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THE TECHNICAL SERVICE BUREAU 
The 'J.1echnical Service Bureau is maintained 

jointly by the Engineering Extension Depart­
ment and the Engineering Experiment Station 
for the purpose of making more widely avail­
able the services of these departments to the 
industrial interests of Iowa. 

On request, the Bureau furnishes cities and 
towns special jnformation and preliminary ex­
pert advice in matters of municipal improve­
ment. A similar service is offered to the indus­
trial interests of the state. 

There are issued fi·om time to time bulletins 
of special interest to municipalities, industries 
and trades of the state. 

The following bulletins are available: 

No 6-Surface Oiling of City Streets. 
No. 13-Orna,mental Post Lighting of City 

Streets. 
No. 15-The Collection and Disposal of City 

Refuse. 
No. 16-The Operation and Care of Sewage 

Disposal Plan ts. 
No. 17-The Use of Traffic Signs. 
No. 20-Street Name Signs. 
No. 21-Concrete Sidewalk Constructiou. 
No. 27-Installation, Care and Operation of the 

House Furnace. 
No. 28-Butt Treatment of Wooden Poles. 

Telephone Transmission 
By C. A. Wright 

Reprinted by permission of Telephone Engineer · 

rrhe electric current in a telephone circuit during conversati011 
is alternating at frequencies between 50 and 5,000 cycles per 

Fig. 1. 

second. Figure 1 shows a sine wave alternating current, and 
Figure 2 shows the character of the current in a telephone e1r­
cuit (part of vowel sound '' E '') : 

Fig. - 2. 

Electromotive force forcing current through an electri.e cir­
cuit has to overcome the effects of resistance, leakage, rapacity, 
and inductance. 

The effects of resistance in an electric circuit are wen known. 
Leakage is the escape of current through or over the insulation. 

A condenser forming capacity in a circuit permits current to 
flow through it. If a constant e. m. f. is applied at its terminals, 
current flows for a short time and then stops. If the e. m. f. i~ 
alternating, current flows first in one direction and then in flie 
other, the condenser alternately charging and discharging. 'rhe 
higher the frequency, the greater is the current that flows. The 
capacity is increased by increasing the area of the plates, by in­
creasing the dielectric constant of the dielectric, or by decreas­
ing the distance between the plates. 



Figure 3 hows a circuit in which there is a condenser, m1d 
Figure 4 shows a section· of a cable. It is to be noted that any 
two conductors of a cable with the insulation between them form 
a condenser, and that the capacity between these wires is in­
creased, as they are placed closer together, or as the dielectric 
constant of the insulation is increased by the use of an impreg­
nating compound. 

Fig. 3. 

When current flows through a conductor, lines of force are set 
up around that conductor, and when the current changes, the 
building up or the collapsing of these lines of force induces an 
c. m. f. in the conductor in such a direction as to tend to pre­
vent the change in the current. The •effect of this induced e. m. f. 
in a conductor is referred to as ''inductance.'' The combination 
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of resistance and inductance effects is known as '' reactance. 'r 
Reactance retards the fl.ow of alternating current just as resist­
ance does, but the energy used up in the circuit is only that 

Fig. 5. 
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used up in overcoming resistance. The inductance of a circuit 
gives back all the energy it absorbs. Figure 5 shows the induct­
ive effect of current in a circuit. The inductive effects of two 
adjacent wires neutralize each other. 

In Tables 1 and 2 are given the constants of several types of 
eommonly used telephone lines, which have been taken from the 
Standard Handbook for I~lectrical Engineers, 4th edition. 

TABLE 1. 
Constants Per Loop Mile. 

Kinds of Non-Loaded Open 
W.ire Lines. 

No. 8 B. W . G. Bare Copper, pairs . .. 
No. 8 B. W. G. Bare Copper, phan-

toms .............................. . 
No. 8 B. W. G. Bare Iron, (BB) pairs 
No. 12 B . vV. G. Bare Iron (BB) pairs 

4.08 

2.04 

.85 

TABLE 2. 

.00337 

.0150 

Constants Per Loop Mile. 

Kinds of Non-Loaded Cable 
Circuits 

No. 19 A . W. G. Dry Core Paper Cable, pairs 
No. 22 A . W. G. Dry Core Paper Cable, pairs 
No. 19 A. W . G. Dry Core Paper Cable, pairs 
No. 22 A. W. G. Sw. Bd. Cable (sand c) pa!rs 
No. 16 A . W. G. Sw. Bd. Cable (wool), pairs 

88 
176 

88 
176 

44 

.00898 .035 860 

.060 

.083 

.074 

.029 1,035 

.22 135 

.32 93 

500 1.00 30 
500 1.66 18 
500 1.11 27 
100 2.2 14 
100 1.1 27 

As the wires of an open wire line are widely separated the dis­
tributed capacity is small and the inductance is comparatively 
hiO'h, Therefore, such a line may_ be represented by a number of 
re;istances and reactances in series. On the other hand, the 
wires of a cable pair are close together. the inductance is neg­
ligible and the capacity between wires is high. It may best be 
repres~nted, therefore, by a nu~ber of !esistances in series, with 
condensers bridged across the lme. It 1s to be. re~embe~ed that 
the frequency of the current in a telephon~ c1r~mt varies, and 
that the higher the frequency the more of 1t will fl.ow through 
the distributed ca.pacity of the circuit. Therefore, more of the 
high frequency current of the high notes is shunted off from th~ 
receiving end of the circuit than the low frequency current of 
the low notes. The low notes are received more strongly than 
the high notes, and the "quality" of the tone is affected. As 
both low and high frequency currents are shunted the current at 
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the r c_eivinO' end i " ·attenuated" and the "quantity" of the 
soun~ i ~ffec~ed. Al o attenuation results from the e. m. f . in 
t~e c_ircmt bemg used up in overcom'inO' the resistance of the 
circuit. 

Where there is a discontinuity in the circuit, a piling up of the 
curren~ a:1d voltage waves occurs in such a way that losses in 
transmission occur. ~rh se losses are known a ''reflection'' 
losses. 
. Circuits are loaded by inserting reactances in series in them at 
mtervals so short . that appreciable reflection losses are avoid d. 
These reactances de_crea e the energy loss in the circuit by their 
~enden~y to neutralize t~e bad effects of the capacity. They make 
~t po sible to apply a higher voltage to the line without increas­
mg the ~urrent proportionally. In this way they decrease the 
attenuat10n. By changing the relation between the resistance 
leaka~e, capacity, and inductance of the circuit, they decreas~ 
the distort10n. Thus, they better the received sound both in 
quantity and quality. 

In addition to the above high-frequency losses, there occur 
what are lmov~n as battery-supply losses. The greater the direct 
current suppli d to the transmitte,r, the greater will be the en­
ergy which that transmitter sends out into the circuit but the 
amount of thi~ current is limited by the heat radiating' qualities ot th transmitter. The transmitter is, ther fore, u ed most effi­
ciently_ when the ~mount of direct current supplied to it nor­
mally_ is the greates_t possible without unduly heating the carbon 
path m the transmitter. A loss due to a decrease in the direct 
current normally suppUed to the transmitter is known a a 
'' battery-,.upply'' loss. 

~he quant~t:y of so:1nd transmitted over a telephone line under 
va:·10us condit10ns might be indicat d by delicate apparatus, but 
~his would not take ac_count of the ?is~ortion of current or qual­
ity of the sound received. What it is necessary to measure is 
'' ~ransmission'' or_ a combination of quantity and quality of re­
ceived .sound, and m order to do this a unit of transmission must 
be chosen and a standard of transmission devised. 
_· A unit is an arbitrary division for measurement. A standard 
is the means of making the measurement; for example, a foot 
and a foot rule, or an ampere and an amm ter. 

A pi~im;ary tandard is one from which econdary standards 
a_re calibrated. It should be, first, Constant for specified condi­
t10ns, and, second, Reproducibl from written instructions-but 
not necessarily cheap or portable. second~ry stanaard must 
be, first, 9~eap; second, Portable, and third, Constant for speci-
fied condit10n . · 

It was necessary to choose a unit and sta,"ndard of transmissioi1 
beeause ' 'transmission'' had never been :ni.easured befor,e. The 

6 

Fig•. 6. 

unit chosen was a '' mile of transmission'' over '' the standard cir­
cuit. '' The primary standard chosen was the o. 19 gauge non­
loaded cable then in use, having a mutual capacity of .06 micro­
farads per mile and a loop resistance of 88 ohms per mile, with 
the common battery central office and sub-station circuits then 
in use. Artificial lines made up of resi tances and condensers 
mounted in a box with the above central office and sub- tation 
circuits at both ends have been used as secondary standards. 

'J.1he standard circuit is shown in Figure 6. The desiO'nations 
shown refer to apparatus manufactured by the Western Electric 
Company. Figure 7 shows a commonly used artificial cable with 
the associated apparatus. 

Fig. 7. 

In testin.O' transmission it is necessary to find the number of 
miles of No. 19 gauge .standard cable which in the standard cir­
cuit will give the same transmission when talking over the stand­
ard circuit, as when talking over the circuit under test. The 
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transmission over a ciFc1;1.i t may be different when talking in one 
direction tharr when talking in the other. 

When testing transmission the tester who is talking should be 
careful not to vary his voice or the distance of his mouth from 
the t~·ansmitter mouthpiece. He should do all necessary switch­
ing, keeping the tester who is receiving always in ignorance of 
the condition of the circuit. This is necessary in order to avoid 
any error due to the personal equation or opinion of the receiv-

, in g tester. 
If it is desired to test a transmitter or other unit of the 

terminal apparatus, such as the induction coil or battery, the 
artificial cable with standard terminal apparatus at _one end is 

THAIVSI'" r rc,r 
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Fig. 8. 

arranged so that it may be switched to standard terminal ap­
paratus, or terminal a.ppar.atus, all units of which a1~e standard 
except" the transmitter or other unit under test at the other end. 
It is then determjned by careful trial what length of artificial 
cable with the terminal apparatus under test will give the same 

Fig. 9. 
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transmission as the standard terminal apparatus with 20 miles 
of artificial cable. If this length of cable should be 16 miles, the 
transmitter under test is said to be 4 miles poorer in transmis­
sion efficiency than the standard. If it should be 24 miles,, the 
transmitter is said to be 4 miles better than the -standard. 

In Figure 8 is shown the circuit used in comparing a trans­
mitter with a standard transmitter. A sipular circuit may be 
used for testing induction coils or other elements of the sub­
station set. Figure 9 shows a circuit for comparing two sub-
.station sets. 

If two artificial cables are available, a balancing cable is used 
.as shown in Figure 10. This avoids the operation of one or_ more 
switching keys each time the standard or test apparatus 1s cut 
into circuit. 

The effect on transmission of holding t4e· mouth.- at· va:r:ying--
-distances from the mouthpiece -- of the transmitter · may: be deter­
mined in approximately the same way. However only the stand-
.ard terminal apparatus need be used in this case. . 

The fallowing losses in miles of standard cable d~term1!1ed by 
a promi~ent telephone engineer, result from _talkmg with the 
mouth at the given distances from the mouthpiece of the trans-
mitter: 
Distance of mouth from Loss in miles of standard 

mouthpiece of trans- cable. MicroJ.?hOnic 
mitter, in inches. type of transmitter. 

11::::::::::::::::::::::::::::::::::::::::::::::::::::::::J! 
If it is desired to test the transmission efficiency of a, length of 
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cable or a line, and if ·only one circuit is available, it is necessary 
to connect one of the sub-station circuits at the distant end of the 
line, and arrange with the wire chief or someone else at that 
point to aid in the test. 'The transmission over the above sub­
station circuits with 35 miles of No. 19 gauge cable is generally 
regarded as the limit of commercial transmission. It is pos­
sible to determine this amount of transmission from memory 
more definitely than any other amount. Artificial cable is added 
to the circuit under test until 35-mile transmission is obtained. 
Then the number of miles of artificial cable thus necessary, sub­
t:racted from 35, will give the transmission equivalent of the 
circuit under test. Figure 11 shows the circuit used in making 
this test. 

/IRT/rtCIRL 
C~&£ 

LINE 
UNOf/f TEST 

Fig. 11. 

If two circuits to a distant point are available, which follow 
the same course and ·which :are so nearly the same that their 
transmission equivalents may be assumed to be equal, the simplest 
way to test them is to loop them as in Figure 12, find the trans­
mission equivalent of the two circuits in series, and divide the 
result by 2 to obtain the transmission equivalent of either cir-. 
cuit. 

If the circuits to be tested follow different courses, and it is 
probable that their transmission equivalents 1u0 different, they 
should first be looped together as in Figure 12, and their series 
transmission equivalent found. Then one of the sub-station sets 
should be transferred to the other end, as in Figure 1:1, and it 
should be carefully determined what amount of artificial rable 
it is necessary to iii.sert in the circuit, the transmission of ,vhich 
is the better in orde.r to make the transmissio11 over the two cir­
cuits the same. This amount of artificial cable is the difference 
in the transmission equivalents of the two circuits. H a and b 
represent the equivalents obtained in these two tests) and if x 
and y represent the transmission equivalents of the two circuits, 
then from the relations x+y=a, and x-y b, the transmission 
equivalents desired may be easily obtained. It will be found that 
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Fig. 12. 

a+b a-b 
x=--, and y=--

2 2 

If x, Y, and z represent the transmission equivalents of three 
circuits,_ none of which fol~ow the same course, the tests may be 
made with all the sub-stat10n apparatus and the artificial cable 
at one end of the circuit. Th e aid of a wire chief or a mainten­
ance ma1~ in changing connec:tior~s is all the aid that is necessary 
at the distant end of the circmt. If we find from using the 
method of testing described for Figure 12 that x+y=a, y+z= 
b, and z+x=c, the transmission equivalents of x, y and z m::iy 

a+c-b a+b-c 
be deter,mined. It will be found that x ~--- ,y 

2 2 

and z 
2 

A transmission equivalent of a piece of apparatus or a seetion 
of a circuit is ~he loss. in ~ile~ of transmission which, that ap­
paratus or sect10n of circuit will cause when inserteel-in a tele­
phone connection. Vahms of transmission equivalents for vari­
ous types of telephone lines ·and apparatus have been determined 
by the various manufacturers and users of telephone equipment. 
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The transmission equivalents of various types of circuits nre 
given in Tables 1 and 2. In Table 3 are given approximate 
transmission equivalents of various typical pieces of. apparatus. 
(Published in an article in Telephone Eno-ineer, August, 1915, 
by C. J. lJai·sen.) 

TABLE 3. 

Approximate 
Transmission 

A pparatus Equivalent. 
Average wire wound heat coils .................... . . .... . . . .. ....... 0.500 

§~~:ricg~~~.s,p~;r p~fjr.: : ::::::::::::::::::::::::::::::::::::::::::::: :8:~~g 
1,000-ohm bridged drop .. .. . . ... . .... . ....... .. . ... . . .. . . . . .......... 0.150 

500-ohm bridged drop . ................ .. .. . .... . .... • .... .... • . • • • .0.975 
200-ohm bridged drop ....... . .. ......... . ....... . . ... ..... • .. . .. • .. 2.000 

2 m. f. condenser ... ... ... ... . . . ....... .. . . ...... • . • . • • .. • • • • • • • • • • • . 0.160 
Early type, repeating coil .. .... ... . . ...... ....... . ... .. .. ......... .. 5.000 
Subsequent, improved repeating coils . ........ ..... ....... .... .. . .... 2.000 
Present-day repeating coil . . ...... . . .... . . .. .... . . .. .. . .. • .. • .. •. • • .. 0.500 

To these transmission equivalents may be added several others 
taken from the Standard Handbook for Electrical Engineers , 
4th edition, which are of common interest: 
1.,000 ohm bridg·ing bell ...... .. ........ .. ......... . ...... .. . ... . Less than 0.1 
Efficient phantom repeating coil . . .. • . • . • • . • • • • • 

. . . . • . • . . • • { 0 ~;i~~a~ri;:;t } 8:~~ i~ g5 

-Ope rator's set, bridged across line . .. ..... ..... . . ... .... ...... . .. . 0.5 to 5.0 

'' Reflection losses between non-loaded open wires of different 
sizes or side circuits and phanto,ms, or open wires and cable~; 
:are usually but a fraction of a mile of standard cable. In the 
tCase of a loaded open-wire circuit, connected to an open-wire 
non-loaded circuit, the reflection loss may become equal to :{ or 
4 miles of standard cable.'' 

. The transmission equivalents (miles of standard cable which 
g_ive the sam~ transmission loss as one mile of the cable in ques-: 
tlon) of var10us types of cable are given .~n Table 4. These 
data are tak€n from "Gibson's Manual of Telephone Troubles. 11 

B~cause of the slightly different characteristics of the cables and 
wire tested, these data do not exactly check with those of Tables 
1 and 2. 

TABLE 4. 

Transmission Equivalents of Telephone Cables and Wires. 

Non-
Loaded Cable Loaded 

Heavy Medium Light Cable 

Underground Cable, No. 22 B. and S. Gauge 53 
Underground Cable, No. 19 B. and S. Gauge 

0

278 
Underground Cable, No. 16 B. and S . Gauge · 170 
Underground Cable, No. 14 B . and S. Gauge :132 
Undergr~mnd Cable, No. 13 B. and S. Gauge .113 
gpen W~re No. 12 N. B. S. . ................ . 

pen \\T;1re. No. 8 B . \V. G. . .......... . .. . 
Dry Core, No. 16 B . and S. Gauge . ..... . . .. . 
Drf Core, No. 13 B . and S. Gauge .. ... . . . .. . . 
Bridle Wire, No. 14 B. and S. Gauge ... .. ... . 
Swbd. Cable, No. 22 B. and S. Gauge ....... . 
Swbd. Cable, No. 19 B. and S. Gauge . . . . ... . 

.70 

.348 

.195 

.14 

.117 

.95 

.455 

.248 

.160 

.135 

1.61 
1.0 

.74 

.60 

.53 

.03 

.035 
1.05 

.75 

.86 
2.16 
1.65 

The insertion of such a resistance in a common battery loop 
that t~e current through the transmitter is decreased from its 
value m _a zero loop to one-tenth of this value may cause a loss 
of ten miles of standard cable or more, while a loss of the same 
amount may rosult in a . local battery set from dec·reasing the 
voltage across the transmitter to one-third its normal value. 

Loose ~onnections, . o~· '' high .joints,'' and grounds may cau-&e 
los~es which are neghg1ble or of such a value as to make conver­
sat10n over a telephone impossible. 

As the various losses given above are additive, the oceurrence 
of many such losses, each small in itself, may prevP,Ht the use 
of a telephone line. 

The various values_ of transmission given above are app1·oxi-­
mate, as th~y. vary with the conditions in the rest of the circuit 
and the position of the apparatus in the circuit. 

. ~he cos~ of such transmission losses is determined b,v the cost 
~f l,Illprovmg o~her par~s of t,he connection, as the lines, by load­
mg or _b~ the mstallat10n of telephone repeaters, to bring the 
~rans_m1ss10n over the whole connection up to the standard which 
1s bemg maintained. ~t _is to be remembered, howen~r, that if 
at t~e start the transrruss10n loss does not make the transrn.ission 
€qmvale~t of the circuit poorer than this standard, it i.s gene1·­
ally. considered that such a transmission loss has no valu~, just 
as air, water, or s~nd have no value when there is a superabun­
danc~ o_f t~em available. rrhe transmission may even be so good 
that 1t 1s disagreeable to the subscriber. 

13 



rrhe addition of a_ traffic feature to a circuit which causes a 
loss in transmission will "prove in" if the saving in operation, 
plus the value of the betterment in service, will balance the ~ost 
of the apparatus plus the cost of the transmission loss. 

If transmission is too poor, people will not use the telephone, 
and the income will be decreased. If transmission is too good. 
the cost of the circuits and lines will make the cost of service too 
high. Balancing the amount of service against the cost of cir­
cuits, we can determine the proper quality of transmission t_o 
maintain in order to give the O'reatest return to the telephone 
company. A standard of 20 miles has been generally main­
tained for local service, and 30 miles for toll service. With the 
cheapening of telephone apparatus the standards of telephone 
transmission which it is economical to maintain are constantly 
becoming better. 

In five towns in western P ennsylvania, in an effort to better 
telephone transmission, inefficient repeating coils, cords, heat 
coils, and other apparatus were replaced by better apparatus, 
old transmitters were replaced, run down batteries were renmved, 
and other si1milar changes in plant were made. The result was 
that in eight months the commercial transmission areas "\\-ere in­
creased between 50 and 100 per cent, and the amount of toll and 
long distance business in this territory increased about 25 per 
cent. 
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The College 
The Iowa State College of Agriculture and 

Mechanic Arts conducts work in five major 
lines: Agriculture, E;igineering, Home Eco­
nomics, Industrial Science, and Veterinary 
Medicine. 

The Graduate Division conducts advanced 
research and instruction in all these five lines. 

Four-year, five-year, and six-year collegiate 
courses are offered in different divisions of the 
College. Non-collegiate courses are offered in 
agriculture, engineering, and home economics. 
Summer Sessions include graduate, collegiate, 
and non-collegiate work. Snort courses are 
offered in the winter. 

Extension courses are conducted at various 
points throughout the state. 

Research work is conducted in the Agricul­
tural and Engineering Experiment Stations 
and in the _ Veterinary Research Laboratory. 

Special announcements of the different 
branches of the work are supplied; free of 
charge, on application. The general college 
catalog will be sent on request. 

Address HERMAN KNAPP, Registrar, 
Ames, Iowa 
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