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Receiver 

The receiver cohsists of a permanent horse shoe magnet having 

coils of fine wire wrapped around its pole pieces. The passage of a 

varying current through these coils causes the flux to vary, thus set=i 

ting the diaphragm in vibration. The direct current resistance is 

constant and has a value of 72 ohms, while the behavior of the receiv- 

er when handling alternating current is shown by Gravings 7, 8, end 9, 

and the influence of the receiver upon a subscribers sub-set is shown 

by drawing 10. These drawings clearly illustrate the increase in in- 

ductance and gesistance caused by the presence of the stationary dia- 

phragm decreasing the magnetic reluctance; the still further reduction 

caused by its vibration, end the pronounced effect proddced at its nat- 

ural frequency of vibration. While this has the effect to overvaluate 

the energy in the waves near the natural frequency of the disphragm, it 

can occur with the least detriment at the frequency which is most im- 

portant in voice transmission. 

Repeating Coils 

A repeating coil is simply a transformer wound upon a core of 

high permeability, and which is constructed so as to reduce the hyster- 

esis and eddy current to a miminmum. The four windings, two for the 

primary and two’ for the secondary, are slternately spaced around the 

circular core in order to obtain the best balance and distribution of 

Mux. 

Repeating coils, like other instruments, are designed to give 

their most efficient services under certain conditions; thus, we have 
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repeating coils for voice transmission, for the transmission of both 

voice and ringing currents, and inequality-ratio coils for the junc~ 

tion of dissimilar lines. 

The inductance of the repeating coils with their secondaries open 

was found to be greater than could be measured by the impedance bridge, 

therefore, it was found necessary to give them some kind of termination; 

2,000 ohms of non-inductive resistance amd 35 miles of artificial stan- 

dard cable were used for this purpose. 

Drawings 11 and 12 give the impedance curves of coil 25-A, draw- 

ings 13 wy 14 the curves of coil 55-A; with terminations of 2,000 ohms 

non-inductive resistance and 35 miles of artificial cable respectively; 

and drawings 15 and 16 the curves of coil 55-E. The last is a coil 

having an inequality ration of 2.66 to 1. Drawing lb5nshows the curves 

when sending in the low side with the secondary terminated by 2,000 

ohms of non-inductive resistance, while drawing 16 shows the curves 

when sending in the high side with the secondary terminated by 25 miles 

of artificial standard cable. 

By comparison of the curves for coils 25-A and 55-A when they have 

the same termination, it will be seen that at all frequencies coil 55-4 

has less inductence and resistance, which shows it is the coil best 

suited for transmission of voice alone, while 25-A is adapted for both 

voice and ringing currents. 

Lines 

A line is a circuit composed of two parallel conductors, two wires 

or the ground and one wire. At the present time, however, the ground- 

ed lines have been abounded in all except rural districts; hence a 

line may be considered as composed of two parallel wires. 
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Every line has certain constants (r, IL, C, 3) which will affect 

the transmission of alternating current over it. The effect of which 

constants upon the transmission of slternating energy over a line con- 

taining them has been considered on page 9 of appendix. 1f the numer- 

ical value of the above quantities be determined gnd substituted in the 

derived expressions, their quantitative effect upon voice transmission 

will be obtained. AS a practical illustration, & line composed of No. 

12 N. B. S. gauge copper wires speced one Tool between centers, suppor- 

ted with other wires on a pole line at an average distance of 20 feet 

above ground, was chosen; its S being measured and r, IL, and C being 

computed mathematically. The substitution of these quantities gave 

values as shown on page 9 of appendix. From an inspection of the nu- 

merical velwes of the attenuation and wave length constants given on 

page 11 of the appendix, it will be seen that both increase with an 

increase of frequency. As explained under quality,nthe time relation 

of the higher freauencies does not greatly affect the sound of the 

word, although their presence is essential. The inéreased attenuation 

constant for the high frequencies has a tendency to entirely eliminate 

them. While for intelligent conversation only the frequencies between 

200 and 2,000 are required, there are some sounds which are almost in- 

distinguishable on account of their containing energy in the region of 

the higher frequencies which is eliminated by the increased attenuation 

constant. Drawing 17 shows some of these sounds and the frequency 

region in which thejr energy lies. 

By inspection of the form of the attenuation constant, as shown 

on page 8 of the appendix, it will be seem that the constant may be 

reduced and transmission improved by any of the following four methods: 

1. Increasing the inductance per mile of line. 

2. Decreasing the insulation resistance of the line. 
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5. Decreagyng the capacity of the line. 

4, Decreasing the resistance by increasing the size of conductor. 

A combination of some or all of them may be used. The easiest of the 

above methods to place into practical application is the first; Pv 

experimental investigation it being found that for a given amount of 

iron and copper in the form of impedance coils it results in a smaller 

attenuation constant to employ them in the Pupin fashion a8 coils in 

series than in any other way. By comparison of the constants for a 

loaded and a non-loaded line, it will be found that for the former 

the attenuation constant is less for all frequencies, and has a smaller 

variation between the frequencies for which computations are made; also, 

its velocity of wave propagation varies only slightly with different 

frequencies. Thus a loaded line is better adapted re the transmission 

of speech as the different frequencies attenuate more nearly alike, and 

the form of the original sound wave is better maintained by thesnalmost 

constant velocity of wave propagation. It is impossible, however, to 

obtain a distortionless line by means of load coils properly Spaced, as 

the conductor resistance varies with the temperature, and the insulation 

resistance varies with the time of day and the condition of the weather. 

Fig. 18 illustrates an extreme case of variation in the leakage of a 

line expressed in megohms per mile. This is an 8 gauge copper circuit 

between Jacksonville and West Palm Beach, Fla., a distance of about 

300 miles, and is typical of any circuit located along a seashore in a 

warm climate. 

AS has been stated on page 5, when waves pass from a medium of one 

density into a medium of a different density, the energy is partly 

transmitted, partly absorbed, and partly reflected. The insertion of 

impedance coils in a line forms points whose density varies from that
 

of the line; therefore, we are confronted by the problem of energy 
ab- 

sorption and reflection at the coils. 
Bupin mathematically solved 
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this problem™, and from his solution formed the following law. 

"If there be a non-uniform line loaded with inductance coils at 

equal intervals, and if we consided the total inductance and re- 

sistance to be smoothly distributed along the line, then these two 

lines, the non-uniform and uniform, having the same total redis- 

tance and inductance, will be electrically equivalent for trans- 

mission purposes as long as one half of the distance between 

two adjacent coils expressed as a fraction of 2m taken as a wave 

length, is an angle so small that its sine has practically the 

same numerical value as that angle in circular measure”. 

By applying this law to an instance when there are ten coils per wave 

length, it will be found that one half the angle exceeds its sine by on 

only 1.9%. (Appendix, page 12). 

When an electric current travels along a wire it is surrounded by 

a megnetic field (drawing 19, fig. 2) and a dielectric field (fig. 3), 

the combination field surrounding the circuit being as shown. (fig. 4). 

When the electromagnetic wave reaches the end of the line it is reflect- 

ed; with a reversed megnetic component if the end be open (fig. 1), and 

a reversed electric component if it be closed (fig. 5). If there be in 

any line a part in which there is greater inductance on capacity per 

unit of length than at other parts, these lumps of inductance or capac- 

ity will cause a partial reflection of the wave in & manner which will 

be a combination of the above. This reflected component travels back 

to the sending end and there unites with the outgoing wave; increasing 

or diminishing its value according as it is in or out of phase, there- 

* The mathematical solution being somewhat long, the reader desir- 

ing it is referred to "The Propagetion of Electric Currents in Tele- 

phone and Telegraph Conductors” by J. A. Fleming. 
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by causing the impedance of the line to vary as the frequency of the 

sending current is changed. 

The above fact makes possible a method of locating any irregular- 

ity which may be in the line. The line is tested by means of the im- 

pedance bridge, and the equivalent inductance and resistance curves 

plotted - equivalent inductance meaning the inductance which remains af 

after the capacity has been neutralized, or in case the capacity pre- 

dominates, the inductance which is necessary to neutralize the remsin- 

ing capacity. In the latter event the inductance is said to be neg- 

ative or minus (-) in order to distinguish it from the former which 

is said to be positive or plus (+) - by means of the frequency inter- 

val between two adjacent maximum or minimum points on these curves, 

the distance from the sending end to the point where the irregularity 

occurs oF 1s determined in the menner described on page 12 of the ap- 

pendix. If the line contains irregularities the curves will have 

humps superimposed on them at periodic intervals if the irregularities 

be at some distance from the sefd ing office, or will have their general 

shape distorted if they be nearby. 

Drawings 20 and 21 are impedance curves of the Atlanta-Birmingheam 

non-~loaded circuit 13-14, and loaded circuits 3-4 and 5-6 strapped to- 

gether 'at Birmingham, the load coils containing 245 milhenrys and be- 

ing spaced 7.88 miles apart. By the application of the derived 

rules the irwegularity of both lines will be found to locate at Bir- 

minghem, which is at & distance of 146 miles, and is caused by the 

cable in that city. The distortion of the loaded lines at the high- 

er frequency being sengel by the ceble in Atlanta, at which place the 

tests were made. 

In order to prevent reflection from the open or short-circuited 
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receiving end of the line in the above test, it was necessary to make 

the line equal to ome extending to infinity. This may be accomplish- 

ed by continually adding to the end additional lines of the same im- 

vedance, as is actually done in the handling of long distance enils 

between points very widely separated; or by determining the impedance 

of the given open-circuited line and them termineting the line with this 

impedence, thus obtaining a line of the same unit impedance but twice 

its original length; again determining its impedance with the termine- 

‘tion and adding this impedance to the first termination; a line of 

the same unit impedance but of four times its original length is ob- 

tained. By continuing this process indefinitely a line of infinite 

length, possessing the same impedance per unit of length as the orig- 

inal line, is obtained. The impedance of an infinite line may also 

be theoretically calculated as shown on page 14 of appendix. 

The results of a large number of experiments have shown that non- 

loaded and loaded lines terminated by non-inductive resistance of 700 

and 2,000 ohms respectively, display the characteristics of an in- 

finite line. When a line is infinite, nothing that may be done with 

the receiving end will affect its impedance. A test of the 35 miles 

of artificial standard cable was made with both the impedance and the 

capacity bridge, and it was found that short circuiting the receiving 

end in no way affected its impedance; therefore, it is equivalent to 

an infinite line. Drawings 22 and 23 show the results of these tests. 

From the preceding discussion, it is seen that the same alterna- 

ting current theory which applies to the transmission of power, can 

also be applied to the transmission of the human voice, as follows: 

1. Anslysis of the human voice into its component frequencies. 

2. Considering each of these frequencies necessary for intel- 

1ligibility. 
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Dealing with quantities of energy miniature in comparison, 

of frequencies much higher, and of such nature-as to cause 

Sa paoity snd the slightest amount of inductance to be given 

great importance in the physical construction of all eireuits. 

The only difference between the two is that in power lines the receiv- 

ing end impedance has more effect upon sending end impedance then the 

characteristic impedance of the transmission line, while in telephone 

“lines, if the circuit is very long, the receiving end impedance has 

negligible effect upon the sending end impedance. 

This application of alternating current theory to telephone 

lines can be used not only to improve transmission and locate irreg- 

unlarities, but also to predetermine the action of a cireuit and thus 

enable it to be designed to meet the requirements of any of the dif- 

ferent types of service. 
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Aq sin pt + By cos pt ¢ sin pt cos © + ¢ cos pt sin © 

= c¢ sin (pt 4 ©) = Lr sin (pt + 0). 

where ¢ = A;/ cos © = By/ sin 0, tan © = By/Aq 

cos © = Aq/ ne + B;% C= ne + B,%. 

Substituting these values the series may be written in the form 

Y, = 4 + TA3% + BZ sin (pb + Oy) + TAg® + By? sin (2p% + 6,) + 

To + 57° sin (3pt + Oz) +r = = = =~ 

in which fa,° + Bq%, 14,” + B57, {az2 + Bz®, etc., are the amplitudes 

of the different harmonics and e., 05, ez, etc., are the phase angles. 

Voltage Application to Inductance. 

Let the voltage across an inductance be given in the form of a 

Fourier's series, 

e = E; sin (2uft =- 0) + BE, sin 2(2uft ~ 0,) + Bx sin 3(zaft - Oz). 

Substituting this value in e = ri + L di/dt, if r mey be neglected, 

L i= Eq sin (Raft - 01) + Ep sin 2(2uft - o,) ¥ 

‘Ez sin 3(2nft - e;) hmm wwii, 

Multiplying both sides of the equation by dt and then integrating, 

Ii + CC = - Zs cos (2uft - 0.) - Eo cos 2(2nft - a) - 
2at dat 

Bs cos B(2aft - 65) = - - - . 
ent 

The constant of integration is equal to zero, because the current cannot 

have 8 unidirectional component without a commutating device or elec- 

tric valve of some sort. 

By cos (2aft - 6) - Bs cos 2(2uft - © 
zaTL i 

i= - 5) 

Eg cos 3(2nft - ez) me ey 

ButL 
Which means thet each harmonic in the voltage produces its own cur- 

rent, as if this harmonic were acting alone. 
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Q Galvanometer 

fir 
FIG. 1. 

| WHEATSTONE BRIDGE . 

QO Telephone 

Oscillator 

FIG. 2. 

CAPACITY BRIDGE . 
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A 

PIG 1. 

WAVE REFLECTION FROM OPEN CIRCUIT LINE 

MAGNETIC FIFLD OF SINGLE WIRE AUD OF CIRCUIT. 

DIELECTRIC FIELD OF SINGLE WIRE AYD OF CIRCUIT. 

FIG. 4. 

COMPLI ND MAGNPTIC AD DIRLECTRIC FIZLD OF CIRCUIT . 

FIG. 5. 

T= 

WAVE REFLACTION FROM SHORT CIRCUIT LINE. 
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