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For telephone men and others who are accustomed to handle 

cables with hundreds of wires in them, their identification is mere 
child’s play, as it is done by the color or character of its insula
tion, its position, or one or more very obvious marks. For these 
the following problem, or rather mathematical study, has no 
practical meaning. But for one who is all alone, without any 
one to help him, who can use only one kind of wire, and who 
wishes to string a dozen or more in a cable, the mathematical 
aspect of his work may do much to relieve its mechanical and 
physical labor. This was the writer’s condition many years ago 
when he put in a private telephone system for 12 stations, each 
of which could call any other directly. There were therefore 
14 wires in the cable, one for each station and two for the battery, 
and this cable ran to each station. On account of the number of 
these stations and their distance apart, frequent walking from 
one to another was foreseen to be fatiguing, so that the first 
condition in the identification of the wires was that the number 
of trips between stations was to be a minimum.

The method used was to select one station as the starting point 
and to tag all its wires from 1 to 14. A dry cell was then attached 
to Nos. 1 and 2, 1 being plus and 2 minus. Then at the second 
station, where all the wires were unknown, one wire was con
nected firmly to one binding post of a detector galvanometer, 
and a second wire touched to the other binding post. If the 
needle moved at the first trial, which I think happened only once, 
the two wires were Nos. 1 and 2, and the direction of the swing 
showed which was which. If there was no closed circuit, the 
second wire was bent aside and a third, fourth, and each of the 
rest taken in turn. If there was no life in any of them, the first 
wire was evidently neither 1 nor 2. It was then disconnected and 
bent far aside. There were consequently 13 unsuccessful trials.

A second wire of the possible 13 was then screwed to one end 
of the galvanometer, and each of the remaining 12 touched in 
turn to the other end. If the needle refused to move, there were 
12 unsuccessful trials, the wire that had been attached to the 
galvanometer was removed and bent aside, and a third wire 
connected. This process was repeated until the needle showed a 
closed circuit. Once, I think, this happened at the very last
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possible trial, and several times very near to this last one. Once 
or twice all the wires were dead, on account, of course, of only 
one unknown poor contact. The entire operation had then to be 
repeated from the beginning until a live pair was actually found.

The operator then returned to the first station and connected 
wires 3 and 4 to the dry cell. At the second station he had then
12 wires to identify. Having identified Nos. 3 and 4, he attached 
Nos. 5 and 6 to the battery, and so on, identifying two wires at 
a time, and making in all 7 trips, going and returning, and 77 
inter-station round trips for the entire system.

The mathematical question that enlivened this tedious opera
tion was to find out the maximum number of possible trials 
at any station, in case only the very last was successful, the mini
mum being, of course, only 7. In testing the first wire in con
nection with the 13 remaining ones, there would be obviously
13 trials. The second wire would give 12, and so on. So that if 
n =  14 =  total number of wires, and n — 1 =  the sum of all the 
numbers from n — 1 down to 1 included, there would be n —l  =91 
trials necessary to identify the first pair of wires, in case only 
the very last was successful.

For the second pair there would be only 12 wires to test. Then 
N = 12, and n — l =  66. In the third pair, n =  10 and n —1 — 45.

For the fourth, fifth, sixth, and seventh pair, there 
would be 28, 15, 6, 1, trials respectively, or 252 in all.

In the case given n was an even number. When n is 
odd, the process is the same, but the number of trials 
is different for each pair. These may be neatly found if 
we write the series of numbers from 1 to n in one vertical 
column, and in a parallel one the sums of each number 
and all those less than it. When n is even, we add the 
numbers in the second column that are on a level with 
the odd ones in the first, because we want n — 1, and vice 
versa when n is odd.

When n is odd, there will be finally only one wire left 
through which no current has yet passed. The number 
of this wire is obvious by exclusion. It is then left to 

the judgment of the operator as to whether he will spare himself 
the trouble of a round trip just for one wire and take his chances 
on its being in good electrical condition, or actually test it out. 
The number of round trips is then respectively }4(n — l) or

n + 1 ).

1 1
2 3
3 6
4 10
5 15
6 21
7 28
8 36
9 45

10 55
11 66
12 78
13 91
14 105


