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I. General Discussion.
i ,
As is well known to all telephone engineers, the transmission loss in

any nonloaded telephone line is usually represented by a length of standard
cable (88 ohms resistance per loop mile and 0.054 microfarad wire-to-wire
capacity per mile) having an attenuation length equal to that of the line
under consideration, assuming the same terminal apparatus to be connected
with both the line and standard cable. This convenient method of express-
ing roughly the transmission efficiency of a telephone line is based on the
assumptions that the current at any point on an uniform line is represented
by the formula (1), and the currents at the sending ends of the line and
standard cable are equal.

where C is the current at any point on the line distant / miles from
the sending end ;
I is the current at the sending end;
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a is the attenuation constant of the line; and

B is the wave length constant of the line.

If the above assumptions hold good even at the receiving end of a line

of finite length, then the formula becomes:

where C, is the current at the receiving end, and

! is the total length of the line.

If the phase difference between the currents at the sending and receiving

ends is left out of consideration formula (2) becomes

Since the loudnéss of receiving sound naturally does not depend upon
the phase difference, we may use formula (3) as one showing the loudness

of receiving sound.

Therefore, to get an equivé.lent length, in terms of standard cable, of a
telephone line of length 7, we have to equate the receiving current of the

line and that of standard cable, that is,

Te—%b — Jo—uh

or Oy = o4ly ceininniiiiniiiini e 4)

where a, and a, are the attenuation constants of standard cable and
the line under consideration respectively ; and

l, and /; are the respective lengths.

Formula (4) readily gives the equivalent length required.



Transmission Losses in Telephone Lines. 189

In the method given above of obtaining the equivalent length, the
loudness of receiving sound only is taken in consideration, its clearness
being disregarded. This is necessary in the present state of technical
development. In the following, therefore, if nothing is said of clearness,
loudness only will be taken as the measure of the transmission efficiency of

the telephone line.

Formula (1), however, holds good only when the length of a line is

infinite in which case

E

I= Zy+ Z,

‘where E is the impressed EM.F.;
Z, is the impedance of the apparatus at the sending end; and

Z, is the initial sending end impedance of the line,

Hence formula (1) becomes

- F —ao 77
C = Z+Z e [—ﬂ— ........................ (5)

Formula (5) shows that the current I at the sénding end differs in
accordance with the initial sending end impedance of the line, Therefore,
some error must exist if formula (4) is used in comparing the transmission

efficiencies of lines having different initial sending end impedances.
In addition, if the line is of finite length, as is the case with the

actnal line, the formula expressing the current at any point on the line is

0 — _ E{Z, cosh a(l— 1)+ Z, sinh a(i—1)} @
= (Z02+ZJZ,.) sinh al'l‘Zo(Za +Zr) coshal Tttt

where O, E, Z,, I’ and Z, are the same as given before;

a is the vector attenuation constant and is equal to a+j3;
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{ is the total length of the line; and

Z, is the impedance of the apparatus at the receiving end.

Therefore, the transmission equivalent of any telephone line in terms
of standard cable can not be obtained so simply as is stated above, if some
degree of accuracy is required.

Since the table of hyperbolic functions of complex quantities was
completed by the indefatigable diligence of Dr. A. E. Kennelly, it has be-
come possible to facilitate, in some degree, the -calculation of the formula
containing them. Still, it is not an easy task to calculate such a formula
as (6). It will perhaps take some hours to calculate; and such laborious
calculations are necessary in each case of finding the transmission equivalent
of a telephone line.

In addition to such laborious work, the equivalent length can only
be worked out from a curve drawn by taking the receiving currents and
the line lengths of standard cable as co-ordinates. That is, we have, at
first, to calculate the receiving end current of the line from formula (6)
by putting #/=I. Then the length of standard cable which gives equal
receiving current is to be found from the curve previously drawn. This is
perhaps the only way of finding the equivalent length if the full formula
is to be used, or, it is almost impossible to find the equivalent length from
the formula directly.-

In practical telephone engineering, therefore, it is not convenient to
use the complete formula; and some convenient approximate formula is
needed. It is for this reason that formula (1) is generally used as simplest
to calculate the equivalents. But the error is sometimes so large that we
can not be content with such a rough formula.

Before going further, we have here to describe the telephone lines and
the terminal apparatus used throughout the experiments in this paper.

Standard cable: The standard cable has electrical constants as pre-
viously described ; but as we did not have one with exactly such constants
in our laboratory, an artificial cable- having electrical constants as given in

Table 1 was used.
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400 and 200 Ib. copper aerial lines: These were artificial lines having
electrical constants as given in Table 1.

100 and 50 1b. copper aerial lines: These were formed of 200 Ib.
copper artificial aerial line and resistances connected in series at each section
so as to obtain the conductor resistances of 18 and 36 ohms per loop mile
respectively.

No. 19 gauge testing cable: This was 180 pair lead covered paper
‘cable, 0261 mile long with conductors connected to and fro so as to form
a cable circuit of the length of 4698 miles.

No. 22 gauge special cable: This was formed of No. 19 gauge testing
cable and a resistance connected in series at each section so as to obtain
the conductor resistance of 176 ohms per loop mile.

No. 19 gauge special cable: This was formed of two artificial stan-
dard cables so connected as to double the electrical capacity.

Loaded No. 19 gauge cable: This was formed of No. 19 gauge testing
cable and loading coils of the following description:—

Effective resistance of each loading coil ... 6 ohms
Effective inductance of each loading coil... 0°165 henry
Space of loading coils ... ... .. ... ... 1-566 miles.

Terminal apparatus: These were the subscribers’ sets for the mag-
neto system and the No. 25-A repeating coils for the common battery
system. The impedance of the subscribers set at the sending end is
3874+ 243:0=45621 | 32°6’ ohms when measured by a current of 5
miliamperes and of 800 cycles per second. The impedance of the subscriber’s
set at the receiving end is 402+;290=495'68)|38°48’ ohms when mea-
sured by a current of 05 miliampere and of 800 cycles per second.
The impedance of the No. 25-A repeating coil is given in Table 20,
‘Section 4.

In this paper, it shall hereafter, be understood that the lines and
apparatus thus named shall, if not otherwise specified, be as described
above.



Table 1. Electrical constants of teveral telephone lines used in the experiments.

Initial sending end impedance

Vector attenuation constant.

gauge cable

s [ on | a | s [ x [
Z [0 4-jB Py atj B

Standard cable | 8675 | 000008 | 397 | 00607 | 534:35[44°%F | 9812 —j3U442 | 0162 |44°45 | 01152 +jor114
o bacoeer |1 408 | 000344 | 157 | 00036 | eaz8 [T | 6307 ~j 620 | (0252|8221 | 0:00369-+70°0273

PO pgopeer b g5 | 000345 | 190 | 00084 | 67306/TI°ZY | 65093713226 | 0:02838)76°% | 00068300275
100 ocorper |L 15290 | 0005433 233 | 000872 | 72568JTOTO’ | 68482724005 | 003169]67°37/ | 001207700293
i T [} 9354 | ooossz | 82 | 00082 | 956TITECEY | 8454 —A4T96 | 004040|5TOAY | GORST-+j0r03415
N ating ook, } 9050 |ooosz | 0017 | 00507 | 59844[TTEY | 4352640751 | 0151 |19 | 0003 0111
Ngi)fc“i’af‘;‘;%‘;e } 16088 | ooo11es| 0234 | 00522 | S0692[ITY | 6771956387 | 02105 |45°31 | 01473 01505
N‘;i)elgaf“;ﬁe } 8761 | 0:00029 | 18700 | 01204 | 381:27743°8% | 27596--j26308 | 02298 |44°35 | 01637 +j01613 |
Loaded No. 19 } 94:33 | 0-1067 0017 | 00507 | 14619 | 5°7 | 1456:05—712777 | 0:3706 [84°5% | 0:0324 +j0-3692

Notes:—R is the conductor resistance per loop mile in ohms.

L is the inductance per loop mile in henry.

'K is the wire-to-wire electrostatic capacity per mile in microfarad.

S is the wire-to-wire leakance per mile in micromhos.

The figures are the results measured with a high frequency alternating current of 800 cycleé\ per second.
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II. The Case of Uniform Line in Magneto System.

First let us see to what extent there exists ‘error by’ using the method
of attenuation lengths in obtaining the transmission equivalent of an
uniform line.

Tables 2-7 show the differences between the observed and calculated
results of the transmission equivalents of 400 Ib., 200 Ib., 100 Ib. and 50
Ib. copper aerial lines, No. 19 gauge testing cable and loaded No. 19 gauge
cable, the calculated results being those obtained by equating attenuation
lengths as is alwa.y;s done by telephone engineers, at present, though some
reflection losses obtained by experiinents are usually added for loaded lines.

Table 2. Comparison of the observed and calculated results of the trans-
mission equivalents of 400 lb. copper aerial line in tferms of
standard cable.

Calculated
Lengths of 400 1b. Observed equivalents by | Differences between
copper aerial line equ_llvalenfts (1) att. lengths (2) M) & (2)
(miles) (miles of 8.C.) (miles of 8.C.)
20 2:00 0641 1-359
40 2-00 1-281 0719
60 1-50 1-922 —0-422
80 300 2-562 0°438
100 580 3203 2597
110 675 3523 3227
120 7:50 3-854 3646
140 815 4484 3-666
160 860 5.126 8475 o0
. 180 900 5765 3-285 B
200 975 6-406 3344 &
220 1075 7-047 3703 3
250 11-85 8-008 3-842 £
270. 1240 8648 3762 =
300 13-10 9609 3491 | @
330 1420 10570 3630 3
350 1490 11211 3689 -
370 1562 11851 3769 s
400 1633 12-812 3618 g
420 17:00 13:453 3547 3
450 17-87 14439 3431 @
470 . 1862 15054 : 3:566 &
500 1967 16015 3-656
550 21-20 17-617 3-688
600 23-00 19219 37381

- _The reflection equivalent calculated by the second term of
formula (12)....ccoeriviieiiivenssmssnnssses, 3.9426,
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Table 3. Comparison of the observed and calculated results of the trans-
mission equivalents of 200 lb. copper aerial line in terms of
standard cable.

I;z;%te};s agiizgoli}ll; equ(i)szleer;? 1) equiszllgg}:ti‘; att. Differences between
(miles) (miles of S.C.) (x;ﬁrgtg? é%%.) M &@

20 3-50 1-188 . 2312

40 4:50 2:371 2:129

60 525 3557 1-693

80 700 4743 2:257

90 825 5336 2:914 |
100 912 5:929 3191
110 10-00 6522 3478
120 1070 7-115 3-585
140 1175 8:301 3-449
160 1275 9-486 3-264
180 1370 10672 3028 u
200 " 1520 11-858 3-342 ®
220 1650 13:044 3456 2
250 1825 14-822 3428 %
270 19-43 16:008 3-422 3
300 2120 17786 3-414 3
330 23-15 19-564 3-586 "g
350 24-10 20-751 3-349 &
370 25-12 21-936 . 3184 E
400 27-07 23715 /3335
420 28-00 24-901 3:099
450 2980 26-680 3:120
470 31-10 27-865 3-235
500 33-10 29-644 - 3456
550 3600 32608 3:392
600 3850 35573 2:923

The reflection equivalent calculated by the second term of
formula (12)..ccevienieiieiiecieiieniencanianees 3-2915.
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Table & Comparison of the observed and calculated results of the trans-
mission equivalents of 100 lb. copper aerial line in terms of
standard cable. '

ngths of 100 1b. Observe: Calculated Differences between
I:z)p%ters a_gria.l olink:) equjvale;vt.sd (1) equf::éfﬂ:s lg)atl. ° .

(miles) (miles of 8.C.) (miles of 8.C.) 1) & (2)
10 ' 375 1-048 2702
20 560 2:095 3:505
30 6-70 3-143 3557
40 725 4191 3:059
50 8:00 5238 2762 ©
60 9:00 6286 2714 g
70 1025 7-334 2:916 ot
80 - 11-50 8:382 3118 °‘z
90 12+40 9-429 2:971 22

100 13-50 10477 3023 E 4

The reflection equivalent calculated by the second term of
formula (12)..ccceuereririnnniinniinniennne 2.9607.

Table 5. Comparison of the observed and calculated results of the tralis-
mission equivalents of 50 lb. copper aerial line in terms of
standard cable.

Lengths of 50 Ib. r Calcnlated Differences between
copean werial Tins | equivetonts. (1) equiralents by sat, | TS
(miles) (miles of 8C) | (il of 8.C)) 1) & @2
10 5-80 1-872 3-928
20 8-00 3-745 4235
30 9-50 5617 3-883
40 10-83 7-489 3-341
50 12:55 9-361 3189 L
60 14-20 11-234 2:966 -
70 1620 13-106 3094 o8
80 1812 14-978 3142 22
90 2000 16-851 3-149 g8
100 21-85 18723 3127 <

The reflection equivalent calculated by the second term of
ormula (12)...ccceieeiereiiirenienrenienceanens 3.1595. .
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Table 6. Comparison of the observed and calculated results of the trans-
mission equivalents of No. 19 gauge testing cable in terms of
standard cable.

Lengths of No. 19 |  Observed Caleulated Differences
gauge testing cable | equivalents (1) eq““"i‘:‘:t;:y (”;; between
(miles) (miles of SC) | o ) ). & (2).
1044 150 0:935 0-565
2:088 250 1-870 0-630
4176 430 3741 0-559
6264 620 5611 0-589
8352 7-90 7-482 0-418
10440 | 973 9352 | 0378
12528 1155 11-223 0-327
14616 | 1340 13093 0-307
16704 1527 14964 . 0306 g
18792 17-16 16-834 0326 %
20-880 1905 18705 o35 ||
22968 2095 20575 0-375 §
26100 92375 23-381 0-369 gp
31-320 98-50 28-057 0-443 5
36540 33-10 32734 0-366
41760 3775 37410 0-340

The reflection equivalent calculated by the second term of
formula (12)..ceeiveriinieniinceiiiicninecinns 0-3226.
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Table 7. Comparison of the observed and calculated results of the trans-
mission equivalents of loaded No. 19 gauge cable in terms of
standard cable.

T ot lnded | Qemed | equivleni by | Diftrens
(miles) (miles of 8C) | Y o8t fs.c(.)) 1 & ©
4-698 875 1321 7429
7-830 650 2202 4298
9396 983 2-643 7187
12:528 11-00 3-523 T4TT
15.660 10-10 4404 5-696
18792 12:92 59285 7-635
20-358 13-00 5726 7274
23-490 1275 6-607 6-143
25056 1380 | 7047 6753
29754 1470 . 8368 6-332 §,§
32-886 1580 9249 6-551 2
37-584 1715 10570 6580  |[%2
42:989 18:60 11-892 g708  |)5%

The reflection equivdlent calculated by the second term of
formula (12)...ccccvuvevrannnnees veeresnsnneeen 6:2109.

In the tables 2—7, the observed equivalents are obtained by the
following method :—

S s , '
C ({ line in test
l_r ﬁ/; :
S _ DM
1 AN : standard cable

B'T ‘o

Fig. 1. Connection for measuring the transmission loss in a line.
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In Fig. 1, S and R are the sending and receiving sets respectively, G
a high frequency generator, » a resistance replacing the transmitter at the
sending end, S, four switches which are capable of cutting over from the
line in test to standard cable or vise versa, 7' receivers, D Duddell’s thermo-

galvanometer, I induction coils, M microphone, B batteries, ¢ condenser.

A high frequency alternating electromotive-force is applied by G to the
line in test or to the standard cable, the switches being used to cut over
from the one to the other, and the length of the standard cable is so
adjusted as to make the deflections on D the same at any position of the
switches. But, as the smallest section of standard cable wused for the ex-
periments is 0'5 mile, we can not, in general, obtain exactly equal deflec-
tion. So that the equivalents are calculated by proportion from two lengths
of standard cable which give the nearest deflections on both sides of the
deflection for each length of the line in test.

From the preceding tables we see that the differences between the
observed and calculated equivalents are nearly constant for any except a
short length of line, and that we are neglecting some miles in the calcula-
tion of the transmission equivalents which are due to reflection at both ends
of the line. We will call this part of the equivalent the ¢ reflection
equivalent ”,

-The author, therefore, proposes the following formula for the trans-

mission equivalent of any line :—

o ah 2303 . Z(Z+Z)F+Z) .
ly= “ + o log,, YA AR ()

where [, is the transmission equivalent of J, miles of any line
qunder consideration, in miles of stan(i'a;rd c@ble ;
d, and a, are the attenuation constants of ."st-a,nda}'d. cable and
| .-tlie line under consideration respectively ;
2y and Z, are their initial sending end impédances ; and
' Z, and Z, are the impedances of the apparatus at the sending

and receiving ends respectively. - .
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Let us now proceed to discuss how formula (7) is obtained.
From formula (6) we get the following formula for the current at the

receiving end.

EZ,

O,. = (Z02+Z3ZT) sinhal+(Z02 -I-ZOZ,) coshal” Tttt (8)
. 20 Al G VA R A T B

In formula (9), if of is large or the length of line is not too short,
¢ becomes mnegligibly small compared with e, and we get

0, = 2EZ, € rrerereerans (10).

Gt ZY ot )

From formula (8), it can be shown that the current at the receiving
end of a line decreases with the increase of its length, forming a wavy
curve of a period equal to one-half of the natural period of the line. But
the amplitude of the wave decreases as the length increases and at length
a smooth logarithmically decreasing curve is formed which may be shown
by formula (10).

Now, to obtain the transmission equivalent of a line in terms of
standard cable, it is only necessary to know the miles of standard cable,
the receiving end current of which is equal to that of the line under con-
sideration. But as the calculation of formula (8) is very troublesome, the
author prdposes to use formula (10).

Using the symbols given above, if the receiving currents for both

standard cable and the line under consideration are equal, we have

2EZO e-—-aolo — 2EZ1 e-—alll ."(11).
(Z0+‘Z8)\(Z0+Zf) (Z}"!’Ze)(zl"i'zr)

But as the loudness of the receiving sound does not depend wupon the
phase of the current, we can leave the angle of both sides of equation (11)

out of consideration and obtain
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;o o 2308 4 ZZi+ZNZ+Z) (
0 a, o Zl(Zo'i'Z,)(Zo'l'Zr)

where a, and «, are the real parts of a, and a, respectively.

Formula (12) is identical with formula (7); and its second term
corresponds to the reflection equivalent.

In the next place, let us examine the degree of accuracy of formula

(12).
| The following theory is the application of that given by Dr. A. E.
Kennelly in his “ The application of hyperbolic functions to electrical en-
gineering problem ”. '

If the receiving end of a line is closed through an impedance Z,, any
current on arriving at'that end is split into two parts, namely, a trans-
mitted part which is absorbed without further reflection, and a reflected
part which goes back as though from an open end. Let m be the fraction
of the wave that is transmitted or the transmission coefficient, and 1—m
the fraction that is reflected or the reflection coefficient. It was shown by

Heaviside that in the symbols here used

2Z,

m = g/l R (13)
. —_ Zr—Zo E
Lo = —ZEZZ (14)

The reflected current-wave retreats with its sign reversed, or as with a
coefficient m—1. v

The current wave that is absorbed at the receiving end on first arrival
is mle™®, and (m—1)L,e~® goes back to the sending end, where I, is the
initial sending end cwrrent. It reaches the sending end in the condition
(m—1)Ie~**. Here, the condition is just about the same as it is at the
receiving end. If, therefore, m' is the transmissioﬁ coefficient at the send-
ing end, we have

97,

B
W=7

........................... (15)
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Z -7
Y it Nind PO 16).
1-m'= 7237, (16)
Then the reflected current wave is
(m/ —1)(m—1) L™ oo (17)

which arrives at the receiving end for the second time in the condition

(M =) =DLe™ % rieeeeereeeeeenee (18).

Of this M= 1Y =1 Le™* e (19)

is absorbed and the remainder
GRS R o e (20)

retreats to the sending end. The final summation absorbed at the receiving
end is:— ‘

C, = mle™ +m(m’ —1)(m—1)Le™*+ m(m’ — 1) (m—1)2Le—*

Forvrriteeenrriee v e (21)
- mle " - _ ml, (22)
I—(m'—1)(m—1)e™ ~ e (m —D(m—1)e = """ )

If we put I, = ZiZ and give m and m' their proper values in

(22), we obtain

C, = ’ EZ, , |
r (Z02 + Z,Zr) sinh al+ ZO(ZT + Za) coshal T

which is identical with formula (8). ‘

Suppose, now, that the absorbed part of the current wave which arrives
at the receiving -end for the second time is so small that it can be
negligible compared with that which arrives at that end the first time,

then the second and the following terms may be neglected and we obtain

27, E
T Tz

O, = jm]oe‘“' =
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The above reasoning holds good, of course, on any uniform telephone
line. If, therefore, the receiving end currents for standard cable and the

line under consideration are equal, we get

2Zo E —agly 27, E e~ aly

7+ 7, Z+Z, ° Z+Z " Z+z ¢ v

which ‘is identical with equation (11). This shows us that formula (12) is
the result obtained by neglecting the currents arriving at the receiving end
for the second and the following times and being there absorbed by the

receiver.

Now let us calculate the value of the reflection equivalent

2303 | . Z{Z+Z)Z%+2,)
——ao . 210 Z,(Z0+Za)(Z0+Z,.) sescrescacsncas

in formula (12) for 400 1b. and 200 Ib. copper aerial lines, No. 19 gauge
testing cable and loaded No. 19 gauge cable.

Here we may leave the angle of each factor out of consideration as has
been shown when equation (12) was obtained. Therefore, for standard
cable (see Table 8)

logy, Zy = logy, 53435 = 2-72783

logy, (Zy+ Z,) = log,, 780°14 = 2-89217

logy (Zo+ Z,) = logy, 787-74 = 289638
a, = 0-1152.

For 400 1b. copper aerial line

logy, Z, = log,, 642:80 = 2-80808
logy (Zi+ Z,) = logy, 1042-77 = 3-01819
logy (Z+ Z,) = log,, 106616 = 3-02782

2-303 Z(Z+ Z)Z+Z)  2303x01T721 _ ..
o OB T INGE ) olise = o046
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For 200 Ib. copper aerial line
logi, Zy = log,, 673-06 = 282805
logy (Z,+ Z,) = log,, 105316 = 3-02250
logso (Zi+ 7,) = logy, 1073-58 = 3-03083

2.303 loglo ZO(Z1+Z,)(Z1+Z1-) — 2'303 X 0-16456 = 3,2915.
72t 2ot ) OTI52 |

For No. 19 gauge testing cable
logy, Z, = log,, 59844 = 277702
logyy (Z1+ Z,) = logy, 841'89 = 2:92526
logy, (Z+ Z,) = log;, 84844 = 2:92862

2:303 . Z(Z+ 2)Z,+2) _ 2303x001614 _
o 1980 AV EIAV S AN 01152 = 0-3226.
For loaded No. 19 gauge cable
log,, Z; = log,, 14619 = 316592
log, (Z,+ Z,) = log,, 1847-33 = 3-26655
log, (Zu+ Z,) = logy, 18654 = 327077
2303 1o, Z(ZHZ)Z+Z) _ 2303x0B1068 _ p o010

N 2 Z ¥ 22yt 2y 01152

These four examples show that the average values of the differences
* between (1) and (2) in tables 2, 3, 6 and 7 ate very nearly equal to the
four values obtained above, the differences being only a few per cent.

As Z,, Z,, Z,, etc. are vector quantities it is somewhat laborious to
calculate the value shown in formula (26). But as it is independent of
the length of the line, it may previously be calculated as we do with the
attenuation constants of several different lines in case the equivalents are
calculated by comparing the attenuation lengths;

In table 8 all such constants as are necessary to calculate the formulas
of the reflection equivalents are given.



Table 8. Constants necessary to calculate the reflection equivalents of the various lines used

for these experiments.

(Magneto system.)

gauge cable

3:26655

Kinds of lines Z loginZy | Z+Zs | logio(Ze+Zs) | Zo+2r | logy(Zo+2Zy) —Z; | logw(Z—2) | Zy—2, |logy(Z—2Z)
Standard cable | 53485 | 272783 | 78014 | 289217 78774 | 289638 61745 | 279060 | 66475 | 282266
-400 Tb. copper ' . . , o , .= . . ,
0 b, coppe } 642,80 | 280808 | 104277 | 301819 | 106616 | 302782 30652 | 250827 42549 | 269889
200 Ib. copper } 67306 | 2182805 | 105816 | 302250 | 107358 | 303083 46378 | 266631 49480 | 269443
aerial line ¢
100 1b. copper . . 479 . : . . . . .
0 16. copp } 79568 | 286008 | 107222 | 302079 | 108797 | 303662 56727 | 275379 60079 | 277872
50 1b. copper . . . . . 28 , . .
) b coppe } 95677 | 298081 | 124975 | 300682 | 125739 | 309947 82897 | 291854 86092 | 293496
No. 19 gaunge , . . . . . . . .
Nosting s } 50844 | 277702 | 84189 | 299526 84844 | 292862 65249 | 281458 69846 | 284414
No. 22 gauge } 80692 | 200688 | 101656 | 300713 | 101677 | 300722 828389 | 291850 87167 | 294085
special cable
No. 19 gauge , . X . . . R . . =
epecial St } 27596 | 258123 | 66366 | 282195 67849 | 283154 51818 | 271450 56726 | 275378
L s J| 16190 | 316592 | 184733 186540 | 327077 | 118119 | 305352 | 113385 | 305455

¥06
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Figs. 2, 3 and 4 show the differences between (1) and (2) in Tables -
2, 3, 6 and 7 and the values calculated from formula (26). The full line
curves show the differences between (1) and' (2) in those tables, i.e., the
reflection equivalents obtained by the experiments and the dotted lines
show the values calculated from formula (26).

These curves and straight lines show us clearly that formula (7), given
by the author, is practically accurate for securing the equivalent miles of
a telephone line in terms of standard cable, so long as the length of the
line is not very short. In the instances given above, it may be seen from
the curves or tables that the formula is practically correct for lines longer
than the following :—

for 400 1b. copper aerial line longer than ... 110 miles

-

> 200 lb. copper aerial line ,, »  eee 90 miles

-

» 100 1b. copper aerial line ,, 5y eee 65 miles
» 50 lb. copper aerial line ,, »y  eee 45 miles
» No. 19 gauge testing cable ,, »  ee. 11 miles
» Loaded No. 19 gauge cable ,, 5y eee 27 miles.
Formula (7), proposed by the author, must be more exact, if the ratio
of the sum of the second and the following terms to the first term of
formula (21) is smaller. But, as the sum of the third and the following
terms is very small, the condition will be met if the ratio of the second
term to the first is very small.

Now, let us calculate the ratios for those six lines as exemplified above.

m(m/—1)(m—1)Ie™** _

The ratio is
m Ie~®

(m! —1)(m—1)e~

___ZO_Zc . Zo—Zr e—2al ___(ZO_ZJ)(ZO_Zr)
o+ 2, " Zy+ 7, (Z+Z,)(Zy+ Z,)

e [2F1...(274)

400. 1b. copper aerial line :—

Leaving the angle of formula (27a) out of consideration, we get

' . 396:52x 42549 o pomm .
the Tatlo = o < 106616 ‘
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Putting 7 = 110 and taking common logarithms, we get

2:59827 + 2-62889 — 3-:01819— 3-02782
—2x0°00369 x 110 x 04343 =—1-17141

°, 3 — 1 —
the ratio = 148 = 0.067.
200 Ib. copper aerial line :—

Putting 7 = 90, we get

46378 x 49480 _oomemm — 1 _ 0.030.

the ratio = yope e 107358 16-847

100 Ib. copper aerial line:—

Putting ¢ = 65, we get

56727 x 60079 _soomons . L o
1072295 108797 © =151 = 0061

the ratio =

50 1b. copper aerial line :—

Putting 7 = 45, we get

82897 x 86092 oo —_ 1 _ 0.065,

the ratio = 4o 0w 5% 195739 =15332

No. 19 gauge testing cable :—

Putting ¢ = 11, we get

652:49 x 69846 @—IXUIBXIL 1 = 0.066.

the ratio =g oo wsig44 = 157178

Loaded No. 19 gauge cable :—

 Putting [ = 27, we get

1131-19x 113385 __pommer 1 _ 0,065,

the ratio = 1847-33 x 186540 15-453
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The above examples show us that the ratios are all nearly equal and
their average is 0064. It is easily seen, therefore, that formula (7) is
practically applicable to any line having such length as to make the value
of formula (27a) less than 0°064. This limit of length of a line is, thus,
found from the following formula and will, hereafter, be referred to as the

“limiting length of a line”.

_ 2303, (%—Z)%—2%)

l 2a 10 (Zo"‘ Za)(Z0+Zr) x 0'064 ------------

III. The Case When the Telephone Line Consists of More

Than One Uniform Line in Magneto System.

- The author proposes formula (28) for the transmission equivalent of a

line consisting of more than one uniform line

7 — ali+ adyt st ... ...
0 a, .
+ 2803 o 2B+ 2T+ Zo)Zs ). (Z.+Z,) (8).
P VR AV /e AV AR

This can easily be obtained from formula (25).
"For the transmission equivalent of the first section of the line, we
have the equation

E ~agh’ _ ¥ 27 —aly 5
Zy+ 7, € _Zl_i_Za-Zl_l_—Z; e ............... (..9)

as standard cable is continued still further and the impedance at the first
junction point of the line is Z; instead of Z, if the second line is not short.
In the same way for the first and second sections, we have

E e_ao([o/+[ol/) - E 27, 27, e"alll"a2l2
Zy+ Z, I+ 2, 2+ 2y Zoy - i e
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For up-to nth section, we have. therefore,

27, E  —a_ B 27, 27, 97, —ali—asly...~tnln
Zy+ 2, Zy+ 7, Z+ 2, 7N Zy Do+ 2y T+ 2,

where I,=1/+ 1"+ +............ up-to ath term.

Leaving the angles of both sides of equation (31) out of consideration,
we have an equation the same as (28).

Formula (28) is applicable to a line consisting of several different lines
each of which is not shorter than a certain length. This limiting length
is found by the ratio of the first and second terms of the formula for the
current at the receiving end of that section. '

Let us, first, consider a line consisting of two different lines, one of
which is long enough to make the initial and final sending end impedances
practically equal.

In case the long line is at the sending end and the other line under
consideration is at the receiving end, the limiting length is found in the

following way :—

S P R
| Fig. 5.

Z, Zyal, Zads 7,

Let the line under consideration be as shown in Fig. 5, Z,, Z;, «,
@, I, l;, being the initial sending end impedances, the attenuation con-
stants and the lengths of two lines, and Z, and Z, the impedances of the

apparatus at the sending and receiving ends respectively.

Then the incident current at the junction point- P is

E e — all 1
Z+7,

E béing the electromotive-force applied to the sending end apparatus.



Transmission Losses in Telephone Lines. 209

The transmission and reflection coefficients are respectively

27, Z,— 7
= I—m, =220 ... 32y
™= Zxz ™= Zx7, (32)
where Z, is the final sending end impedance of the second line.
Hence, the current transmitted to the second line is
E —aly
m e .
Y7+ Z,
The incident current at the receiving end is, therefore,
E _ —ab—ogke
™Z¥z, ¢
Here as the transmission and reflection coefficients are
2z, Z—Zy
= 1~ =2r 22 e .
m= g M= gz, e(39)

the currents transmitted and reflected are respectively

E —agly =gl

— —oyly —aglp
myMme ZAZ e and (1—mg)m, e | (34) .

_E
4+ 27,

But the reflected current changes its sign and retreats to the junction
point, where it is again reflected and comes back to the receiving end with

a current value of

E — gl =3l
(m3—1)(m2—1)mlme =30l e, ....(35)
= L=y
where ms l_m.

The last current is partly absorbed by the receiver coil and partly
reflected. The absorbed part is

' (ms—.l)(mz— 1)ymm, Z}%Z, e~ %h—3asly
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These processes are repeated until the first reflected current at the

receiving end becomes, at last, zero.

The current at the receiving end is, therefore, the sum of the currents

absorbed by the receiver, that is

e —oyly —3ale

O, = mym, e~ Ml (my—1)(my— Lymmy %Z—
1 8

E
24, + 4,

+ (mg— 1) (my— 1) mym, —Z_-IE-’T e~ M=%k ete. e (36)
1 8

The ratio of the second term to the first is

— — e~ 2 Zy—Z, Zy—Z,  —2ul a7
(ma—1)(me—1)e™ 282 = ZTTL JTr o7 (37).

Similarly, in case the long line is at the receiving end and the other
Iine under consideration is at the sending end, the ratio of the second term
to the first is easily found as follows:—

(Z—Z)T—2) 3,
VT A RS AR i (38)

where Z, is the impedance of the sending end apparatus and the other
symbols are the same as before.

From the results of experiments shown in Tables 9-16, it is seen that
the approximate limiting length of several lines connected to other lines

longer than the limiting lengths are as follows : —

The long line at the sending end and short line at the receiving end.

Long 200 1b. copper aerial line

+short No. 19 gauge testing cable ...... 6'5 miles
Long No. 19 gauge testing cable

+short 200 lb. copper aerial line......... 55 miles’
Long 400 Ib. copper aerial line

"+ short No. 19 gauge testing cable ...... 7 miles
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Long No. 19 gauge testing cable

. +short 400 lb. copper aerial line......... 90 miles.
If the above lengths of lines are put into formula (37), we get
0'062‘, 0063, 0066, 0070 respectively.
Thé average of thesg values is 0065 which is nearly equal to that of

the uniform lines.

The short line at the sending end and the long line at the receiving end.

Short 200 Ib. copper aerial line

+long No. 19 gauge testing cable ...... 50 miles
Short No. 19 gauge testing cable

+long 200 Ib. copper aerial line ......... 6-2 miles

Short 400 1b. copper aerial line

+long No. 19 gauge testing cable ...... 90 miles

Short No. 19 gauge testing cable

+long 400 Ib. copper aerial line ......... 7 miles.
If the above lengths of lines are put into formula (38), we get
0064, 0062, 0066, 0062 respectively.

The average of these values is 0:064 which is just equal to that of the
uniform lines.

It is to be noticed here that, in Tables 9-16, the limiting lengths of
the shorter lines do not coincide with those mentioned above when the
longer lines are 100 miles of 200 1b. aerial line or 10-44 miles of No. 19
gauge testing cable. This is because the lengths of the longer lines were
not long enoﬁgh to make the initial and final sending end impedances
practically equal.

In Table 18, all such constants as are necessary to calculate the for-
mulas of the reflection equivalents and the linditing lengths of the several
lines used for these experiments are given, excepting, those constants which
are shown in Table 8. . R L ‘
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Table 9. Comparison of the observed and calculated results of the trans-
mission equivalents of 100 and 300 miles of 200 Ib. copper
aerial line connected to various lengths of No. 19 gauge testing
cable in terms of standard cable.

Lengths of lines alcula ' .

1 200 1i(mnesl)‘esting ec.(ll)u:)is:;lvﬁs (1) qui‘;%"]:;‘&@) Diatmenn
line + cable (miles of 8.0.) (miles of 8.C.) (H & (2
100 + © 9-12 5:929 3191
, + 2088 10-42 7799 2:621
» + 4176 11-60 9-670 1-930
» + 6264 13:05 11-540 1-510
» + 8352 1470 13-411 1:289
» +10440 16:50 15-281 1-219 g
» +12:528 1833 17152 1278 i
» +14:616 20-20 19022 1-178 E
» +16°704 2205 20-893 1:167 £
,» +18792 23-90 22763 1-137 §
» +20-880 2575 24-634 1-116 “g
» +22:968 27-84 26504 11-336 g“
» +26:100 30-50 29-310 1-190 <
» +31-320 3500 33-986 1-014
» +36:540 39-80 38663 1-137
300+ O 21-20 17786 3414
, + 2088 22:00 19656 2:344
» + 4176 2395 21-527 1-723
» + 6264 24-68 23-397 1-283 g
w + 8352 2660 25268 1-332 =8
» +12:528 3025 29-009 1-241 gg
» +16704 3390 32750 1:150 58
, +20-880 3750 36491 1-009 =

The reflection equivalent calculated by the second term of
formula (28).....ceieiurmureniiniiiiencranenne. 1-4434.
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Table 10. Comparison of the observed and calculated results of the trans-

mission equivalents of wvarious lengths of No. 19 gauge testing

cable connected to 100 and 300 miles of -200 lb. copper aerial
line in terms of standard ocable.

Average of these values 1:421,

Lengths of lin Calculated .
renn g0y, | o | ey | e
cable. T “line ,(m.lles of 8C) | tmjlés of 8.C.) _(1) & @
0 +100 912 5-929 3191
2:088 + ,, 10-40 7799 2:601
4176 4 ,, 11-83 9-670 2160
6264 + ,, 13:30 11540 1760
8352 + ,, 14-90 13-411 1:489
10-440 + ,, 1665 15281 1:369
12:528 + 1850 17-152 1-348
14616 + ,, 2035 19022 1-328
167704 + ,, 2216 20893 1-267
- 18792 + 24-20 22-763 1:437
20-880 + ,, 26:10 24-634 1-466
22968 + ,, 2800 26-504 1-496
26100 + ,, 30-75 29310 1-440
31320 + ,, 3530 33986 1-314
36540 + ,, 40-00 " 38-663 1-337
0 +300 21-20 17-786 3-414
2:088 + ,, 22-00 19656 2:344
4176 4+ ,, 23-25 21-527 1723
6264 + ,, 24-90 23:397 1457
8352 + ,, 26-70 25268 1-432
12-528 + ,, 3037 29-009 1-361
16-704 + ,, 3410 32750 1:350
20880 + , 37-80 36491 - 1-309

The reflection equivalent calculated by the second term of

formula (28)....ccccvivcriivniiirrancranerennen 1-5426.

values” 1-382.

Average of these
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Table 11. Comparison of the observed and calculated results of the trans-
mission equivalents of 1044 and 2088 miles of No. 19 gauge

testing cable connected to various lengths of 200 lb. copper

aerial line in terms of standard cable.

i) | Oberred | ol by | Diffrence

Testing | 2001h. | (HEEIES | et lengths @) (y*E°Ty)

cable line _ ' (miles of S.C.)

1044+ O 973 9:352 0-378
» + 10 10.40 . 9-946 0454
» + 20 1150 10-540 0-962
» + 30 12:50 11:131 1:369
» + 40 13-60 11-723 1-877
» + 60 1500 12:909 2:091
» + 80 1575 14-095 1655
» + 100 1665 15281 1369 _
» 4 120 17-75 16-467 1283 g
» 4 150 19'65 18-245 1-405 -
» + 180 21-50 20024 1476 2
» 4+ 200 2265 21210 1-440 S
» 4+ 220 23-85 22:396 1-454 »g
» + 250 2565 24174 1476 =
» 4+ 270 26-85 25360 1490 °
» + 300 2870 27-138 1-562 &
» + 320 29-90 28-324 1-576 f;’
,» + 350 31-60 30-103 1497
.. + 400 3450 * 33:067 1433

20-88+ 0 19-05 18705 0-345
» + 20 21-20 19-893 1-307
, + 40 22:90 21076 1824
» + 60 23-90 22262 1-638
» + 80 25:10 23448 1652 9
» + 120 2725 25820 1+430 L
, + 150 2910 27-598 1-502 o ¥
» 4+ 200 32:00 30-563 1437 &3
» + 250 35-00 33-527 1473 £5
» + 300 37-80 36-491 1-309 ="

The reflection equivalent calculated by the second term of
formula (28)......... T N eee 1:5426.
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Table 12. Comparison of the observed and calculated results of the trans-
mission equivalents of yarious lengths of 200 lb. copper aerial
line connected to 10-3% and 20'88 miles of No. 19 gauge testing
cable in terms of standard cable.

Lengths of lines Ohbserved . Calculated Differences
0 1. Tetng | quveome ) Ul Soen

line cable (miles of 8.C.)

0+ 1044 973 ' 9-352 0-378

10+ 10-15 9916 0-204

20+ 11-10 10-540 0-560

30+ 12:10 11-131 0-969

0+ 13-10 11-723 1-377

60+ 14:55 12-909 1-691

80+ 1550 14095 1-405 _
1004 1650 15281 1219 g
120+ ,, 1765 16-467 1:183 -
150+ ,, 1950 18-245 1:255 g
180+ ,, 21-25 20-024 1:226 £
200+ ,, 22+50 21-210 1-290 2
220+ ,, 23-58 22-396 1-184 <
250+ 2525 24174 1-076 s
210+ , 2650 25360 1140 %
300+ 28:40 27-138 1-262 g
320+ 29-65 28324 1:326 =
350+ ,, 31-35 30103 1247

400+ 3420 " 33067 1-133

0+ 20-88 19-05 18705 0-345

20+ , 20-80 19-893 0-907

40+ 22-65 21-076 1-574

60+ 2376 22262 1498 ).
80+ 24-87 23-448 1-422 £
120+ 27-00 25820 1180 <8
150+ 29-00 27-598 1-402 8.2
200+ ,, 31-90 30-563 1337 £3
250+ ,, 3470 33-527 1-173 e
300+ 37-50 36-491 1-009 J

The reflection equivalent calculated by the second term of
formula (28).....c.cevvuenenne creverneerenenan.. 1'4434,
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Table 13. Comparison of the observed and calculated results of the trans-
mission equivalents of 300 miles of 400 lb. copper aerial line
connected to various lengths of No. 19 gauge testing cable in
terms of standard cable.

Lengths of lines . Observed i _Cfxlcu]ated Differences
(miles) ivalents (1 equivalents by bet
400 b, , Testing cautvaton D1, lengths (2) creen
line + cable (miles of 8.C.) (mmiles of S..) 1 & (2
300 + O 1310 9-609 3-491
» + 2088 14-20 11-479 27721
. + 4176 15-50 13350 2:150
» + 6264 1693 15220 1710
. + 8352 1865 17-091 1559
’ g
Co ¥
., +12:528 22-16 _ 20-832 1328 g
, 4167704 26:00 24-573 1427 L 8
=
' 5
,,  +20-880 29-80 .98-314 1-486 %
, 426100 . 3450 . 32-990 - 1510

~ The reflection equivalent calculated by the second term of
formula (28)......c.uu.et erernreratrarernaas 1-4124.
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-Table 13. Comparison of the observed and calculated results of the trans-
mission equivalents of various lengths of No. 19 gauge testing
_cable connected to 300 miles of 00 1b. copper aerial line in
terms of standard cable. '

Lengths of lines Observed Caloulated Differences
(miles) | onivalents (1) | CTTEIERE BY between
o | @i arsey | Y] 0w
0  + 300 1310 9609 3-491
10444+ 13-67 10-544 3126
2088+ , 1425 11-479 2771
4176+ ,, 1570 13-350 2350
6264+ , 17-20 15221 1979
8352+ .18'75 17-091 1-659
10440+ |, 20-50 18-962 1-538 z
12:528+ , 22:35 20-832 1+518 %
2
16704+ ,, 2620 24-573 1627 E
20880+ ,, 3000 28:314 1686 §°
26100+ ,, 34-80 32:990 1810 X

The reflection equivalent calculated by the second term of
formula (28)....ceiuivrnrenieniriiereenrereennes 1:5376. .. '
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Table 18. Comparison of the observed and calculated results of the trans-
mission equivalents of 15:66 miles of No. 19 gauge testing cable
connected to various lengths of 400 lb. copper aerial line in
terms of standard cable.

Lengths. of lines Observed Cfilcu]ated Differences
(miles) equivalents (1) equivalents by between
Testing 400 1b. h att. lengths (2) 1
cable + line (miles of 8.C.) (miles of 8C) | (1) & (2
1566 + O 14-35 14029 0321
» o+ 20 1570 14670 1-030
» + 40 17-50 15310 2:190
» + 60 18-30 15-951 o 2:349
» + 80 18-50 16591 1909
» 4+ 100 1865 17232 1-418 X
» 4+ 120 19:15 17-883 1-267
»  + 150 20-40 18-834 1:566
»  + 200 22:20 20435 17765 g
.+ 250 93-50 92:037 1463 P
j=]
» 4+ 300 25:30 23-638 1-662 £
@
.+ 350 26:85 25240 1610 |(%
, -+ 400 2850 26-841 1659 §,
,  + 450 ' 30-10 28468 1-632 5
<
» 4+ 500 3175 30-044 1-706
» + 550 33-20 31-646 1554
» =+ 600 3470 33:248 1-452

The reflection equivalent calculated by the second term of
formula (28)...ccceuveeiniiiiiniiiininiennee 1-5376. n
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Table 16. Comparison of the observed and calculated results of the trans-
- mission equivalents of various lengths of 400 lb. copper aerial
line connected to 1566 miles of No. 19 gauge testing cable in

terms of standard cable.

e | T )| el | R
line cable | (miles of 8C) | i of 8.0, ® & @)
0 + 1566 14-35 14-029 0321
10+ 1476 14-349 0411
20+ 1540 14-670 0730
30+ 16-00 14-989 1-011
40 + 16-95 15310 1-640
60 + 17-87 15951 1-919
80 + 18-20 16591 1-609
100 4, 1830 17-232 1-068
120 + 18-88 17883 | 0997
150 + 20-20 18834 1-366
900 + | 21-80 20-435 1-365 5
250 + 23-20 22:037 1-163 P
300 + . 2480 23-638 - 1-162 E
350 + 26-55 25240 1-310 ?
200+ , | 92820 26-841 1-359 2
450 + 29-80 28-468 1-332 g
500 + 31+40 30-044 1-356
- 550+, 32:90 - 31-646 1-254
600 + 3460 | 33248 1-352

The reflection equivalent calculated by the second term of
formula (28)..ccuciuiiiiiiiiiiiiiiiniiiniinenne, 1-4124.
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The above examples relate only to lines consisting of two uniform
lines. In the following, therefore, some examples are given of lines con-

sisting of three uniform lines.

Table 17. Comparison of the observed and calculated results of the trans-

mission equivalents of various lines consisting of three uniform

lines,
Observed Ca]lclf:,ated Differences | Calculated
Kinds of lines results (1) lie:: :;sy ?;; between reflection
(miles of S.C.) (mﬂiso '5.0) (1) & (2) | equivalents
200™ of 400 1b. a.l.
+100™ of 200 1b. a.l. 23-10 21:687 1-513 1-528
+10-44™ of No. 19 g.t.c.
200™ of 400 1b. a.l.
+1044™ of No. 19 g.t.c.|p 2420 21687 2:513 2:624
+100™ of 200 Ib. a.l.
200™ of 400 Ib. a.L
+ 522™ of No. 19 g.t.c. | 19-80 17-011 2789 2:624
+100™ of 200 Ib. a.l.
10-44™ of No. 19 g.t.c.
+200™ of 400 1b. a.l. 2315 21-687 1-463 1-3894
+100™ of 200 Ib. a.l.
10-44™ of No. 19 g.t.c.
+100™ of 400 1b. a.l. } 25-90 24-413 1-487 1-3894
+ 200™ of 200 Ib. a.l.

Notes:—* 200m of 400 1b. a.l.” means 200 miles of 400 1b. copper aerial line.
“10-44m of No. 19 g.t.c.” means 1044 miles of No. 19 gauge testing cable.

The others have the same meaning as above.



Table 18.

logyw (2, + Z;) and logy (2, — Z,)-

Kinds of Standard éggp& gggplg iggpil; 50 Ib. copper [ No. 19 gauge | No. 22 gauge | No. 19 gauge %O:dfg
lines cable aerial live | aerial line | aerial line aerial line |testing cable |special cable | special cable gauge cable
Standard 304556 306366 309004 316932 3-05410 312751 2:96170 3:27980
cable } 2-60723 256723 2:52116 267210 1-81954 2-18546 218511 304251
400 1b. copper 304556 —_ 311866 313313 319604 307045 3-13655 2-98767 332313
aerial line } 260723 _ 185884 2-26199 264004 260116 2-70317 261821 2-91324
200 1b. copper 306366 3-11866 -_— 3:14468 320771 3.08766 315214 3-00688 832877
aerial line } 2-56723 1-85884 —_— 204386 2-56366 2-54828 2:64293 260810 290100
100 1b. copper 3-09004 313313 314468 — 3-22473 311274 317502 3-03525 3-33691
aerial line } 2-52116 2:26199 2:04386 _ 2-41946 2:47428 2:53306 261220 289174
50 1b. copper 316932 3-19604 320771 3-22478 — 3-18826 324199 312313 337519
aerial line } 2-67210 2:64004 2-56366 2-41946 —_— 261184 246564 2-77721 2:83851
No. 19. gauge 3-05410 3:07045 3-08766 311274 318826 — 314777 2-99109 3-20413
testing cable } 1-81954 260116 2-54828 2-47428 261184 —_— 232051 233694 302393
No. 22. gauge 312751 313635 315214 317502 324199 314777 —_ 307537 3-33196
special cable } 2-43546 270317 264293 2:53306 2-46564 2-32051 — 2:62909 299169
No. 19. gauge 2-96170 2-98767 300688 303525 312313 209109 307537 —_ 3-24934
special cable } 2118511 261821 2:60810 261220 277721 233694 2-62908 _ 307475
Loaded No. 19 3-27980 3:32313 3-32877 333691 337519 320413 3-33196 324934 _—
gauge cable } 3-04251 2:91324 2:90100 289174 2-83851 302393 2-99169 307475 —

Notes :—The upper figures correspond to logy (Z; + Z).
» logio (24 — Z).

The lower

n

N

Souyy ouoydoja ], Uy 8988077 UOISSIULSUDLT;

156
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Formula (27) is applicable to a line inserted between two long lines,
too. '

In this case, Z, and Z, are replaced by the initial sending end impe-
dances of the lines at both ends. For example, suppose that No. 19 gauge
testing cable is inserted between 200 Ib. copper aerial lines. Then the

formula 1s reduced to

:5_215_32 Y% A (39)

where Z, and Z, are the initial sending end impedances of 200 Ib. copper
aerial line'and No. 19 gauge testing cable respectively and a,, f; and/, are
the attenuation constant, wave length constant and length of No. 19 gauge

testing cable.

Now, leaving the angle of expression (39) out of consideration and

putting in the corresponding values, we get

35341 o~ 2% 010821y
122367

The results of experiments are shown in Table 19 and it is seen that
formula (28) is applicable, if No. 19 gauge testing cable is longer than

1:5 miles.

Putting /,=1'5 in the above expression and taking logarithms, we get

2:54828 x 2— 308766 x 2—2 x 01032 x 15 x 04343 = —1-21322.

1 A . )
16338 = 0061 which is nearly

equal to the values of the preceding cases.

Hence the above expression is equal to

In the same way, we can determine the limit of the length of any
line to which formula (28) is applicable, the line being inserted between

two lines whose final sending end impedances are known.
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. Comparison of the observed and calculated results of the trans-

mission equivalents of various lengths of No. 19 gauge testing
cable inserted between two 150 miles of 200 lb. copper aerial
lines. -

Lengths of lines Observed Caleulated Differences
150+ 0:00 + 150 21:20 17786 3414

» + 02614 ,, 2120 18020 3180

» + 05224 2140 18254 3146

» + 0783+ 21-50 18488 3012

, + 10444 21-60 18715 2:885

» + 1305+ 2170 18955 2745

» + 1566+ , 21-85 19-189 2:661

» o+ 1783+, | 2200 19-384 2616

» + 2088+ 22:95 19657 2593

» + 2610+ 2270 20-125 2575 5
» + 3132+, 2305 20-592 2456 §
. + 3654+ , 2350 21-060 2:440 l;f
» + 4176+ , 24:10 21:528 2:572 3
» + 52204 , 2500 22463 2:537 =
» 4+ 62644 25.90 23-399 2501 §f
» + T308+ 26-80 24-334 2466 <
» + 8352+ 2775 25269 2481

» + 9396+ 2870 26205 2495

y +10:440+ , 2965 27-140 2:510

The reflection equivalent calculated by the second term of

formula (28) .....covivviiiiiiiiiiiireiiiiineaes 2:6592.
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IV. Transmission Losses in the Toll and Trunk Lines
Connected to Common Battery Subscribers’ Loops.

In the preceding sections, we considered the transmission losses in
telephone lines without making any distinction between subscribers’ loops
and toll or trunk lines. This was because they are usually connected
directly in case of magneto system, though they are sometimes connected
through repeating coils. But, in case of a common battery system, there
are some conditions under which it is necessary to consider separately the
transmission losses in subscribers’ loops and toll or trunk lines. The trans-
mission losses in common battery subscribers’ loops, however, have been
already discussed by the author in Report No. 16 of the Second Section of
Electro-technical Laboratory. In this section, therefore, it remains to con-
sider those in toll and trunk lines only.

It was shown in the preceding section that the transmission loss in
any telephone line could be calculated by formula (28). This must, of
course, hold good also in case of toll and trunk lines connected to common
battery subscribers’ loops. In this case, however, those linés are not directly
connected to subscribers’ loops but through No. 25 repeating coils. There-
fore the impedance of the terminal apparatus is not that of the subscriber’s
set’ but of the secondary of the repeating coil. The value of the impedance
of the secondary coil is not, of course, constant for the different lengths of
subscriber’s loop connected to the primary coil and also for the different
measuring currents. In these experiments, 8 and 05 miliamperes are
taken as the currents for measuring the impedance, 8 miliamperes express-
ing the sending end current and 0-5 miliampere the receiving end current.

The sending and receiving end currents are often less. But we used the
" above values for convenience of measurement. The results of measurements
for the various lengths of subscribers’ loops connected to the primary are

shown in Tables 20 and 21, and in Figs. 6 and 7.
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Table 20. The effective resistances and inductances of the secondary of
No. 25-A repeating coil, the primary of which is connected to
various lengths of No. 19 gauge testing cable.

Lengths of

subscriber’s loop

Values at the transmitting end or
with the measuring current
of 8 miliamperes

Values at the receiving end or
with the measuring current
of 0:5 miliampere

(miles ffetive, | petive | feive | jleetive

(ohms) (mili-henries) (ohms) (mili-henries)
0 2190 607 2210 520
1-044 3570 696 3450 582
2:088 4860 750 4630 61-8
3132 6350 73:0 590-0 660
4-176 7830 66:0 7270 630
5920 923:0 510 850:0 558

No. 25-K repeating coil, the primary of which is connected
various lengths of No. 22 gauge special cable.

Table 21. The effective resistances and inductances of the secondary of

to

Values at the transmitting end or
with the measuring current

Values at the receiving end or

ith th suri t
Lengths of of 8 miliamperes it ;f %‘?ﬁili;lrxnl%:r?ren
subscriber’s loop
: i Effective Effective Effective Effective
(miles) resistances inductances resistances inductances
(ohms) (mili-henries) (ohms) (mili-henries)
0 2190 607 221-0 52-0
1-044 4181 750 3912 660
2-088 617-2 850 574-0 77-0
3132 8436 90-0 7750 96:0
4-176 11000 81-3 1000:0 100-0
5220 1301-2 48-2 1203-0 86:0
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Now, let us calculate the transmission losses in various lines by the
method of attenuation lengths and compare the results with the observed
ones. Tables 22, 23 and 24 show the comparison and we see that there
are some differences and that those differences are not constant for the
different lengths of subscribers’ loops, even for the same trunk or toll line.
The differences are due to the reflections at both ends of the lines and
they are not constant as the impedance of the terminal apparatus is not

constant for the various lengths of subscribers’ loops.

In the last column of each of Tables 22, 23 and 24, the reflection
equivalents calculated by the second term of formula (28) are shown and
it is seen that they are very like the differences shown in the last column
but one. The curves in Figs. 8, 9, 10 and 11 show the values of the
reflection equivalents obtained by taking differences between the losses
observed and those calculated by the method of attenuation lengths. By
examining these curves, it is seen that the curve for 400 lb. aerial line in
Fig. 8 coincides almost with that in Fig. 9 but not with that in Fig. 10,
that is, the reflection equivalents do not depend so much upon the capacities
of subscribers’ loops as upon the resistances, so long as the cables in present
use are concerned. :

These results show that formula (28) is applicable also for the practical
calculations of the transmission losses in the toll or trunk lines connected

to common battery subscribers’ loops.

But as the impedance of the terminal apparatus is "not constant for
the different kinds and lengths of subscribers’ loops, it is somewhat laborious
to employ the formula. This drawback may, however, be remedied to some
degree by previously drawing. curves for several toll or trunk lines for each

of the subscribers’ loops of No. 19 and No. 22 B.S. gauge cables.
In Table 25, there are shown the constants necessary to calculate the

reflection equivalents and the limiting lengths of the various lines used for

these experiments.
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Table 22. Comparison of the observed and calculated results of the

transmission equivalents of %00 miles of 400 lb. copper aerial
line connected to various lengths of subscribers’ loops in terms
of standard cable.

. |sunoriberg| oo Orved | cquiveions by | Diferences | CEEC
&’ﬁ‘é‘:) (miles of 8.C.) (rfl?fés“"é’? tsh.c(.?) & @ (meﬁg;vg%ers’%.)
0 17-80 12-847 4953 4-942
% 1044 16.90 . 4053 4154
%’% 2088 | 1620 , 3353 3-484
e | 3132 1550 2653 2841
&
&2 | 4176 1478 , 1933 2237
=7\ 5220 1422 y 1-373 1714
“ | 7308 13-34 ., 0493 —
2 0 17-80 12:847 4953 —
SQ 1044 | 17:00 , 4153 —
251 2088 1620 ” 3353 —
§°§ 3132 1535 . 2-503 —
22| 4176 | 1470 § 1853 _
£ | 5920 1410 ) 1253 —
= 0 17-80 12847 4.953 4-942
;‘g 1044 16-60 , 3753 3967
g; 2088 1575 . 2903 3117
g'f 3132 1500 . 2153 2-406
3
a5 | 4176 1440 ; 1553 1720
S | 5220 1370 , 0853 1192
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Table 23. Comparison of the observed and calculated results of the trans-
mission equivalents of 200 miles of 200 lb. copper aerial line
connected to various lengths of subscribers’ loops in terms of
standard cable.

M O | N, | Dimees | S
cosm | (e o1 80) | (it g @] @78 | equivaente
2 0 16-30 11-858 4442 4-652
g@ 1044 1550 » 3642 3-835
32| 2088 1475 ” 2:892 3-161
g5 | 3132 14:15 " 2:292 2:528
&L | 4176 13:58 ., 17792 1949
=7 5220 12:85 " 0-993 1-455
% | 7308 1190 ; 0-042 —

Table 24. Comparison of the observed and calculated results of the trans-

mission equivalents of 8132 miles of loaded No. 19 gauge
testing cable connected to various lengths of subscribers’ loops
in terms of standard cable.

No. 19 gauge testing cable
(96% 0053 mef.)

b e | epipen by | BT | non
(miles) (miles of 8.C.) (miles of 8.C.) M & @ (miles of 8.C.)
0 17-30 8-809 8491 8-931
1-044 1562 " 6-811 6-977
2:088 14-20 9 5391 5475
3132 12-87 ” 4-061 4066
4176 11-70 ” 2:891 2-881
5-220 10-80 s 2:061 1779
6-264 1000 ” 1191 —




Table 25. Constants necessary to calculate the reflection equivalents of'the various lines used for these

experiments. (Common battery system). .
Kind lengths
inds of 7, |logwZ ﬂﬂﬁ‘;‘; Zo+ 7, | logu (Zo+ Zs) | ZotZr | Nogio (Zo+2) | Zy—Za | Yoguo (Zo—2s) | 79— Zr | Yogro (Zo—Zy)

(miles)
ar | omon 0 | eo45| 278138 | 6130| 278744 | e970| 284325 | e543| 281580
Standard cable | 53435\ 272788\ { o0, | 3057 | 3TN 12349 | 300168 | 8305 | 291938 | 8042 | 290536
400 Ib. copper V| qaso| 2aosos |{ (0 | 8919 | 295080 8820 | 204589 | 5578 | 274649 | 5287 | 279395
aerial line 522 | 15745 | 319713 | 15053 | 317762 | 4258 262092 | 4014 | 260358
2001 oopper V| 73,0 goasos|{ (%, | S50 | 209 | s01 | gesms | ei9 | a7emo | o7 27O
aerial line 522 | 15877 | 320076 | 15170 318100 | 4682 | 967040 | 4531 | 265615
100 Ib. copper coa | o 0 | o061| 295720 | 9060 | 295715 | 7158 | 285478 | esz0| 283881
aerial line } 72568 | 2:86098 { 592 | 16078 | 320626 | 15853 | 518620 5493 | 273986 5447 | 273616
0 b covper | agrr | posos |{ (0, | W72 | sOIL | ot soaass 9782 | 290044 | 9440 | 297496
aerial line 522 | 17788 | 325015 | 17038 | 323142 | 7072 | 284956 | 7269 |  £86152
No. 19 gange \| =ogaq| o 0 | e655| 282317 | evs| 282066 | 7440 | 287158 | 7020 | 284632
testing cable J| soaa) 2amroa){ (0, | 2002 Vs | 19045 | suials | 8900 | 20149 | 8008 | 2000
Loaded No. 191 146100  guesma{ 0, | 10848 | o200 | 1062 322596 | 13100 | 311726 | 12045 | 11210
gange cable 522 | 23824 | 837702 | 28110 | 336380 | 6562 | 281706 | 7299 | 226327

Notes :—1.

Average impedances of the secondaries of No. 25-A repeating coils.
When the length of subscriber’s loop is 522 miles

When the length of subseriber’s loop is zero

Subscribers’ loops are of No. 19 gauge testing cable.

Z; = 219°1 + j3035
7 = 221°0 + j260°0

7, = 9280 + j255°0
Z, = 850:0 + j279°0

Souvy ouoydojo ], uL S9SSOT UOISSIUSUDLT,
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Table 26. Electrical constants of the telephone lines chiefly used in Japan at present,

Resis- | Induct- | Wire-to- | Vector attenuation constants | Initial sending end impedances
. . tance ance wire
Kinds of lincs [per lﬁeop per illoop capf;;ifly —
(ohms) | (honry) | T(mef) Py a+jB Z | A—jB
No. 22 BSG- V| 176 | 0001 | 0:086 | 0:214 |45°48/ (0168 +0'1728] 736:02 [AP°TT | 52795131
No. 20 BSG- 1/ 111 | 0001 | 0053 | 01715 |46°18/ [0:1158-+70124 | 64752 (2550 | 467-9—jdd74
No. 19 BSG. L g5 | 0001 | 0057 | 01584 (4638 [0-1088-+j0'1152| 55611 (4550 | 404:3—7381°5
No 18 BSG.11 44 | 0001 | 0072 | 01263 |48°15 (0:0841-+700942| 35071 [T | 2616 - 233.6
No 18 BSG- 11 99 | 001 | o072 | 00901 (51°24” [0:0562-+700704] 25033 38536 19563 — 15618
50 Wb sopeer 11 36 | 00039 | 0078 | (:0389 58°217 f0-0208-+70:0331] 10531 [30° | 9120563
O aCTEber 41 18 | /00385 | 0:00782 | 0°0321 (67°44/ (001224700297 8208 [20°AF’ | 7673 -j2014
PO csrrer k19 | 00037 | 0-00812| 00299 [72°49” (0-0088-+70:0286| 736'8 [T5°F | T091—j200°2
200 o CRPer 49 | 00036 | 0:00833| 0:029 |76° 2 (0:007 +j0°0281| 6950 [TZBE | 678251516
300 1b. copper . . . o597 o- 0 8 [ROAE o1 7100+
0 Jb. copper || g | 0035 | ¢-0086 | 0:0282 [79°52 (6:C05 +j00278) 6558 [ BO4E | 645171003
400 Jo-copper 3| 45| 00034 | 00089 | 0028 81957/ (0:0030-+j00277| 6285 [ 64T | 6241~ 742
ﬁ‘io‘;;:;yffa“,"{me} 64 | 0:0039 | 0:00738| 0:0497 |52°42 0-0301+70-C395| 1346'3 [36°45 (10925 —j786"5
Artificial cable | 88 | 0 | G060 | 01625(45°  |01149+j0°1149| 5416 [45° | 352873328
Standard cable | 88 | 0 | 0054 | ¢'154145°  [0109 +0-109 | 65709 [45° | 40364036
Notes:—(1) Axial distance between the wires of aerial lines ..............o.oiiin, 12 inches.
(2) Insulation resistance between the wires of aerial lines ...c.........cevives 1 megohm.
(3) Insulation resistance between the wires of cables................. infinite.
(4) Angular veloeity (2mn)..cceecriuriiirinniiiiiie e 5000, ,
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Table 27. - Constants necessary to calculate the reflection equivalents _énd the limiting lengths of the
various lines chiefly used in Japan at present. (Magneto system.)

Kinds of lines Zy | logio Zo | ZotZe | logio (Zo+Zs)| ZovZr | ogy (Ze+2e)| Zy—Z | Yogio (Zo—2a)| Zo—Zr | logio (Zo—Z)
No. %fbﬁ‘s'G‘ } 736:02 | 286689 | 92204 2:96475 91850 | 296071 744'63 287194 73911 | 2:86871
No. Zgbﬁ'S'G' } 64752 | 281195 | 81473 292672 835587 202199 66881 | - 2:82580 660:97 | 282018
No. lgbﬁ.s.G. } 55611 | 274516 | 766:67 288461 75684 287900 52316 271863 58565 | 276764
No. igb]lz.S.G. } 35071 | 254495 | . 60434 278128 59252 277270 44890 265215 43796 | 264143
No. gbﬁ.&& } 250:33 | 239851 | 540-32 273265 527-27 272203 39257 259392 37971 | 257945
503 el?i-alccili)ggr }1053'10 3:02247 | 129399 311193 128440 310870 92960 2:96830 93016 |  2:96856
102;&101(;%% } 820-80 | 291424 | 111262 3:04634 1101°10 304183 65583 281679 65712 |  2:81764
15265?;1012}:5“ } 73680 | 286735 | 105181 | 302173 | 1039°01 301662 | 54886 | 273946 55059 | 274083
202;%1c1<>£§er } 69500 | 2-84198 | 1022:00 3-00945 1009-21 3:00398 492:15 269210 49420 | 269390
30291&&(;32% } 65580 | 281677 | 99614 2:99832 982-97 299254 43431 2-63780 43684 | 264032
402e :&lcﬁgger } (62850 | 279831 | 97553 2:98924 96212 298323 39888 260084 40148 |  2:60366
ggd}ll; :gjf;i]ﬁlne 134630 | 8-12914 | 154689 318946 1539-01 318724 124176 2:09404 124610 | 3:09555
Artificial cable | 54160 | 273368 | 74576 287260 73602 | 286689 59219 277246 "584:20 | 276656
Standard cable | 570:90 | 275656 | 77103 288707 288167 614:67 278864 607:09 | 278325

761-50

Note:—Average impedances of the magneto subseriber’s set

Z, = 3422+j2080

= 3209-4199°0

souvT ouoydapa ], Ul $98S0T UOISSIUWSUDLT,
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Table 28. Constants necessary to calculate the reflection equivalents and the limiting lengths of the

various lines chiefly used in Japan at present. (Common battery system.)

Sheet No. 1.

When the length of subscriber’s loop is zero.

Kinds of lines %y |logy Z | Zy+Zs |logw (Z+Zs) | Z+ 7% |logu (Zo+Z:)| Zo—Zs |logu (Z—2) | Zo—2Z |logw (Z—Z)
No. 22 BS.G. } 736:02 | 286689 | 77586 | 288078 79052 | 289791 878:03 | 294103 83178 | 292001
No. 20 BSG. J| swrsa| 2z | vover| osaezs | mzoa| zesses | qov04 |  zessa | 7TwDs | 287463
No. 19 BSG. } 56611 | 274516 | 62856 | 2779835 63730 | 280434 70959 | 285101 66717 | 282424
No. 16 BSG. } 35071 | 254495 | 48576 | 268642 48333 | 268424 | 53878 | 278141 49527 | 269484
No. 18 BSG. } 250:33 | 239851 | 440112 | 264357 42037 | 263283 460-30 | 266304 41697 | 262010
50 1b. copper } 105310 | 302247 | 115287 |  &C6178 | 116391 | 306592 | 1081:21 | 303391 | 104693 | 502092
100 1b. copper } 82080 | 291424 | 98648 | 299409 988:80 | 299511 80897 | 290793 77619 | £'88997
150 Tb. copper } 73680 | 286735 | 93392 | 297031 93203 | 296943 70272 | 2:84678 67084 | 282662
200 Th. copper } 695:00 | 284198 | 910:06 | 295907 90571 | 295699 64644 |  2'81053 61518 | 278900
800 1b. copper } 656'80 | 281677 | 89070 | 204973 88354 | 294623 58315 | 277023 55877 | 274723
400 1b. copper } 62850 | 279831 | 87382 | 294142 86520 | 293716 55379 | 274335 52362 | 271902
po Ib. :g;f;{’ﬁ‘ne} 134630 | 312014 | 139772 | 314542 | 141508 | 315078 | 130676 | 314512 | 186186 | 313413
Artificial cable | 541'60 | 273368 | 60728 | 278339 616:35 | 278983 70556 | 284853 66285 | 282142
Standard cable | 57090 | 275656 | 63081 | 279990 64102 | 280687 73077 | 286378 688:26 | 283775

Notes:—1. Average impedances of the secondary of No. 25-A. repeating coil
Z, = 2191 +j 8035 7, = 221°0 + § 2600
2. subscribers’ loops are of No 19 gauge testing cable.

GEG
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Table 28. Constants necessary to caloulate the reflection equivalents and the limiting lengths of the

various lines chiefly used in Japan at present.

Sheet No. 2.

(Common battery system.)

When the length of subscriber’s loop is 2:61 miles.

Kinds of lines. Z+2Z |logu (Z+Z)| Z+Zr |logu (Z+%)| Zo—2s |Vog (%—2) | Z~Z |logi (Z—2)
No. 22 BS.G. cable.uuu.verrrennnnn, | 110159 | 304202 | 1078997 |  3:08301 88889 | 294884 84063 | 292460
No. 20 BS.G. cable..........ccurenn.... 108543 | 801512 | 1010:04 | 300434 82811 | 291809 77780 | 289087
No. 19 BS.G. cable.......corveernn. 96963 |  2:98660 94116 | 297366 77338 | 283839 72005 | 285791
No. 16 BS.G. cable.......cvcuernnnns 83861 | 292356 80212 |  2:90424 68003 | 283253 62416 | 279530
No. 13 B.S.G. cable......vcverunnne... 79148 | 289844 75040 | 287582 64702 | 281092 50090 | 277151
50 Ib. copper aerial line............... 148406 | 317145 | 130480 | 314454 96598 | 298497 93351 | 297012
100 1b. copper aerial line ... ........ | 133487 | 312544 | 130284 | 311488 60643 | 284288 66106 |  2:82024
150 1b. copper aerial line ........... 128751 | 810975 | 125060 | 309712 502908 | 277304 55568 | 274482
200 1b. copper aerial line ............ 126310 | 810144 | 122588 | 308845 53363 | 273129 50004 | 269900
800 1b. copper aerial line 124383 | 309476 | 120473 | 308089 48252 | 2:68351 4250 | 264591
400 1b. copper aerial line 122600 | 808849 | 118645 |  3:07425 45307 | - 265617 41146 | 261483
50 Ib. silicium bronze aerial line... | 170781 | 323244 | 167878 | 322408 | 127567 | 310574 | 124571 | 309542
Artificial cable .......mvrreeeerererrenen, 94783 | 297673 91946 | 296353 77940 | 289176 79642 | 286119
Standard cable ..........ccovunrreeenens 96913 | 298638 94178 | 2:97395 79515 | 2:90045 74281 | 287088

T UOISSIUSUDLT

Notes:—1. Average impedances of the secondary of No. 25-A repeating coil.

Z, = 5650 + j 3750
2. Subscribers’ loops are of No. 19 gauge testing cable.

Z, =535+ § 3215

UL $2880
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Table 28, Constants necessary to calculate the reflection equivalents and the limiting lengths of the

various lines chiefly used in Japan at present. (Common battery system).

Sheet No. 3.

When the length of wubscriber’s loop is 522 miles.

Kinds of lines ZytZs | log(Zy+Zs) | Zy+Zy |logu(ZotZy) | Zo—Zs | Yogo(Zo—~Zs) | Zo—Zr | logie (Zo—2Zy)
No. 22 BS.G. cable.......coivviiienins 14737 316840 1397-66 3:14540 86376 293639 85508 293201
No. 20 B.S.G. cable......v.verenninnn. 1404-14 314741 132862 312340 83695 292270 82077 291422
No. 19 BS.G. cable.......ooovreennnn. 133210 312453 125878 3-09995 821-40 2:91455 79714 290153
No. 16 B.S.G. cable.....ccvcvurrrinnnnes 118479 3-07364 1112'53 3.04631 822:30 291503 780-37 2-89230
No. 13 BS.G. cable.....cooorriiinnnnn. 112297 305087 1052-81 3:02235 835-65 292197 78590 2:89537
50 1b. copper aerial line ........... | 1854'98 3-26834 1779-33 3-25025 78157 289297 807-88 290735
100 1b. copper aerial line ............ 1690-64 3-22806 1617-30 3:20880 56815 275446 57636 2:76069
150 1b. copper aerial line ............ 1633-01 3-21299 1561°10 319343 502-95 2-70152 499-49 2:69853
200 Ib. copper aerial line e 1604-54 320585 1633-49 318568 47461 267634 46361 266615
. 800 1b. copper aerial line ............ | 157870 319830 150872 317861 44923 2:65247 426-69 263011

400 1b. copper aerial line ............ 1557-62 319246 148888 317268 44465 2.64802 419-26 262248
50 1b. silicium bronze aerial line... | 2084:40 3-31698 2007-70 3-30270 105520 302333 109275 3:03852
Artificial cable -...cciviiiiiiiiiniennnan. 131220 3-11800 1237-34 3-09249 83583 292212 810-10 290854
Standard cable ......ceceveeiiininnnnnnn 1335-00 312548 1259-88 310033 83877 2:92364 81561 291148

Notes:—1. Average impedances of the secondary of No. 25-A repeating coil

Z, = 9230 + j255'0
2. Subscribers’ loops are of No. 19 gauge testing cable.

Z, = 850:0 + 279°0

W
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Table 29. log: (Z+Z;) and logy (Z,—Z;) of the lines chiefly used in Japan at present.

' 50 1b.
-501b. | 1001b. | 150 Ib. | 2001b. | 300 1b. | 4001b. | 201
No.22 | No.20 | No.19 | No.16 | No.18

Kinds of lines BSG. | BSG. | BSG. | BEG. | BS.G, | oopper | coprer | copper | copper | copper | copper “é‘:f:,‘;’e“
cable cable cable cable cable ae_rlal agnal ae.nal ae_nal ae.rlal aqrxal aerial

) line line line line line line line
No. 22 BS.G. cabl { — | 314099 | 311184 | 303610 | 2:99370 | 3-24944 | 318319 | 815470 | 313598 | 312266 | 3-11162 | 5-31747
0. S0, eable ...\ ___ | 1.94921 | 3-25588 | 255664 | 268810 | 258470 | 251859 | 2:55820 | 259273 | 263341 | 254322 | 279748
No..20 BS.G. cab] 314099 | —— | 308043 | 299911 | 295278 | 3-22762 | 315815 | 312820 | 811166 | 309452 | 308285 | 320870
0.-20 BS.G. cable { 194924 | —— | 196042 | 2:47290°| 2-60062 | 2:65426 | 2:52840 | 2:53828 | 255982 | 259228 | 260699 | 2:85169
No. 19 BS.G. cabl 311134 | 308043 | —— | 295748 | 2-00627 | 3:20394 | 3-13077 | 309915 | 308168 | 306360 | 305120 | 3-27848
o. 5.G. cable { 225588 | 196042 | —— | 2:31347 | 2-48770 | 272254 | 257800 | 265004 | 2:55370 | 257109 | 257765 | 290218
No. 16 BS.G. cable {3'03610 299911 | 205748 | —— | 277874 | 314558 | 306262 | 302662 | 300676 | 208634 | 297205 | 3-22926
o S || 255664 | 247290 | 231347 | —— | 2:00736 | 2:85328 | 270671 | 265199 | 2:62797 | 261155 | 259768 | 299915
No. 13 BE.G. eabl {2-99370 295278 | 290627 | 277874 | —— | 311431 | 302606 | 208783 | 2:96681 | 204538 | 293017 | 3-20309
0. 5.5, cable ...\| 968810 | 260062 | 248770 | 200736 | —— | 290657 | 276899 | 271213 | 268361 | 265891 | 263977 | 303990
501h 1 lined| 324944 | 3:22762 | 320304 | 314558 | 311431 | —— | 327135 | 524957 | 393773 | 322565 | 321732 | 337953
- COpper aerial lN€y| 9:58470 | 265426 | 272254 | 285328 | 290657 | —— | 244100 | 258460 | 264526 | 270009 | 272929 | 2:50039
- e f| 318819 | 815815 | 813077 | 306262 | 3.02606 | 327185 | —— | 319204 | 317951 | 316669 | 315784 | 3-33236
100 Ib. copper aerial 1‘“{ 251359 | 252840 | 2:57300 | 270671 | 276899 | 244100 | —— | 203419 | 2:21953 | 235263 | 2-41524 | 277258
<3 yiee f| 315470 | 312820 | 3:09915 | 302662 | 298783 | 3:24957 | 319204 | —— | 315570 | 3:14304 | 3:13360 | 331262
150 1b. copper aerial 1‘“"'{ 255820 | 253828 | 256004 | 265199 | 271213 | 258460 | 203419 | —— | 176035 | 2:06837 | 218182 | 284543
.y f] 3413898 | 8:11166 | 8:08168 | 300676 | 296681 | 523773 | 317951 | 818570 | —— | 813034 | 312114 | 330186
200 Ib. copper “e““l.]“»‘e{ 259273 | 2:55982 | 255870 | 262797 | 2:68261 | 264526 | 221953 | 176035 | —— | 177437 | 1-97511 | 2:87974
: | 312266 | 309452 | 306360 | 298634 | 294538 | 3-22565 | 316669 | 314304 | 313034 | —— | 3-10860 | 3-29081
300 1b. copper aerial 1‘“9{ 263341 | 259228 | 257109 | 261155 | 265801 | 270009 | 2-35263 | 2:06837 | 177437 | —— | 1-54920 | 2:91250
. f| 811162 | 8:08285 | 305120 | 297205 | 293017 | 321732 | 315784 | 313390 | 312114 | 310860 | —— | 328337
400 Ib. copper aerial 1"‘9{ 2:54322 | 2:60699 | 257765 | 2:59768 | 263977 | 272929 | 241524 | 218182 | 197511 | 154920 | —— | 293070
50 1b. sil'cium bronze f| 831747 | 3:29870 | 3-27848 | 3'22926 | 3-20309 | 3:37953 | 3-33236 | 3-31262 | 3:30186 | 329081 | 3-28337 | ——
aerial line ............\| 2779748 | 285169 | 290218 | 299915 | 3-03990 | 2:50039 | 277258 | 2:84543 | 287974 | 2:91250 | 293070 | ——

Notes :—The upper figures

correspond to logi(Z+2).

The lower ﬁgurés correspond to logy (Z—Z).

"SUYT ouoydala,], UL $98S07T UOWSSIULSUDLT,

ege -
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Table 30. The reflection equivalents of the various lines chiefly used in
Japan at present. (Magneto system.)

Sheet No. 1.

Reflection Reflection

Kinds of lines e?:’;z: : Kinds of lines eflle‘::::"

(miles) (miles)

No. 22 BS.G. cable ............ 0-9798 | 100 1b. copper aerial line...... 34162

No. 20 B.8.G. cable ............ 05339 | 150 lb. copper aerial line...... 33543

No. 19 BS.G. cable ............ 0-1824 | 200 1b. copper aerial line...... 3-3638

No. 16 BS.G. cable ............ —0.0665 | 300 1b. copper aerial line...... 3-4195

No. 13 BS.G. cable ............ 09290 | 400 Ib. copper aerial line...... 34210

50 1b. copper aerial line ...... 3-9279 | 501b. silicium bronze aerial line 49712

50 1b. copper aerial 25412 | - 50 lb. copper- aerial 24522

line ppe ........... 2:5241 line ....ccoverevnnnnnn } 2-4206

100 1b. copper aerial 2:0152 100 1b. copper aerial} 1-8586

g line ..oovvenniivenenn. 20254 = line ooveeiiiiiinnenns 1-8539

E Z

] . [+ 3

= 200 1b. copper aerial 1-8085 = 200 1b. copper aerxal} 1-6034

£ 1Y S } 18387 | 8 106 cvveerereersenenne 16191
% . @z .

: 300 Ib. copper aerial 17546 3 300 1b. copper aerial 1-5223

- BB <evvneerrrsres } 17914 | A 1BE 2vvorvrrrerns } 15544

& R

Zo 400 1b. copper aerial 1-7147 2 400 1b. copper aerial 1-4790

line ......eveevenneen. 1-7563 line .oieveneninnnnen 1:5061

50 1b. silicium bronze 3-3838 50 1b. silicinm bronze} 3-:3593

aerial line ......... 3-345¢ aerial line ......... 3'3063

Notes:—In case of joint lines, the upper figures represent the reflection equivalents
when the speech is transmitted from the cable side, the lower ones when
from the aerial line side.
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Table 830. The reflection equivalents of the various lines chiefly used in
Japan at present. (Magneto system.)

Sheet No. 2.

Reftection Reflection
Kinds of lines eql(livzlileszts Kinds of lines equivalents
miles (miles.)
50 lb. copper aerial 2-4586 o 300 1b. copper aerial 1-8001
o line...ccovveieennnnne 2:4083 g line ... 17409
E 1001 1b. copper aerial} { };Sgg 2E 400 1b. copper aerial} { 1'69'}5
° ine  .ievveerenrenn. 76 = line ...ccoveeneenns 16372
— .,.Q . .
'§ 200 1b. copper aerial 1-4767 ZO 8 50 1b. silicium bronze 4:4453
% line ....ooceennenns 14733 aerial line......... 4-3110
) 300 1b. copper aerial} { 13857
o] line ............... 13893 50 1b. copper a.erial} { 46774
= 400 1b. copper aerial} { 13170 o line....occennneees 45273
zo' line  .oveiverinenn 1-3255 ,E 100 .lb. copper aerial} { 36871
501b. silicium bronze} { 34388 ° line ....cceene 3-65681
aerial line ......... _3'3672 :g 200 1b. copper aerial} { 31625
g line ..oeeeeieene 30637
o 50 1b. copper aerial} { 32721 g 300 1b. copper aerial} 80007
b line ..ooiiiiiiine 31691 2} line ..covennennns 2-8985
2 B 1001 1b. copper aerial} { g-gggg 2 4001 Ib. copper aerial { 28727
L2 ine  .veeeeeeininens " S ine  .coeeereecennes 2:8387
=2
é 8 200 1b. copper aerial} 1-94056 # 50 Ib, silicium bronze 5°9584
line .ooeerernnene 1-8748 aerial line......... 57810
= 5
= No. 22 BS.G. cable . 2o No. 19 BS.G. cable
§ = at both ends...... } 11373 ,§‘-§ = at both ends...... } —04133
=g —
4 No. 20 B.8.G. cabl 3
&B Oat both endca e} 09449 SEF No. 16 B.S.G. cable
S8 Broreee 3 at both ends...... 04515
a8~ No. 1%) BS.G. cable} 09390 R
- at both ends......
Y
No. 22 B8.G. cabl »
= No. 22 BS.G. cable 'E 0at both endscf..f} 00501
EE at both ends...... } 06670 o
a £ No. 20 B.8.G. cable .
38 No. 20 BS.G. cable . - at both ends...... —0-4359
85 at both ends...... 02963 i
i No. 19 B.S.G. eabl £ No. 19 B.S.G. cable "
§ g at both endsc. ae} 0-1341 i at both ends...... —0°7785
o
— 9 No. 16 B.S.G. cable
£ | No. 22 BSG. cable} 02834 5 at both ends...... } - 00923
e at both ends...... " =
L
=4 s @ N 20 BS.G. bl 8 No. 13 B.S.G. cable .
= ?5 O.at both eud:?..f} —0'1413 ¥ at both ends...... } 22T
[
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Table 31. The reflection equivalents of the various lines chiefly used in

Japan at present. (Common battery system.)

Sheet No. 1.

Reflection equivalents (miles)
Kinds of lines ‘When sub, ‘When sub. ‘When sub.
Omfe | 26lvhles | 522'omies
No. 22 B.8.G. cable ............... 1-4909 0-0923 —04718
No. 20 B.8.G. cable ........c...... 0-8127 00938 | —0-2047
No. 19 B.S.G. cable ..ooverveeenn. 01546 0-2393 02127
No. 16 B.8.G. cable ............... —0-5174 1-6702 22334
No. 13 B.S.G. cable ............... 0-5846 3-62i7 4:3288
50 1b. copper aerial line ......... 5-3860 23221 0-5675
100 1b. copper aerial line ......... 47467 2-5836 1-1272
150 1b. copper aerial line ......... 4-6924 2:8670 1-4746
200 Ib. copper aerial line ......... 47281 3-0442 1-6854
300 1b. copper aerial line ......... 48371 32759 1-9196
400 1b. copper aerial line ......... 4-8589 3:3974 2:0609
50 1b. silicium bronze aerial line... 66919 2:6297 0-4919
%ﬁ 50 1b. copper aerial line{ ggggi jllgggg 8(1;22
g;; 100 Tb. copper serial line { |~ 25002 | 11438 | 0785
£ ° | 200 Ih copper acrial line { | 20335 | 1Ti8L | 02038

Note :—1In case of joint lines, the upper figures represent the reflection equivalents when
the speech is transmitted from the cable side, the lower ones when from the

aerial line side.
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Table 81. The reflection equivalents of the various lines chiefly used

in Japan at present. (Common battery system.)

! Sheet No. 2.

Kinds of lines

Reflection equivalents (miles)

When sub. When sub. ‘When sub.
loop loop loop
0 mile 261 miles 522 miles
g f| 26151 12062 | 03322
E 300 Ib. copper aerial line...
2 | 2859 1:3084 0-2623
@
2 2-0956 1-2226 0-3637
&) 400 Ib. copper aerial line...I
% | 23574 1-3331 02957
/M
Q 50 Ib. silicium bronze aerial 44513 1-7665 0-4701
2 HNe .eeevereenenrecncnronnee 4-5098 17337 0-3282
32706 1-4522 0-4494
50 1b. copper aerial line I
|| 33533 1-3747 0-3244
2:5937 1-2220 0-3926
= 100 1b. copper aerial ]ine...I
k= | 27281 1-2174 0-2923
= 2:3329 1-2081 0-4486
"% 200 1b. copper aerial line...I
, | 25327 1-2547 0-3569
&)
2 2:2772 1-2188 04697
M 300 1b. copper aerial line...{
o 2:5059 1-2841 0:3775
&
S 2:2279 11108 04879
< 400 1b. ial 1i I
copper aenial Bne---Al 24738 1-2951 0-3985
50 1b. silicium bronze aerial { 4:3112 1-9770 0-8055
line sevrviveireiiiiinanannns 4-3539 1-9069 0-6423

Note:—The upper figures represent the reflection equivalents when the speech is trans-

mitted from the cable side, the lower ones when from the aerial line side.



240 Morisaburo Tonegawa.

Table 31. The reflection equivalents of the various lines chiefly used
in Japan at present. (Common battery system.)

Sheet No. 3.

Reflection equivalents (miles)
Kinds of 1i
e When sub. When sub. ‘When sub.
loop loop loop
0 mile 2:61 miles 522 miles
3154 1-7456 0-8619
50 Ib. copper aerial line { 3 1931 16924 07948
2:3991 1-4376 1-5718
= 100 1b. copper aerial line...I 99
= | 25040 1-3874 1-4594
D
= . © 20833 1-3688 07280
'% 200 1b. copper aerial line...{ 29537 13698 06243
<]
3 : 2:0077 1-3580 07293
= 300 1b. copper aerial line...I
- | 22070 1-3789 0-6260
5 1-9430 1-3470 07320
Z 400 1b. copper aerial line...{ 20515 13787 6306
50 1]0. silicium bronze aerialj 42677 2:3435 1-2911
line ..ccovvvvvninnniinnnnn. l 492810 29977 11158
k= 37860 34100 27829
= 50 Ib. copper aerial line ...
.3@ 3:6525 3:1522 2-5878
=3
= 2:8242 2:8949 24413
&} 100 Ib. copper aerial line...I j
@ | 27566 2:7103 2-2708
==}
© 2:3654 26831 22993
= 200 1b. copper aerial line...I >
S | - 23633 2:5494 2:1376
Note:—The upper figures represent the reflection equivalents when the speech is trans-

mitted from the cable side, the lower ones when from the aerial line side.
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Table 31. The reflection equivalents of the various lines chiefly used

in Japan at present.

(Common battery system.)

Sheet No. 4.

Reflection equivalents (miles)
Kinds of lines
‘When sub. When sub. When sub.
loop loop loup
0 mile 2:61 miles 522 miles
£ 20404 | 26216 | 22512
B 300 1b. copper aerial line...I 0
2 | 22672 2:5095 2:0898
2
5 : 2:1359 2:5724 2:2140
> 400 1b. copper aerial line...I 0
@ || 21798 24694 20546
o :
et 50 l_b. silicium bronze aerial 50927 42010 3-4052
zo' h.ne ........................ 4-9334 3.9505 3.1718
53134 53119 4-7239
50 Ib. copper aerial line I
| 49991 49730 | 45122
4-2398 4-6850 42705
< 100 Ib. copper aerial line...{ s
g _ 3-9915 4-4198 4-0855
© ,
= 37095 4-1904 4-0569
"2 200 1b. copper aerial line...
° 3-5266 4-1877 3-8806
(&
2 3-5632 4-3218 3-9875
=] 300 1b. copper aerial line...{ > .
o 3-4092 42675 38115
(]
] 3-4392 4-2502 3-9309
P2 400 1b. copper aerial line...
3:3023 4-:0669 37568
50 Ib. silicium bronze aerial{ 6-7278 6-2105 54538
].].ne ........................ 6.3877 5-8798 : 5.2059

Note:—The upper figures represent the reflection equivalents when the specch is trans-

mitted from the cable side, the lower ones when from the aerial line side.
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Table 31. The reflection equivalents of the various lines chiefly used
in Japan at present. (Common battery system.)

Sheet No. 5.

Reflection equivalents (miles)

Kinds of lines
When sub. | When sub. | When sub.
loop loop loop
0 mile 2:61 miles | 522 miles

gﬁ No. 22 B.S.G. cable at both ends | 1-6484 | 0-2498 | —0-3142

‘?E No. 20 B.S.G- cable at both ends | 12237 | 05448 | 0-2062

g% No. 19 B.8.G. cable at both ends 0-9612 | 1-0459 | 1-0193
<

5&7’; No. 22 B.S.G. cable at both ends | 11357 | —0-2627 | —0-8268

SE | No.20BSG. cable at both ends | 05751 01438 | —0-4423

é% No. 19 B.S.G. cable at both ends | 0-1584 | 02410 | 0-2144
g

No. 22 B.8.G. cable at both ends 07945 | — 06040 | —1-1681
No. 20 B.S;G. cable at both ends 01375 | —0-5814 —0'8799
. No. 19 B.8.G. cable at both ends | —0-3890 | —0-3065 | —0-3331
. No. 16 B.8.G. cable at both ends 0-0006 21882 | 27515

200 1b. copper aerial
line with

No. 22 B.8.G. cable. at both ends 0-5612 | —0-8374 | — 14015
No. 20 B.8.G. cable at both ends | — 0-1571 | —0-8761 | —1-1745
.19 B.S.G. cable at both ends | —07542 | —0-6716 | —0-6982
' No. 16 B.S.G. cable at both ends | —0-5432 | 1-6444 | 22077

400 1b. copper aerial
line with
2
=]

No. 13 B.8.G. cable at both -ends 18823 | 49195 | 56248
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Table 82. Limiting lengths of the various lines chieﬂy used in Japan

at present.

Limiting | Limiting lengths for common
lengths battery system
Kinds of lines for

magneto | woen sub, | When sub. | When sub.

system loop loop loop

(mlles) 0 mile 2:61 miles | 522 miles
No. 22 B.S.G. cable ............ 6:92 869 673 517
No. 20 B.S.G. cable ............ 963 12:31 9-56 7-39
No. 19 B.S.G. cable ............ 970 13-40 10-37 831
No. 16 B.S.G. cable ............ 12-78 17-10 13-61 1206
No. 13 BS.G. cable ............ 1869 | 2459 | 20-53 | 1922
50 1b. copper aerial line ...... 5162 | 6338 | 4724 | 2697
100 Ib. copper aerial line ...... 69-82 94-67 5817 . 2567
150 1b. copper aerial line ...... 83-17 121-33 66-04 24-52
200 1b. copper aerial line ...... 93-16 144-29 71-42 23-89
300 1b. copper aerial line...... 11077 18773 80-03 22-91
400 1b. copper aerial line ...... 12573 | 229-52 89-01 2927
50 1. silicium bronze aerial line | 3851 4502 35-87 24-25
Artificial cable.....c.ocuvvvnenennns - 995 13-27 10-09 816

Notes:—1. Subscribers’ loops in common battery system are of No. 19 gauge testing

cable.

2. These figures are the values of ! obtained from formula (27) by equating it

to 0-064.
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From Table 32, it can be seen that the limiting lengths are too long
to allow the use of the proposed formula in practical caé_es. But these are
the shortest lengths of which the comparatively accurate reflection equivalents
can be expressed by the proposed formula. If, therefore, great accuracy is
not required, the formula is applicable to much shorter lines than the
limiting lengths and especially so for lines of thin wire.

Thus, taking the examples of 100 1Ib. and 50 lb. copper aerial lines
shown in Tables 4 and 5, we see that the calculated equivalents added to
, the xjeﬂectidn equivalents approach very near to the observed results, even
in case of very short lengths of lines, such as 10 miles.

Again, taking the examples of No. 19 gauge testing cable and loaded
No. 19 gauge cable shown in Tables 6 and 7, we see that the same is true.

This holds good also in cases of lines conmsisting of more than one
uniform line as shown in Tables 9~16. This shows that the formula is
applicable to any lines in practical use and that the results obtained, though
not very accurate, are much nearer to the observed than those obtained by
simply comparing the attenuation lengths. Therefore, the reflection equiva-
lents shown in Tables 30 and 31 are applicable, without much error, to
almost all practical cases which may possibly arise.

The writer’s sincere thanks are due to Mr. Toshio Arakawa for his

kind and earnest assistance in experimental work.




REFLECTION EQUIVALENTS IN MILES OF STANDARD CABLE.

FIG. 2.
CURVES SHOWING THE REFLECTION EQUIVALENTS OF 400 lb.
AND 2001b. COPPER AERIAL LINES.

CURVE I OBSERVED RESULTS OF 400 1b. COPPER AERIAL LINE.
P . b 5 L - » 2001b. 5 5 B
STRAIGHT LINE I. CALCULATED RESULT OF 4001b, COPPER AERIAL
LINE BY FORMULA (26).
STRAIGHT LINE II. CALCULATED RESULT  OF 2001b. COPPER AERIAL
LINE BY FORMULA (26).

100 200 300 400 500 600
LENGTHS IN MILES OF 4001b. OR 200 1b. COPPER AERIAL LINE.
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REFLECTION EQUIVALENTS IN MILES OF STANDARD CABLE.
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FIG. 3.

CURVE SHOWING THE REFLECTION EQUIVALENTS
OF NO. 19 GAUGE TESTING CABLE.

CURVE.::... OBSERVED RESULTS.
STRAIGHT LINE:--:-- CALCULATED RESULT BY FORMULA (26).

20 30 40 50
LENGTHS IN MILES OF NO. 19 GAUGE TESTING CABLE.

60

70



REFLECTION EQUIVALENTS IN MILES OF STANDARD CABLE.

FIG. 4. :
CURVE SHOWING THE REFLECTION EQUIVALENTS OF LOADED NO. 19
GAUGE CABLE.

CURVE:--+ OBSERVED RESULTS.
2 STRAIGHT LINE.---- CALCULATED RESULT BY FORMULA (26).

0 § 10 15 20 25 30 35
LENGTHS IN MILES OF LOADED NO. 19 GAUGE CABLE.

]




INDUCTANCES IN MILIHENRIES.

FIG. 6.
100 CURVES OF THE EFFECTIVE RESISTANCES AND INDUCTANCES
OF THE SECONDARY OF NO. 25-A REPEATING COIL.
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NO. 19 GAUGE TESTING CABLE IS USED FOR
20 SUBSCRIBERS’ LOOPS. 200

10 100

0 1 2 3 4 5 6 7
LENGTHS OF SUBSCRIBERS’ LOOPS IN MILES.
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FIG. 7.
CURVES OF THE EFFECTIVE RESISTANCES AND
INDUCTANCES OF THE SECONDARY OF NO. 25-A
REPEATING COIL.

NO. 22 GAUGE SPECIAL CABLE IS USED FOR
SUBSCRIBERS’ LOOPS.

2 3 4
LENGTHS OF SUBSCRIBERS’ LOOPS IN MILES.
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FIG. 8.
CURVES SHOWING THE REFLECTION EQUIVALENTS OF 400]b. AND
2001b. COPPER AERIAL LINES CONNECTED THROUGH NO. 25-A RE-
PEATING COILS TO VARIOUS LENGTHS OF THE SUBSCRIBERS’
LOOPS OF NO. 19 GAUGE TESTING CABLE.

400 OR 200 1b.
SUB. LOOP AERIAL SUB. LOOP

No. 25-A No. 25-A
STANDARD CABLE

THIS FIGURE SHOWS| THE CONNECTION BY WHICH
THE EXPERIMENTS ARE CARRIED ON.

REFLECTION EQUIVALENTS IN MILES OF STANDARD CAELE,
£

o 1 SR 3 4 5 6 7 8 9 10 n 12
MILES OF SUBSCRIBERS’ LOOPS AT BOTH ENDS.

13



REFLECTION EQUIVALENTS IN MILES OF STANDARD CABLE.

FIG. 9.
CURVE SHOWING THE REFLECTION EQUIVALENTS OF 400 lb.
COPPER AERIAL LINE CONNECTED THROUGH NO. 25-A RE-
PEATING COILS TO VARIOUS LENGTHS OF THE SUBSCRIBERS’
LOOPS OF NO: 19-GAUGE SPECIAL-CABLE: (88%— 0.07 mef:)

1 2 3 4 5
MILES OF SUBSCRIBERS’ LOOPS AT BOTH ENDS.



REFLECTION EQUIVALENTS IN MILES OF STANDARD CABLE.

: FIG. 10.
CURVE SHOWING THE REFLECTION EQUIVALENTS OF 400 lb.
COPPER AERIAL LINE CONNECTED THROUGH NO. 25-A RE-
PEATING COILS TO VARIOUS LENGTHS OF THE SUBSCRIBERS’
LOOPS OF NO. 22 GAUGE SPECIAL-CABLE:

1 2 3 4 5
MILES OF SUBSCRIBERS’ LOOPS AT BOTH ENDS.



REFLECTION EQUIVALENTS IN MILES OF STANDARD CABLE.

FIG, 11.
CURVE SHOWING THE REFLECTION EQUIVALENTS OF LOADED TEST-
ING CABLE CONNECTED THROUGH NO. 25-A REPEATING COILS TO
VARIOUS LENGTHS OF THE SUBSCRIBERS’ LOOPS OF NO. 19 GAUGE
TESTING CABLE.:

1 2 3 4 5 6
MILES OF SUBSCRIBERS’ LOOPS AT BOTH ENDS.



