the fact that there is a relatively high re- 

sistance across the second named diagonal with a 

connection from the midpoint of the first named 

resistance to an adjustable point near the mid- 

dle of the high resistance, and further charac- 

terized by the fact that the impedance is @ vari- 

able known resistance. - : 

4. The combination of claim 1 characterized by 

the fact that the rectifiers are of the rectox or 

copper-copper oxide form and that the pressure 

on the elements is adjustable for resistance 

matching. 

5. In a circuit for comparing two impedances, 

a set of four rectifiers arranged in a square form 

circuit, an A. C. source and a D. C. meter, the 

A. CG. source being connected to supply power to 

the impedances in parallel, each impedance being 

. associated with two of said four rectifiers so di- 

9g rected that one passes the one phase and the 

other the opposite phase of the A, C. source 

through its impedance, and said D. C. meter con- 

nected to be responsive to the difference in cur- 

rent through the impedances. 

6. Tn an impedance measuring circuit, an alter- 

nating current source of E. M. F., two imped- 

ances supplied in parallel from said source, @ set 

of four rectifiers in a square form circuit and a 

10 

45 

20 

30 

35 

45 

50 

55 

60 

65 

70 

3 

direct current indicating device, said two ter- 

minal impedances being connected to opposite . 

terminals of said square circuit so that two of 

the rectifiers being used to pass one the one phase 

and the other the opposite phase of the A. C. 

source through one impedance and the other two 

rectifiers similarly for the other impedance, the 

elements of the circuit being so associated that 

the current through the indicating device is pro- 

portional to the difference jn current through the 

impedances. 

85 

7, In an impedance measuring circuit, an alter- 

nating current source of E. M. F., two impedances 

to be compared connected in parallel to une ter- 

minal of the source, the other ends of the imped- 

ances being connected together by two parallel 

branches, one branch having two rectifiers in se- 

ries and pointing in opposite directions and a re~ 

sistance between them, the second branch being 

the same as the first except that the correspond- 

ing rectifiers are oppositely directed, the second 

terminal of the source being connected to the 

midpoints of the two resistances and a direct 

current meter bridged across one of said resist- 

the fact that the connection from the second ter- 

minal of the source to the resistance across which 

the meter is bridged is adjustable to compensate 

for differences in the rectifiers. 

HAROLD A. RHODES. 

FRANK A. COWAN. 
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